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COVER 

It may not be the usual tourist's view of summer in Alaska, but our cover photo
graph is as representative of the season and the place as any picture of romping bear 
cubs or spawning salmon. (Photo courtesy of Acker Drill Co., Inc.; the drill rig shown 
is their Acker MP, on a job site in Alaska.) 

THE NORTHERN ENGINEER is a quarterly publication of the Geophysical 
Institute, University of Alaska - Dr. Juan G. Roederer, Director. It focuses on engin
eering practice and technological developments in cold regions, but in the broadest 
sense. We will consider articles stemming from the physical, biological and behavioral 
sciences, also views and comments having a social or political thrust, so long as the 
viewpoint relates to technical problems of northern habitation, commerce, develop
ment or the environment. Contributions from other polar nations are welcome. We 
are pleased to include book reviews on appropriate subjects, and announcements of 
forthcoming meetings of interest to northern communities. "Letters to the Editor" 
will be published if of general interest; these should not exceed 300 words. Subscrip
tion rates for THE NORTHERN ENGINEER are $10 for one year, $15 for two years, 
and $35 for five years. Some back issues are available for $2.50 each. Address all 
correspondence to THE EDITOR, THE NORTHERN ENGINEER, GEOPHYSICAL 
INSTITUTE, UNIVERSITY OF ALASKA, FAIRBANKS, ALASKA 99701, U.S.A. 
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by Robert H. Gray 

Fish Behavior: 

Biological and Engineerin 


INTRODUCTION 

Increasing energy demands coupled 
with energy shortages and rising prices 
have stimulated interest in alternate 
forms of power throughout the world. 
In Alaska, hydroelectric, geothermal, 
thermoelectric and other energy sources 
will play important roles. However, the 
potential environmental effects of power 
development and generation must be 
evaluated carefully, especially the effects 
of power development in areas where 
the State of Alaska has major enhance
ment programs for salmonid fisheries. 
For example, discharging warm water 
into cooler Alaskan streams and rivers 
may affect salmon migration and spawn
ing. 

PACIFIC SALMON 

Adult Pacific salmon and steelhead 
trout are prized for their sport and com
mercial value, and are widely distributed 
along the Pacific Coast of North America 
from California to Alaska (Fig. 1 ). Their 
life history is well documented; these 
fish are anadromous - adults enter fresh 
water to spawn and some species may 
travel hundreds of miles upriver to dis-

OKANOGAN RIVER 

• REACTORS 
L-...L.....J... 
0 40 

KILOMETERS 

Figure 1. 	 Pacific coast of North America showing geographic distribution of Pacific 
salmon (shaded), Columbia River dams, and DOE's Hanford site with 
reactor locations. 

tant tributaries. Eggs are deposited in 
streambeds where embryogenesis (de
velopment) takes place. After hatching, 
juveniles migrate seaward where they 
feed and mature for two to six years in 
the ocean, before returning to their natal 
streams as adults. 

Pacific salmon of North America in
clude chinook (Oncorhynchus tshawy

tscha), coho (0. kisutch), sockeye (0. 
nerka), pink (0. gorbuscha) and chum 
(0. keta) salmon. Juvenile chinook, coho 
and sockeye salmon spend one to two 
years in fresh water before migrating 
seaward. Juvenile pink and chum salmon 
migrate seaward as fry, spending only 
limited time in fresh water after hatching. 
The steelhead is an anadromous form of 

Robert H. Gray is Associate Manager of the Freshwater Sciences Section, Ecological Sciences Department at the Battelle, 
Pacific Northwest Laboratories in Richland, Washington. For the past six years he has directed studies evaluating the behavioral 
responses of fish and other aquatic organisms to changes in water quality from energy production (nuclear, fossil fuel, and hydro
electric). Dr. Gray has authored more than 50 journal, symposium and book articles and over 35 technical reports. 
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rainbow trout (Salmo gairdneri) which 
otherwise is a permanent freshwater 
resident. Most salmonid species are sepa· 
rated into races (runs) based on the 
timing (i.e. winter, spring, summer, or 
fall) of the annual spawning migration, or 
on the location of the spawning area. 

ENVIRONMENTAL ASSESSMENT 

Assessing effects of water quality al
terations in aquatic systems involves 
several phases. The ecologist must deter
mine what environmental factors are or 
will be altered, the degree of alteration, 
and the kinds of organisms present. He 
must then determine the sensitivity or 
tolerance of key organisms potentially 
exposed to the stress so that he can pre
dict long-term effects on populations. 

Predictions are often based on labora
tory-derived tolerance data on effects of 
various thermal increments or chemical 
concentrations above ambient and unsub
stantiated assumptions of organism ex
posure. This method oversimplifies, rep
resents "worse case" conditions and does 
not consider adaptive behavior of organ
isms. What is usually missing in the as
sessment process is information on the 
behavior of mobile aquatic organisms in 
their natural environment. Behavioral re
sponses can often either mitigate or 
exacerbate organism exposure. 

This paper reviews results of many 
studies on how salmonids react to un
healthy or potentially lethal water con
ditions, especially increased water tem
peratures. The results show how fish 
behavior modifies effects of water quality 
alterations, and influences assessment of 

environmental impacts and design and 
operation of power generation facilities. 

FISH RESPONSE 
TO THERMAL EXPOSURE 

Adult Salmonids 

Numerous studies have been conducted 
to evaluate the effects of thermal dis
charges on salmonids, particularly on the 
U.S. Department of Energy's Hanford 
Reservation in southcentral Washington 
(Fig. 1 ). The Columbia River adjoins the 
Hanford reservation, about 10 km (6 
miles) north of Richland, Washington. Be
ginning with World War II, most fishery 
investigations at Hanford were concerned 
with potential effects on salmonids of 
thermal, chemical and radiation releases 
from operation of up to nine plutonium 
production reactors. Although the Han
ford production reactors were shut down 
in 1971, the response of salmonids to 
thermal effluents remains important in 
assessing power development throughout 
the Pacific Northwest, including Alaska. 

Lethal thermal limits for anadromous 
fishes vary with species, race, age, previous 
thermal history (acclimation), duration of 
exposure and presence or absence of 
other stresses such as parasitism, disease 
and toxic elements in the water. Labora
tory studies that ignored other variables 
were conducted on migrating adult 
Columbia River salmonids; these studies 
suggested that for extended exposures, 
temperatures lethal to the fish ranged 
from 21 to 22.2°C. 1•2•3 

The timing of upstream salmonid 
migrations varies with species aod loca
tion. Migration periods are determined 

by a combination of factors, including 
maturity, natural instinct and river 
temperatures. Observation and fish counts 
at dams indicate that upstream migration 
of adult salmonids in the Columbia and 
Snake Rivers may be impeded under 
natural flow regimes when ambient river 
temperatures exceed 21°C. Sockeye and 
chinook salmon, and steelhead trout con
gregate in nearby cooler creeks when 
Columbia River temperatures near Bonne
ville and Rock Island dams (Fig. 1) ex
ceed 21°C.4 Sockeye salmon remain in 
the cooler Columbia River until tempera
tures in the Okanogan River (Fig. 1) fall 
below 21 °C. 5 Adult rainbow trout avoid 
temperatures of 19°C.6 

These studies and observations demon
strate that salmonids do not voluntarily 
enter unfavorably warm water. Given a 
"choice," adult salmon prefer tem
peratures generally between 10 and 
17°c_7 •8•9•10 However, salmon have en
tered the Snake River from the Columbia 
River when the Snake River temperature 
was above 21 °C,11 and sockeye salmon 
have entered the Okanogan River when it 
was warmer than the Columbia River.3 

This seeming inconsistency in fish response 
to temperature reflects the extreme com
plexity involved when numerous inter
acting stimuli impinge on an organism's 
sensory system. Under some conditions, 
other factors such as instinct and urge to 
spawn apparently cause salmon to enter 
water that may be warmed to a lethal 
level. 

Due to the relationship between river 
temperature and upstream migration of 
adult salmonids, it has been suggested 
that heated reactor effluents discharged 
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Figure 2. 	 Observations of sonic-tagged steelhead trout and chinook salmon in the 
Columbia River in relation to thermal discharges at Hanford.12 

at Hanford into the Columbia River 
might cause a thermal block and prevent 
spawning. However, fish counts at dams 
and other studies conducted at Hanford 
in 1967, 1968, and 1970 indicate that 
this does not occur. Ultrasonic-tagged 
adult chinook salmon and steelhead 
trout were tracked in the Columbia 
River when several Hanford production 
reactors were discharging warm water. 
These fish mainly followed the shoreline 
opposite the reactors (Fig. 2) and thereby 
avoided the thermal plumes and warm
water seepages located in mid-stream and 
on the reactor side of the river, respec
tively.2 

Subsequent studies conducted when 
no reactors were operating indicated that 
migrating fish continued to follow the 
shoreline through the Hanford area al
though their preference for the shore
line opposite the reactors was less pro
nounced.13 Although some fish do cross 
the river,2 numerous tracking studies 
with chinook salmon and steelhead trout 
elsewhere in the Columbia and Snake 
Rivers confirm that the fish naturally mi
grate close to shore. 14•15•16 Similarly, 
sockeye salmon migrating up the Kvichak 
River 7 and other Alaskan streams also 
follow a migration path that parallels the 
river banks. 

Ju!lenile Salmonids 

Preferred temperatures for juvenile 
salmonids range from 11 to 14°C. 7•18 

higher than those for adults. Upper ther
mal limits for juvenile salmonids range 
from about 22 to 27°C depending 
on sJ:)ecies,. race and methods of test
ing.1 ,7, 19,L0 

The effects of rapid temperature in
creases on juvenile salmonids are direct
ly proportional to the duration of their 

TEMPERATURE CONTROLLED 
WATER SUPPLY 

exposure. Kerr reported juvenile chinook 
salmon held briefly without acclimation 
at 12.8 to 28.3°C could survive instan
taneous temperature rises of 13.9°c.21 

However, Snyder and Blahm reported 
that juvenile salmonids acclimated to 
20°C would be killed by a 60 sec ex
posure to water at 29°C and suggested 
that salmonid survival after instantaneous 
exposure to 29°C was unlikely.11 

Based on thermal tolerance data, it 
seemed possible that juvenile salmonids 
migrating downstream during periods 
of high ambient water temperature 
might pass through thermal plumes at 
Hanford and be subjected to thermal 
doses sufficient to kill them. 2•22 How
ever, although juveniles lack the swim
ming ability of adults, exposure would be 
limited if they avoided the hot water. 

Gray et al. 23 showed that juvenile 
fall chinook salmon avoided simulated 
thermal discharges in a raceway (Fig. 3) 
when the discharge temperature exceeded 
ambient by 9 to 11 °C (Table 1). Al
though fish instantaneously exposed to 

DISCHARGE 
ORIFICE l 
• • •• f • .-t• 

AMBIENTTOP VIEW 
WATER 

~t~• • •• I • 
SIDE VIEW 

PROBE POSITION 

Figure 3. Schematic of raceway to evaluate fish response, showing overhead canopy, 
However, lethal temperatures for juveniles video cameras, discharge orifice retaining screen, holding chamber (upper 
after extended exposures are apparently left) and position of temperature probes (lower right). 23 

The Northern Engineer, Vol. 12, No.2 6 

http:unlikely.11
http:13.9�c.21
http:nounced.13
http:Hanford.12


-1
 •:r
 

T
A

B
L

E
 1

z 0 ~
 

B
e

h
a

vi
o

r 
o

f 
ju

ve
n

ile
 c

h
in

o
o

k 
sa

lm
on

 (
O

nc
or

hy
nc

hu
s 

ts
ha

w
yt

sc
ha

} 
d

ri
ft

e
d

 t
h

ro
u

g
h

 s
im

u
la

te
d

 t
h

e
rm

a
l d

is
ch

ar
ge

s2
3

 
:r • 3 m

 
:I

 
W

at
er

 t
e

m
p

e
ra

tu
re

 (
C

) 
P

er
ce

nt
 o

f 
fis

h
 e

xh
ib

it
in

g
 r

es
po

ns
ea

<a
 s· 



...I 
( 1

) 
(2

) 
(3

) 
(4

) 
(5

)

P

lu
m

e
P

o
in

t 
N

u
m

b
e

r 
Pa

ss
 

T
e

m
p

o
ra

ri
ly

 
D

a
rt

 o
r 

T
w

it
ch

<
 

~
 

o
f 

di
s-

M
ea

n 
o

f 
th

ro
u

g
h

 
h

o
ld

 i
n 

in
cr

ea
se

 
o

r 
.... 

A
m

b
ie

n
t 

ch
ar

ge
 

M
ea

n 
R

an
ge

 
A

T
 

te
st

sb
 

di
sc

ha
rg

e 
p

lu
m

e
 

sp
ee

d 
sp

as
m

s 
A

vo
id

an
ce

.N
 

z p N
 

Se
ri

es
 1

 -
H

at
ch

er
y 

fi
sh

 

5 
11

 
1

0
-1

3
 

6 
1 

1
0

0
 

1
0

0
 

6 
1

4
 

10
-1

7 
8 

2 
1

0
0

 
1

0
0

 
7

8
c

5 
1

6
 

1
2

-2
0

 
11

 
4 

1
0

0
 

1
0

0
 

6 
1

9
 

1
2

-2
4

 
13

 
5 

1
2

 
12

 
8

8
 

5 
21

 
1

5
-2

5
 

16
 

1 
1

0
0

 

Se
ri

es
 2

 -
W

ild
 f

is
h 

1
2

 
N

o
 p

lu
m

e
 

2 
1

0
0

 

1
2

 
1

2
 

A
m

b
ie

n
t 

p
lu

m
e

 
2 

1
0

0
 

1
2

 
23

 
1

6
 

1
4

-1
6

 
4 

1 
1

0
0

 
20

 
5 

1
2

 
2

9
 

1
7

 
1

5
-1

9
 

4 
3 

1
0

0
 

1
2

 
2

9
 

1
8

 
16

-2
1 

6 
1

0
 

1
0

0
 

1
8

 
1

0
0

c
1

2
 

27
 

2
2

 
2

0
-2

3
 

1
0

 
1 

1
0

0
 

1
0

0
 

1
2

 
3

5
 

24
 

2
4

-2
5

 
1

2
 

2 
2

5
 

1
0

0
 

1
2

 
3

7
 

2
6

 
25

-2
7 

1
4

 
1 

4
0

 
1

0
0

 

Se
ri

es
 3

 -
W

ild
 f

is
h 

1
3

 
N

o
 p

lu
m

e
 

2 
1

0
0

 
1

3
 

1
3

 
A

m
b

ie
n

t 
p

lu
m

e
 

2 
1

0
0

 
3

0
 

1
5

 

1
2

 
1

6
 

1
3

 
1

3
-1

6
 

1 
1 

1
0

0
 

20
 

2
0

 

13
 

2
3

 
1

5
 

1
3

-1
8

 
2 

2 
1

0
0

 
3

0
 

5 

1
3

 
2

7
 

1
6

 
1

3
-2

0
 

3 
2 

1
0

0
 

50
 

2
5

 
7

5
c

1
3

 
2

5
 

17
 

14
-2

1 
4 

2 
1

0
0

 
1

0
0

 
1

5
 

1
3

 
2

6
 

1
9

 
1

6
-2

2
 

6 
2 

1
0

0
 

2
5

 

Se
ri

es
 4

 -
W

ild
 fi

sh
 

1
5

 
N

o
 p

lu
m

e
 

2 
1

0
0

 
1

5
 

1
5

 
A

m
b

ie
n

t 
p

lu
m

e
 

1 
1

0
0

 
1

0
0

 
1

6
 

23
 

21
 

19
-2

1 
5 

2 
1

0
0

 
1

0
0

 
1

5
 

2
8

 
23

 
2

3
-2

5
 

8 
2 

1
0

0
 

80
 

1
0

 

1
6

 
31

 
2

5
 

2
4

-2
6

 
9 

2 
1

0
0

 

1
6

 
3

4
 

27
 

2
6

-2
8

 
11

 
2 

1
0

0
 

aS
um

 o
f 

th
e

 p
e

rc
e

n
t 
o

f 
fis

h
 e

xh
ib

it
in

g
 r

es
po

ns
es

 a
t e

ac
h 

te
m

p
e

ra
tu

re
 m

a
y 

be
 g

re
at

er
 t

h
a

n
 1

0
0

, a
s 

re
sp

on
se

s 
w

er
e 

n
o

t 
m

u
tu

a
lly

 e
xc

lu
si

ve
. 

b
1

0
-1

5
 f

is
h

 p
e

r 
te

st
. 

.....
 

cR
es

po
ns

e 
w

as
 n

o
t 

in
st

an
ta

ne
ou

s 
b

u
t 

o
cc

u
rr

e
d

 w
it

h
in

 5
-1

0 
m

in
. 



temperatures up to 37°C exhibited spas a: 41,000 tt3/sec FLOW 
modic contractions of body muscles, they 

were capable of escaping to cooler water 
 ~-------~---------~---------and none died. Stein et al. 24 reported 

juvenile coho salmon avoided 12 to 19°C 

and Brett7 observed that juvenile coho 

and sockeye salmon avoided 15°C even 

when acclimated at temperatures above 

15°C. McCauley and Pond reported an 


EFFLUENT Dl SCHARGE c:::::J D. T<DL 
upper avoidance temperature of 22°C ~ DL-1°C D.T
for fingerling rainbow trout.25 

!mmj;m!!!;l 1- 3°C D.T 

However, Coutant et al. demonstrated 
 ~ 3-8°C D.T

that some downstream migrating juvenile 
b: 80,000 tt31sec FLOW

chinook salmon did pass through the cen - 8-I6°C D.T 

terline in the upper meter of a Hanford 
thermal plume. 1 Of 174 juvenile fall 
chinook salmon collected in the plume, 
seven died of mechanical injury during 
collection. The remainder were trapped 
alive and showed no visible signs of dam
age. Although the water temperature near EFFLUENT DISCHARGE [=:::J D.T < DL 

the point of discharge was up to 85°C, ~ DL-I°C D.T 
surface temperatures in the river were l:'''''''''''''*''J I - 6°C D.T 
considerably less because effluent tem 3c: 110,000 tt / sec FLOW - 6-I2°C D.Tperatures decline about 80% within 5 
sec of discharge.22 Figure 4 shows the 
effects of a Hanford plume on Columbia RIVER FLOW 
River surface temperatures under three ... 
different river flows. Ambient mid-river 
temperatures seldom exceed 20°C in 
summer. Although some downstream mi
grants may pass through mid-river dis EFFLUENT DISCHARGE c::::::J D.T < D L 
charges, most are surface and shoreline fZZZZZZJ DL-I°C D.T
oriented,27 which reduces their exposure 

l:}{:':''''''''l I - 6°C D.Tto mid-river discharges but increases 
0 0. 5their exposure to shoreline discharges - 6-9°C D.TKILOMETERS 

(Figs. 4 and 5). 
Gray et al. found no evidence of ther Figure 4. Columbia River surface temperature patterns at a Hanford reactor ~lume 

mal attraction in the experimental race under three river discharges: a) 41,000, b) 80,000, and c) 110,000 ft3/sec. 
way.23 Juvenile fall chinook salmon (DL: The detection limit of aerial infrared imaging system, which is about 
maintained their position in the discharge 0.5oc.)26 
current at both ambient and low tempera
ture discharge (Table 1). This suggests 

'-------- ~----~4-%~~ ~10~%.__....,___~~~that juvenile chinook salmon encounter
ing low temperature (t.T<9°C) discharges 4% 5% 5% 

in nature may orient or remain in low 
velocity discharge currents. If discharges 
also contain chemical additives such as 
chlorin~ the combined effects may kill 
fish. 29•.3° · 

Nuclear power plants that discharge 
water at ambient temperatures or slightly 
above may harm certain fish species if 
other effluent components cause mortali
ties; that is~ discharging hotter or higher
velocity effluent may be beneficial in Figure 5. Distribution of migrating juvenile fall chinook salmon in the Columbia 
certain cases if it causes fish to avoid River.28 
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lethal conditions. In such situations, the 
potential effects of warm water on other 
important ecological interactions must be 
considered. For example, increased dis
charge temperature may produce effluents 
supersaturated with atmospheric gases,31 

which causes gas bubble disease in fish 
(see following). Additionally, tempera
tures below those causing direct mortality 
or blocking migration may alter predator
prey interactions,32•33•34 disease resis
tance35 and other ecological relation
ships. 

Numerous examples could be cited to 
show how fish behavior modifies the ef
fects that other water quality alterations 
have on them and how knowledge of such 
behavioral responses aids environmental 
assessment and design and operation of 
power generation facilities. Two such 
examples are briefly discussed below. 

GAS SUPERSATURATED WATER 

Supersaturation of the Columbia and 
Snake Rivers in the Pacific Northwest 
occurs routinely in spring during high 
runoff periods, when water spilling over 
hydroelectric dams entrains large volumes 
of air.36 This can be dangerous for fish, 
because when they are exposed to super
saturated water their body tissues and 
fluids may also become supersaturated. 
Gas bubble disease develops when these 
excess dissolved gases leave solution and 
form bubbles in fish tissues. Saturation 
levels above 110% generally produce gas 
bubble disease in juvenile and adult 
salmonids37•38 when dissolved gas ten
sion in fish exceeds partial pressure. The 
disease can be lethal, usually from vas
cular or cardiac blockage or hemorrhaging 
caused by emboli, and has been respon
sible for severe losses of juvenile salmon
ids.36,39 

Swimming depth is critical to fish 
survival in supersaturated water. As 
hydrostatic pressure increases with depth, 
gas-phase partial pressure increases and 
maintains gases in solution. Each meter of 
depth affords about 1 0% reduction in gas 
saturation (Fig. 6). This compensatory 
phenomenon led to the concept of the 
"critical zone," defined as that portion 
of upper water where saturation exceeds 
the tolerance of a species. As long as fish 
remain below or spend minimal time in 

GAS SUPERSATURA~,·· 

GAS BUBBLE DISEASE AND 

MORTALITY RATE IS A FUNCTION OF: 


d 
GAS VERTICAL 


SATURATION DISTRIBUTION 

LEVEL SURFACE OF FISH 


130 
...., 
:z 
0 
N 
...... 1m<
(..) 118

i= 

0:: 
(..) 

108 	 2m 

3m 

Figure 6. 	 Relationships between gas-saturation levels, the critical zone 
and depth, assuming 130% saturation at the surface. 

the critical zone, gas bubble disease will 
not occur. 

Gray and Haynes40 used pressure
sensitive radio transmitters to determine 
in situ swimming depth of adult chinook 
salmon in the lower Snake River when 
the water was supersaturated and again 
when it was not. In spring 1976, a high 
flow period, the fish were recorded at 
least 2 m below the surface about 89% of 
the time (Table 2). Based on gas-satura
tion levels (<130%) in the Snake River 
below Little Goose Dam at the time, 
fish deeper than 1.5 to 2 m were below 
the critical zone and not subject to the 
debilitating effects of gas-supersaturation. 
In fall 1976 and spring 1977, when 
saturation levels were below 107% due 
to lower river flows and little or no spil
ling at dams, chinook salmon swam closer 
to the surface (Table 2). 

Juvenile chinook salmon may avoid 
lethal gas-saturation levels under certain 

conditions.41 .42.43 However, avoidance 
studies with juvenile coho salmon were 
inconclusive,41 and those with steelhead 
trout were conflicting.42A3 Our in situ 
studies showed that adult chinook salmon 
swam deeper in supersaturated water than 
in normally saturated water and thus 
avoided potentially lethal conditions.40 

In all cases, mean depth of travel was 
below the critical zone, thus helping ex
plain why salmonid mortalities from gas 
bubble disease mainly involve juveniles 
that are surface- and shoreline-oriented 
(Fig.4). 

CHLORINATED EFFLUENTS 

Chlorine is a biocide commonly used 
at thermoelectric power plants to prevent 
biofouling of pumps, internal piping and 
heat exchangers. Chlorine is also com
monly used at sewage treatment facili
ties for disinfecting. Consequently, many 
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TABLE 2 


Depth distribution of chinook salmon tagged with ~ressure-sensitive 


radio transmitters in the Snake River40 


Percent time at depth 

Depth (m) Spring 1976a 

0-1 2.8 
1-2 8.3 
2~3 14.4 
3-4 9.5 
4-5 16.3 
5-6 10.7 
6-7 5.5 
7-8 4.6 
8-9 8.6 

9-10 4.9 
10-11 4.0 
11-12 4.4 
12-13 4.4 

>13 1.5 

Number of fish 26 

Number of depth 


recordings 2690 

Mean depth 5.8 


agas saturation= 122-129% 
0gas saturation= 101% 
cgas saturation= 106-107% 

power generation and sewage treatment 
facilities also discharge chlorinated by
products to receiving waters. 

Behavioral responses of fish to chlorine 
have been evaluated.44.45.46.47.48 How
ever, the most meaningful studies of fish 
response to chlorine are those that docu
ment natural behavior in the field, verify 
laboratory avoidance studies and show 
that fish do not normally enter chlorinated 
effluents.46.49•50 The rare instances 
where chlorine-related mortalities have 

51 •52been reported in nature involved 
situations where fish were trapped in 
discharge canals or were exposed to sud
den increases in chlorine concentration 
and could not escape. (Similarly, gas 
bubble disease mortalities may occur 
at power plants in heated effluents 
supersaturated with atmospheric gases 
where fish enter discharge canals31 

that restrict movement and prevent 
escape. 

Fall1976b Spring 197f 

22.5 10.9 
13.2 19.8 
21.2 18.3 
9.9 13.4 

13.9 9.8 
7.9 8.3 
4.0 6.0 
4.6 4.0 
2.0 3.0 
0.7 2.8 
0.0 1.3 
0.0 0.8 
0.0 0.8 
0.0 0.9 

9 30 

151 2761 
3.1 3.8 

CONCLUSIONS 

Based on studies that show 1) adult 
migration delays are related to seasonally 
high ambient water temperatures, 2) 
adult migrations are not blocked by mid
river thermal discharges and 3) juveniles 
leave unfavorably high water tempera
tures, it can be concluded that, given a 
"choice," salmon avoid lethal tempera
tures. Additionally, tracking studies show 
that adult salmon swim deeper in super
saturated water than in normally saturated 
water, and thus avoid the critical zone 
and potentially lethal dlssolved gas con
ditions. Other studies show that fish also 
avoid chlorinated effluents except in rare 
instances where conditions are limiting. 
Avoidance may explain why repeated 
massive fish kills from 1) thermal dis
charges, 2) gas supersaturated water (ex
cept for juvenile salmon in the Columbia 
and Snake Rivers), and 3) chlorinated 

discharges are the exception and not the 
rule. 

Some readers may conclude that be
cause of the behavioral responses of fish 
and other mobile aquatic organisms, 
human-induced physical and chemical 
changes in water quality are of little con
cern. That conclusion is unfounded. 
For example, gas-supersaturation in the 
Columbia and Snake Rivers affects an 
entire river system, and has been re
sponsible for major losses of juvenile 
salmonids. Additionally, fish ladders are 
located in the upper portion of the water 
column, and even migrating adult salmon 
must enter the critical zone at least 
temporarily to cross dams. However, 
where the impacts to aquatic systems are 
localized, behavioral responses may miti
gate adverse effects, provided favorable 
water conditions are available nearby. 

Assessment of environmental effects, 
design and operation of power generation 
facilities, and decisions regulating thermal 
and chlorine discharges, should not be 
based solely on laboratory-derived ther
mal and chemical tolerance data. Rather, 
design and decision should be based on 
an assessment process that considers the 
adaptive behavior of key aquatic species 
at the site. For this purpose, the inter
action of various environmental stimuli 
and their influence on fish response need 
elucidation. Ideally, decision on design, 
location and operation of thermal out
fall and other structures (i.e. water in
takes53) associated with power produc
tion should be based on the combined 
efforts of biologists and engineers. Clear
ly, knowledge of the behavioral responses 
of aquatic organisms to water quality 
alterations puts thermal and chemical 
tolerance studies in perspective, and is 
essential to assess potential environ
mental effects properly. Additionally, 
behavioral responses of organisms must 
be considered when designing and oper
ating power generation facilities that 
affect aquatic systems. 
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by Stephen Reimers 

DRI.LLING AND SAMPLING 
IN FROZEN GROUND: 
A few basics, a few problems 

INTRODUCTION 

Frozen ground can be investigated by a number of different 

methods, including remote sensing, sampling natural exposures 

or test pits, and sampling materials exposed by drilling. The 

following article discusses only the investigation of frozen 

grounds by "drilling and sampling." 


The sampling of permafrost is usually confined to the 

arctic and subarctic regions. In general, soils in these 

areas are made up of silts, sands, gravels, glacial tills, 

organic materials and bedrocks. Most permafrost sampling 

is conducted for the purpose of foundation studies, 

and generally takes place within the upper 50 feet 

of the soil stratum. However, there are reasons 

to drill and sample permafrost to greater depths: 

Geological explorations for mineralogical or 

archeological data may require that some 

borings extend to depths greater than 1000 

feet. 


The methods used to drill through 

frozen ground, and the corresponding 

ways of sampling it, are similar to those 

used for unfrozen ground but with a 

number of significant differences. The 

most obvious one is that frozen soils are 

more difficult to penetrate because frozen 

water in the voids causes the matrix to be 

harder. Another difficulty in sampling 


Figure 1. Reed Tool 
Company drill-rig with 
auger mounted on kel
ly bar. 

.,____ Kelly Bar 

•---- Auger 
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permafrost is that the sample may have 
to be both mechanically and thermally 
undisturbed (i.e., for some engineering 
tests). Therefore, in certain cases the 
heat produced by the action of sampling 
must be removed before it has an oppor
tunity to affect the sample. 

In areas of discontinuous permafrost, 
such as near Fairbanks, the main purpose 
of sampling might be to determine the 
type of soil, whether it is frozen, and if 
it is frozen, whether it is thaw-stable. 
Drill-rigs which have augers on extend
able/retractable kelly bars are convenient 
for shallow permafrost investigations 
(Fig. 1 ). The rig can auger through a foot 
of soil and bring it to the surface for in
spection and grab samplings of the cut
tings. Permafrost is first detected by dril
ling action and then confirmed if the cut
tings show frozen material. Drill-rigs with 
continuous flighting (Fig. 2) will also be 
able to detect frozen ground by drilling 
action, but the cuttings may be thawed 
by the time they reach the surface. It 
is then necessary to stop and sample to 
confirm the presence of frozen ground. 
The water content of the frozen soil must 
be known in order to predict the effects 
of thawing. 

METHODS 

Silts and Fine Sands 

Drilling a hole for the purpose of 

sampling in fine-grained materials can be 

done by augering. The active layer may 

have to be cased if it is thawed, as is usu

ally done with coarse-grained rt;~aterials; 


frozen ground generally does not need 

casing unless the moisture content is so 

low that the material is not well bonded. 

If the hole is to be open a long time or 

is to be fairly deep, casing should be used 

as a precaution. Hollow stem augering is 

convenient because the augers provide 

the casing. 


Frozen silts and sandy silts require 

that the cutting teeth be sharp and set 

at a fairly shallow angle, allowing the 
material to be shaved off the bottom of 
the hole in thin layers with each succes
sive rotation of the bit. This is the standard 
technique for drilling through ice, and ice 
layers are often found in frozen silt. 

Augering of frozen gravels and sandy 
gravels should be done with bit teeth that 

Figure 2. 	 Hollow-stem auger with con
tinuous flighting. (Drawings 
by Helen Higgins.) 

have vertical, or nearly vertical, faces 
which are hard-surfaced. As the bit ro
tates, the grains or stones are torn out of 
the frozen matrix. Frozen sands can be 
drilled with either type of teeth. , 

Frozen fine-grained material can be 
sampled by a number of different meth
ods, such 	as drive sampling, coring with 
or without fluids, and coring with the 
CAREL barrel. Coring with fluids will be 
discussed later, with respect to coarse
grained materials. 

Drive sampling consists of pounding 
a split or solid tube sampler into the 
ground with a drop hammer. The com
mon method in unfrozen soils is to use 
a 140 pound hammer falling 30 inches; 
the sampler is 1.4 inches I.D. (inside 
diameter). In unfrozen soils the number 
of blows needed to drive the sampler 

the last 	 12 inches gives the standard 
penetration resistance (blow count). 
This penetration resistance gives the 
relative density of granular soils and the 
relative density of silts and clays. In 
frozen soils the blow count does not give 
reliable information about the density or 
consistency of the material. The blow 
count is of course higher for a given type 
of soil if it is frozen rather than non
frozen, but soil with a high blow count 
should not automatically be assumed to 
be frozen (i.e. gravels or stiff silts will 
have high blow counts). 

Drilling with hollow stem augers in 
frozen silts, which are fairly moist when 
thawed, can be troublesome. The material 
does not cut well and tends to core up 
within the hollow stem. In this material 
it is therefore convenient to use the Modi
fied Shelby tube or a dry coring method. 

Arctic Alaska Testing Labs and Fair
banks Drilling Co. use a dry coring meth
od. A five-foot length of BX casing 
(2.5" I.D., 2.9" O.D.) with a carbide 
cutting shoe on the bottom edge is used 
as a core barrel. This core barrel is rotated 
and forced into the ground at a constant 
rate. The water generated by the silt 
thawing at the tip of the core barrel serves 
to lubricate and cool the cutting edge. 
The core is extracted from the casing 
with a hydraulic extractor. Friction be
tween the core and the core barrel thaws 
the outer edge of the core, masking the 
presence of ice lenses, but if the core is 
split lengthwise ice lenses are easily de
tected and measured. 

The Shelby tube is the common name 
given to thin-walled samplers made of 
hard-drawn seamless steel tubes, and used 
for thawed silts or clays. The "Modified 
Shelby tube" is a Shelby tube which has 
had a small rectangular piece of carbide 
welded to the cutting edge (Fig. 3). This 

CARBIDE 

Figure 3. Modified Shelby tube. 
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piece of carbide is placed in a slot in the 
cutting edge so that it extends approxi
mately 1/8" to 1/4" both to the inside 
and the outside of the tube. The Modi
fied Shelby tube is attached to the drill 
rod which is connected to the rotating 
drive of the drill-rig. As the unit is rotated 
and forced downward it cuts away a 
thin ring of soil and allows the frozen 
core to be pushed into the tube. This 
has proven to be an excellent way to ob
tain good samples of frozen sands and 
silts. The outer portion of the sample is 
usually at least partially thawed by the 
friction of the inside of the tube rotating 
against it, so the core sample should be 
split open to check for visible ice. 

CRREL has designed an electrome
chanical device to core ice; it has also 
seen some limited use for coring fine
grained frozen soils. This unit consists 
of a 4" O.D. core barrel with small con
tinuous flighting connected to the outside. 
The frozen cuttings are transported up 
along the core barrel on the flighting. 
Conventional core barrels use fluid to 
convey the cuttings toward the top of the 
hole; the advantage then of this sampler 
is that the core is never in contact with a 
drilling fluid as it would be in conven
tional core barrels. The CRREL sampler 
is driven by an electrical motor which is 
on the surface. The core barrel is normal
ly one meter long, and therefore the unit 
cores one meter at a time. It is then 
brought to the surface so that the core 
can be removed and the cuttings disposed 
of. The CRREL barrel was designed to 
sample to depths of 100 meters in ice; in 
frozen soils its range is probably 10 to 
15 feet. 

Coarse Sands and Gravels 

Augering frozen gravels is usually pos
sible on a limited basis, depending on the 
rock size. Bits can wear at fantastic rates 
when they are used for augering through 
frozen gravels. Complete refusal is com
mon, especially where the auger encoun
ters cobbles. Therefore methods used 
to drill and/or sample frozen gravels 
usually resemble those used for rock. 
Common methods of penetrating coarse
grained materials are coring, rotary, and 
chopping. All three of these procedures 
use drilling fluids to remove cuttings. 

Figure 4. Tricone roller rock bits, by Longyear. 

Drilling fluids are used in drilling un
frozen soils to cool and lubricate the bit, 
help keep the hole open, and to remove 
cuttings. Drilling fluids are needed in 
permafrost to lubricate the bit and re
move cuttings, and perhaps also to help 
remove excess heat from the hole when 
the operator is trying to obtain thermally 
undisturbed samples. 

Fresh water or brine solutions can be 
used as drilling fluids when ambient air 
temperatures are above 20°F and soil 
thawing is not a concern. Below 20°F the 
drilling fluid will probably freeze, so then 
it is necessary to use drilling fluids with 
freezing points lower than that of water. 
Diesel fuel or water with additives to de
press the freezing point can be used as 
the drilling fluid. These fluids need to 
be refrigerated (naturally or artificially) 
in order to obtain thermally undisturbed 
samples. De-waxed (arctic) diesel fuel 
should be used when operating in ex
tremely cold conditions. (Using diesel 
fuel has in the past solved problems as
sociated with chilled drilling fluids, but 
recently the use of diesel fuel has declined 
because of environmental concerns.) 

In frozen materials, compressed air can 
be used as the "drilling fluid" when dril
ling with rotary rock bits, such as tricone 
bits (Fig. 4), and for drilling with down
the-hole hammers. If ambient air temper
atures are above approximately 10°F, 
the compressed air must be artificially 
refrigerated if it is desirable to keep the 
material frozen. Heat exchangers can be 
used, but condensation can be a problem. 

Sampling frozen gravels is difficult. 
Limited success can be had with drive 
sampling; grab sampling of cuttings from 

augering or rotary drilling can give only 
general facts concerning type of material 
and moisture content. Probably the only 
reliable method is coring. 

The principles for drilling and obtain
ing frozen gravel cores are similar to those 
for rock. Diamond-impregnated bits give 
good cutting characteristics and therefore 
generate less heat than do bits which pen
etrate by abrasion. Low r.p.m. (about 
1 00) coring also helps reduce heat genera
tion as well as bit damage due to impact 
with gravels. 

In order to obtain good frozen gravel 
cores, the ice content of the gravel must 
be high enough so that the individual 
stones are not easily ripped from the 
matrix. Gravels which are not well bonded 
are extremely hard to sample. Low water 
content decreases the strength of frozen 
soil while also reducing the amount of 
heat needed to thaw it. The strength 
of the matrix is also affected by the 
temperature, since the adhesion strength 
of individual stones to the matrix increases 
as the temperature decreases. 

In order to obtain undisturbed samples, 
coring frozen gravels (or any frozen soil) 
is best done with double core barrels. 
These barrels are designed so that the dril
ling fluid flows down the annulus between 
the outer shell and the tube that receives 
the core. The fluid then emerges and flows 
upward between the outer shell and the 
wall of the hole, carrying the cuttings with 
it. Both bottom discharge and internal 
discharge bits are available, although bot
tom discharge is preferred. Even with 
these precautions the sample will be 
slightly contaminated by the drilling 
fluids. Normally this contamination is not 
serious because of the impermeable 
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Figure 5. 	 Mobile 8·61 drill-rig. (Photograph courtesy of Mobile Drilling Co., Inc.) 

Figure 6. 	 CME 750 drill-rig mounted on all-terrain vehicle. (Photograph courtesy of 
Mobile Drilling Co., Inc.) 

Figure 7. Truck-mounted Acker AD II drill-rig. (Photograph courtesy of Acker Drill 
Co., Inc.) 

nature of frozen soils. (There is a modi· 
fication of the Soxhlet extraction method 
that allows the true in situ water content 
of samples contaminated with diesel 
fuel to be found.) 

It is useful to obtain large core samples 
of frozen ground. There are three common 
sizes larger than NX (2.155" diameter) 
cores: HQ (2.500"), NC (2. 735") and 
PO (3.345"). The torsional strength of a 
core increases linearly with the 3rd 
of its diameter, so it is advantageous 
use a fairly large-diameter core barrel 
improve the chances of recovering 
turbed cores and to reduce the thermal 
degradation. While refrigerated 
probably gives the best samples in 
gravels, this method inherently involves 
more work and expense than do others. 

It was mentioned previously that d 
sampling is also a limited possibility 
sampling in frozen gravels. The pro 
with drive sampling is that refusal of 
sampler often occurs because of Ia 
stones or cobbles. To avoid this, 
(2.5" to 6" J.D.) drive samplers a 
sometimes used in hopes of including th 
large stones within the sample. When I 
drive samplers are used, hammer weight 
increased to 350 pounds or more. 

DRI LUNG EQUIPMENT 

Even though permafrost is harder 

to penetrate, most drill-rigs used for 

frozen 


power - unless frozen gravels are 

countered, which is quite likely in 

arctic and subarctic. Therefore, it is 

to have a drill-rig slightly larger than wo 

normally be necessary, such as a Mobi 

B-61, CME 550 or 750, or Acker AD II, 

among other possibilities (Figs. 5, 6, 

These drill-rigs can only be used in 

tions that can be reached by truck 

Hercules air lift. For winter use the rigs 

can be transferred to tracked vehicles. 


Many locations in Alaska or Canada 
can be reached only by small aircraft 
such as Cessna 207's. For such sites, it 
is necessary to use rigs small enough to 
be portable in light aircraft. It is usually 
impossible to sample frozen gravels with 
these machines; however, they can be 
used to locate depths to frozen gravels. 
Some examples are Mobile Minuteman 
and Acker Ace (Figs. 8 and 9). 
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Figure 9. Acker Ace drill-rig. (Photograph courtesy of Acker 
Mobile Minuteman drilling through overburden. 

Drill Co., Inc.) 
(Photograph courtesy of Mobile Drilling Co., Inc.) 

many of the same methods 
for non-frozen materials. Some of 

additional complications are the in
effort necessary for penetration 

difficulties in obtaining thermally 
samples. As with many other 

rations in the arctic and subarctic, 
of logistics and transportation 

be 	the most difficult aspect of dril-

OWLEDGMENTS 

After spending some time searching 
reference materials, I realized that not 
that is known about drilling and 

ng of frozen soils is published. 
of the methods and techniques 

are well-guarded "trade secrets." I 
many thanks to Mel Pederson and 

n Cronin of Arctic Alaska Testing 
and Shannon & Wilson, Inc. 

for much of the information needed for 

this paper. 

BIBLIOGRAPHY 

Blovin, S.E., E.S. Chamberlain, P.V. Sell· 
mann and D.E. Garfield. 1979. Penetra· 
tion Tests in Subsea Permafrost, Prud· 
hoe Bay, Alaska. CRREL Report 79.7, 

Hanover, N.H. 

Davis, R.M., and F.F. Kitze. 1967. Soil 
Sampling and Drilling near Fairbanks, 
Alaska, Equipment and Procedures. 
U.S.A. CRREL Tech. Report 191, 

Hanover, N.H. 

Hvorslev, M.J. 1965. Subsurface Explora· 
tion and Sampling of Soils for En
gineering Purposes. Waterways Experi· 
ment Station, Vicksburg, Mississippi. 

Hvorslev,M.J. 1963. Core Drilling in Fro
zen Soils. Proc. 1st Int. Conf. on Per
mafrost, NA5-NRC Publication No. 
1287, Washington, D.C. 

Johnson, G.H. 1963. Sampling in Perma
frost Areas. NRC-DBR Tech. Paper 

No.1 55. 

Lange, G. R. 1973. An Investigation of 
Core Drilling in Perennially Frozen 
Gravels and Rock. U.S.A. CRREL 
Tech. Report 245, Hanover, N.H. 

Lange, G.R., and T.K. Smith. 1972. Ro· 
tary Drilling and Coring in Permafrost. 
Part Ill of Deep Core Drilling, Core 
Analysis, and Borehole Thermometry 
at Cape Thompson, Alaska. U.S.A. 
CRREL Tech. Report 95111, Hanover, 

N.H. 

Lange, G. R. 1973. Investigation of 
Sampling Perennially Frozen Alluvial 
Gravel by Core Drilling, North Ameri· 
can Contribution, 2nd Int. Conf. on 
Permafrost, Kakutsk, USSR. NAS, 
Washington, D.C. 

Sell mann, P.V., and J. Brown. 1965. Cor
ing of Frozen Ground at Barrow, Alas
ka. U.S.A. CRREL Special Report 81, 

Hanover, N.H. 

Splettstoesser, 	J.F. 1974. Ice-Core Dril
ling, Proc. of a Symposium, University 
of Nebraska. University of Nebraska 
Press, Lincoln, Nebraska. 

17 

Northern Engineer, Vol. 12, No.2 ____________________.......... 




by Tony Gasbarro and John D. Fox 

Managing Forest Lands in 
for Fuelwood Production 

INTRODUCTION 

The demand for fuelwood in the 
Fairbanks area has been increasing dra
matically over the past several years, as 
homeowners continue to substitute wood 
fuel for more expensive oil and electricity. 
Most persons who depend partially or 
completely on wood gather their own 
supply, and some are finding it very dif
ficult to meet their fuelwood needs be
cause wood is no longer available in ac
cessible areas close to home. The local scar
city of wood supplies now has prompted 
questions about the availability of future 
supplies. Can the forest land surround
ing Fairbanks continue to meet increas
ing fuelwood demands? Just how much 
wood can be supplied on an annual basis, 
assuming no overriding economic or en
vironmental problems? Are public lands 
being managed so they will continue to 
produce wood? This article addresses 
these concerns. Since we will deal with 
the application of forest management to 
Fairbanks area lands, it is appropriate to 
begin by discussing some of the concepts 
underlying the management of forest 
resources. 

CONCEPTS OF FOREST 
MANAGEMENT 

Most state and federal forest lands are 
designated by law to be managed on a 

"sustained yield" basis. This usually 
means the wood harvest is to be approxi
mately equal to (or not to exceed) the 
yield or production over the same time 
interval. Generally there is some effort to 
achieve a level of growing stock or forest 
condition that will maximize sustained 
yield or productivity. Finally, all this 
should be done without impairing land 
productivity. 

Trees, like other plants, require ad-

but unlike most crops, require a long 

of a single tree increases each year as 
grows in height and girth. (This growth 
is analogous to that of a bank '""'"u'•"L 
with compound interest. Harvesting on 
sustained yield basis is like living off 
interest on your bank account 
dipping into your capital.) However, 
growth rate of wood volume varies 
tree age. Biologically the best time 
harvest a tree is when the growth 
averaged over the life of the tree, 
reached a peak. Foresters call this 
the "culmination of mean annual 
ment." However, financial factors, 
uct specifications, insect and 
damage, and fire may also influence 
long the tree should grow before it 
harvested -the "rotation length." 

The basic unit of management is 
forest stand, a reasonably hn'""'""'""'n' 
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airbanks Area 


area of the forest differentiated from 
surrounding stands on the basis of species 
composition, age and/or size structure, 
quality of growing conditions or topog
raphy. Groupings of locally contiguous 
stands may be administratively designated 
as compartments. A collection of com
partments supporting the wood needs of 
a given community is usually called the 
"working circle." 

Foresters recognize two basic types of 
stands - even-aged and uneven-aged. The 
even-aged stand - as the name implies 
is composed of trees that are all approxi
mately the same age. The even-aged for
est is composed of even-aged stands, pos
sibly each of a different age. The "ideal" 
even-aged forest contains as many indi
vidual stands as there are years in the ro
tation, varying in age from one year old 
to rotation age and occupying equal 
areas of the forest. This ideal is seldom 
found in nature but rather serves as a 
guide or a goal in manipulating the forest 
for sustained yield. Species found in even
aged stands tend to be intolerant of shade, 
such as quaking aspen or birch, and/or 
require a mineral soil rather than organic 
seedbed, such as white spruce. With few 
exceptions commercial forest land ()round 
Fairbanks is occupied by even-aged stands. 

The uneven-aged stand is composed 
of at least three distinct age classes 
intermixed throughout the stand. (The 
unusual two-aged stand would be man
aged as if it were even-aged.) Species 
typically found in uneven-aged for
est are those capable of growing in the 

forest canopy shade, such as beech, some 
maples, or hemlock. In a model uneven
aged forest, all age classes are represented 
and intermingled through the forest. On 
any given acre, there is a large number of 
small trees, several medium-sized trees 
and a small number of large trees. Again, 
the ideal may seldom be found in unman
aged stands. 

Sustained Yield and Allowable Cut 

First, consider the ideal even-aged 
forest. Having determined the appropriate 
rotation length and assuming adequate 
forest regeneration the year after harvest, 
one can harvest an area of the forest equal 
in size to the total compartment area 
divided by the rotation length. Now mul
tiply the number of acres cut by the aver
age number of cords per acre in a rotation 
age stand. Thus, if we have a 7000 acre 
forest, managed on a 70-year rotation, we 
would harvest 100 acres per year. All 
trees on the 100 acres would be harvested 
by methods of clearcutting, shelterwood 
(a multi-stage clearcut) or seedtree (se
lected vigorous trees left to provide seed 
source). If the volume of a 70-year-old 
stand was 20 cords per acre, the annual 
sustained yield allowable cut would be 
2000 cords. Each year of the rotation a 
new 70-year-old stand would be harvested, 
representing 1 /70th of the total forest 
area. After one complete rotation we 
would return to the first area harvested 
which will now contain 70-year-old trees, 
and repeat the process. 

Critical information needed to apply 
this system is the distribution of forest 
area by stand age. The key is always to 
have stands· that are mature when it is 
time for them to be cut. Otherwise, the 
land owner is faced with the decision 
either to cut immature trees just to main
tain or bring about the "ideal" age class 
distribution or to forego cutting until 
trees are mature and maintain gaps in the 
age class distribution. 

Forest regeneration, of course, is vital 
to sustained yield management. If regen
eration is delayed five years, then five 
years are added to the rotation period 
and, in our example, it would take 75 
years to produce 70-year-old trees. In 
contrast, if we planted five-year-old trees, 
we could obtain 70-year-old trees in just 
65 years. 

The uneven-aged model is perhaps 
what most people think of when sustained 
yield forestry is mentioned. Here, trees 
are harvested as individuals or small 
groups and the volume removed per acre 
depends upon the growth rate and how 
frequently the area is to be harvested. 
Never are all trees in the stand removed. 
Suppose we wish to select trees from a 
particular area of the forest every five 
years. We would simply divide the total 
forest into five equal areas, and each year 
remove from one area the equivalent of 
five years of annual growth. After five 
years we would be back at the first area, 
which would have grown and be ready 
again for harvest. Usually large diameter 
trees are harvested, and enough of those 
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from smaller diameter classes necessary 
to maintain desirable forest structure and 
quality. The basic assumption of the un
even-aged system is that forest regenera
tion will take place in a sparsely cut stand. 
This is not the case for most commercial 
species and situations in interior Alaska. 

In assessing allowable cut for sustained 
yield, one must recognize that all areas of 
the working circle or compartment may 
not be classified as "operable." Inoperable 
areas might be those presently or tempor
arily unavailable due to legal, transporta
tion, economic and/or environmental 
constraints. Thus, an area may contain a 
commercially desirable wood volume that 
is reserved from cutting for purposes of 
recreation or watershed protection, or be
cause of physical or economic inaccessi
bility. 

One final but important point: A more 
general view of sustained yield recognizes 
that, because of the long time periods 
involved, the objective of forest manage
ment might best be the sustained yield of 
value rather than the sustained yield of a 
particular product. In this context, chang
ing technology, markets, laws, etc., can 
all reorient our perception of the forest 
resource. We have already witnessed a 
change from a predominant interest in 
white spruce sawlog and houselog pro
duction to an attendent high interest in 
birch and spruce fuelwood production. 
Future changes may result in our interior 
forests being most valued for the produc
tion of fish and game, recreation, pulp
wood or chips for large-scale energy con
version. Whatever the future demands 
on the forests might be, managing them 
as renewable resources insures that we 
will at least have some options available. 

What specific procedures can a forester 
use to obtain a desirable yield while 
insuring adequate forest regeneration? In 
theory, the options available are similar 
to those of the home gardener. He can 
seed or plant desired species, control 
density by thinning, weed out competi
tors, fertilize, irrigate, prune, protect the 
crop from fire, insects and disease, and 
finally harvest. Product value, reflected 
in management intensity, will dictate 
how many of these procedures are actively 
practiced. 

Many forest managers rely solely on 
natural reseeding following harvest to es

tablish a new stand, either out of econ
omic necessity or simply because the re
sults are satisfactory. Unsuccessful natural 
regeneration may occur because of insuf
ficient seed production and dispersal, in
adequate seedbed conditions, or condi
tions unfavorable to seedling growth and 
survival. Some species do not have these 
problems because they reproduce vegeta
tively via stump sprouts (e.g. birch) or 
from near-surface roots (e.g. aspen). If 
natural reforestation of cutover lands is 
not sufficient for sustained yield, the 
manager must use some form of seeding 
or planting. 

Silvicultural guides for paper birch 
in New England estimate total 
yields from thinned stands to be ... 
twice that of unmanaged stands. 

Once the stand of desirable species is 
established, the key to its productivity 
is the efficient use of growing space. If 
stands are too crowded, intense competi
tion exists for available light, water and 
nutrients which are generally divided 
unequally. Since the amount of space a 
tree requires is related to its diameter, 
any given area can support either a large 
number of small trees or a small number 
of large trees. Thus, as a stand develops, 
the majority of small seedlings or saplings 
must die in order for a few to grow and 
occupy available space fully. This natural 
process of competition and mortality, 
however, may take several decades. Thin
ning attempts to identify select crop trees 
early in stand development and accelerate 
their growth by eliminating just the right 
number of competing trees. Silvicultural 
guides for paper birch in New England 
estimate total yields from thinned stands 
to be approximately twice that of un
managed stands. Thinning reduced the 
time required to achieve an average stand 
tree diameter of 8 inches (at 4.5 feet 
above the ground) by as much as 6 to 9 
years. Excessive thinning may result in 
unutilized growing space, undesirable 
changes in individual tree form, or in 
some cases dieback of remaining trees; 
achieving the optimum spacing requires 
considerable knowledge and skill. 

The other advantage of thinning, of 
course, is that material removed may 

represent a usable product. Thus, through 
thinning, the forester attempts to "cap
ture mortality" to augment yield and to 
redistribute growth to select crop trees. 

Mixed stands of aspen or birch and 
white spruce are common in interior 
Alaska. The aspen and birch are relatively 
fast growing, short-lived, and require full 
sunlight for adequate growth. White 
spruce, in contrast, is slow growing, long
lived and quite tolerant of shade. Thus, in 
mixed stands a strategy might be to har
vest the birch or aspen at maturity, 
thus "releasing" the white spruce from 
competition. A harvest cutting of the 
spruce would then be made some years 
later. Regeneration to mixed or pure 
stands could be promoted. 

Thinning and intensive practices 
such as weeding, /pruning, fertilization 
and irrigation are often justified only 
for the most valuable species and under 
a specific set of biological and economic 
circumstances. The decisive question is 
whether the increased yields derived 
through these practices exceed the addi
tional management costs. 

The basis for a successful manage
ment plan must be knowledge of the 
forest composition, structure and condi
tion. Thus, the first requirement is a 
forest inventory. This process may take 
several years to complete in detail, par
ticularly when the transportation network 
is limited or nonexistent. However, an 
initial reconnaissance aerial survey with 
judicious ground checking often can be 
adequate to decide subsequent manage
ment activities. Generally these activities 
are outlined in an overall timber manage
ment plan. Such a plan usually covers 5 
to 10 years and includes a policy state
ment and a brief description of the land, 
the forest, the local economy and relevant 
historical perspectives; detailed maps and 
inventory statistics are made available as 
an appendix or separate report. Future 
management considerations are then pre
sented, including overall plans for sus
tained yield (regulation of cutting), log
ging and transportation, forest protec
tion, silvicultural prescriptions, and coor
dination with multiple-use objectives and 
environmental considerations. As recon
naissance inventory data is replaced by 
more detailed information, management 
plans are refined. 
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FAIRBANKS FUELWOOD SITUATION 

Increased fuelwood use has been 
brought about by price increases in other 
energy resources, particularly heating oil 
and electricity. Since 1973 heating oil 
costs have increased by 121 percent and 
electricity costs by 220 percent.* The 
estimated annual heating costs using dif
ferent fuels for a home requiring 100 
million BTUs annually are shown in 
Table 1. Electric heating is by far the 
most expensive, with personally-gathered 
fuelwood ranking as the least expensive 
by a fairly wide margin - 11 times less 
expensive than electricity and nearly 4 
times less expensive than oil or delivered 
wood. Personally-gathered wood is so in
expensive because little or no fee is as
sessed when the product is obtained, and 
usually the user considers only transporta
tion and chainsaw expense as costs in 

ng fuelwood. Clearly, in spite of the 

upon oil increasing from $.39/gal. 
1973 to $.78/gal. in 1979 and electricity 

ng from 1.85(t/kWh to 5.91d/kWh 
500 kWh) during that same period. 

TABLE 1 

Annual Heating Costs 


for a Home Requiring 100 Million BTUs 

Annually - 19791 


Total Annual Cost 

$ 570a 
2,400b 

860c 

e 1,820d 
(delivered) 860e 
(personally gathered) 220f 

assuming 55% burning efficiency. 
ll><nKvvn; 3.413 net BTUs/kWh assuming 

efficiency. 
.; 90,350 net BTUs/gal. assuming 

efficiency . 
. 07/gal.; 58,800 net BTUs/gal. assuming 

,;~;~~;~~~:25 X 1o6 net BTUs/cord 
(Y:. birch, Y:. spruce) assuming 55% efficiency 
and 20% moisture cont1;nt. 

9.25 X 10 net BTUs/cord 
(Y:. birch, Y:. spruce) assuming 55% efficiency 
and 20% moisture content. Cost/cord based 
on pick-up truck@ $.28/mile travelling 35 
miles roundtrip capable of hauling % cord of 
wood and chain saw costs of $6.50/cord of 

TABLE 2 

Estimated Fuelwood Consumption in the Fairbanks Area 
1973-19792 

Year Estimated Total Cords Cuta No. ofPermits Issued 

1973 504 112 
1974 1,201 267 
1975 986 219 

1976 1,314 292 
1977 1,962 436 
1978 3,829 851 
1979 12.ooob 2,009 

aBased upon an estimated harvest of 4.5 cords per permittee. 
blncludes an estimated additional 3,000 cords to account for fuelwood 

obtained from federal and private lands, and wood sold to commercial 
woodcutters. 

inconvenience involved in using wood, 
there is an economic incentive to do so. 
Statistics indicate that homeowners are 
doing just that. 

An estimate of the amount of fuelwood 
used in the Fairbanks area from 1973 
through 1979 is shown in Table 2. During 
the six-year period fuelwood use increased 
from an estimated 500 to 12,000 cords 
annually, and the number of people ob
taining woodcutting permits for state 
lands increased from 112 to 2009. An 
estimated 90 percent of the fuelwood 
harvest has come from state lands in the 
vicinity of Fairbanks. The remaining 10 
percent has come from federal lands along 
the Elliott Highway, Fairbanks North 
Star Borough lands, Native land holdings 
along the Parks Highway, and small pri
vate wood lots. Based on a recent survey 
by the State of Alaska, Division of For
est, Land and Water Management, 60 per
cent of those obtaining woodcutting per
mits depend upon wood as their primary 
heat source. Permitees each cut an aver
age of 4.5 cords per year but indicate 
they each need about 7 cords annually. 
This difference is probably made up by 
purchases from commercial woodcutters. 

The rapid increase in fuelwood use has 
brought about forest land management 
problems, particularly on public lands. 
The State of Alaska has not been able to 
respond quickly enough with money and 
manpower to meet public needs for 
fuelwood. At least 15 miles of fuelwood 
access roads are needed immediately so 
woodcutters in some parts of the Fair
banks area will not have to travel long 
distances to obtain wood. Some wood 

users have had to travel as much as 50 
miles one way to reach designated areas, 
which tends to defeat the economic 
purpose for using wood. 

Lack of manpower has made enforcing 
the cutting regulations all but impossible. 
In several instances, wood gatherers dis
couraged by lack of access have cut fuel
wood in unauthorized areas, taking large 
trees that had a much higher value for 
lumber or houselogs. Recently as many as 
50 acres of spruce timber were cut il
legally in the Rosie Creek area near 
Fairbanks; in another area forest research 
experiments were destroyed by unauthor
ized cutting in the Bonanza Creek Experi
mental Forest. 

The lack of funding and manpower has 
delayed forest inventories and planning 
necessary to provide reliable information 
concerning the amount of wood that can 
be harvested each year and the steps that 
will be necessary to manage forest lands 
for continued production of fuelwood 
and other forest products. Preliminary 
estimates have been made concerning 
the amount of wood products that can 
safely be harvested each year from state 
lands; however these estimates are delib
erately conservative and cannot be re
fined until more data is made available. 

WOOD RESOURCES 
IN THE FAIRBANKS AREA 

Estimates made by the U.S. Forest 
Service in 1970 indicate that within 100 
air miles of Fairbanks, an area defined 
by Manley Hot Springs, Livengood, the 
Salcha River, Fairbanks, and Nenana 
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(Fig. 1), there are approximately 1.4 
million acres of commercial forest land 
producing about 40 million cubic feet of 
wood each year. 3A Much of this net 
annual growth may never be harvested, 
because of land owners' different ob
jectives and environmental and economic 
considerations. How much wood can be 

Livengood 

harvested will depend on how many acres 
are managed for wood production. 

The following description of the ex
tent and nature of the forest resources, 
and an estimate of the annual allowable 
cut, will be limited to lands belonging to 
the State of Alaska and classified as For
est Management or Resource Manage

ment Lands. Other state, 

federal, municipal and 

private lands will not 

be considered because 

it is not known what 

portion - if any 
of these will be man-


Figure 1. 

Area within 100 air 

miles of Fairbanks con

taining commercial for

est lands. 


Figure 2. 

aged for wood production. Surely these 
lands will continue to supply some wood 
products, but it is not expected that they 
will contribute a significant portion of 
the total amount of wood consumed 
locally. However, if large-scale clearing 
of agricultural lands occurs near Fair
banks, such projects could contri~ute 

a significant amount of the local wood 
supply for several years. 

The State of Alaska, Division of Forest, 
Land and Water Management has desig
nated three areas in the vicinity of Fair
banks for forest management: the Gold
stream, Chena and Salcha compartments 
(Fig. 2). Collectively these compartments 
are referred to as the Fairbanks 11""'r"'''"" 
Circle and contain 700,000 acres, incl 
ing 242,500 acres of commercial forest 
land.2 

The principal tree species found on 
commercial forest lands in the Fairbanks 
area include white spruce, balsam poplar, 
paper birch and quaking aspen. Black 
spruce and tamarack are also common in 

STATE LANDS IN THE FAIRBANKS AREA 
DESIGNATED 

A 
B 
C 

FOR FOREST MANAGEMENT 

Goldstream Compartment 
Chena Compartment 
Salcha Compartment 

SCALE 

Oi!!!!!!!'!!!!!!'!!!!!!'!!!i1Oi.iiiiiiiiiiiiiiiii2i;i;O!!!!'!!!!!!'!!!!!!'!!!!!!!i30 M I L E S 
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the Fairbanks vicinity but not on lands 
currently designated for sustained wood 
production. As fuelwood demand in
creases, these poorer lands could be man
aged for fuelwood. The spruces and 
tamarack are collectively called soft
woods; balsam poplar, birch and quaking 
aspen are referred to as hardwoods. 

The relative abundance of different 
forest types and the different size classes 
of the trees on state commercial forest 
lands are shown in Table 3. Of the 242,500 
acres included in the Fairbanks Working 
Circle, an estimated 147,695 or 61 
percent contain hardwood forest. The 
remaining 39 percent is nearly evenly 
divided between white spruce timber 
stands and mixed spruce-hardwood for
ests. The predominance of hardwoods 
indicates a history of recurring forest fires 
in interior Alaska, because without 
repeated fires the normal vegetational 
succession would lead to white spruce 
covering most of the commercial forest 
land. 

Each forest type is classified according 
to the size class of the trees it contains. 
The three size classes are seedling and 
sapling size, poletimber and sawtimber 
(Table 3). The hardwood poletimber 
and sawtimber size classes will provide 
most of the fuelwood for the Fairbanks 
area. The spruce poletimber and sawtim
ber size class will be managed to produce 
trees for lumber and houselogs, but 
dense spruce poletimber stands will be 
thinned for fuelwood so the remaining 
trees will grow more rapidly to sawlog 
size. Examples of forest types that could 

be managed for fuelwood production are 
shown in Figures 3 and 4. 

Preliminary estimates indicate that the 
state's commercial forest lands in the 
Fairbanks area are producing 1.3 million 
cubic feet per year. Eighty-seven percent 
of this growth is attributed to the white 
spruce and only 13 percent to the hard
woods, in spite of the large hardwood 

TABLE 3 


Relative Abundance of Different Forest Types and Size Classes 

on Commercial Forest Lands in the Fairbanks Working Circle2 


Forest Type/Size Classa 

White Spruce 
Seedlings/Saplings 
Poletimber 
Sawtimber 

Hardwoods 
Seedlings/Saplings 
Poletimber 
Sawtimber 

Mixed White Spruce-Hardwoods 
Seedlings/Saplings 
Poletimber 
Sawtimber 

TOTAL 

aSize Class Definitions: 

Acres 

4,190 
12,720 
32,105 

Subtotal 49,105 

11,230 
73,855 
62,610 

Subtotal 147,695 

2,230 
21,540 
22,020 

Subtotal 45,790 

242,500 

Seedlings - <1.0" diameter at breast height (DBH) 
Saplings - 1.0"- 4.9" DBH 
Poletimber- softwoods: 5.0"· 8.9" DBH; hardwoods: 5.0"-10.9" 

DBH 

Sawtimber- softwoods: >9.0" DBH; hardwoods:> 11.0" DBH 

acreage (Table 3). All of the hardwood 
sawtimber stands and some of the pole
timber stands are putting on little if any 
net growth because hardwood growth 
rates begin to slow down and the trees 
begin to decay quite rapidly as they ap
proach 70 years of age - the age of exist
ing sawtimber stands and many of the pole
timber stands. Spruce on the other hand 

Figure 3. A 70-year-old aspen stand that is ready to be harvested Figure 4. A 45-year-old birch stand (5 inch diameter) that could 
for fuelwood. be thinned to provide fuelwood. 
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grows well until it is about 130 years 
old and there is little loss of wood from 
decay. 

Table 4 shows existing growing stock 
volumes of standing timber for the com
mercial forest acreage. The total growing 
stock volume amounts to 367.2 million 
cubic feet, with 327.5 million cubic feet 
or 89 percent considered mature or over
mature. Nearly all of the hardwood grow
ing stock is considered mature or over
mature, while 72 percent of the white 
spruce falls in this category. These statis
tics indicate that many acres of commer
cial forest land are not producing the 
amount of wood they could be because 
of the stagnant growth rate of overmature 
timber. They also indicate that there will 
be no difficulty in finding forest stands to 
harvest if access is provided. 

The allowable cut for spruce has been 
tentatively estimated to be 1.02 million 
cubic feet or 4.1 million board feet per 
year. The hardwood allowable cut, both 
birch and aspen, was estimated to be 2.8 
million cubic feet or 31,000 cords per 
year. At least 50 percent of the stands 
harvested for fuelwood in the future 
could be aspen. Although it is not a popu
lar fuelwood, aspen will produce as much 
heat as birch on a pound by pound basis; 
however, birch is a more dense wood and 
produces more heat per cord. 

FUELWOOD 

SILVICUL TURAL PRACTICES 


State foresters striving to meet Fair
banks area fuelwood needs from state 

lands will employ certain silvicultural 
practices, designed to make maximum 
use of the growing forest: utilizing resi
dues from logging and land clearing opera
tions; thinning; release cutting; sanitation 
and salvage cutting; and harvest cutting. 

Utilizing Residue from Logging Operations 

In the past, residues from logging 
operations provided most of the firewood 
from state lands. Generally wood gatherers 
would be allowed into a logged area and 
permitted to take any remaining dead or 
downed trees. In some cases, where the 
timber operator opted not to harvest 
hardwood trees, wood gatherers were 
given the right to harvest standing trees 
within the cutting units for a nominal 
fee. 

In the future, forest stands logged 
for sawtimber will continue to provide 
residues for fuelwood, but much of this 
material, instead of going to individual 
wood gatherers, will be utilized by the 
logging operators. As the price of fuel
wood has increased, logging firms have 
seen that it is to their economic advantage 
to go into the fuelwood business and take 
all of the wood to which they are entitled 
through their timber sale contract. 

Fuelwood from Land Conversion 
and Other Land Clearing Operations 

Land clearing operations on state or 
municipal lands, particularly for farming, 
road building and transmission line clear
ing, afford opportunities to augment the 

TABLE 4 


Volume of Standing Timber on Commercial Forest Lands in the 

Fairbanks Working Circle (millions of cubic feet) 4 


White Spruce 
Pure Stands 
Mixed Stands 

Subtotal 

Hardwoods 
Pure Stands 
Mixed Stands 

Subtotal 

TOTAL 

Mature Trees 

68.3 
23.0 
91.3 

197.8 
38.4 

236.2 

327.5 

All Trees >5 "DBH 

88.7 
38.8 

127.5 

200.9 
38.8 

239.7 

367.2 

local fuelwood supply. In the past either 
little effort was made to inform the pub
lic of available wood gathering opportuni
ties or concerns about public safety pre
vented large quantities of fuelwood from 
being utilized. The Alaska Division of 
Forest, Land and Water Management has 
recently initiated a program to inform the 
public when such opportunities arise, and 
has begun to allow commercial fuelwood 
operations on state lands destined for ag
ricultural disposal. With proper planning 
and timing, public wood gathering can 
be allowed on large-scale clearing opera
tions with minimal safety hazards. 

Significant volumes of wood can be 
obtained from different land clearing 
operations. Potential agricultural land 
with a black spruce-hardwood forest 
cover contains an average of 9.6 cords 
of wood per acre. 5 Clearing 1000 acres 
of this land could satisfy over 75 percent 
of the current annual fuelwood demand 
for Fairbanks on a one-time basis. A mile 
of road right-of-way approximately 100 
feet wide being cleared through 1 00-year
old white spruce would yield about 325 
cords of fuelwood. A mile of local power 
line right-of-way clearing (300 feet wide) 
through a 60-year-old stand of aspen 
would yield about 30 cords. Wood from 
land clearing operations temporarily aug
ments the local fuelwood supply but is 
not considered part of the annual allow
able cut, since this cut is based only on 
forest land that will be continually man
aged for wood production. 

Silvicultural Practices 

Thinning hardwood and softwood tim
ber stands permits using wood that would 
eventually die and rot before the timber 
stand is harvested. Table 3 shows that 
there are over 1 00,000 acres of poletim
ber-sized stands in the Fairbanks Work
ing Circle. Many of these stands could be 
thinned twice. Preliminary calculations 
indicated that if a 60-year-old birch stand 
with an average stand diameter of 5 inches 
is thinned by 35 percent, the thinning 
will yield approximately 7 cords of wood 
per acre. The remaining trees harvested 
10 years later will yield 18 cords per acre. 
The total yield per acre would be 25 
cords, compared to 23 cords if the stand 
had not been thinned. In addition to in
creasing total yield, thinning also makes it 
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Figure 5. A 60-year-old birch stand near Nenana before thinning (left) and after thinning (right). (Photos courtesy of Will Theuer, 
Tanana Chiefs, Inc.) 

possible to obtain fuelwood at an earlier 
date than if the stand were harvested only 
at maturity. An example of thinning is 
shown in Figure 5. 

Thinning spruce stands will result in an 
immediate supply of fuelwood and in 
larger-sized sawtimber trees at harvest 
time. Spruce is currently managed on a 
130-year rotation, and thinning for fuel
wood could begin at 80 years, when the 
average stand diameter is about 5 inches. 
Thinning could be carried out again at age 
100 with each thinning yielding at least 
10 cords per acre. Because the remaining 
trees grow more rapidly, they could alter
nately be harvested at an earlier age, 
thereby reducing the rotation age. With 
good thinning practices it may be possible 
to shorten the rotation age by 1 0 to 15 
years. 

Release, sanitation, and salvage cutting 
are three other silvicultural practices 
that yield fuelwood and at the same time 
improve forest growing conditions. When 
white spruce and hardwoods are growing 
together, in the early stages the hard
woods grow faster and overtop the spruce. 
Removing the hardwoods at or before 
maturity will "release" the spruce for 
more rapid growth and at the same time 
provide fuelwood. When trees are weak
ened by wind, fire or some pathogen, 
they become targets for bark beetles and 
other insects. The weakened trees provide 
an ideal setting for an insect population 
explosion that could infest surrounding 
trees and destroy large tracts of timber. 
Sanitation cutting "salvages" trees that 

have already died from fire or insects, 
for example. 

Harvest cutting, unlike the cuttings 
discussed previously, occurs when the 
stand is mature or has reached marketable 
size. A stand of birch will yield 23 cords, 
and aspen 30 cords, per acre at 70 years. 
Older stands of aspen could yield over 40 
cords per acre, depending upon the extent 
of rot. 

Harvest cuttings are sometimes referred 
to as reproduction cuttings because af· 
ter the harvest, thought must be given to 
reproducing a new forest. Birch and aspen 
reproduce vegetatively and are also good 
seed producers. Not enough is known 
about the sprouting capability of birch in 
Alaska to rely on vegetative reproduction, 
so it is necessary to provide for birch re
production by natural seeding. Since the 
seed needs to fall on mineral soil, and the 
forest floor of most interior Alaska stands 
is covered with a thick layer of organic 
matter, this mat must be broken to ex· 
pose enough mineral soil for adequate 
germination. A small tractor may be 
needed to do this. If the organic mat is 
not disturbed there is a good possibility 
that the cutover area will not become 
adequately stocked with trees. Further· 
more, harvest cutting for these species 
should be done in patches so that the new 
trees will be able to grow in full sunlight. 

As funds become available for new 
fuelwood access roads, different types of 
forest stands will become accessible for 
fuelwood management and eventual har· 
vest. As the demand for fuelwood in· 

creases, silvicultural treatments will be 
used on many of these stands to render 
them more productive. What stands be
come accessible and how they are managed 
will depend upon the forest management 
planning that is currently being under
taken. 

FOREST MANAGEMENT 
PLANNING IN THE 
FAIRBANKS WORKING CIRCLE 

A great deal of planning is required 
to maintain a sustained yield of timber 
products while at the same time consider
ing other land uses. Planning for sound 
forest management in the Fairbanks area 
will include: undertaking detailed forest 
inventories, assessing the relationships 
between forest harvesting and other 
forest uses, assessing local market condi
tions for forest products, developing for
est transportation and protection plans, 
and formulating a schedule for harvesting 
and silvicultural treatment. 

More detailed forest inventories have 
begun to determine the supply and loca· 
tion of timber more accurately. New 
data that are being collected will firmly 
establish the allowable cut for the next 
decade and provide information for lo
cating fuelwood access roads. 

Forest management in the Fairbanks 
area must always take into account other 
uses of the forest in addition to wood 
products production. Due attention must 
be paid to wildlife habitat, water quality, 
fisheries and recreational land uses and 
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facilities. Intensive forest management 
will have its costs as well as benefits. Ac
cess roads will mean more hunting pres
sure on big game populations, temporar
ily less furbearer habitat, fewer wilderness 
acres, more erosion and less privacy for 
those with nearby land holdings. These 
trade-offs will be mitigated somewhat by 
advanced planning and environmental 
regulations such as the State Forest 
Practices Act. More intensive forest man
agement will have its benefits also, such 
as an increase in moose habitat and higher 
moose populations as old forests are 
harvested and new ones succeed. Greater 
access will mean more opportunities for 
recreation and facilitate control of fires, 
insects and disease. 

The forest manager must constantly 
be aware of the impacts forest harvesting 
creates. If these impacts become unac
ceptable relative to the benefits gained, 
then the allowable cut will have to be 
reduced to protect the more sensitive 
forest areas. 

The demand for forest products is 
periodically being assessed and related to 
the supplies available in the Working 
Circle. Local logging firms are being con
sulted to determine market trends. Just 
a few years ago fuelwood demand was in
significant; now demand is increasing so 
rapidly that it could outstrip local supply. 
Will this happen? If not, how large a 
demand can be anticipated in order to 
plan ahead in setting aside cutting areas? 
Forest managers must continually ask and 
answer these and other market-related 
questions. 

Forest protection, particularly against 
fire, becomes even more critical as use 
of an area increases. The State of Alaska 
does have a fire protection plan for the 
Working Circle; however, fire fighting 
personnel could become over-extended 
if serious fires break out in other areas 
where the state has fire fighting responsi
bility. 

As information becomes available 
regarding timber supply, market condi
tions and other forest uses, an overall 
harvest and silvicultural treatment sched
ule will be developed. This schedule will 
identify harvest units as much as five 
years in advance, determine the applicable 
rotation ages for different species, in!;licate 
where thinnings and other cuttings will 
occur and show what areas will be moni

tored to assure adequate forest regen
eration. 

SUMMARY AND CONCLUSIONS 

The forest resource base in the Fair
banks area is quite large, but it is not 
realistic to assume that all of this could 
be made available for the wood products 
market because of land ownership and 
environmental considerations. There is, 
however, enough commercial forest land 
in state ownership so that, if managed 
for wood products, it could produce 
4.1 million board feet of sawtimber and 
houselogs and 31,000 cords of fuelwood. 

The task at hand is to manage state 
forest lands in a manner that maximizes 
forest yields consistent with the sound 
management of other forest resources. 
Management techniques such as thinning, 
release cutting, sanitation and salvage 
cutting will increase forest yield. When 
stands are harvested at maturity it will be 
essential to apply measures to assure the 
reproduction of a new forest. 

The State of Alaska is developing a 
management plan for forest land within 
the Fairbanks Working Circle, one that 
will be flexible enough to meet changing 
demands and maintain future options. It 
is difficult to predict how rapidly the de
mand for fuelwood will increase and the 
extent to which more intensive manage
ment will increase the annual allowable 
cut. Assuming a rapidly increasing demand 
(30% per year), the allowable cut on state 
forest lands will be reached in about four 
years. Since current supply estimates are 
very conservative, more refined data 
gathering will probably lead to an increase 
in the allowable cut. This increase, com
bined with increased yield due to better 
forest management, will probably keep 
the state forest land from reaching its 
sustained yield capacity for five or six 
years. Private and some federal land
holders could increase the supply available. 
Agricultural land clearing might make even 
more wood available. 

Our best estimate is that there will not 
be a supply problem in the Fairbanks area 
for at least a decade, assuming that there 
is sufficient funding to carry out good 
forest management on state lands. What 
happens after 1990 will depend upon 
how fuelwood demand is influenced by 
alternative energy sources, product price, 
the efficiency of wood use, and further 

increases in yields due to management 
efforts. 
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ALASKAN SEISMOLOGY: 

Research and Recommendations 

During late 1979 and early 1980, the Alaska Council on Science and Technology convened 11 committees in one
day or two-day workshop sessions to prepare brief statements of research priorities and recommendations in various 
fields of science and technology. The following is the first report to appear as a result ofone of the workshop efforts, 
the Workshop on Alaskan Seismology, held September 1979, at Fairbanks, Alaska. It has been forwarded to the Alaska 
Legislature and the Office of the Governor. Other reports now completed are entitled Human Life and Health; Agricul
ture and Animal Husbandry; Energy; Minerals; and Natural Hazards. -Neil Davis, Chairman ACST 

INTRODUCTION 

Geophysical hazards, particularly earthquakes and volcanoes, 
are a fact of Alaskan life. The effects can be minimized through 
better knowledge of the physical processes involved in pro
ducing these hazards, by learning how to predict their occur
rences, and by developing planning and response policies. 

The Working Group on Alaskan Seismology was convened in 
1979 by the Alaska Council on Science and Technology. Mem
bers are actively involved in collecting data or performing 
research on Alaskan earthquakes and volcanoes and have volun
teered their time to the workshop effort. Recommendations 
from the workshop are directed to state and federal govern
ments and to the scientific community. 

CURRENT ACTIVITIES IN SEISMOLOGY 

Despite Alaska's being the most seismically active state in the 
nation, little research was conducted or data collected in the 
state prior to the 1964 Good Friday earthquake. That earth
quake and the development of the petroleum industry caused 
recognition of the need for extensive seismic investigation to 
evaluate the hazards of Alaskan earthquakes and to develop 
zoning and other hazard reduction activities. 

Currently, approximately 200 seismic stations are operated 
in Alaska by ten different federal agencies, universities and 
private organizations (United States Geological Survey, National 
Oceanic and Atmospheric Administration, United States Air 
Force, University of Alaska, University of Colorado, Columbia 
University, University of Texas, Alyeska, Exxon, Shell Oil). 
These stations are located primarily in coastal regions, partic
ularly along the Gulf of Alaska. Recognizing a lack of coordin
ation among the seismic groups, the Alaska Council on Science 
and Technology in 1979 assisted in organizing a ''Working 
Group on Alaskan Seismology" composed of scientists actively 
pursuing seismic investigation in the state. 

·To date, there is no systematic reduction and archiving of the 
data being collected by the various organizations. A quarterly 
bulletin, listing all earthquakes located by the several networks 
operated by the University of Alaska and incorporating data 
from other networks, was successfully published for one and 

one-half years and then abandoned in early 1979 because of 
lack of funds. 

Despite such weaknesses in the overall program, significant 
advances are being made in identifying the levels of seismicity 
and the degree of seismic hazard in the Gulf of Alaska region, 
primarily because of strong support by NOAA through the 
Outer Continental Shelf Environmental Assessment Program 
(OCSEAP). But, at the same time, there is almost a total lack of 
effort in such critically important areas as the route of the 
proposed gas pipeline where it runs along the Alaska Highway 
between Delta and the Canadian border. Nor is any detailed 
seismic monitoring being done in the area of the proposed 
Susitna dams. 

MAJOR ISSUES IN SEISMOLOGICAL RESEARCH 

• 	 The primary determinant of seismic activity in the southern 
half of Alaska and the Aleutians is the northeasterly motion 
of the North Pacific tectonic plate at the rate of about 2 to 3 
inches per year. Rubbing past the fixed coastal region of 
Southeast Alaska, the plate accumulates strain in the rocks 
there and generates very large strike-slip earthquakes such as 
those near Yakutat in 1899 and at Lituya Bay in 1958. The 
plate subducts beneath southern Alaska and the Aleutians 
and in the process creates large thrust earthquakes such as 
the 1964 Good Friday earthquake and the frequent earth
quakes along the Aleutians, which have often caused large 
tsunamis that have devastated coastal areas of Hawaii. A major 
issue in Alaskan seismology is to gain a better understanding 
of this large earthquake system and the hazard it creates for 
economic development and the people in southern Alaska. 

• 	 Another major issue is to gain a better understanding of the 
immediate cause and cycling of activity of the many Alaskan 
volcanoes that also are generated by the subducting North 
Pacific plate and which constitute a major geophysical haz
ard. Predictability of volcano activity may be partly related 
to earthquake activity. Current methods of short-term pre
diction do rely upon seismic monitoring of the volcanoes. 

• 	 There is need to learn the source mechanisms, expected sizes 
and recurrence rates of earthquakes in the active seismic zone 
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Anchorage, 1964. 

which extends from Cook Inlet northward along the railbelt 
and population axis of Alaska to the Fairbanks area. 

• 	 Yet another major need is to learn the cause and the charac
teristics of the surprisingly active seismic areas in the vicinity 
of the Seward Peninsula, and to identify both the active 
faults that create this activity and the hazard they create for 
petroleum and other development in this region. 

• 	 There is need to develop better models of the propagation 
velocities of seismic waves throughout Alaska and the atten
uation of these waves as they traverse the various parts of 
the state. 

• 	 Since local soil conditions are a major influence upon the 
hazards of earthquakes (as Anchorage discovered in 1964). 
there is need to perform extensive mapping of near-surface 
materials and to learn their response to seismic waves better, 
especially in regions of discontinuous permafrost. 

• 	 There is need to develop an effective distribution and opera
tion of seismic stations throughout Alaska to meet eco
nomically the current and future needs of the state and to 
develop standardized methods of data processing and stan
dardized catalogs of earthquake data. 

ANALYSIS AND DISCUSSION 

Seismology is an important area of science for Alaska because 
of the major influence of tectonic activity upon the structure of 
the state and the geophysical hazard earthquakes create for 
Alaska's people and future development. Unfortunately, contin
uous monitoring for many years is required to evaluate risk and 

to gain the fundamental knowledge needed to understand the 
underlying causes of Alaskan earthquakes. 

The major NOAA/OCSEAP program in earthquake hazard 
evaluation is helping to build the data base around the margins of 
Alaska, as are other significant monitoring programs conducted 
by USGS and NOAA in southern Alaska. These programs are a 
foundation upon which Alaska can assemble a cost-effective 
program to meet its needs in seismic safety, earth science and 
resource development activities. 

The time is ripe for Alaska to establish a state policy to reduce 
earthquake hazards. That policy might well borrow from current 
federal efforts to attack earthquake hazards frontally by: 

1. Developing feasible design and construction methods for 
areas of seismic risk, in order to make new and existing struc
tures earthquake-resistant, giving priority to nuclear power 
generating plants, dams, hospitals, schools, public utilities, 
public safety structures, high occupancy buildings, and similar 
other occupancies. 

2. Implementing systems for predicting damaging earth
quakes in all areas of moderate or high seismic risk. 

3. Developing model safety codes in conjunction with state 
and local officials, and professional organizations. 

4. Improving understanding of earthquakes, and of capabil
ity with respect to earthquake safety, disseminating earthquake 
warnings, organizing emergency services, and planning for 
reconstruction and redevelopment following earthquakes. 

5. Educating the public, including state and local officials, 
on the significance of earthquakes and related seismic and 
geologic events. 

6. Encouraging research on: 
a. Ways 	to increase the use of existing scientific and 

engineering knowledge. 
b. 	 The social, economic, legal, and political conse

quences of earthquake prediction. 
c. 	 Ways to improve the availability of earthquake 

insurance or some functional substitute. 

Items 1 to 6 above are a direct quote from a statement of 
purpose in the Earthquake Hazard Reduction Act of 1977, PL 
95-124, as given by Stanley Scott in Policies for seismic safety: 
elements of a state governmental program, Inst. ofGovemmen
tal Studies, University ofCalifornia, Berkeley, 1979. 

PRIORITIES AND RECOMMENDATIONS 

1. Alaska State Policy for Seismic Risk: As the nation's 
most seismically active state, Alaska should give high priority 
to establishing a comprehensive state policy for seismic safety. 
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" ... Alaska should give high priority 


to establishing a comprehensive state policy for seismic safety." 


The policy should involve codes and standards for the design 
and construction of buildings; means of dealing with critical 
facilities such as dams, hospitals and schools; planning, de
velopment and land-use control; emergency preparedness and 
post-disaster recovery; and seismic research needs. 

Specific Recommendation: $50,000 should be ap
propriated to the Research Fund of the Alaska Council on 
Science and Technology with the instruction that these funds 
be utilized to bring together representatives of state and federal 
agencies, and others from academic organizations, industry 
and public interest groups to evaluate Alaska's current stance 
toward seismic risk and what might be done to improve it, the 
results to be made available in a report prior to the next session 
of the legislature. 

2. Establishment of Statewide Seismic System: State and 
federal priority should be given to establishing an integrated 
statewide system to collect, process and archive seismic data. 
This system should be capable of providing a variety of data 
products to users in a timely manner. It should be operated and 
financed jointly by the federal and state governments and 
should be developed around existing capabilities. Modern tele
communications and computers permit data collection and 
analysis activities at separated locations, and this possibility 
should be considered. 

Specific Recommendation: The Alaska Council on 
Science and Technology should take leadership in seeking to 
develop a state-federal partnership agreement to undertake 
jointly the establishment of a statewide seismic data collection 
and analysis system that utilizes modern seismic instruments, 
communications and computer techniques. The Council should 
seek to convene representatives of the federal Office of Science 
and Technology, USGS, NOAA, the ACST Working Group on 
Alaskan Seismology, the Alaska Division of Policy Development 
and Planning, the Alaska Division of Emergency Services, the 
Alaska Division of Geological and Geophysical Surveys, the 
Alaska Department of Transportation and Public Facilities, the 
University of Alaska and other organizations deemed necessary. 
As part of its effort, the Council should seek a statement of 
interest from the State of Alaska regarding its willingness to 
provide appropriate financing. An initial commitment by the 
State of $125,000 likely would create the statewide system. 

3. Tectonic Study Corridors: Several panels of the Nation
al Academy of Sciences have recommended that certain corri
dors cutting across continental boundaries receive the focus of 
tectonic investigation. For the Alaskan continental margins 
three transects are recommended: First priority - the Fair
weather corridor in the eastern Gulf of Alaska; Second priority 
the Kodiak corridor in the western Gulf of Alaska;and Third pri
ority -the Shumagin corridor in the eastern Aleutian island arc. 

4. National Seismic Network: In the proposed National 
Digital Seismographic Network it is recommended that the 
following Alaskan sites be included: Shemya, Adak, Kodiak, 
Palmer, College and Sitka/Juneau. 

5. Data Preservation: It is recommended that the Nation
al Geophysical and Solar-Terrestrial Data Center include Sitka 
in its project to microfilm all records from certain stations and 
also that the threshold for copying all available records be 
lowered to magnitude 5.5 for Alaska. 

6. Catalog of Existing Alaskan Data: It is recommended 
that data for selected earthquakes be processed to produce a 
uniform catalog of Alaskan earthquakes and that continuing 
funding be made available to develop and continue the cata
log. The State of Alaska should consider an initial investment of 
$75,000, perhaps through the Research Fund of the Alaska 
Council on Science and Technology. 

* * * * 
John Davies, Co-chairman of this Working Group, was re

sponsible for preparing the original report. Contributing Group 
members are: Selena Billington (CI RES, University of Colorado, 
Boulder); Niren Biswas, Neil Davis, Steve Estes, Larry Gedney, 
Juergen Kienle, and Hans Pulpan (Geophysical Institute, Uni
versity of Alaska); John Davies and Klaus Jacob (lamont
Doherty Geological Observatory, Columbia University); Dale 
Kenney (Bureau of Land Management, OCS Program); Joseph 
Kravitz (NOAA/OCSEAP, Boulder); John Lahr and Christopher 
Stephens (U.S. Geological Survey, Menlo Park); Ashok Pat
wardhan and W.U. Savage (Woodward-Clyde Consultants, San 
Francisco); Bob Peterson (Science Applications, Inc., Boulder); 
John Sindorf (NOAA Alaska Tsunami Warning Center, Palmer); 
Paul Thenhaus (U.S. Geological Survey, Denver); Glenn Thrasher 
and John Whitney (U.S. Geological Survey, Anchorage); Jack 
Townshend (U.S. Geological Survey College Observatory); 
and Chris Noah (ex officio, Alaska Council on Science and 
Technology). 

* * * * 
The Alaska Council on Science and Technology reports an

nually to the Governor and the Legislature on research activities 
funded by the state, and it recommends research and funding 
priorities. Though the Council itself does not perfonn research, 
it is charged with helping to coordinate research activities and to 
enhance standards of research. It provides nonpartisan advisory 
services to assist planning at both state and local levels, and con
venes committees, task forces and conferences as need arises. 
Utilizing eannarked funds appropriated to the Council's Alaska 
Fund for Scientific and Technologic Research, the Council con
ducts the Northern Technology Grants program to foster Alaskan 
innovations. From the Fund, the Council can award research 
grants and contracts. 
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by Jerry Brown and James E. Hemming 

WORKSHOP ON ENVIRONMENT 


INTRODUCTION 

A Workshop on Environmental Pro· 
tection of Permafrost Terrain was held 
12-15 May 1980 at the University of 
Alaska's Geophysical Institute. The U.S. 
Army Cold Regions Research and En· 
gineering Laboratory and the Geophysi
cal Institute conducted the Workshop; 
the Committee on Permafrost of the 
U.S. National Research Council's Polar 
Research Board provided valuable advice 
in the early organization of the Work
shop. The meeting was attended by ap
proximately 100 engineers, scientists and 
students representing state and federal 
agencies, industry, and universities from 
the U.S., Canada, and the United King
dom. 

The Workshop was organized as a 
series of topical sessions (Table 1), with 
informal presentations followed by panel 
discussions, and focused on large engi
neering projects including oil and gas 
developments, mining, and smaller agri-

Elevated oil pipeline on vertical support members ( VSM) on partially revegetated 
workpads;July 1979, just north ofDietrich Camp. (CRREL photo.) 

cultural projects on permafrost terrain. 
Most of the problems discussed derived 
from recent experience on the Trans
Alaska Pipeline System (TAPS) as well 
as highway and airfield construction. 
The major issues that emerged are com· 
plex and not necessarily limited to frozen 
ground conditions, but the problems 
covered are intensified by the unique 
characteristics of permafrost: its capacity 
for accelerated thawing when it is physi
cally and thermally disturbed, and the 
need either to prevent or accelerate 
melting of massive ground ice. 

Since the Workshop was intended to 
be a medium for immediate communi

cation among knowledgeable engineers 
and scientists, no formal proceedings will 
be published. The following summary 
report presents the Workshop partici
pants' overview of present issues and 
practices for minimizing environmental 
impacts, costs, and delays of large linear 
projects on discontinuous and continuous 
permafrost terrains. 

Important discussion points were: 

Degree of protection: How much en
vironmental protection is required and 
how "over-designed" should a structure 
built on permafrost be in order to prevent 
failure? 

Dr. Jerry Brown is Chief, Earth Sciences Branch, U.S. Army Cold Regions Research and Engineering Laboratory. James E. Hemming 
is Manager ofAlaska Operations for Dames & Moore Consultants (Anchorage). 
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ROTECTION OF PERMAFROST TERRAIN 


TABLE 1 

Panel Presentations 

Chairman, Jerry Brown 


12 May 1980- Physical and Environmental Considerations inSiteand RouteSelection 

Panel 1 (morning), Oscar Ferrians 

1. Special considerations for oil field development in permafrost regions 
GeoffLarminie 

2. Engineering-geologic mapping for route selection in permafrost regions 
Richard Reger 

3. 	Surface-water considerations in selecting pipeline alignments in permafrost 
regions - Giles McDonald 

4. Potential interaction between pipelines and terrain in permafrost regions 
Robert van Everdingen 


Panel 2 (afternoon), Jim Hemming 


1. Terrain mapping in northern Alaska: Terrain considerations - K.R. Everett 
2. Terrain mapping in northern Alaska: Ecological considerations -Pat Webber 
3. Guidelines for erosion control and 	siting of drainage structures to reduce 

impacts on in-stream resources -Lew Pamplin 
4. 	Potential influence of gravel road routing on vegetation and waterfowl habi

tat in permafrost regions - Tom Rothe 
5. Gravel material site selection to reduce impacts on fish habitat in permafrost 

regions - Norval Netsch 

13 May 1980- Design Criteria and Construction Performance 

Panel 1 (morning), Fred Crary 

1. Construction and scheduling of roadways -Dave Esch 
2. Expedient airfield designs -Fred Crary 
3. Erosion control designs for road construction -Jim Wellman 
4. Performance of VSM Support System for TAPS -Dane Williams 
5. Special burial thermal design of hot oil pipeline on non-thaw-stable areas -

MikeMetz 


Panel 2 (afternoon), Mo Mathews 


1. 	Ice and snow road performance -Ken Adam 
2. Sump performance -Hugh French 
3. 	Culvert performance -AI Ott 
4. 	Monitoring of petroleum field operations - Rik Shafer 
5. Workpad performance in arctic environments -Ed Clarke 
6. Snow transport in the Arctic -Carl Benson 

14 May 1~80- Revegetation and Restoration 

Panel 1, John Schindler 

1. Seed sources and plant materials for revegetation -Bill Mitchell 
2. 	 Use of woody plants for revegetation -John Zasada 
3. Soil nutrients-species relationships -Larry Johnson 
4. 	Revegetation of sandy arctic and subarctic sites -Jay McKendrick 
5. Restoring disturbed sites in permafrost areas -Gerry Hubbard 

Baseline and monitoring information: 
Who should develop comprehensive base
line and monitoring programs, how 
should such programs be developed, how 
should data be shared, and who should 
pay for their costs? 

Public review and information: The 
public should be well informed during 
design, construction and operations of 
any large private or public project. A 
well-defined planning process to resolve 
issues such as land use values is an impor
tant ingredient in order to avoid conflicts 
and misinformation. 

These issues are considered in many of 
the individual steps discussed below. Tra
ditionally most engineering projects are 
described in terms of three major phases: 
(1) pre-construction, (2) construction, 
and (3) post-construction. The Workshop 
discussions can be summarized conven
iently under these major categories (see 
Table 2). 

PRE-CONSTRUCTION 

In Alaska, permafrost and the large 
regions of public lands present unique 
challenges to linear projects such as roads, 
railroads, pipelines, and transmission 
lines. In addition to technical issues, 
many large projects involving public 
lands are subjected not only to environ
mental examination but also to conserva
tion, aesthetic, cultural and socioeconom
ic considerations. It is during the pre
construction phase that many of the 
issues are raised and - ideally - solutions 
found. A well-informed public in this 
phase can contribute to both time- and 
cost-effectiveness of the project. 

Planning and Scoping 

Since the enactment of the National 
Environmental Policy Act (NEPAl in 
1970, the initial phase of< a project has 
taken on enormous dimen~ions. In order 
to minimize its environmental impacts, a 
project requires detailed analysis. Engi
neers and environmental scientists need 
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TABLE 2 

The major elements for project planning, construction, and operations 
to minimize costs, delays, and environmental disturbances. 

Pre-Construction 

Planning and scoping 

Baseline data analysis 

Interdisciplinary review 

Additional data collection 

Route and site selections 

Review of design criteria, 
plans, and specifications 

Stipulations and notice· 
to-proceed conditions 

to begin working together at this early 
stage to identify problems. The scoping 
process must be comprehensive to assure 
that all geotechnical and biological prob· 
lems are identified early enough in the 
planning stage to prevent later changes in 
construction designs, schedules, or proj
ect siting. Functional lines of communi· 
cation must be developed between the 
applicant and the regulatory agencies. 
The hazards of incomplete scoping and 
coordination are clearly demonstrated by 
examples from the TAPS experience: 
Insufficient attention to the initial plan· 
ning and scoping process and belated 
baseline data collection resulted in sched· 
ule changes after construction had begun 
and in replacement of constructed facili· 
ties - all at considerable cost to the in· 
dustry. 

Major project planning, commissioning 
and operation require a timely develop· 
ment of events (Fig. 1). The event model 
is a planning process which identifies the 
players and the stages of project develop
ment. Baseline information requirements 
become more detailed and sophisticated 
as the process proceeds. The educational 
value of the process is substantial (white 
arrow). Once a group of players has 
been through the review of a major 
project (e.g., the TAPS line), the next 
project is more efficiently addressed. 
With adequate planning, all essential 
questions are identified so that avoidable 
surprises do not arise later in the project. 

Construction 

Scheduling and 
ancillary activities 

Surveillance and 
compliance 

Monitoring (assessment) 

Field design changes 

Documentation 

Post-Construction 

Rehabilitation 

Operations and 
maintenance 

Monitoring 

Project reviews 

Case histories and 
technology 
transfers 

Abandonment 

Baseline Data Analysis 

The second pre-construction element 
is the acquisition and analysis of all per
tinent existing environmental data. This is 
generally performed in the Environmental 
Impact Statement (EIS) process, when 
major gaps in knowledge are frequently 
identified. Baseline information is impor-
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tant to all parties concerned. Unavail
ability of proprietary data inevitably 
slows down data review and results in 
long-term increases in project expendi
tures. 

Appropriate environmental protection 
requires the acquisition and analysis of 
compatible information on physical and 
biological features and processes. Baseline 
information surveys need to be coordina
ted to reach four goals: ( 1) data are com
patible in terms of scale, mapping units, 
and interpretability; (2) field surveys are 
integrated to the level of detail required 
by interdisciplinary analyses; (3) surveys 
are cost- and time-effective, and results 
are available during project planning; 
and (4) the data will provide a suitable 
base for post-construction impact anal
ysis. 

Interdisciplinary Review 

Interdisciplinary review and analysis 
should be made of all potential environ
mental impacts resulting from construc
tion. These reviews and the development 
of appropriate mitigative measures should 
commence early in the pre-construction 
phase and continue as required through
out the construction and post-construe- . 

II- ,____, 

.:• •I I I 

I 

I 
:r T 
I d 1 

DETAILED POST
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-----------MEDIA------------~ 
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Figure 1. An event model for planning, commissioning, and operating a large project.1 
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Thermal erosion gully (center) on TAPS haul road near Dietrich Camp. Sheet flow 
concentrated by a culvert led to thermal degradation (conspicuous cobbles in gully 
were added for rehabilitation). (Photo courtesy Dames & Moore.) 

tion phases. At a minimum, preliminary 
office designs should be checked against 
actual field conditions. 

An example of interdisciplinary team 
review involves the issue of fish resources 
and fish streams versus construction 
scheduling and activities. A definition of 
fish habitat agreed upon was any water 
body with officially documented fish 
presence. There is a definite need from 
both the engineering and environmental 
standpoints to identify fishery areas early 
and to agree on stipulations, scheduling, 
activities and crossings. 

Additional Data Collection 

Additional data needs often depend 
upon the complexity of the project and 
data gaps identified in the EIS process. 
For example, if it is required only to 
know whether a stream is a fish stream, a 
relatively low-level effort is required. 
However, if there is a need for detailed 
information (e.g. seasonal use, population 
size, productivity), long-range intensive 
and expensive field investigations may be 
necessary. If fish passage is the main con
cern, it would be easier and cheaper to 
accept an agreed-upon criterion (such as a 
flow of 4 feet per second or less at a 05 
- that is, a discharge to be seen or ex

ceeded perhaps once every 5 years) for 
drainage structures than to conduct de
tailed site-specific investigations for every 
stream or to replace deficient drainage 
structures after construction is under
way. For designing drainage structures 
for fish streams in permafrost, the limit
ing factor is reliable hydrologic data. 
Lack of fishery information in arctic 
streams is another major problem that 
should be recognized and planned for. 

In soil boring exploration programs, a 
point is reached where enough data have 
been obtained for design, and additional 
borings will not change the design. Geo
physical surveys may prove effective in 
filling gaps between data points. 

Route and Site Selection 

Proper facility siting, including road 
and pipeline alignments, is a critical step 
in constructing and operating a major 
project in an environmentally acceptable 
and cost-effective manner: Several terrain 
and habitat mapping approaches were dis
cussed and illustrated.2•3 Biologically 
sensitive areas and landforms that present 
hazards such as slush flow avalanches and 
landslides can be identified at this point. 
Proper sample locations for geotechnical 
data are important in order to obtain 

representative spatial data. Engineering or 
terrain maps should contain statistically 
defined geotechnical parameters (texture, 
ice and moisture contents, density) for 
each unit so that designers can better pre
dict variability. 

Some general terrain guidelines are: 

(1) Avoid changing natural drainage. 
Hydrologic and thermal erosion over 
permafrost are often hard to control and 
expensive to correct once a problem 
starts. 

(2) Avoid altering sheet flow, particu
larly by converting to channel flow. 

(3) Avoid disturbing streamside vegeta
tion and bank morphology. 

(4) Avoid channel restrictions, espe
cially in areas where the potential for ac
celerating ice formation is high. 

For temporary construction, these 
guidelines can be more effectively achieved 
by use of snow or ice workpads rather 
than by permanent gravel construction. 5 

Design Criteria, Plans and Specifications 

Project design will undergo consider
able changes as field data are gathered 
and analyzed. The TAPS offered an un
usual example of this process in the 
buried and above-ground modes. As more 
ice-rich permafrost was revealed by soil 
borings, more reliance on the vertical 
support members (VSM) developed. Of 
the approximately 80,000 VSM's install-

Aerial view of Tunalik airfield construc
tion in the National Petroleum Reserve
Alaska, March 19 78. Snow and ice roads 
(left) were used for access and for hauling 
sand and gravel. (CRREL photo.) 
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ed, about 45 from a selective sample of 
500 are reported to have shown minor 
upward and downward displacement. 

The choice of installing temporary or 
permanent drainage structures, particular
ly for fish passage, should be resolved in 
the pre-construction stage. For construc
tion purposes, an interdisciplinary team 
in the field should determine use of tem
p~rary drainage structures. Such struc
tures are only for short-term use. Perma
nent structures are designed in the office 
following appropriate field evaluation on 
a site-specific basis. Better designs for 
fish passage structures are still required, 
particularly on high gradient mountain 
streams and where frazil ice can cause 
problems. In the interim, bridges appear 
to be the best solution. 

Rehabilitation is another major envi
ronmental consideration that will evolve 

during the life of a project. A number of 
goals were identified for revegetation. 
These are presented in the first column of 
Table 3. Once the goal of the environ
mental design is agreed upon, the process 
of rehabilitation can proceed in the ap
propriate sequence shown in the table. 

CONSTRUCTION 

Once adequate planning has occurred 
during the pre-construction design phase, 
effective quality control and quality as
surance field programs will prevent un
necessary environmental impacts. The 
OC/OA program should be designed to 
assure that both engineering and environ
mental stipulations and specifications re
main in compliance during construction. 
This would reduce the need for govern
ment monitoring. 

TABLE 3 

Scheduling and Ancillary Activities 
Large long-term projects should util

ize the protective advantages of snow, 
frozen ground, and ice on lakes and 
rivers. Some excellent examples of re
ducing the need for gravel resources are 
in the National Petroleum Reserve-Alaska 
{NPRA), where ice roads were used suc
cessfully in winter and insulation was 
employed in airfield construction. 

Possible reasons to use conventional 
gravel construction include lack of snow 
early in the winter or lack of water or ice 
for ice aggregates. Several participants 
felt that inadequate testing of snow ac
cumulation techniques early in the win
ter and inadequate experience with ice 
aggregates have produced premature 
judgements against snow or ice construc
tion techniques. Subarctic highway con
struction activities can be scheduled to 

Steps in realizing the general goals ofrevegetation, 
which are to maintain, restore, or establish an acceptable land use. 

Pre-construction 

Decide Specific 

Goal(s) 


Mitigate habitat 
loss or promote 
wildlife habitat 

Stabilize substrate 

Maintain integrity 
of engineering 
structure 

Encourage native 
vegetation to re
establish 

Maximize aesthetic 
values 

Maintain an in
troduced plant 
community (such 
as hay) 

Minimize cost 

?replanting 
Efforts 

Define success criteria 

Document site conditions 

Decide upon active (e.g. 
seeding or planting) vs. 
passive approach 

Propagule* type selection 
and production (includes 
assessment of availability 
on site of seed, rhizomes, etc.) 

Design of physical 
treatment (contouring, etc.) 

REVEGETATION STEPS 

Construction and Post-construction 

Site 

Preparation 


Civil restoration 
(drainage, contouring) 

Insulation (if needed 
for thermal stability) 

Soil amendments 
(topsoil, peat, etc.) 

Fertilization 

Seed bed fertilization 

Planting Maintenance 

Seeding Refertilization 

Planting of cut Watering 
tings, seedlings, 
or saplings 

Post planting Structural 
treatment repair 
(harrowing 
mulching 
compaction 
watering 

Replantingfencing) 

Site protection 
(access re
striction) 

Measure 
of Success 

Were goals accom
plished, or will 
they be in a 
reasonable length 
of time? 

Were criteria of 
success adequate 
and reasonable? 

*Propagule is a plant part capable of regrowth. 
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take advantage of the season. Hand clear
ing is accomplished in winter; stripping 
is done in the spring to allow for maxi
mum summer thaw when prethawing to 
melt massive ice is desired. A thin gravel 
cover may be added while the ground is 
frozen to accelerate thawing. 

Large projects such as TAPS rely on 
major support projects such as construc
tion of field camps, access and major 
roads, and airfields. Once these facilities 
are established they lead to other non
project activities that may be counter
productive (e.g., dust production from 
high speed roads, hunting by public or by 
construction or maintenance personnel). 

The advantages and disadvantages of 
using floodplain gravel versus upland 
borrow sites are still not resolved. Consid
erable knowledge has been gained on 
mining floodplain gravels, yet many un
knowns remain (such as potential long
term impacts) and essentially no quanti
tative data have been gathered. 

Surveillance and Compliance 

Stipulations should be strictly en
forced with site-specific guidance via 
notice-to-proceed conditions. The level 
of such government enforcement would 
depend on the size and effectiveness of 
the permittee's quality control and assur
ance program. Costly environmental and 
engineering maintenance operations are 
likely to be avoided if surveillance and 
compliance are achieved during construc
tion. Periodic inspection during operation 
would further reduce environmental im
pacts and maintenance costs. 

Monitoring 

Baseline data programs should contin
ue through the construction phase to 
evaluate impacts of the project on a par
ticular resource. Temporary adverse ac
tions, such as stream siltation, should be 
monitored and the impacts assessed. 
Without adequate monitoring, the effect 
of the project will not be known and inef
ficiencies and unnecessary costs would 
probably recur in subsequent projects. 

Field Design Changes 

A method of changes should be avail
able to allow for prompt field action. 
Interdisciplinary representatives of both 
the permittees and the government 

should be available in the field to assure 
accurate and expeditious change actions. 

Documentation 

Field documentation of actual con
struction conditions and remedial actions 
is important for assessing future perform
ance. Standard methods should be estab
lished for recQrding these procedures, and 
all records should be kept in a central 
location where they can be readily avail
able during the construction and post
construction periods. Personnel other 
than those responsible for surveillance 
should take care of documentation. 

POST-CONSTRUCTION 

Project operation, related rehabilita
tion and maintenance, and in some cases 
abandonment, occur in this phase. Fre
quently the personnel responsible for 
these activities were not part of the plan
ning and construction phases. 

Rehabilitation 

Table 3 contains the various proce
dures available for revegetation and 
rehabilitation. At a given site the revege
tation process will proceed sequentially 
across the table from left to right. Not all 
steps will be undertaken at each site; for 
example, sites with favorable growing 
conditions will not require maintenance 
steps such as refertilizing or watering. 

In Alaska, as in many other areas, 
there is a limited supply of seed from na
tive species. Such factors as susceptibility 
to disease, low economic return, longer 
production time, and the relatively recent 
demand for native seed combine to limit 
seed availability. Existing technology can 
provide both non-biological methods of 
erosion control and short-term revegeta
tion by means of commercial seed or 
transplants of native shrubs and trees. 
However, in many instances the ultimate 
rehabilitation goal is a functioning natural 
ecosystem, and the methods to achieve 
this goal are less known. 

In some permafrost areas drastically 
damaged about 30 years ago, the native 
vegetation has ·recovered naturally, with
out fertilizer or seeding, although changes 
in species composition and surface topog
raphy still persist.4 In some situations no 
artificial seeding or planting is necessary. 
For example, an abandoned gravel source 

that is relatively well hidden from public 
view, physically stable, and surrounded 
by abundant natural seed sources can 
generally be left to revegetate naturally, 
once it has been properly shaped, covered 
with six inches of topsoil or other fine
grained soil such as silt, and fertilized. 
More information is needed about such 
factors as seed production and seedling 
establishment by native species.in the var
ious geographic regions of Alaska before 
decisions will be clear for active vs. pas
sive approaches to revegetation. 

The availability of organic and fine
grained soils is especially important for 
artificial revegetation, particularly on ad
verse sites. Topsoil should be stockpiled 
when construction begins for later redis
tribution on the disturbed site to improve 
chances for successful revegetation. The 
decision to reuse topsoil depends on cir
cumstances at the site, such as topsoil 
depth, suitability of subsoils for support
ing plant growth, and environmental con
ditions, especially rainfall. 

Operations and Maintenance 

Structures on permafrost, if adequate
ly designed and constructed, will not 
thaw the underlying permafrost. In coast
al arctic Alaska, five to six feet of gravel 
for roads, runways, and pads are adequate 
to prevent thawing of the ice-rich perma
frost. However, thicker embankments are 
required inland. Sumps, or mudpits, can 
begin to leak if not properly sited or 
built. Ponding along access roads or main 
roads, filling of culverts, and icing are 
recurring maintenance problems. 

Monitoring 

Long-term monitoring through routine 
collection of data for post-construction 
baseline programs should be part of any 
large project. Unfortunately, once a proj
ect is completed, there is little interest or 
funds available to insure continued mon
itoring. Post-construction impacts can 
only be assessed through appropriate 
monitoring and analyses programs. 

Project Reviews 

Official financial audits, post-opera
tion reports, and public reviews are part 
of many large projects. Through review, 
lessons learned can be applied to new 
projects, and should produce savings in 
time and costs. Post-project reviews are 
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also likely to reveal areas of insufficient 
knowledge. 

Case Histories (Technology Transfer) 

Many innovative designs are associ
ated with advances in cold regions tech
nology and engineering; these advances 
need to be presented to the scientific and 
engineering communities. One effective 
way is through reports of case histories 
(successes and failures) at professional 
meetings, both national and international. 
As more design and performance data are 
available, new engineering doctrine must 
be incorporated into revised design 
manuals. 

Abandonment 

Few large projects have reached the 
point of abandonment. Many lessons 
from natural recovery of exploration, 
mining, and construction activities should 
be used to design procedures for rehabili
tating abandoned projects. If strip mining 
on permafrost increases, abandonment 
plans for such mines will likely need to be 
developed. As NPRA activities are com
pleted, runways and drill sites will be 
abandoned; periodic monitoring of these 
sites will prove useful. 

CONCLUSIONS AND 
RECOMMENDATIONS 

A number of workshop topics should 
be highlighted: 

(1) Interdisciplinary teams should be 
utilized in all phases of large projects. 

(2) Effective communications among 
all disciplines involved should be estab
lished early and maintained. Surprises 
should be avoided. 

(3) Monitoring prior to, during, and 
after construction should be an integral 
part of the project design. Analysis of 
data to assess impacts should be a con
tinuing part of the process. 

(4) Case histories should be docu
mented and published in readily avail
able sou(ces. 

(5) Engineering designs based on re
cent innovative practices should be in
corporated into revised doctrine, man
uals, or specifications. 

(6) Data acquired on a project should 
be readily available to all interested par

ties and only patentable or otherwise 
competitive data treated as proprietary. 

RESEARCH NEEDS 

Although this Workshop was not in
tended as a forum for research needs, 
several questions require prompt or con
tinuing attention. These are listed in no 
specific order of priority. The interested 
reader may wish to refer to recommenda
tions presented in several in-deGth stud
ies on future research needs. 6•7• 

(1) For arctic areas and along a north
south transect, snow accumulation data 
(as a function of time, wind direction, 
velocity, and obstacles such as snow fen
cing) should be measured early in the 
winter. This will enable an objective as
sessment of the feasibility of using snow 
for early winter construction. 

(2) The harvesting and use of both 
snow and ice aggregates as substitutes for 
gravel construction pads should be eval
uated under typical loads and tempera
ture ranges as experienced under arctic 
conditions. 

(3) Research approaches should be ap
plied to develop stipulations and permit 
conditions needed to protect environ~ 

mental quality during the construction of 
large projects, the development of man
agement systems for government, and 
public involvement programs. 

(4) There is a need to develop research 
approaches to the short- and long-term 
effects of various types of streambed dis
turbances on fishery resources, particu
larly research directed towards develop
ing rational non-engineering criteria. Re
lated research on modifying drainage 
structures for fish passage is also indi
cated. 
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Pamplin, AI Dole, and Fred Crory. 
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MEETINGS 

Western SUN - that's the western 
states' subsection of the U.S. Department 
of Energy's Solar Utilization Network 
has announced that the 1980 Solar Up
date Conference will be held September 
25 and 26 at the Hotel Utah in Salt Lake 
City. Preliminary announcements stress 
the practical aspects of solar and earth
sheltered design, construction, financing, 
and tax credits. Detailed information is 
available from MCC Associates Inc., 1533 
Red Oak Drive, Silver Spring, MD 20910. 

* * * * 

More joys of quarterly publication: 
You are already late for submitting a 
paper title, but still have until 15 Septem
ber 1980 to turn in an abstract, for the 
Fourth Canadian Permafrost Conference. 
The Conference is sponsored by the As
sociate Committee on Geotechnical Re
search, National Research Council of 
Canada, and will be held at the Calgary 
(Alberta) Conference Centre early in 
March 1981. 

The first flyer makes the Conference 
sound like a full-scale (and undoubtedly 
valuable) short course in the state of the 
art on permafrost - it begins on Monday 
morning, March 2, and concludes Friday, 
March 6, in the afternoon. The entire 
week will be devoted to technical sessions, 
including Permafrost and Climate; Biolog
ical and Chemical Processes in the Active 
Layer; Offshore Permafrost; Permafrost 
Geophysics; Gas Hydrates; Permafrost 
Engineering - Design and Construction 
(a panel session devoted to the Perma
frost Engineering Manual, in which the 
panelists will be the authors of various 
sections of the Manual); Laboratory 
Testing of Frozen Soils; and Pipelines 
and Wells (Oil and Gas) in Permafrost 
Areas. 

All correspondence regarding the Con
ference, including title and abstract sub
missions, should be sent to Mrs. ML. 
BaignJe, Conference Services Office, 
Building M-58, National Research Council 
of Canada, Ottawa, Ontario K1A OR6, 
Canada. 

* * * * 

Focus on Alaska's Coal, 1980, will be 
held October 21-23, 1980, at the Univer
sity of Alaska, Fairbanks. Sponsors of 

the conference are the School of Mineral 
Industry, U of A, Fairbanks; The Alaska 
State Division of Minerals and Energy 
Management; and The Alaska Division 
of Energy and Power Development. 

The first conference on coal at the 
University of Alaska, "Focus on Alaska's 
Coal, 1975", and its proceedings were 
well received. The Conference organizers 
feel that the time has come again to stop, 
take a look back, and assess the progress 
that has been made over the past five 
years toward understanding Alaska's 
coal resources, and also to examine how 
the state is using coal to meet the energy 
needs of the lower 48 states and help re
duce the national balance of payments 
deficit by exporting to the Pacific Rim 
nations. 

This conference is intended to benefit 
anyone interested in understanding Alas
ka's coal resources; organizations involved 
in exploration; future users; coal re
searchers; and investors. 

Those who wish to present papers 
should submit a title and a brief abstract 
for consideration as soon as possible to 
Dr. P.D. Rao, School ofMineral Industry, 
University of Alaska, Fairbanks, AK 
99701. 

* * * * 

We'll see you at this one: The ASCE's 
Technical Council on Cold Regions En
gineering will co-sponsor a Specialty 
Conference entitled The Northern Com
munity: A Search for a Quality Environ
ment, to be held in Seattle, Washington, 
April 8-10, 1981. This Specialty Confer
ence should be of interest to practitioners 
not only in Alaska and Canada but also 
the Northern Tier States. To give you an 
idea of the Conference emphases, we 
quote from the TCCRE announcement: 

"Planning, building and operating a 
livable northern community requires a 
generous application of imagination. The 
economic and social aspects of life in 
cold regions demand good community 
configurations and reliable operation. 
Simplicity is of utmost importance. Pres
ervation of the environment, aesthetics, 
citizen comfort and enjoyment are high 
on the list of requirements for the modern 
northern community. Concern must be 
given to h.igh energy costs, logistical prob
lems, isolation, and availability of labor. 

The useful range of materials and utilities 
expected to perform under low tempera
ture conditions must be considered. 
Given the complexity of the problem 
the solution requires the expertise of in
dividuals from many areas." 

Specific areas of expertise the an
nouncement includes are: Appropriate 
Technology; Codes and Standards; Con
struction; Energy; Environmental; Geo
technical; Hydraulics; Ports and Harbors; 
Sanitation; Social Science; Structures; 
Surveying and Mapping; Transportation; 
Urban Planning and Development; Util
ities; and Water Resources. 

Since 200 to 500 word typewritten 
abstracts of papers to be submitted for 
the Specialty Conference should have 
been postmarked no later than July 3, 
1980 and sent to William F Ayer, Amer
ican Society of Civil Engineers, 345 East 
47th Street, New York, New York 
10017, you should get yours off at once. 
Questions regarding the Call for Papers 
should be directed to Ted S. Vinson, 
Chairman, Specialty Conference Program 
and Publications Committee, (503)754
2931; you might call him right away to 
be sure your paper can still be accepted. 
Authors will be notified of accepted 
papers by August 1 5, 1980, and all papers 
accepted for the conference will be 
presented. 

PUBLICATIONS 

Alaskan Wind Power: An Introductory 
User's Manual has been published by the 
Geophysical Institute. Written by TNE 
Editorial Board member Professor Tunis 
Wentink Jr., the 95-page Manual is an 
introductory evaluation of wind power 
potential and windmill applications pos
sible throughout Alaska. The Manual was 
prepared with funding support from the 
Division of Planning and Research of the 
Alaska Department of Transportation and 
Public Facilities and State of Alaska 
funds appropriated to the Geophysical 
Institute. 

Wentink has aimed his report toward 
laymen. The relatively few mathematical 
terms are explained carefully and graphs 
and figures are included for further clari
fication. Practical application pitfalls are 
discussed, but the Manual is not a step
by-step guide. According to Wentink, 
"The major purpose is to guide the reader 
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toward appropriate further questions so 
that he (or she) can properly select a 
windmill from a reliable source, and so 
that it will operate at his location within 
his estimated - not guessed - expecta
tions." 

The initial press run will be distributed 
free on a first-come-first-served basis; if 
there is enough interest, a second printing 
will be issued and sold at cost. For yours, 
write to The Library, Geophysical Insti
tute, University of Alaska, Fairbanks AK 
99701. 

**** 
Available by early autumn from the 

U.S. Army's Cold Regions Research and 
Engineering Laboratory: Geobotanical 
Atlas of the Prudhoe Bay Region, Alaska 
by D. A. Walker, K. R. Everett, P.J. 
Webber, and J. Brown. 

The large-format book "illustrates 
the interrelationships among the land
forms, soils and vegetation of the Arctic 
Coastal Plain of Alaska," according to the 
publication announcement. "Illustrates" 
seems to be an exactly-chosen word, for 
the announcement states the Atlas has 
"Four foldout master maps (that) present 
the landforms, soils and vegetation of a 
145-km2 portion of the oilfield at a scale 
of 1 :12,000. Derived geobotanical special 
purpose maps, useful for land-use plan
ning and management of the ecosystem, 
are presented and explained. Selected 
maps and photographs are presented in 
color." There are 110 figures in the 
book's 73 pages. 

The text describes 42 vegetational 
communities (several not previously de
scribed) in relation to gradients of tem
perature, soil pH and soil moisture, thir
teen major landforms, and ten soil types; 
the authors have also included other as
pects of the Prudhoe Bay environment, 
some history of the oilfield development 
and selected scientific investigations in 
the Alaskan Arctic. 

The Atlas may be ordered from: 
USA CRREL/TIB, Box 282, Hanover NH 
03755 U.S.A. Please make your check or 
money order for $25 payable to the 
Treasurer of the United States. 

* * * * 
More, or at least something, is now 

available on residential design incorporat
ing a buffering air envelope: according to 

the Convection Loops newsletter, The 
Double Shell Solar House has been pub
lished in a draft edition. The 120-page 
book gives plans, performance data, pho
tographs; the announcement indicates 
that the book is a kind of summarized 
proceedings volume for three technical 
conferences on the subject and is intend
ed to explain how "physics, not magic, 
can create an environment needing less 
than 1 /2 cord of wood for supplemental 
heat for a full year's comfort in northern 
climates." Even though it's doubtful that 
they meant this far north, that could be a 
claim worth investigating. If you think so, 
you can order the book for $15 from 
Community Builders, Canterbury, New 
Hampshire 03224. 

* * * * 
Sea Ice Processes and Models: Proceed

ings of the AIDJEX/ICSI Symposium is 
scheduled to roll off the University of 
Washington presses at the end of this Au
gust, though the symposium it records 
was held in 1977. We introduce this detail 
not to scold editor Robert W. Pritchard 
for dawdling but rather to indicate the 
complexity of this report on the eight
year career of the Arctic Ice Dynamics 
Joint Experiment. The 40 papers include 
reviews of the purpose and design of 
AI DJEX, progress reports by its partici
pants and other polar researchers on their 
attempts to develop numerical models 
predicting the interaction of pack ice 
with the ocean and the atmosphere, and 
230 figures plus 39 tables giving data. All 
this is available for a little more than a 
nickle a page - the book contains 536 
pages and costs $30. You or your book
seller can request it from the University 
of Washington Press, Seattle, Washington 
98105. 

* * * * 

ASTM STP 703, Disposal of Oil and 
Debris Resulting from a Spill Cleanup 
Operation of course offers a broad treat
ment of its subject, from U.S. Environ
mental Protection Agency and Coast 
Guard views through technical presenta
tions of disposal options. It also contains 
two chapters with specific northern appli
cations: Selection of Oil Spill Landfill 
Disposal and Temporary Storage Sites 
Along the Beaufort Sea Coast, by Wishart 
Robson and P.J. Blackall, and Storage 

and Disposal of Oily Waste in Alaska, by 
S.O. Jeane Hillman. 

Editors of the 1 58-page book are J.S. 
Farlow and Clare Swanson. Its price is 
$15.75, with a 20% discount available for 
ASTM members. To order it, write to the 
American Society for Testing and Materi
als,, 1916 Race Street, Philadelphia, PA 
19103. 

NOTED 

We proffer the following quote, which 
appeared originally in the Alaska Airlines 
PrivateLine newsletter under the head 
Beaufort Project Wins Engineering Award, 
to inform some of our readers and tacitly 
congratulate a few of them: 

"The geotechnical consulting firm of 
Harding-Lawson Associates, San Francisco 
and Anchorage, has received a national 
grand award for engineering excellence in 
1980 from the American Consulting 
Engineers Council. The winning project 
was the large-scale offshore soil investi
gation for evaluation of oil tracts, gas 
leases and offshore facility design in the 
Beaufort Sea. Harding-Lawson was cited 
for research for its subsurface drilling pro
gram on Alaska's North Slope. In tempera
tures as low as -60 degrees fahrenheit, a 
32-man camp made 20 test borings 
through the ice to depths of 85 to 300 
feet below mudline. Borings were made in 
an area 90 miles long and up to 15 
miles offshore. Testing revealed the 
presence of ice-bonded permafrost which 
had environmental implications for facility 
design and construction. The investiga
tions produced technical, economic and 
safety data for the U.S. Geological 
Survey and laid the groundwork for 
future studies which will produce site
specific data for design of offshore 
facilities. In addition, data were used to 
evaluate tracts for the December 1979 
oil and gas lease sale." 

* * * * 

All right, we have an unusual quiz 
for you. Imagine that you are camp chief 
for an outfit working this summer on the 
shores of the Arctic Ocean, and one of 
the shaggy young chaps passing as a field 
hand comes up to you and says, "Hey 
man, I just saw a green polar bear." Do 
you: A) Search his gear immediately to 
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find out where he's keeping the dope? 
B) Send him packing as a psychological 
misfit who has cracked up under the mid
night sun? C) Drop a line to the Scripps 
Institution of Oceanography? 

Believe it or not, C) above is a sensible 
answer - no matter how appealing A) 
and B) may sound. Alarmed zookeepers 
have noticed perfectly healthy adult 
polar bears turning green in the summer, 
and a researcher at Scripps has been 
seeking the cause. It turns out to be algae, 
growing not on but inside the bears' hair. 
So far the greening of polar bears has not 
been observed in the wild, which is why 
you should pass word of your employee's 
sighting along to Dr. Ralph A. Lewin, 
Scripps Institution ofOceanography, The 

University of California (San Diego), 
La Jolla, CA 92093. Dr. Lewin would 
really like to receive a sealed plastic 
baggie containing some of the green bear 
fur, but unless you are determined to 
get rid of Young Shaggy, don't send him 
off to gather a tuft; polar bears are re
puted to be the only mammals that con
sider {unarmed) human beings as simply 
another prey item. 

* * * * 

On another topic: As our readers well 
know, if words were bullets, then the 
great Alaska land wars would have killed 
more people than both World Wars put 
together. {In fact, some measure of hard 

dispute over who controls northern ter
rain politically and economically seems 
to be going on now everywhere from 
Greenland's Northeast Foreland to Attu 
Island.) So the Bureau of Land Manage
ment would really like us all to know that 
by the end of February 1980, land ~on
veyances to Alaska Native corporations 
totalled 14,277,000 acres, with more 
than 600,000 acres conveyed during the 
first two months of this year alone. To 
put that in more easily pictured terms, 
it's as if the corporations received title to 
Rhode Island this year, to add to Connecti
cut, Massachusetts, and New Hampshire. 
So far the State of Alaska, with more 
than 37 million acres conveyed, has New 
York and Vermont. 

*********************** 
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