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About the Cover --and a little about the contents 

Volume 203, No. 4379 (2 Feb 79) of Science magazine, the publication of the 
prestigious American Association for the Advancement of Science, features some 20 
pages of varied reports on one subject: the Ross Ice Shelf Project, a study of the 
ocean world beneath some 420 meters of Antarctic ice. The lead report contains a 
single statement of what made the intensive scientific effort possible: "A hole was 
drilled through the ice shelf in December 1977 with a flame-jet drill developed and 
operated by Browning Engineering Corporation , Hanover, New Hampshire." The 
March/June 1978--their calendar evidently resembles ours, since it came in the March 
'79 mails--issue of the Antarctic Journal at least gave Browning a photograph with a 
paragraph of caption. 

Although neither of these journals is dedicated to praising engineering, it is per
haps a bit out of proportion: there is the man and his machine that made it all pos
sible, and there is one line of credit out of 20 pages of results and discussion ... Jn the 
popular mind, it seems engineers are associated with bridges, dams, probably roads, 
and possibly General Motors; it is easy to forget how much science would not get done 
without them, even for scientists, maybe even for engineers themselves. So it is both 
as a reminder of that as well as overdue credit for Browning's effort that we present 
the article beginning of page 4. Our thanks to Jim Ray mond (TNE Vol. 9, No. 1) 
for bringing Browning and his flame drill to our attention and also for letting us use 
his photographs of the apparatus on the ice. 
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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 James A. Browning 

FLAME DRILLING 
through the Ross Ice Shelf 

INTRODUCTION 

On December 2, 1977, a first hole 

pierced through nearly 1,400 feet (427 

m) of ice covering the Ross Sea in Ant

arctica. A flame-jet, produced by the 

continuous combusion of fuel oil in a 

high-pressure air flow, melted its way to 

the sea below in seven drilling hours. 

The hole diameter averaged 12 inches 

(30 em) . 

foot (1829 m) thick 

Greenland Ice Cap. 

There, depths of 

nearly 600 feet (183 

m) were reached, 

and drilling techni

ques were developed 

to be used later at 

J-9. 

DISCUSSION 

The overall sys

tem comprised two 

air compressors, 

each with its own 

diesel engine. The 

first was a conven

tional contractor

type delivering 600 

' 

0 
0 co -

The access hole was required for a 

project established several years ago to 

conduct a variety of scientific experi

ments . The location was J-9, a remote 

station at 82.5° south latitude on the 

Ross Ice Shelf, more than 300 miles 

(483 km) from the open sea and just 

east of the mid-way point between 

McMurdo Base and the South Pole. The 

experiments concerned the biological 

and oceanographic properties of the 

more than 700 feet (213 m) of sea be

neath the ice shelf, the bottom sedi

ments, and the ice itself. Scientists 

standard cubic feet 
per minute (scfm), 

or 283 I iters/sec, at 

Ross Ice Shelf showing drill site. Inset map is of Antarctica, 

. from the United States and other coun

tries traveled to J-9 to participate in 

this ambitious program funded by the 

National Science Foundation . 

Flame drilling uses a burner like a 

rocket motor with an inner combustion 

chamber and an outer shell. Cooling 

water passes between them ; the water 

discharges around the flame to strike the 

ice . A restricting nozzle at the dr ill end 

accele rates the hot high-pressure gases 

to supersonic velocit ies . NSF decided to 

use the flame-drill in early 1977. Pre

liminary tests took place in the 200-foot 

(61 m) deep ice column of the United 

States Cold Regions Research and En 

gineer ing Laboratori es, Hanover , New 

Hampsh ire. In July , the ent ire dr ill 

system was ai r-1 ifted to Dye II, a remote 

field station on the surface of the 6,000-

4 

indicating study area. 

140 pounds per square inch (gauge), 

9 .8 Kg/cm 2 , to the suction side of a 

booster unit 

pressure to 

capable of raising the air 

1,200 psig (84 Kg/cm 2 ) . 

A third major item was the drill skid 

with its hydraulic crane and hose hand

ling components. The booster diesel also 

powered a hydraulic pump, high -pressure 

fuel and water pumps, and various other 

auxiliaries . Nearly 20 tons of equipment 

were involved. 

FLAME-JET 

SHOCK 
DIAMONDS COMBUSTION 

CHAMBER 

Hose handling was a serious problem. 

There was little time available prior to 

the field season to design and assemble an 

adequate hose reel feed. Instead, three 

hoses and the support cable were stretch

ed in long loops over the ice shelf surface 

from the compressor to a hose wheel 

attached to a tractor 750 feet (229 m) 

away and then back to the drill skid 

positioned next to the compressor. 

However, the unsupported hoses sank 

SPRAY 
FUEL OIL 
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into the relatively soft snow. For exam

ple, the hydraulic hoses, which were 
stationary in the compressor area, sank 

nearly a meter deep into the snow, form

ing narrow slots. To eliminate this and 
to reduce frictional drag, the feed hoses 

had to be lifted and pulled by hand until 

the drill had reached a depth of about 

300 feet (91.4 m). when gravity forces 

became sufficiently large to provide the 
required tension. The process required a 

crew of nearly 10 handlers, mostly 

borrowed from the pool of scientists 
awaiting hole break-through. 

A second area of concern involved 
the phenomena of hole freeze-in and 

closure. The temperature gradient of 

the ice varies from coldest near the top 

to about freezing at the point of contact 

with the sea. At J-9, the coldest ice is 

about -30°C, the same as the average 

year-round air temperature. At a drilling 

rate of 6ft/min (1.82 m/min) a one-foot 

(.304 m) diameter hole could be drilled. 

Filled with water, this hole will freeze 

solid in a little more than eight hours 

even when the flame-jet is drilling satis

factorily much deeper in the hole. To 

reduce this threat, which would result in 

losing not only the hole but also the drill, 

the drilling rate in the upper ice was held 

to 2 ft/min (.609 m/min) to produce a 

hole of nearly two-foot (.609 m) diam

eter. Freeze-in times vary directly with 

hole area, 1 so about an hour spent en

larging the hole would provide at least an 

additional day of safety. Even then, we 

were not willing to take too large a risk 

and decided to keep the drill below the 

freeze-in zone for a maximum of six 

hours. Beyond this, we would have had 

to withdraw the drill and slowly lower it 
again through the danger area to ream the 

hole larger. With increased heating of the 

ice mass, the problem is somewhat 

lessened. 

Above: Flame drill en

tering ice. Right: Over

all view of flame drill. 

(Photos below and to 

right are by J. A. 
Raymond.) 

Bulldozer feeding hoses into hole 600ft. away, during drilling operation. 
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The lower portions of the ice shelf 
are relatively warm. Freeze-in is not a 

problem nearer the sea, but under stresses 

imposed by high internal pressures, ice 

creep becomes more pronounced. Water 
pressure in the hole must balance that of 

the ice to prevent possible closure, but it 

was not possible for us to provide up to 

the 500 psig (35 Kg/cm 2) required. The 
gases from the flame rise through the 
hole, displacing a large quantity of 
water, so there was no way to know what 

risks were being taken as the drill ap

proached the bottom of the ice. We did 

know, however, that hole closure time 
varies directly with hole diameter. 2 The 

decision was made to drill as rapidly as 

possible through the final 300 feet above 

the sea. (Since it takes four times longer 
to drill a hole twice the diameter, closure 

might become more of a threat with a 

decreased drilling rate.) The drilling rate 

was increased to 6 ft/min (1.83 m/min), 

its maximum value. Fortunately, the 
hole did not close. 

As the drilling went deeper, our con

cern mounted for the imbalance of pres

sure between the hydrostatic head in the 
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imbalance. Thus, the greatest danger of 

hole closure could occur at mid-depth 

levels of thick ice caps . Little problem 

appears to exist in the upper 3,000 feet 

(914 m) of cold ice. At very deep levels 

the increasing creep rate (for the higher 

ice temperature) may overshadow the 

positive effect of decreasing pressure 

imbalance. 

Pressure vanat1on of a mixed-flow column composed of water and com

bustion gases as a function of depth . Increasing depth produces a volume 

reduction of the compressible component leading to pressures approaching 

that for a solid water column. 

To prevent water in the hole from 

freezing and to keep access open, a 60-

Kw heating cable was immediately 

suspended through the length of the 

water column contained in the hole just 

drilled. After four days, the ice had 

froz en the cable tightly in the hole and 

the hole was no longer of use . 

A second flame-drilled hole was be

gun within five feet of the first, since the 

heat already added to the ice in the 

adjacent hole would reduce freeze-in 

rates. Th e second hole averaged some

what larger than the first and was com

pleted in nine hours. The following day, 

this hole was enlarged to an average 18 

inches (0.457 m) by flame reaming, 

using the same drill for a second nine

hour period. The hole diameter over its 

entire length was measured by a large 

caliper. A television camera, lowered as 

soon as the caliper was withdrawn, ob

served creatures swimming through the 

viewing area, and tracks and furrows on 

the sea bottom. The scientific program 

was carried out in this second access 

hole, with re-reami ng by flame-jet several 

additional times to keep the hole suf

ficiently large. Hole diameters of ove r 30 

inches (0.762 m) were measured at 

several depths. 

hole and the 500 psig (35 Kg /cm 2 ) pres· 

sure of the sea water beneath . When the 

drill broke through into the sea, too rapid 

an inflow of sea water could break the 

drill or lift it so violently up the hole that 

it m ight become wedged in. An imbalance 

of nearly 200 psi (14 Kg /cm 2 ) existed. 

At actual breakthrough, the drill was 

forced upward, perhaps as much as 50 

feet (15 m) . The hoses and support 

cable reversed direction over the hose 

wheels above the hole. Later, it was 

learned that the flame had gone out. 

A method for determining whether 

the flame is on is simply to pass an 

acetylene diffusion flame over the hole. 

If the probe flame goes out, there is no 

oxygen and the flame might still be on . 

Probing was continued for an estimated 

six minutes beyond breakthough before 

oxygen appeared. The conclusion is that 

it took six minutes for the air (provided 

for combustion) to rise the nearly 1,200 

feet (365. 7 m) through the hole to sea 

level, which is 200 feet (61 m) below the 

surface of the snow. 

The long residence time of these 

gases means that a substantial portion of 

water otherwise contained in the hole 
being drilled would be disp laced. Maxi

mum pressure divergence from that of a 

solid water column (no gas entrained) 

occurs for holes of shallow depth. This 

effect becomes less at great depths where 
gas bubbles are compressed to insignifi

cant volume. Figure 1 shows the de

creasing influence of this mixed-flow 

regime in reducing pressure with depth. 
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Figure 2 gives bottom hole pressure 

against depth . At the 1,200-foot (365.7 

m) level, the mixed -flow pressure is 

about 50% of that of the equivalent 

depth of water . This imbalance increases 

at a decreasing rate until a depth of 

about 6,000 feet ( 1829 m) is reached. 

Beyond 6,000 feet the gas volume (at 

that point in the hol e ) becomes less than 

10% of the hole volume. In other words, 

the pressure for greater depths will in 

crease at a rate higher than 90% of the 

solid water column . But the ice sur

rounding the hole has about 90% the 

density of the same column of water . 

From this depth downward, hole pressure 

imbalance actually becomes less. (These 

curves are probably inaccurate as they are 

based on extrapolations using data 

obtained drilling to only 1,400 feet, or 

427 m.) Larger air flows for a given 

hole diameter will increase the pressure 

Figure 2. Mixed-flow pressure against depth compared with those for a solid water 

column and for the solid ice. Region of imbalance increases to about a 

depth of 6,000 feet, decreasing thereafter. 

5,000 

(f) 4,000 
a.. 
I 3,0 0 0 w 

a:: 
:::J 2POO (f) 
(f) 
w 
a:: 1,0 0 0 a.. 

0 
0 

* Includes Air Hose 8 
Burner Pressure Drops 

2 3 4 5 6 7 8 9 10 11 12 
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Pumping water from below ice shelf for 

plankton studies. Gray area is from gey

ser. 

An interesting event took place near 

the end of the first reaming run. The air 

delivery pressure rose fairly rapidly from 
its proper (for that depth) operating level 

of 500 psig (35 Kg/cm 2 ) the 1,200 

psig (84 Kg /cm2 ) maximum capability 

of the booster compressor. A hurried 

decision was made to loosen the cable 

supporting the drill. If a kink had formed 

in the air hose, it might be possible to 

release it by stretching the hose with the 
weight of the drill. This proved correct. 

The air pressure rapidl~ returned to the 

500 psig (35 Kg/em ) range. Several 

minutes later, a huge surge of water 

passed through the nearly two-foot 

(.609 m) diameter hole and rose about 

40 feet (12.2 m) above the ice shelf sur

face. The flow may have lasted for 

several seconds. The 1 ,500 feet (457 m) 

of 1 1/2-inch (3.8 em) air hose held 

nearly 30 ft 3 (849 liters) of compressed 

air at 1,200 psig (84 Kg/cm 2 ). Released 

suddenly into the hole, it had generated 

a "geyser." 

The design of the J-9 flame-drill was 

nearly identical to that of drills used in 

heat-spallable rock .3 Until the present 

ice-drilling exercise, the flame-drill had 

not been thought capable of drilling to 

extreme depths in .rock. In preparing for 

its use in ice, the system was tested by 

drilling to nearly 500 feet (152 m) in a 

Canaan, N. H., granite gneiss. Twelve 
hundred scfm (566 liters /sec) of com

pressed air at 400 psig (28 Kg /cm 2 ) was 

used to d ri II a one-foot (0.304 m) d i

ameter hole at just over 50 ft/hr ( 15.2 

m/hr). We could drill no deeper due to 

the large inflows of underground water 

which mixed with the fine rock cuttings 

to form a mud that the "air-lift" pump 

could not remove. Now it has been es

tablished that the drill flame can be 

stabilized under high heads of water and 

that air pressures lower than initially 

thought possible are capable of reaching 

great depths . For example, the system 

used at J-9 should be able to drill rock to 

depths as great as 5,000 feet using water

recirculation for chip removal. 

About two years ago it was found 

that the flame-drill can drill shallow holes 

beneath large bodies of water. This, 

coupled with its newly-found capability 

to drill under high heads of water, sug

gests that these drills could lead to high

speed, low-cost drilling of deep holes into 

both water aquifers and geothermal rock 

formations, for petroleum exploration 

and production, and for deep emplace

ment of radioactive wastes in stable 

plutonic rock masses. 

POSSIBLE PROBLEMS 

There is great interest in developing 

techniques for drilling entirely through 

the Antarctic ice cap where ice depths 

range up to 13,000 feet (3962 m). Access 

holes to the earth below would be used 

for taking rock cores, for studying the 

geothermal and seismic properties of 

underlying structures, and for bringing 

samples of the world's oldest ice to the 

surface. Some scientists believe that 

large lakes may exist beneath these thick 

layers of ice. If this is true, is the lake 

water the oldest to be found in the world, 

or is it younger water circulating either at 

the ice-earth interface or in the ground 

below? Can atomic wastes be stored 

safely and indefinitely in or beneath 

these ice caps? 4 

The flame-dri II is a complex system; 

it presents difficulties for reliable opera

tion in locations as remote as the polar 

regions. Fortunately at J-9 we encounter

ed few equipment problems, although 

handling three hoses proved very diffi

cult. (The addition of hose reels and 

Left.: Author Jim Browning adjusting oxygen mixture as flame jet is being lit. Right: Chief Scientist. John Clough, University 

of Nebraska, lighting flame with acetylene torch. (All photos on this page are by J. A. Raymond.) 
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View of sea bottom, including lost instrument. 

power feed would be of tremendous 
help.) The curves of Figure 2 show that 

flame drilling may have serious hole
closure problems at middle-depth pene

tration into these deep ice caps. This plus 
the complexity of the flame system and 

its requi rement for extremely high air 

pressures for deep drilling suggest that an 

alternative drilling method using large 

flows of hot water may prove much 

superior. Such a system requires only a 
single hose and could use standard boil 

ers. High water pressures are not required 

because the increasing pressure of the 
water column in the hose with depth is 

equal to that of the water surrounding 
the hose. 

The optimum design of a hot water 

drill would incorporate a hose with a 

wall material of the correct thermal con

ductivity to provide a heat flow to the 

surrounding cold water sufficient to 

overcome freeze-in . 
Additional drilling work using hot 

water was conducted at J-9 this past 
austral summer season . A boiler of 250 
HP (280 liters per hour of fuel burned) 

was used . The 300 liters/min water flow 
at an initial temperature of 95°C drilled 
three separate access holes plus other 

holes of less depth. Total hole length was 

about 3,000 meters. The average hole 
diameter was over one meter. We are 
looking forward to the opportunity to 

use hot water to reach through the more 

8 

than 3,000 meters of ice lying below the 

South Pole Station. 
Using the "cookie cutter" prin

ciple, the hot water drill produced cores 
averaging a foot in diameter. For the deep 
drilling program at the South Pole Station 
we propose an ice sampling technique 

taking a 3-meter long core each 100 

meters. 

COMMENTS 

Life at a site as remote as J-9 might 

be thought difficult, but such was not the 
case. Engine replacement parts may not 

have been available, but steak, lobster, 
fresh eggs, and home-baked bread were. 

Living quarters were Jamesway huts-

small versions of the Quonset hut, but 

made with wood arches covered with a 
double layer of insulated canvas. 

For the engineer, there is much to do 

and much to learn in the arctic regions. 

The Antarctic continent--about the size 

of the United States--has been geographi
cally and climatologically isolated for so 

long that we take for granted that _this 
isolation will continue to exist. Th.e cur

rent programs of the National Science 
Foundation, together with those of 
other countries, show that man can adapt 
himself to these extremes. It will be for 

engineers to prove that the machines and 
structures of our modern society can also 

be adapted. These areas are, truly, our 
last terrestrial frontiers. 
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by Bernard Nidowicz 

Using A Programmable Calculator 
to determine thermal conductivity of mineral soils 

BACKGROUND 

In 1945 the U. S. Army Corps of 

Engineers employed the University of 

Minnesota to determine the thermal 

properties of soils. Miles S. Kersten, 

Associate Professor of Civil Engineering, 

was in charge of the project. The thermal 

properties studied were thermal con

ductivity, specific heat, and thermal 

diffusivity, with the main emphasis of 
the research on thermal conductivity. 

Tt}_e test program was completed in 
1948 and resulted in the report "Thermal 

Properties of Soils" 1. From this report 
came the thermal conductivity graphs 
(Figs . 1-4) widely used today. For a 

complete description of the testing pro

gram the reader is referred to "Thermal 

Properties of Soils"2 or "Thermal Prop

erties of Frozen Ground"2. 

EQUATIONS AND GRAPHS OF 
THERMAL CONDUCTIVITY 

density and can be expressed as: 

k = A( 10)B(density) . 

where A and B are constants. This equa
tion is valid for both frozen and unfrozen 

soils. When the density is held constant, 

the relationship between the thermal 
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conductivity and moisture content can be 
expressed as: 

unfrozen soils: k = C log(moisture 
content+ D 

frozen soils: k = E + F(moisture content) 

where C, D, E, and F are constants. 

20 

FIG. I 
THERMAL CONDUCTIVITY 

SILT AND CLAY SOILS 
UNFROZEN 

25 30 35 40 45 At a given moisture content, the 

thermal conductivity is a function of 
MOISTURE CONTENT, PER CENT 
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FIG. 2 
THERMAL CONDUCTIVITY 

SILT AND CLAY SOILS 
FROZEN 

(Btu-In I Ft'- Hr-°F) 

25 30 35 40 
MOISTURE CONTENT, PER CENT 
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THERMAL CONDUCTIVITY 
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FIG 4 
THERMAL CONDUCTIVITY 

SANDY SOILS 
UNFROZEN 

(Btu-In I Ft 2
- Hr-°F) 

10 15 20 25 
MOISTURE CONTENT, PER CENT 
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Each soil tested by Kersten had its 

own set of equations and therefore, 
in order to develop useful relationships, 

the soils were divided into two groups 
and equations representative of each 

group were written. The first group, 
"Sand and Gravel," are soils containing 
more than 50% by weight sand and/or 

gravel, and the second group, "Silt and 

Clay," are soils containing more than 50% 

by weight silt and/or clay. The equations 

for "Sand and Gravel" are: 

k = (0.7*1og(w) + 0.4)*100.01M 
unfrozen 

k = o.076(10J0·013M + frozen 

(0.032(1 0)0.0146~)w 

FIG.5 
FLOW CHART 

THERMAL CONDUCTIVITY OF SOILS 
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and for "Silt and Clay" are: 

kunfrozen = (0.9*1og(w) - 0. 2)*100.01~ 

k = 0.01 ( 1 o)0.022M + 
frozen 

(0.085(1 O)O.OOBM)w 

Units for these equations are: 

Thermal Conductivity (k): 
Btu-in/hr-°F-ft2 

Moisture Content (w): 

Percent of dry soil weight 
Dry Density (ti): 

Pounds per cubic foot 

The equations for silt and clay only 

apply when the moisture content is 7% 

or greater, and for sand and gravel, they 

apply when the moisture content is 1% 
or greater. The equations for sand and 

gravel are based on clean soil, i.e., that 

with relatively little silt or clay present. 

For soils with a high silt or clay content 

interpolation can be used to obtain a k 

value between ksand and ksilt' These 
equations should yield conductivity 

values not more than 25% in error 1. It 

is from these equations that Figures 1 

through 4 were constructed. The 100% 

saturation . line assumed a specific gravity 

of soil solids equal to 2. 70 and 0 .917 

for ice. 

PREDICTION OF THERMAL 

CONDUCTIVITY 

The usual method of obtain ing 

thermal conductivities from Kersten's 

data has been by direct use of his graphs. 

However, with the programmable calcula

tor becoming a common engineering tool 
it seems only natural to computerize 

Kersten's graphs. I have written a pro

gram for the Hewlitt-Packard Model 67 

calculator which solves Kersten's equa
tions, thus eliminating the use of the 

graphs. For people who own an HP-67 

and prefer not to write their own pro

gram, the key steps (Fig. 6) for the HP-67 
are included. A flowchart (Fig. 5) is also 

provided so that the thermal conductivity 
program can be written for any program

mable calculator or computer system. 

The two variables needed to calculate 

the thermal conductivity of a soil are 
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moisture content and dry density. Either 

the dry density or total density can be 

entered; however, if the total density is 
entered the calculator will calculate dry 

density based upon the moisture content 

value entered . This is an option which can 
easily be omitted. 

After one enters the above two 

variables, the soil type and thermal 

condition, frozen or unfrozen, must be 

selected. There are six options: frozen 

sands, unfrozen sands, frozen silts, un

frozen silts, average sands, and average 

silts. The first four are self-explanatory ; 

the last two need some definition. In 

numerous engineering design equations, 

Figure 6: Below and on next two pages. 

STEP 

1 

2 

3 

4 

5 

THERMAL CONDUCTIVITY DATA CARD 

INSTRUCTIONS FOR MAKING THE DATA CARD 

1. Turn calculator on and set to " run" mode. 

2. Store the following constants : 

CONSTANT 
4.3386 
-0.5072 
-0.2507 
2 .3769 
7.1468 

-0.5726 
4 .7889 

-0.3049 
0.1382 
0 .7254 

22.5000 

REGISTER 
0 

2 
3 
4 
5 
6 
7 
8 
9 
I 

3. Press "f W /Data" and then pass side 1 of data card through 
the card reader . 

USER INSTRUCTIONS 

THERMAL CONDUCTIVITY OF SOILS (BTU/HR-FT-F) 

+KAV-SILT 

INSTRUCTIONS 
INPUT 

KEYS DATA/UNITS 

LOAD DATA CARD SIDE 1 c::=J c:::::J 
c::=J c:::::J 

LOAD PROGRAM CARD SIDE 1 AND 2 c::=J c:::::J 
c::=J [==:J 

INPUT MOISTURE CONTENT W(%) ITJc=J 
c=:J c=:J 

INPUT DENSITY: c::=J c:::::J 
DRY DENSITY OR tjd (PCF) [I] c::=J 
BULK DENSITY tjt (pcf) [TIITJ 

c=:J c=:J 
CALCULATE K FOR: c::=J c::=J 

FROZEN SANDS CD c::=J 
UNFROZEN SANDS CD~ 
FROZEN SILTS C[J c=:J 
UNFROZEN SILTS CDG:J 
AVERAGE SANDS ITJc=J 
AVERAGE SILTS ITJITJ 

c::=J r:::=J 
FOR A NEW CASE GO TO STEP 3 c::=J c::=J 

OUTPUT 
DATA/UNITS 

w 

tjd 

tjd 

KF-SND 

KuF-SND 

KF-SILT 

KuF-SILT 

KAV-SND 

KAV-SILT 

11 



PROGRAM 
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

001 F LBL A 31 25 11 STORE WATER RCL A 34 11 
CALCULATES K

5 STOA 33 11 RCL 7 34 07 CONTENT (SATURATED) 
H RTN 35 22 H yx 35 63 
F LBL !3 31 25 12 060 RCL 6 34 06 

IF LESS THAN 

STO B 33 12 
STORE DRY 

X 71 
Kk WILL DISPLAY 

H RTN 35 22 
DENSITY 

RCL C 34 13 
K

5 
WITH A 

G LBL b 32 25 12 G x .;;; Y 32 71 
BLINKING 

RCL A 34 11 H RTN 35 22 
DISPLAY 

1 01 CONVERTS BULK H X'="Y 35 52 
010 0 00 DENSITY TO DRY f -x- 31 84 

0 00 DENSITY AND H RTN 35 22 
81 STORES DRY G LBL c 32 25 13 

1 01 DENSITY VALUE 1 01 CALCULATES 
+ 61 070 RCL A 34 11 THERMAL 

81 G X> Y 32 81 CONDUCTIVITY 
STO B 33 12 GOTO 1 22 01 (Kk) 
H RTN 35 22 GOT04 22 04 OF UN-FROZEN 
F LBL C 31 25 13 F LBL 1 31 25 01 SANDS-GRAVELS 

1 01 RCL A 34 11 (SOIL HAS MORE 
020 RCL A 34 11 FLOG 31 53 THAN 50% SAND 

G X> Y 32 81 83 AND GRAVEL) 
GOTO 1 22 01 7 07 
GOT04 22 04 X 71 WATER CONTENT 
F LBL 1 31 25 01 080 83 MUST BE 

83 4 04 GREATER THAN 
0 00 + 61 1% FOR THE 
3 03 RCL g 34 12 EQUATION TO 
2 02 CALCULATES 83 BE VALID. IF 

RCL B 34 12 THERMAL 0 00 W.;;; 1%, "ERROR" 
030 83 CONDUCTIVITY 1 01 DISPLAYED 

0 00 (Kk) X 71 
1 01 OF FROZEN G 10" 32 53 
4 04 SANDS-GRAVELS X 71 
6 06 (SOIL HAS MORE 090 1 01 
X 71 THAN 50% SAND 2 02 

G 10x 32 53 AND GRAVEL) 81 
X 71 STO C 33 13 

RCL A 34 11 WATER CONTENT RCL A 34 11 
X 71 MUST BE RCL 5 34 05 

CALCULATES K
5 

040 GREATER THAN H yx. 35 63 
(SATURATED) 

RCL B 34 12 IF LESS THAN 
83 1% FOR THE RCL4 34 04 

0 00 EQUATION TO X 71 
Kk WILL DISPLAY 

1 01 BE VALID. RCL C 34 13 
K

5 
WITH A 

"ERROR" WILL BLINKING 
3 03 100 G X.;;; Y 32 71 

BE DISPLAYED DISPLAY 
X 71 H RTN 35 22 

G 10x 32 53 FOR W< 1% H Xo:.Y 35 52 
83 f -x - 31 84 

0 00 H RTN 35 22 
7 07 F LBL D 31 25 14 

050 6 06 RCL A 34 11 CALCULATES 
X 71 7 07 THERMAL 
+ 61 G x .;;; Y 32 71 CONDUCTIVITY 
1 01 GOT02 22 02 (Kk) 
2 02 110 GOT04 22 04 OF FROZEN 

81 F LBL 2 31 25 02 SILTS-CLAYS 
STO C 33 13 RCL '3 34 12 

REGISTERS 
0 4.3386 1 -0.5072 2 -0.2507 3 2.3769 4 7.1468 5 -0.5726 6 4 .7889 7 

-0.3049 8 
0.1382 

9 
0.7254 

so S1 S2 S3 S4 S5 S6 S7 sa S9 

A w 18 od lc K D KAVG-SND IE KAVG-SILT II 22.5 .. 
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LISTING 
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

83 F L'3L 2 31 25 02 
0 I 00 170 RCL A 34 11 
0 00 FLOG 31 53 
8 08 83 OF UN-FROZEN 
X 71 9 09 SILTS-CLAYS 

G 10x 32 53 
(SOIL HAS MORE 

X 71 (SOIL HAS MORE 
83 

THAN 50% Sl L T 
83 THAN 50% Sl L T 

120 0 00 2 02 
8 08 

AND CLAY) 
51 

AND CLAY). 
-- WATER CONTENT 

5 05 RCL B 34 12 MUST BE 
X WATER CONTENT 71 83 GREATER THAN 

RCL A 34 11 MUST BE 180 0 00 7% FOR THE 
X 71 GREATER THAN 

1 01 EQUATION TO 
RCL B 34 12 7% FOR THE 

X 71 BE VALID. IF 
83 EQUATION TO BE G 10x 32 53 W 7% "ERROR" 

0 00 VALID. 
X 71 WILL BE DISPLAYED. 

2 02 
"ERROR" WILL 
BE DISPLAYED 

1 01 
130 2 02 2 02 

X 71 FOR W< 7% 
81 

G 10x 32 53 STOC 33 13 
83 RCL A 34 11 

0 00 190 RCL 1 34 01 
1 01 H yx 35 63 CALCULATES K5 

X 71 RCL 0 34 00 (SATURATED) 

+ 61 X 71 IF LESS THAN 

1 01 RCL C 34 13 Kk WILL DISPLAY 

2 02 G x ,;,_ y 32 71 K
5 

WITH A 

140 81 H RTN 35 22 '3LINKING 

STOC 33 13 H X!':iY 35 52 DISPLAY 

H RCL I 35 34 f -x- 31 84 
RCL A 34 11 H RTN 35 22 
G x ,;,_ y 32 71 200 F LBL E 31 25 15 
GOT05 22 05 F GSB C 31 22 13 
RCL 8 34 08 STO D 33 14 CALCULATES 
H yx 35 63 G GSBc 32 22 13 AVERAGE 

RCL 9 34 09 CALCULATES K
5 RCL D 34 14 THERMAL 

X 71 (SATURATED) + 61 CONDUCTIVITY 
150 GOTO 6 22 06 IF LESS THAN 2 02 FOR SANDS AND 

F LBL 5 31 25 05 Kk WILL DISPLAY 81 GRAVELS. 

RCL 2 34 02 K
5 

WITH A STO D 33 14 
H yx 35 63 BLINKING H RTN 35 22 
RCL 3 34 03 DISPLAY 210 G LBL e 32 25 15 

X 71 F GSB D 31 22 14 
F LBL 6 31 25 06 STO E 33 15 CALCULATES 

RCL C 34 13 G GSB d 32 22 14 AVERAGE 

G x ,;,_ y 32 71 RCL E 34 15 THERMAL 

H RTN 35 22 + 61 CONDUCTIVITY 

160 H x~Y 35 52 2 02 FOR SILT AND 

f -x- 31 84 81 CLAY 

H RTN 35 22 STO E 33 15 
G LBL d 32 25 14 H RTN 35 22 
RCL A 34 11 CALCULATES 220 F LBL 4 31 25 04 

7 07 THERMAL 0 00 INVALID WATER 
G x ,;,_ y 32 71 CONDUCTIVITY 1/X 35 62 CONTENT 
GOT02 22 02 (Kk) H RTN 35 22 SUBROUTINE 
GOT04 22 04 

LABELS FLAGS SET STATUS 
A w B d c KF-SND D KF-SILT E KAVG-SND 0 FLAGS TRIG DISP 

a b t c KuF-SND d KuF-SILT eKAVG-SILT 1 ON OFF DEG ID FIX ID 
0 0 ID 

0 1 KsND 2 KSILT 3 41NVALID W 2 1 0 ID 
GRAD 0 SCI 0 

2 0 RAD 0 ENG 0 
5 KuF-SILT 6 KF-SI LT 7 8 9 3 ID 

3 0 ID n 2 
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w ~d UF-SND 

5 120 1.17 
25 90 0.91 
25 100 1.13* 

the average value of thermal conductivity 

is called for, i.e.; (kfrozen + kunfrozen)/2. 
With preprogrammed subroutines the 
calculator will calculate the average 
value in one run. 

The calculation procedure for ther
mal conditions is basically the same. 
After one selects a soil type, the moisture 
content is checked. If it is not greater 
than the minimum value (1% for sands/ 
gravels and 7% for silts/clays) the calc
ulator will display "ERROR". For mois
ture contents greater than these values 
the thermal conductivity based upon 
Kersten's equations (kk) is calculated. 
Next, the thermal conductivity based 
upon my equations (ks) is calculated 
and the two are compared; the smaller 
value will be displayed in units of 
Btu/Hr-Ft-°F. 

Where do the ks values originate? 
In Kersten's graphs, the values of thermal 
conductivity terminate at the 100% 
saturation line. If a soil system is at 100% 
saturation it is at its maximum value for 
thermal conductivity. It is not possible 
to add any additional water to the system 
at saturation, assuming constant density, 
unless we allow an equal amount of water 
out. By allowing water to migrate out of 
the system we have created a convection 
problem instead of a conduction prob
lem; Kersten's equations only apply to 
heat transfer by conduction . 

The equations for the 100% sat
uration line (ks) are in the form ks = Aw8 

and are listed below: 

unfrozen sand and g_ravel 
k = 7 146w-0·5726 

s . 

frozen sand and gravel 
k = 4 7889w-0·3049 

s . 

unfrozen silt and cia'{ 
k = 4.3386w-0·5072 

s 

14 

FIGURE 7: EXAMPLES 

F-SND UF-SILT F-SILT AVG-SILT AVG-SND 

0.98 ERROR ERROR ERROR 1.08 
1.47 
1.79* 

frozen silt and clay 

w ~ 22.5% ks 

w > 22.5% ks 

0.70 1.01 
0.85* 1.13* 

2.3769w-0.2507 

o. 7 254w0· 1382 

This value, ks, is thus the upper limit 
for any given moisture content. When a 
dry density and moisture content is 
entered into the calculator and from 
Kersten's formula yields a thermal 
conductivity value (kk) greater than 
ks, then the ks value is displayed. Thus 
the ks value is nothing more than a 
method to keep the thermal conductivity 
value within acceptable limits. For frozen 
silts it is necessary to divide the graph 
into two intervals at the 22.5% moisture 
content point for a better fit. When the 
calculator displays ks instead of kk, it 
does so with a blinking display. This 
informs the operator that saturation 
conditions exist and that the author's 
equations were used to calculate the dis
played answer. 

The reason I chose this method of 
controlling the upper limit of thermal 
conductivity versus displaying "ERROR" 
is twofold: 

First, as previously stated, Kersten 
calculated the 100% saturation line with 
a specific gravity of soil solids equal to 
2.70. Very rarely will soil have that same 
specific gravity, and therefore the 100% 
saturation line for real soil will either be 
above or below the line calculated by 
Kersten. 

Second, my equations do not fit 
Kersten's curves perfectly. (All of my 
curves have a coefficient of determination 
of at least 0.9307, where 1 is a perfect 
fit.) In certain cases ks > kk and in other 
cases ks < kk. Therefore, without using 
my method, in some instances an error 
message would be displayed when we 
would actually be on or slightly below 
Kersten's saturation line. 

0.85 1.19 
0.99* 1.46* 

*blinking display 

This method of calculating the 
thermal conductivity of mineral soils 
will provide accurate results in a fraction 
of the time normally spent on utilizing 
Kersten's graphs. In addition, it may be 
incorporated as a subroutine for use in 
the computer solution of the Berrgren 
solution to the Stefan problem. 

A set of examples has been included 
(Fig. 7) to help check your program for 
errors. When you compare the graphs and 
calculator results be sure to notice the 
difference in units. By multiplying the 
calculator results by 12, you will obtain 
the same units as those shown on · the 
graphs. 
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by Laurence A. Peterson 

Pollution Characteristics in an 
Unpolluted Subarctic Stream 

Another polluted stream? So it 
appeared : dissolved oxygen (D.O.) 

was essentially depleted (0.3 mg/1), 

ammonia-nitrogen, nitrate-nitrogen and 

specific conductance values were abnorm

ally high and pH was below normal. 

These and other anomalies were observed 

in a stretch of Goldstream Creek during 

the winter of 1970-71 . The source of 

pollution proved to be not human activ

ity but a natural phenomenon . Ground 

water seeping through organic silt depos

its into the stream was responsible for 
the "polluted" condition. 

STUDY AREA 

Goldstream Creek, a small subarctic 
stream, drains a region of increasing 

domestic development northwest of Fair-

banks, Alaska (Figure 1 ). The observed 

variation in water quality occurred be
tween the Ballaine Bridge (BB) and 
Sheep Creek Road Bridge (SCR B) sam

pling sites which drain 73.7 square miles 
(190.0 square kilometers) and 93.3 mi 2 

(241 .6 km 2 ), respectively. A large bog 

area exists above the SCR B site north 
of the stream, and a smaller bog area 

lies above the BB site. 

Industrial and domestic waste ef

fects were not a factor since there was 

only a single homesite in the area and the 

observed changes could in no way be 

correlated with this source. Chemical 

oxygen demand values recorded at the BB 

and SCRB sampling sites indicated the 

condition was not due to a source of 

organic pollution. 

figure 1. Map of study a rea. 
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DISCUSSION 
From the preliminary data I hy

pothesized that the effect might have 

been due to natural biological or geo

chemical characteristics of the area such 
as precipitation, biomass effects, surface 
runoff, channel characteristics or ground
water inflow. 

Precipitation was ruled out because : 
1) the greatest variation existed during 
winter when precipitation does not 

reach the stream; 2) if precipitation 

were a factor it would affect both sites, 
rather than only one; and 3) iron, am

monia-nitrogen and nitrate-nitrogen .. the 

parameters exhibit ing high concentrations 

in the stream, are not prevalent in pre

cipitation . Snow and rain samples col

lected and analyzed for these parameters 

showed low concentrations. 
The biomass in the stream was not 

capable of producing the noted variation . 
Parameters such as conductivity, iron and 

pH will not vary to the extent exhibited 

because of organisms living in the stream, 

particularly at the height of winter when 

these parameters showed the largest 

variation and when biological activity is 

at its . lowest. Also, the biomass usually 

conforms to the physical and chemical 

characteristics of a stream rather than the 

reverse . 

Surface (bog) water runoff from a 

large area between the two sites was 
eliminated as a possible source of varia

tion because the bogs are frozen during 

winter when the largest variation in water 
quality occurred. 

Channel characteristics differ be

tween the two sites. The slope at BB is 
0.0014 and above SCR B the slope is 

0.0009. The channel at BB has a sand and 

gravel bottom, shallow water, low banks 

and little overhanging vegetation, whereas 
the channel above SCR B consists of a 
mud bottom, deep water, high banks with 

an abundance of growth, overhanging 

vegetation and tall spruce trees. Also, 
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Color samples of water, collected 5/6/71, in downstream order left to right. Distilled 

water is at left end. 

the channel is relatively straight upstream 
and immediately downstream from the 

BB site; it is about one mile (1.6 km) 
below the BB site that Goldstream 

Dr. Dave Nyquist (right), study project's 

advisor, and graduate student Jim Clay 

taking water samples. 

Creek becomes a meandering stream. 

The change in water quality did not 

parallel the change in channel character

istics. D.O., pH, temperature and con

ductivity were determined at various 

locations between the two sites in ques

tion . A gradual change occurred in the 

first 8.5 miles (13.7 km) downstream 

from the BB site followed by a more 

drastic change in the next 2.5 miles 

(4.0 km), which end at the SCRB site. 
If channel characteristics were the pri

mary factor the noted variation would 

have occurred farther upstream. 

However, channel characteristics 

cannot be completely eliminated as a 
factor because they play a part in ground

water inflow, particularly in areas of 

shallow ground water, and the specific 

water quality at the two sites during 
winter when the largest variation occurs 
must be caused by groundwater inflow 

of different quality. The source of 

ground water, the extent of the thawed 
zone of permafrost paralleling Gold-

stream Creek, and the character of the 

soil in the thawed zone are the factors 
that explain water quality differences 

between the BB and SCRB sites. 
According to Williams (1970), the 

late-winter base flow of rivers is either 

discharged ground water stored in per
meable material along riverbanks or flow 

from perennial springs. The amount of 
water available is related to the size of 

the thawed zone. For Goldstream Creek, 

the thawed zone along the creek above 

the BB site is much smaller than that 
near the SCR B site as determined by the 

nearby vegetation and by the relative 

amount of water in the channel at the 

two sites. The depth of tree roots in the 

permafrost province approximately corre

sponds to the thickness of the water
bearing zone above the permafrost 

(Cederstrom et al., 1953) . The banks 

above and immediately below the BB 

site have no large trees, indicating a 

relatively shallow active layer. The area 

along the creek above the SCR B site is 

densely covered with tall spruce trees, 

indicating a thicker active layer. 

More importantly, however, the size 

and activity of bodies of water influence 

the extent of thawed zones. Moving 

streams generally are underlain by deeper 

and wider unfrozen areas than are lakes 
(Hopkins et al., 1955). Compared to 

solid earth, water absorbs heat relatively 

rapidly in the summer and loses it more 
slowly in the winter. Hence, the ground 

temperature under standing or flowing 

water tends to increase during the warm 

months, and in time the frozen ground 

Goldstream Creek as viewed from Ballaine Bridge (lower left), and at Sheep Creek Road Bridge (right). 
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Figure 2. DO, temperature, iron, & C02 

at 2 Goldstream Creek sampling sites. 
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beneath or immediately adjacent to the 
body of water is partly or totally thawed 

(Cederstrom et al., 1953). Due to the 

change in gradient and in channel char

acteristics between the two sites, Gold

stream Creek above the SCR B site is 

much deeper and wider than at the BB 

site. Because of the greater volume of 

water more heat is absorbed during 

the summer in this area so there is a larger 

thawed zone. This larger thawed zone 

is the source of ground water altering 

the water quality at the SCRB site. 
The surface soil in the vicinity of 

the SCR B site consists of organic silt, 

whereas the area three miles (4.8 km) 

and further upstream consists simply of 
silt (Pewe, 1958). According to Pewe 

(1958), subsurface samples taken at two 

sites (one on each side of Goldstream 

Creek) near the SCRB site showed the 

organic silt layer to be at least 37 feet 

The Northern Engineer, Vol. 10, No.1 

(11 meters) thick. The organic silt layer 

at points A and B (Fig. 1) extend from 

0-37 feet (0-11 meters) and from 0-62 

feet (0-19 meters) respectively. Ground 

water seeping through the organic silt 

layer into Goldstream Creek accounts 

for the low D.O., high nitrate-nitrogen, 

and high iron concentrations observed 
(Fig. 2). Cederstrom (1963) explains the 

process as follows: Water flowing 
through organic material creates a reduc

ing environment which deoxygenates the 

water. The oxidation of carbonaceous 
material and the reduction of sulfate in 

the presence of carbonaceous matter pro

duces carbon dioxide. Excessive carbon 
dioxide creates corrosive conditions that 
bring iron into solution. The vast differ

ence between the BB site and the SCR B 
site with respect to the relationship 

between D.O., carbon dioxide and iron 

can be seen in Figure 2. 

CONCLUSION 

In certain circumstances, nature 
causes what man calls pollution. In this 
particular circumstance ground water 

flowing through an organic deposit into 

a stream resulted in water quality typical 

of a polluted stream. The importance of 

this is that water quality standards are 
being implemented which, in a few 

cases, are higher than the natural quality. 

Accurate statements of a stream's water 

quality cannot be based on one or two 

samples, but must be based on samples 

taken throughout an entire season and 

along the entire length of a stream. 
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by Eb Rice 

A Northern Engineer Visits 

18 

BACKGROUND 

A group of 45 people, mostly engin

eers, was invited to give seminars in China 

on (A) Frigid Zone Construction and 

Engineering, and (B) Shipbuilding, Marine 

Engineering and Marine Transportation. 

This report will concentrate on the 

experience of the "Frigid Zone Group," 

though for most of the journey the 

groups traveled together. The overall 

arrangements for the trip were made 

by Carl Berkowitz, of New York City's 

Department of Transportation, assisted 

by Dr. Marshall Silver of the University of 

Illinois, who became the tour leader of 

the "F rigids ." 

Our visit to the People's Republic of 

China came three weeks prior to the sur

prise announcement by President Carter 

that the United States would extend 

diplomatic recognition to that country. 
The recognition · may have ended centur

ies of xenophobia on the part of China 

and the visit was both evidence and 

consequence of a major swing in China's 

policies and aspirations. 

IN CHINA 

On November 24, 1978, the group 

left Los Angeles for Hong Kong where 

an extensive briefing was held prior to 

our departure for Kwang-chow (Canton) 

the following day . From there, the group 

visited Hang-chow, Shanghai, Shen-Yang, 

Harbin, Peking, and back to Canton, 

staying for a time in each city. 

We were met on arrival at Kwang

chow not only by the usual guides and 

translators of the China International 

Travel Service (whose duty it is to shep

herd foreign visitors around the country), 

but also by two representatives of the 

China Highway Engineering Society. 

These two stayed with us the entire 

time we were in China, and were our 

technical contacts and translators 

throughout. They proved to be extremely 

open and friendly, and were apparently 

under no governmental constraints in 
answering our questions. They encour

aged us to take pictures of anything we 
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wished except from aircraft, at airports, 

and at military installations. We com
plied. 

THE DARK DECADE 

Since the takeover by the Commu

nists in 1949, China has remained mili

tantly isolated from the "imperialist 

powers" of the West, although at first 

Russians were welcomed to help China 

achieve industrialization. With the advent 

of the Great Proletarian Cultural Revo

lution, however, the Russians were ex

pelled and the People's Republic decided 

to go it alone. This was the era of the Red 

Guards, the backyard smelters, and the 

purging of those in need of political 

purification from the schools and pro

fessions. Entrance exams for universities 

were abolished, and selection for admis-

sion was through communes. Faculty 

members were sent to do factory or farm 

work and to "learn from the peasants." 

Although Mao Tse Tung supported 

universal I iteracy, he mistrusted "i ntel

lectuals," particularly after the unnerving 

episodes of 1956 ("Let a hundred flowers 

bloom ... "), when some thought there 

had been an honest request for construc

tive criticism. In 1966, Mao decided the 

younger generation needed revolutionary 

experience, and students were turned 

loose on faculties and bureaucrats in 

general. All colleges were disrupted, and 

most closed down. Professors were sent 

to the communes. 

Not all spent the next decade at 
physical tasks. By being re-educated to 

political reliability, some were reassigned 

to the colleges where they taught subjects 

like welding and carpentry, which indi-

Route taken by the author and his group, beginning in Hong Kong. 
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BURMA I 

PEOPLE ' S REPUBLIC OF 

CHINA 

cates the level of university instruction 
until 1976. 

The point was poignantly under
scored for our group when an apparently 

old, old man hesitantly accosted two of 

our people while they were browsing in 

a Hang-chow market. He apologized for 

his English, saying that it had been 

twelve years since he last spoke it. Even

tually he asked, "Do you have an English 

dictionary you would spare?" He ex

plained that he had been a Professor of 

English Literature in 1966, but had been 

purged "for foreign influences." His 

library, "one of the best in the province," 

had been burned with patriotic fervor by 

disgruntled students." I am an old man of 

56 now, and I've done only farm work 

for twelve years . But if I had a dictionary 

to practice with, I might qualify to teach 
again." 
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A two-wheeled tractor at
tached to a trailer becomes 
a truck. These were in use 
all over China . The camel 
is one of many beasts 
lining the road to the 
tombs of the Ming em
perors. 

J t,. 

Water buffalo are used in southern 
China for plowing and heavy pulling. 
Note how this one is tethered. 

The Great Wall of China is composed of 
both quarried stone and fired bricks. 
Here the author is bundled up to ward 
off the north wind. 
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From Tien-an-Min Square, the south 

gate leads into the Forbidden City. 

Agriculture is, of course, vital to 
China. This "integrated plow" is 

operating near Shanghai. 

This lonesome dragon 

guards a pot at the Sum
mer Palace, Peking. 
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A REVOLUTION OF THOUGWf 

This was the fate of many during the 

Cultural Revolution. With higher educa

tion largely suspended since, it is difficult 

to imagine a quick recovery. Maybe a 

fourth of the purged teachers are now 

dead or in retirement, and the rest rusty 

and out of date. Even so, the new policy 

is to catch up with the West by the year 

2000, by attacking these problems 

through "the Four Modernizations:" 

defense, agriculture, science and tech

nology, and industry. To this end, the 

People's Republic of China is inviting 

technologists and industrialists from 

abroad to come to China, in the expecta

tion that any exchange of information or 

techniques will be to China's advantage. 

A typical agreement is the one re

cently reported to have been reached 

with Pan American: hotels are to be 

built with American capital, and man

aged by Americans for a period during 

which Pan American will train hotel 

staffs. At the end of the fixed period 

(five years has been the rumor). China 

will own the hotels and operate them; 

the Americans will leave. Steel, oil, and 

heavy manufacturing are to be upgraded 

in about the same way: foreigners may 

sell technology to China, they may be 

well paid to do so, but they may not re

main. Any profit from the long-term 

China market is intended to accrue to 

China. 

With this new "opening to the West" 

China is expected to host a multitude of 

scientific and technological conferences 

such as ours. It cannot have been lost 

on the communist leadership that Chinese 

people, unfettered by the dogmas of 

socialism, have brought prosperity to 

Hong Kong, Taiwan, and Singapore. The 

current swing in the communist party 

line is surely designed to marshall the 

same sort of intellect and ability to ex 

tend improved conditions to the main

land. 

For all that, it should not be sup

posed that China has failed to make prog

ress during the chaotic years since the 

Japanese conquests of the thirties. Trav

elers used to tell of beggars, filth, illiter

acy, and stink. We saw none of these. 

Very nearly all Chinese go to or through 

"Middle School," which covers ages 12 

to 17. There they will have been taught 

the usual subjects, such as English, 

Chinese, physics, chemistry, calligraphy, 

and art. We visited such a school, but had 

no way of judging whether it was typical: 

all we could say is that it was impressive, 

and not too different from U. S. schools 

for comparable age groups. At a day-care 

kindergarten for workers' children at one 

factory, the children (costumed, fetching

ly lovable tykes aged four to six) greeted 

us with an enthusiastic musical play 

called "Bringing Flowers to Chairman 

Hua." Later, they sang "Chairman Hua is 

Kind to Minorities." I imagine that such 

Author Rice and interpreter Huang take a breather at the Jade Spring near Hanchow. 
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heavy-handed indoctrination permeates 

Chinese education. 

BAREFOOT DOCTORS 

Health care "delivery" is a pride of 

the communists, too. They do not have 

many university-trained physicians, but 

they have trained multitudes of para

medics, who at one time gained a sort of 

fame as the "barefoot doctors." These 

are now shod, and some of them spend 

about half of each year in the clinics 

or communal hospitals, with the other 

half at farm work . I asked one how much 

training it took to become a barefoot 

doctor. The answer: several months. 

One person in our group had a sore 

shoulder and was treated in our presence 

with acupuncture needles through which 

electric current was introduced. It gave 

him quite a jolt, but he later claimed that 

his long-standing ache was cured. The 

wards in the two small communal hospi

tals we visited in Shanghai and in Canton 

were unheated, and the patients were in 

bed, fully clothed in padded outdoor 

jackets, scarves, winter caps, and mittens-

not quite the picture I had expected. 

MAO JACKETS 

The people seemed to me to be fed 

and clothed adequately, and are apparent

ly satisfied with their lot: they have not 

much, but it is as much as the next per

son has, and the government is more 

stable than has been usual in Chinese 

history. Everyone dresses the same: 

men, women, and children have heavy, 

blue "Mao jackets" and matching pants. 

You can tell the women from the men 

by their shoes and their hair--certainly 

not by their profiles. Men's hair is cut 

short--no exceptions. Women usually 

keep their hair in twin, short braids, but 

there is an occasional other short hairdo, 

especially among the higher-ranking wo

men. Some women also wear bright 

blouses beneath their drab Mao coats, 

testifying to the wish for color in their 

lives. But rarely is this color displayed in 

public; only infants and small children 

can wear the really brilliant clothing that 

used to characterize Chinese apparel. The 

dedicated communist perhaps would 

want to avoid such ostentation. 

Other than in dress, however, the 

people seemed to be quite individual. 
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Harbor cranes are modern 

at the port of Kwangchow 
on the Pearl River. 

Railway construction in 

North China is underway 

when the growing season 

is over. Earth is moved 
in wicker baskets by horse

carts. 

This curtain wall is made 

of foamed -concrete brick. 

The Chinese have pursued progress in 

simplifying scaffolds and concrete 
forms. Harbin, Northern China. 
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This building under construction in 

Peking utilizes in-filled curtain walls 

of light-weight concrete blocks. Re
inforced concrete is almost the only 

structural material used in China. 

This concrete form is for 

a column on the sixth 

floor of a factory under 

construction in Harbin. 

Air temperature is about 
-18°C (0°F). 
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The teenage girls were as giggly and shy 

as ours, and the boys hardly different 

from American ones of the same age. 

Children played games reminiscent of our 

own, and adults seemed to talk and joke 

a lot with one another, and to smile and 

laugh easily. This, too, was unexpected. 

(I had pictured scenes from Orwell's 

1984 ... the firm purpose, the unsmilingly 

earnest drones ... ). 

FOREIGNERS IN CHINA 

We were treated handsomely. Our 

meals, with few exceptions, were superb: 

all Chinese food, except that a "Western 

breakfast" was optional, and about a 

quarter of our group chose that. Our 

hosts did not eat with us, except at ban

quets, which was a pity, for we needed 

the instruction. But considering what we 

must have paid for each day's food, we 

could see that the cost was well beyond 

the capability of our Chinese friends, 

whose monthly income is well under 

$100. 

Hotels apparently come in three 

grades. The very best are reserved for 

foreigners; the worst, we heard, for 

Chinese. In between were the hotels 

for the in-between people, the Overseas 

Chinese. People of Chinese tongue and 

descent are being wooed by the govern

ment, perhaps to win back the skills, 

initiative, and loyalty of the expatriates. 

We stayed mostly in hotels for 

foreigners, but in Harbin were housed 

in a hotel normally intended for Overseas 

Chinese. The rooms were adequate, and 

the food was the best we found in China. 

All our accommodations were satisfac

tory--double rooms with bath for each 

pair of Americans. They were clean, 

though spartan, and each room was daily 

replenished with two liters of beer (fair) 

and two bottles of orange pop (poor) 

and a bowl of fresh fruit (excellent). 

There was running water, cold and 

(usually) hot. For drinking, tea making, 

or tooth brushing, there was normally 

a one-liter thermos flask of boiled water. 

Drinking tap water is discouraged. 

Nearly every official contact started 

the same way, whether it was a serious 

seminar or a "tourist" type visit. Hosts 

and visitors would enter a room where 
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there were low tables and comfortable, 

upholstered chairs. By each place there 

was a large mug of thick china, each with 

a china lid. A generous pinch of black tea 

rested on the bottom. Periodically, some

one would bring in thermos flasks of hot 

water and fill the cups. Then the meeting 

would begin with a formal welcome and 

a prepared reply. As soon as the tea 

leaves sank again to the bottom of the 

cups, the owner would begin to sip; and 

the gentle clatter of lids being removed 

and replaced punctuated every meeting. 

When the level in the cup became low, 

water was again added, and so one could 

sip the same cup of hot tea for a half 

day at a time, if the meeting lasted so 

long. 

There are TV stations in the large 
cities, but apparently not many receivers. 

Most TV viewing seemed to be done in 

special viewing rooms where 20 to 40 

people could assemble. One exception 

was in Peking, where our rooms (in the 

Peking Hotel, the city's finest) had 

individual color sets. Mine worked, but 

there was not time to explore with it. 

The two or three times I turned it on 

there was only one channel active, and it 

was devoted either to a Chinese opera 

or to a class in electronics. TV in Peking 

is broadcast from 6 :00 p.m. to 10:00 

p.m. only . 

THE POSTERS 

We saw no newspapers, nor news

stands. Instead, in Peking at least, the 

word seemed to be passed by the famed 

posters . These would extend for hundreds 

of meters along otherwise blank walls, 

and consisted of characters seven or 

eight em high in red ink on pink paper. 

Here and there were smaller white posters 

pasted over the pink ones. These were 

sometimes partially torn away; perhaps 

they posed an unpopular sentiment. 

The "official" posters were placed under 

glass. The poster walls were always at

tended by eager readers, dozens or hun

dreds at a time, sometimes in rows four 

or five deep. 

THE CONSTRUCTION PICTURE 

Construction naturally caught our 

attention. The Chinese seem capable of 

building to any degree of perfection, 

but they do not always do so. They seem 

to share with the Russians the peculiar 

ability to construct a building that al

ready seems elderly the day it is com

pleted. I could not successfully date the 

buildings. One fine hotel I would have 

guessed was built by the British in Victor

ian style, possibly around the turn of the 

century, turned out to have been con

structed in 1956. Yet there are other 

buildings which remain in tip-top shape 

after several centuries. 

After arriving in China, the Frigid 

Zone Group decided on very short notice 

to visit Harbin, a city of about four mil

lion people located northwest of Vlad

ivostok. Our special destination there was 

the Low Temperature Construction Re

search Institute, whose staff welcomed 

us as cordially as though our visit had 

been planned; they even assembled the 

employees to work on their day off, 

Sunday, so that they could demon

strate the lab in full operation. 

This lab has developed and tested 
many materials and techniques now being 

used in China. Among them is a light

weight, insulating concrete made by 

foaming ordinary concrete with an 

aluminum powder admixture. Another 

is an admixture of sodium nitrite and 

sodium sulfate to enable concrete and 

masonry mortar to be placed during 

periods of low temperature. We were 

taken to see a six-story concrete building 

under construction, where despite the 

0°F weather, work continued and ap

parently concrete was being placed even 

on that bitter day. The concrete work 

seemed coarse, but tests must show it 

to develop adequate strength, for the 

structural members appeared to be no 

more massive than usual. We saw no 

plywood, and only traces of sheet plas

tic. 

OTHER MASONRY 

Brick is a common construction 

material. Though China for thousands 

of years has done superb tile and other 

ceramic work, their building bricks 

seemed generally soft and non-uniform. 

This did not matter a lot, for normally a 

brick wall is covered with smooth plaster 

or stucco on both sides. Even sun-dried 
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mud bricks are used this way 1n some 

rural areas. Rock masonry was very 

capably done, and some of the neatest 
work imaginable appears in rock-work 

retaining walls along the railways, and of 

course in the Great Wall. 
Sidewalks and even airstrips were 

paved with concrete. This was not poured 
in place, but made of precast "tiles" of 

excellent quality, bedded in sand. I was 

much impressed by the smoothness and 
neat joints of such work, and by the 

cracklessness of individual tiles. In the 

case of airports, these were hexagonal 

and maybe 1.5 meters across. Sidewalk 
tiles were rectangular, and much smaller-
on the o rder of a half-meter to a meter on 

a side. 
Throughout China, heavy construc

tion seemed to use a full range of tech 

nologies. Lots of excavation was being 

done by hand, and earth was often 

transported in hand carts. As a more 

modern touch, earth was also being 

hauled by two-wheeled , mule-powered 

carts carrying huge wicker baskets. 
These pictu resque techniques were aug

mented here and there by power shovels 

loading trucks, which I would guess held 

about five cubic yards of material. We 

caught one tantalizing _glimpse of a pair 
of large carryalls reminiscent of the 

Tournapulls of the 1940's. There were a 
few crawler tractors, with dozer blades , 

about the size of a Caterpillar D-6. 
These looked quite old. 

Perhaps the reason for the large por

tion of work done by hand is two-fold : 
there is not very much powered equip

ment available, and there are many peo
ple needing employment, particularly 

during the winter when agriculture's 

demands diminish . Constructing in winte r 

and raising food in summer make good 

sense in northern China ; the practice 

keeps the people employed year round 

and allows building to continue without 

jeopardizing the food supply. 

PERMAFROST IN CHINA 

Possibly 20% of China, including 

most of Tibet, is underlain by perma

fr€lst . Continuous permafrost exists at 

elevations over about 4500 meters, with 
discontinuous permafrost at lower levels . 

Few motor roads now traverse the fro 

zen areas, but the ones they do have 

exhibited the predictable problems of 

thermal deterioration . China's engineers 

Immaculate passenger trains pulled by diesel-electric 

locomotives were always on time. 
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Sailing junks are still in use. This one, in the Pearl 

River near Kwangchow, has rigging like a western 
yawl. 

are aware of their problems and are 

actively seeking ways to combat perma

frost cheaply . This is becoming a greater 

concern as development spreads in the 

remote areas. 

LIME TREATMENT OF SOILS 

A larger problem is frost action in 

the active layer, both in and out of the 

permafrost zones. One of the engineers 

who spoke to us in Peking reported on 

soil-lime pavements in such regions. 

There are , he said, three levels of major 
designs for new roads. For light traffic, 

about 30 to 40 em of soil mixed with 
lime (10%) is used, topped with an 

asphalt dust palliative and wearing course . 

For heavier traffic, a double layer of soil

lime is used, totalling perhaps 45-50 em. 

The lower layer has about 6% lime, and 

the upper, 10%. Four or five em of pene

tration macadam completed such roads. 

For the heaviest traffic, the double 

soil-lime layer is placed over a bed of 

crushed stone, and is topped by five or 

six em or more of asphalt concrete. 

Another engineer described the ef

fect of lime for soil stabilization, ex

plaining that the soil's plasticity is in

creased, and though it may have around 

30% voids, it absorbs little water and so 

it withstands frost damage. Adding 
calcium salicylates and aluminates 

strengthens the mix, and since the mass 

is pozzuolanic, it hardens with time. 

Twenty-year-old samples showed 

strengths 2% times greater than when 

new. Lime treatment, he said, is better 
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and cheaper than alternatives they have 
tried. 

TRANSPORTATION 

For us, transportation in China was 

limited to buses, trains, and planes, 

supplemented by the occasional taxicab. 

The planes we used were British-built 

Tridents or Boeing 707's, immaculately 

maintained and superbly flown from 

terminals that were new and not greatly 

different from those in the rest of the 

world. There was never an empty seat 

on any of the planes we used. It made 

me wonder who must have been 

"bumped" when we unexpectedly de

cided to leave Shanghai for Shen- Yang 

and Harbin. The other passengers seemed 

to be predominantly military men and 

officials. 

Much of our travel was by rail. 

Passenger trains had diesel-electric loco

motives, were spic-and-span and always 

exactly on time. The sleeping cars were 

compartmented, and each roomette ac

commodated four people, a beautiful 

miniature tree, tea cups, and a thermos 

bottle of tea water. In an emergency, 

two more bunks were available in each 

compartment. A toilet at one end of 

each car had a more-or-less standard 

commode. At the other end, the toilet 

was a ceramic, flushable hole-in-the

floor. Loudspeakers throughout the cars 

were frequently in use, alternating in

formation or directives with music. 

The roadbeds are well built and 

beautifully maintained. Cross-ties were 

usually of a sophisticated, prestressed 

concrete design. Coupled with the deep, 

clean ballast, these gave the railroad a 

well-manicured appearance. The ride 

compares favorably with any in the 

world--no bumps, sways, or jars to 

interrupt one's sleep . Track gauge is 

1.435 m (4 ft. 8 % in.)--not the same 

as for the connecting Soviet railways. 

Many of the freight trains we passed 

were pulled by steam locomotives, 

some perhaps surplus from America 

many years ago. 

Roads were another matter: there 

were no planned highway networks, 

no private cars, no intercity trucks. 

The rural roads we used were generally 

narrow, two-lane roads surfaced with a 
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thin asphalt layer. They seemed well 

maintained and were heavily used by 

people on foot and on bicycles. Our 

drivers seemed to depend more on the 

horn than the brake, and the trucks 

using the road did the same, without 

any noticeable effect on the foot and 

bike traffic. Someone told me that there 

were a million bicycles in Peking, and I 

can well believe it, for about two million 

of them seemed to be on the streets at 

any one time. 

WATERWAYS 

There is quite a bit of water traffic 

in China--around the coasts, on the rivers, 

and on the Grand Canal, which is being 

remodeled to carry even more . (The 

Canal connects the waterways around 

Peking with Shanghai, and was first 

constructed nearly 1400 years ago. ) 

Much of the water traffic is made up of 

junks and sampans, but China is gearing 

up for foreign trade. Seaports at places 

like Shanghai and Kwang-chow are being 

deepened and modernized for tomorrow's 

traffic. Some of the unloading cranes 

we saw at Kwang-chow were Chinese 

built, and were apparently quite com

parable to those of Europe and the 

United States. It seemed to me that there 

was a need for coordinated planning--the 

kind that should come naturally here in a 

"planned society," but is not common. 

Take, for example, Kwangchow's newly 

dredged port and unloading facilities. 

It should be possible to unload a ship 

there in a matter of hours, but the road 

and rail facilities (one two-lane road, 

one railroad track) would in no way be 

able to cope with cargo coming that fast. 

I imagine that time and experience will 

reveal such problems, and that eventually 

things will achieve a better balance. 

THE SEMINARS 

Our invitation to China was to pre

sent to Chinese engineers a picture of 

modern engineering as practiced in the 

West. We spoke for a day and a half in 

Harbin and for a full three days in Peking. 

Our hearers were engineers from as far 

away as Tibet--mostly highway officials-

who had assembled for the occasion. 

They proved to be a receptive and atten-

tive audience, and the impression was 
that they possessed reasonable under

standing of the material presented. Dur

ing our final meeting in Peking, two 

papers were presented by Chinese about 

road stabilization and frost effects in 

the high western plateaus. 

Since the interpreters had studied 

only English and Chinese in school, and 

not engineering, there may have been a 

lot of points lost in translation. Some of 

our people who knew Chinese assisted 

the translators in getting it right; and 

from time to time the Chinese engineers 

from the audience would seem to help 

the translator select the right word. 

Only a few spoke English well enough 

to converse, however. 

FINALLY 

We may expect to see many more 

delegations traveling to and from China 

in the near future. It is planned for many 

hundreds of Chinese students to attend 

American universities, with a token few 

Americans studying in China. In general, 

the Chinese want to learn from us, and 

will do their best to wring the fullest 

advantage from every exchange. I do not, 

just now, see a reciprocal benefit accruing 

to America except for the national ego 

massage we seem to seek from "doing 

good ." It may prove to be important 

that America become friendly with the 

People~s Republic of China , but if the 

exchanges are mostly to the advantage 

of China, it will seem unfair to the 

Americans; and to the Chinese, the 

Americans will seem patronizing or else 

naive . In neither case will the cause of 

peaceful friendship be well served . It 

will be worth our while to seek ways of 

keeping the advantages equal. 

* * * * 

Eb Rice has been an engineering 

professor at the University of Alaska, 

Fairbanks, since 1952 and has written 

many articles on permafrost and cold 

regions engineering. Dr. Rice is currently 

on sabbatical leave writing on arctic 

engineering topics at CRREL (Cold 

Regions Research and Engineering Lab

oratory) at Hanover, N. H. 
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by Robert H. Gray, Duane A. Neitzel, and Thomas L. Page 

WATER INTAKE STRUCTURES: 
engineering solutions to biological problems 

INTRODUCTION 

Water intake structures for electric 

generating facilities must be equipped 

with bars and screens to exclude floating 

debris and protect internal piping, pumps 

and associated equipment. Although 

filtering large volumes of water is an 

engineering achievement, it presents an 

ecological problem when fish and other 

weakly swimming aquatic organisms are 

taken in (entrained) and become stuck 

(impinged) on intake screens. Addition -

26 

ally, smaller organisms may pass through 

or around screens (screen passage) into 

the intake and eventually be killed. 

Entrainment, impingement, and screen 

passage of aquatic organisms are now 

major concerns at electric generating 

facilities and large irrigation projects 

throughout the United States, and have 

been the subjects of several recent assess

ment workshops (Jensen, 1975; 1977; 

1978) . Impingement and screen passage 

of fish are especially common at intakes 
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on embayments, at sites with long intake 

canals, or where seasonally migratory 

species such as salmon occur. 

The National Environmental Policy 

Act (NEPA) of 1969 requires assessment 

and evaluation of potential impacts from 

all phases of electric generating facility 

operations. With that impetus, in March 

1973, Battelle, Pacific Northwest Lab

oratories began a four-year study of fish 

entrainment, impingemel\lt and screen 

passage at the Hanford Generating Project 

. (HGP) water intake. HGP is owned and 

operated by the Washington Public Power 

Supply System (WPPSS), Richland, Wash

ington. Fish impingement on the HGP 

intake screens had been observed, but had 

not been quantified. Screen passage had 

not been investigated since few people 

believed fish could pass through the mesh 

into the intake. However, in spring 1973, 

when biologists from the Washington 

State Department of Fisheries and from 

our laboratories, and engineers from 

WPPSS descended into the intake behind 

the HGP screens, they observed numerous 

small fish. 

Figure 1. a) Pacific coast of North 

America showing geographical 

distribution of chinook salmon 

(from Scott and Crossman, 

1973); b) Washington State, 

showing Columbia River and 

DOE's Hanford site; and c) 

DOE's Hanford site showing 

HGP and 100-N Reactor loca
tions. 
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Our studies began with the identifi 

cation of a biological problem and the 

numbers and kinds of organisms affected 

(Gray et al., 1975). Subsequent hypoth

eses and experiments (Page et al., 1975) 

involved biologists, engineers, and plant 

operators, and eventually led to an 

engineering solution (Page et al., 1976) 

that satisfied NEPA requirements. 

FACILITY AND INTAKE DESCRIP

TION 

HGP is an 860-megawatt steam elec

tric generating facility. It is adjacent to 

the U. S. Department of Energy's (DOE) 

dual purpose 1 00-N Reactor, which pro

duces both plutonium and heat. Steam 

from the 1 00-N Reactor cooling system is 

piped to HGP to power turbine genera

tors that produce electricity. Both fa

cilities are located on the bank of the 

Columbia River, mile 380, on the DOE 

Hanford Reservation in Southeastern 

Washington (Fig. 1 ). The last free-flowing 

section of the Columbia River above 

Bonneville Dam flows through the 

Hanford reservation. Other parts of the 

river above and below Hanford are 

impounded behind numerous hydroelec

tric dams, forming a consecutive series 

of reservoirs. The Columbia River at 

Hanford is similar in size and current 

velocity to many free-flowing rivers in 

Alaska. 

HGP's pumphouse is a shoreline 

installation extending into the river for 

about 80 h (Fig. 2). The site for the 

intake structure was excavated about 10 

ft below the normal river bottom. Co

lumbia River flows at Hanford are regula

ted at Priest Rapids Dam, 12 miles 

upriver from HGP. The DOE Federal 

Figure 2. HGP intake: a) schematic, b) plain view, c) side view (modified from Gray et al., 1975). 

COLUM BIA 1 
RIVER 

. ·. ·' r , 

TRAVELit-.t SC REEN 
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Figure 3. Screen wash collecting basket 

(from Gray et al. , 1975). 

Energy Regulatory Commission requi res 
that flows over Priest Rapids Dam not 

be less than 36,000 cubic feet per sec· 
ond (cfs). At minimum allowable Colum· 

bia River flows of 36,000 cfs, the water 
in front of the intake is about 20 ft 
deep. Water entering the cooling system 

from the river first passes through coarse 

trash racks, consisting of 5-in . wide by 
%·in . thick vertical steel grates position· 
ed 3% in. apart. A curtain wall behind 

the trash racks extends to within 22 ft 

of the bottom and is 3 to 5 ft below 
the water surface for most of the year . 

The intake has six screen bays, each 

with a row of vertical traveling screens 
that are located about 8 ft behind the 
curtain wall . Each traveling screen con· 

sists of a series of panels, 2 ft high by 

10 ft across, hinged into a continuous 
chain . The screen panels are made of 

stainless steel, originally with %-in . 

mesh . Debris and fish collect on the 

screens and are lifted vertically to the 
top of the intake by rotating the screens. 

Impinged material is washed into a 

trough on top of the intake and returned 

via a sluiceway and 16-in. diameter pipe 

to the river downstream of the facility. 

Behind the traveling screens, the 
intake is divided into two replicate halves. 

Each half has two 141,000 gallons per 
minute (gpm) pumps, which draw water 

through three traveling screens (Fig. 

2b) . Total pumping capacity of the in

take is 564,000 gpm. Design approach 

velocity in front of the screens is less 

than 1 foot per second (fps) . The cal -

Figure 4. HGP intake and discharge showing 6-in. diameter pipe to transport fish to 
holding pool. Inset A shows sluiceway and collection box. Inset B shows 
sampling net attached to 16-in. diameter trash return pipe in river (from 
Pageetal. , 1976). 

HOLDING POOL 

3 
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culated or impinging velocity through the 

screens is 2.36 fps at minimum river 
elevation . However, the river usually 

exceeds minimum allowable flow 
throughout the year, and fish are exposed 
to impinging velocities less than 2.36 
fps. 

STUDY METHODS 

Impingement: 
From 1973 through 1975, we col

lected impinged fish by inserting a 

basket (Fig. 3) lined with 1 /8-in. mesh 
into the traveling screen wash sluiceway. 

Screen wash samples were obtained on 

odd number calendar working days 
throughout most of the year and twice 
daily during the spring. During col
lection, the screens were washed for 20 

min. Our 1976 studies included eval 

uating the success of fish-protective 

measures on the survival of chinook 
salmon (Oncorhy nchus tshawytscha) fry 
produced at Hanford. This required 

continuous screen washing. Since the 

screen wash discharged about 2000 gpm, 

containing up to 4 yd3 of impinged 

material daily, it was impossible to sam

ple this volume of water continuously. 

Because fish impingement rates over a 
24-hr period were not constant, we used 

continual 24-hr sampling of a portion of 

the screen wash rather than spot sampling 
the entire volume. 

Subsamples of impinged fish were 

obtained by diverting about 25% of the 

screen wash discharge through a 6-in. 
diameter PVC pipe to a 4-ft deep, 18-ft 

diameter holding pool located on the 

discharge sealwell (Fig. 4). The PVC pipe 
exited from the sump pit on the intake. 

The pool acted as a sample reservoir, 
and was provided with an overflow and 

lined with a 1 /8-in. net. Debris and fish (' 

were removed from the pool daily by 

raising the net. 

Screen Passage: 
Numbers of fish passing through the 

traveling screens were estimated after 
treating the water inside the intake with 
Fintrol -5®and collecting drugged fish .* 

* Mention of trade name does not imply 
endorsement by Battelle . 
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TABLE 1 

Number and Percent Composition of Fish Collected from 1 /4-in. Traveling Screens 
at HGP from 28 March 1973 through 13 February 1974 (from Gray et al., 1975) 

SALMON IDS 

Oncorhynchus tshawytscha (Walbaum) 

Prosopium williamsoni (Girard) 
0. kisutch (Walbaum) 
0. nerka (Walbaum) 

Total Salmonids 

NON-SALMON IDS 

Gasterosteus aculeatus Linnaeus 
Richardsonius balteatus (Richardson) 

Mylocheilus caurinus (Richardson) 

Cottus asper Richardson 

Catostomus macrocheilus Girard 
Entosphenus tridentatus (Gairdner) 

Alosa sapidissima (Wilson) 

Ptychocheilus oregonensis (Richardson) 

Cottus beldingi Eigenmann & Eigenmann 
Cyprinus carpio Linnaeus 

Perea flavescens (Mitch ill) 

Total Non-Salmonids 

Total Fish Collected 

Fintrol-5 is a specially formulated com

pound that releases an active ingredient 

(antimycin A) in water, where it is ab

sorbed by the gills of fish and interferes 

with their respiration. Drugged fish be

come lethargic and swim to the surface 

where they are easily collected by dipnet. 

RESULTS AND DISCUSSION 

During our initial studies, juvenile 

chinook salmon fry comprised nearly 

60% of all fish impinged on the traveling 

screens (Table 1 ). Although the number 

impinged was small, it could not be con-

chinook salmon 

mountain whitefish 

coho salmon 
sockeye salmon 

threespine stickleback 

redside shiner 
peamouth chub 
prickly sculpin 

largescale sucker 
Pacific lamprey 

American shad 

northern squawfish 
piute sculpin 

carp 

yellow perch 

sidered insignificant, since chinook salm

on are a commercially and recreationally 

important fish species. Fourteen other 

fish species were also collected . However, 

most were represented by only a few 

individuals . It is noteworthy that many 

species in Table 1 are also found in 

Alaskan waters. 

Juvenile chinook salmon fry were 

also the most abundant species collected 

behind the traveling screens (Table 2). 

Because the chinook salmon fry col

lected behind the screens in 1973 were 

suspected of passing through %-in. mesh 

to enter the intake, some of the %-in. 

TABLE 2 

Salmonids and Non-Salmonids Collected Inside the HGP Intake Behind 1 /4-in. 
Traveling Screens from 29 March through 23 July 1973 (from Gray et al., 1975) 

Salmonids 

Total Avg. 
No. (in.) 

March 8 1.5 
April 1436 1.5 
May 1851 1.6 
June 84 1.9 
July 1·20 15 2.4 
July 23 1464 2.6 

Total Collected 4858 
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Fork Length 
Range 
(in.) 

1.4·1.6 
1.3-1.9 
1.3·2.3 
1.3-2.8 
2.1·3.0 
2.1·3 .0 

Non·Salmonids 

Fork Length 
Total Avg. Range 
No. (in .) (in .) 

0 
8 
0 
0 
0 
3 

11 

1.4 

2.9 

1.2·1.6 

1.4·4.6 

Total 

No. 

140 
3 
1 

145 

31 
19 
19 
8 
7 
4 
4 
3 

98 

243 

%of Total 

Fish Collected 

57 .6 
1.2 
0.4 
0.4 

59.7 

12.8 
7.8 
7.8 
3.3 
2.9 
1.6 
1.6 
1.2 
0.4 
0.4 
0.4 

40.3 

mesh was replaced with smaller 1 /8-in. 

mesh. In 1974, we evaluated fish impinge

ment and screen passage with 1/8 and 

%-in. mesh screens, each covering half the 

intake. Our 1974 studies again showed 

chinook salmon were the most vulner

able species. Chinook salmon fry repre

sented 78% of the fish impinged on %-in. 

mesh screens and 91% of the fish im

pinged on 1 /8-in. mesh screens (Table 

3). Total fish impingement was an order 

of magnitude higher on 1 /8-in. mesh 

than on %-in. mesh screens. However, 

impacts of screen passage were still 

greater than screen impingement even 

with 1 /8-in. mesh screens (Table 4). 

During the first few weeks after 

hatching, small juvenile chinook salmon 

fry may pass through 1 /8-in. mesh, but 

as they develop and grow larger, mesh 

this size should prevent their passage. 

The appearance of fish behind 1 /8-in. 

mesh screens throughout the 1974 

outmigration and the size of fish sampled 

behind both size screen openings indicat· 

ed that fish were entering the intake by 

some other route than through the screen 

mesh. There were several possibilities: 

1) Around the screens: Engineering 
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TABLE 3 

lvumber and Percent Composition of Fish Species Collected from 1/4-in. and 1/8-in. Traveling Screens at 
HGP from 14 February through 5 June 1974 (from Gray eta!., 1975) 

1 /4 -in . Screens 1 /8-in . Screens 
% of Total % of Total 

Total Identifiable Total Identifiable 
No . Fish Collected No. Fish Collected 

SALMON IDS 
Oncorhynchus tshawyrscha (Walbaum) 

NON -SALMON IDS 
Gasrerusteus acu/eatus Linnaeus 
Richardsonius balteatus (Richardson) 
GJttus asper Richardson 
Ptychoci eilus oregunensis (Richard son) 
GJttu s bairdi Girard 
Catostomus macrocheilus Girard 
Mylocheilus caurinus Richardson 
l:'nrusphenus rridentatus (Gairdner) 
Cortus beldingi Eigenmann & Eigenmann 
Pen·opsis rransmonrana Eigenmann & 

Eigenmann 
Gmus rhurheus (Smith) 
Cyrpinus Carpio Linnaeus 
Acipenser rransmontanus Richardson 

Total Non -Salmonids 

UNIDENTIFIABLE 

Total Fish Collected 

(a)% of total number of fish collected 

chinook salmon 

threespine stickleback 
redside shiner 
prickly sculpin 
northern squawfish 
mottled sculpin 
largescale sucker 
peamouth chub 
Pacific lamprey 
piute sculpin 

sand roller 
torrent sculpin 
carp 
white sturgeon 

216 

21 
13 

7 
5 
3 
3 
3 
2 
2 

60 

22 
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drawings of the intake showed de

sign openings up to 5 / 16-in. along 

the sides and 1 1/8-in. at the ends 

where the "Z-frame" fits into the 

concrete side of the screen bay 

(Fig. 5). 

the bottom of the screen and intake 

floor. However, inspection by 

SCUBA divers who unsuccessfully 

attempted to insert a 1/8-in. thick 

bar under the screens indicated this 

route of entry was unlikely. 

2) Between the screen frames : The 

screen frames bowed. Openings be

tween the frames varied and in places 

were up to 3/8-in. wide. 

3) Under the screens : A design opening 

of at least 3/8-in. existed between 

It was apparent that chinook salmon 

fry were more susceptible to the opera

tion of the HGP intake than any other 

life stage or species of fish. The likely 

reason for their susceptibility is the 

TABLE 4 

78 .3 

7 .6 
4 .7 
2 .5 
1.8 
1.1 
1.1 
1.1 
0.7 
0 .7 

0.4 

21.7 

7.4(a) 

2398 

85 
32 
24 
46 

6 
14 
12 
12 

4 

239 

47 

2684 

90.9 

3 .2 
1.2 
0 .9 
1.7 
0.2 
0 .5 
0.5 
0 .5 
0.4 

0.2 

9.1 

1.8(a) 

location of the intake in relation to 

chinook salmon spawning areas. 
Adult chinook salmon are highly 

prized for their sport and commercial 

value and are widely distributed along 

the Pacific Coast of North America from 

California to Alaska (Fig. 1a). The 

species is anadromous and its life history 

is well documented (Scott and Crossman, 

1973). Adults enter freshwater and may 

travel several hundred miles upriver to 

reach their spawning grounds in distant 

Summary of Estimated Impacts Due to Impingement and Screen Passage of Chinook Salmon Fry at HGP 
with 1 /4-in and 1 /8-in. Screens during 1973 and 1974 (from Gray eta!., 1975) 

Impingement Passage 
Impact Impact 

% of % of 
Vulnerable Vulnerable 

No_(a) Population (b) No .(c) Population (b) 

1973 1/4-in . screens 600 < He) 
1974 1 /4-i n. screens 1,100 < 1(d) < 1(e) 141 ,800 1 (d) 9(e) 

1 /8-in . screens 14,100 1 (d) 1(e) 120,400 1 (d) 7(e) 

(a) Based on estimates derived from screen wash samples, corrected for impinged fish collected alive and rounded to the nearest hundred . 
(b) Percent of chinook salmon fry estimated to emerge from gravel between HGP and Priest Rapids Dam (Figure 1 ). 
(c) Based on estimates derived from 24-hr intake samples and rounded to the nearest hundred. 
(d) Based on releases of rainbow trout fry. 

Total 
Impact 

% of 
Vulnerable 

No . Population (b) 

142,800 1 (d) 9(e) 

134,500 1 (d) 8(e) 

(e) Based on estimates of number impacted and Washington Department of Fisheries estimates of 0 .24 (1973) and 1 .61 ( 1974) million chinook salmon fry emerging from gravel 
between HGP and Priest Rapids Dam. 
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tributaries. After hatching, juveniles mi

grate seaward, and maturation takes 

place over three to five years in the 

ocean. Columbia River chinook salmon 

are arbitrarily separated into spring, 

summer, and fall runs (races), based 

on the timing of the annual adult up

stream migrations. Most fall chinook 

salmon spawn near HGP from September 

through November. Fertilized eggs are 

deposited in gravel in the river bed. After 

spawning, embryogenesis (development) 

takes place in the gravel from September 

INTAKE WALL 

INS IDE INTAKE 

through March when fry begin to emerge. 5116 IN. 
STATIONARY 

Z-FRAME 
Fall chinook salmon juveniles move sea-

ward during their first year, normally 

with in one or two months after emer-

gence. Downstream movement of chin-

ook salmon emerging from gravel be-

tween HGP and Priest Rapids Dam, about 

12 miles upstream (Fig. 1c), begins in 

March, peaks from April through June, 

and is over by July (Becker, 1970). 

These small fish pass HGP when they 

range from 1.4 to 2.2 in. (Gray et al. , 
1975). Some fall chinook salmon emerg

ing above Priest Rapids Dam pass HGP 

after August (Park, 1969) when they are 

larger. Peak chinook salmon impingement 

at HGP occurred in April and May of 

1973 and 1974 and was limited to fry 

less than 2 in. long. Therefore, based on 

the time of occurrence and fish size, 

those chinook salmon fry impinged at 

HGP must have emerged from gravel 

between HGP and Priest Rapids Dam, 

less than 12 miles upriver. 
The location of the intake in relation 

to the downstream migration route of 

chinook salmon fry also increases their 

susceptibility to HGP intake operations. 

Most juvenile fall chinook salmon fry 

move downstream in the upper 6 to 7 

ft of water along shore (Mains and 

Smith, 1964). Fry moving along the 

intake shore are directly exposed to in

take operations. However, knowledge of 

this information can also be used to 

minimize the problem. 

Prior to sampling in 1975, modifica

tions were made at the HGP intake so 

that all incoming water was passed 

through 1 /8-in. mesh screens. Bitumas

tic paint was used to seal the openings 

between the screen frames, and foam 

rubber was placed between the gaps 

along the sides. Additionally, water 

withdrawal was restricted to the lower 
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FLOW 

Figure 5. Schematic through one intake wall, traveling screen and "Z-frame." Broken 

arrow shows possible fish entry (modified from Gray et al. , 1975). 

one-third of the water column by closing 

the upper portion of the intake with 

stoplogs (Fig. 2c). Since chinook salmon 

fry were surface-oriented, we hypothe

sized that withdrawing water from the 

river bottom would reduce impingement. 

Our 1975 studies showed that stop

log position had no effect on the number 

of chinook salmon fry impinged. How

ever, screen passage was reduced and 

impingement increased by using all 

1 /8-in. mesh screens and by eliminating 

the gaps between and along the screen 

frames. Since most fish that entered the 

intake eventually passed through the HGP 

condensers and were killed, reducing 

screen passage increased fish survival. 

Having exchanged a screen passage 

problem for an impingement problem, 

biologists and engineers took steps in 

late 1975 and 1976 to further modify 

the HGP intake and its operation. Mod

ifications were intended to increase the 

survival of impinged fish, while main

taining the operational requirements of 

the facility at minimal cost. Structural 

and operational changes included instal

ling a fish bucket and low pressure screen 

wash spray, and continuous 24 h r screen 

rotation and washing. The system is 

similar to that in operation at the Surrey 

Power Station on the James River in 

Virginia (White and Brehner, 1977). 

At HGP, impinged fish are lifted to 

the top of the intake alive, removed and 

returned to the river downstream of the 

facility. A steel strap welded to the bot

tom of each screen panel forms a water

filled bucket (Fig. 6) about 0.9 in. deep, 

which collects impinged fish and pro

vides a temporary habitat that keeps 

them alive. The bucket also prevents fish 

from falling off the screens and being 

continually recycled as the screens 

rotate. Fish are removed from the buck

ets at the top of the rotation by a low 

pressure, 15 pounds per square inch 

(psi) spray, which was installed below the 

existing high pr.essure spray (Fig. 6). 

After fish are removed, the high pressure 

spray cleans other impinged material 

from the screens. Fish and other im

pinged material then pass down the 

sluiceway and pipe back to the river 

(Figs. 1 and 4). 

Our experiments showed that the 90 

psi screen wash spray necessary to ade

quately clean debris from screens killed 

27% of the chinook salmon fry immedi-
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ately . Screen wash sprays of 15 psi 

resulted in about 4% mortality of test 

fish . Spray pressures lower than 15 psi 

fail ed to remove all fish from th e buck

ets . Cont inuous screen rotation and 

washing were necessa ry to prevent 

impinged fish from suffocating on the 

screens. 

The effects of various phases of 

screen wash operations and the return 

system were monitored and evaluated. 

Mortalities caused by travel through the 

trash pipe were assessed by releas ing fish 

in the sump pit in front of the trash 

return pipe . The fish were then col

lected in a net attached to the opposite 

end of the p ipe in the river (Fig. 4). 

Tests with rainbow trout (Salmo 
gairdneri) fry and chinook salmon fry 

showed travel through the pipe caused 

no mortalities. 

Mortalities caused by travel through 

the entire screen wash and return system 

were evaluated by placing chinook 

salmon fry in the traveling screen buck

ets. The screens were then rotated and 

the fish were washed from the screens 

and collected in the net at the end of the 

trash-return pipe. Ninety-three percent of 

the fish survived. 

In March and Apri I 1976, 95% of 

the chinook salmon fry collected in the 

holding pool emerged alive after being 

impinged, washed from the HGP traveling 

screens, and passed down the sluice

way and PVC pipe. Live fish were re

tained in baskets in the pool for 96 hrs. 

Only 1% of these fish died . Although the 

fish protection system was designed for 

chinook salmon fry, other fish species 

have benefited and have similar sur
vival rates . 

Figure 6. HGP water intake. Inset A shows high -pressure and low-pressure screen wash 

system at top of traveling screens, and B shows buckets added to traveling 
screens (from Page et al., 1976}_ • 

A 
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CONCLUSIONS 

Reducing the number of fish that 

passed through and around the HGP 

intake screens resulted in a concomitant 

increase in screen impingement. However, 

additional intake modifications allowed 

safe return of most impinged fish to the 

river downstream of the faci I ity. The 

solution was a joint biological and engin

eering accomplishment. 

We demonstrated that existing intake 

facilities can be modified or retrofit 

a posteriori to minimize biological prob

lems . However, there is another more 

economical approach: biologists and 

engineers can begin their dialogue at the 

design stage before construction. This 

approach has also been implemented at 

Hanford (Schreiber et al., 1973) . 

New power facilities, now under 

construction at Hanford, will use an 

intake innovatively designed to consider 

fish behavior, life history and location in 

the river . The newer intakes will be 

torpedo-shaped perforated pipes located 

offshore in deeper water (Fig. 7) away 

from the area where most juvenile chi

nook salmon naturally move downriver. 

The pipe will have 3 /8-in. diameter open

ings spaced to accommodate changing 

hydrodynamic conditions along its 

length . River flow velocity past the pipe 

will be greater than the intake or im

pinging velocity. Thus, intake location 

in relation to juvenile chinook salmon 

migration routes, and river velocity in 

relation to intake velocity, should pre

clude fish impingement and screen pas

sage. 

Although the success of the new in

take design remains to be demonstrated 

at a full-scale operational facility, biolo
gists and engineers demonstrated a new 

level of effort to solve mutual problems 

a priori. That is, they dealt with environ

mental problems at the design stage, 

before construction, rather than after 

operations began and regulatory agencies 

required retrofitting. Only through the 

cooperative efforts of biologists and 

engineers would fish protection and water 

intake operations at HGP and other Han

ford locations be compatible. We hope 

these efforts serve as an example for 

others faced with multidisciplinary prob

lems in an age when technology, water 
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Figure 7. Mid-river perforated pipe water intake designed to eliminate fish impinge
ment and screen passage (derived from Schreiber et al. , 1973). 

resource use and environmental cons id

erations appear in conflict. 
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367-380 In : Jensen, L. D., ed., Third 

National Workshop on Entrainment and 

Impingement: Section 316(b)-Research 

and Compliance. Ecological Analysts, 
Inc., Melville, N. Y. 425 pp. 

* * * * 

Dr. Robert H. Gray (Associate 

Manager), Duane A. Neitzel (Technical 

Specialist), and Dr . Thomas L. Page 

(Manager), are in the Freshwater Sciences 

Section, Ecosystems Department of 
Battelle, Pacific Northwest Laboratories, 

Richland, Washington. They have exten

sive experience in assessing effects of 

power generating facilities (such as 
nuclear, fossil fuel, and hydroelectric) 

on aquatic systems. The authors have 
recently completed a five-year field 
assessment of the effects of the Hanford 

Generating Project cooling water intake 
structure on the Columbia River. The 

assessment included evaluating changes in 
engineering design and operating pro

cedures to m1mm1ze biological loss. 

Dr. Gray has authored more than 35 
journal, symposium, and book articles 

and over 25 technical reports. 
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PUBLICATIONS 

Eastern Offshore News, the publica

tion of the Eastcoast Petroleum Opera

tors' Association, printed Volume 1, 

Number 1, in February 1979. (The 

"eastcoast" here refers to that of Canada, 

from Devon Island to Nova Scotia) . 

According to that issue, the 18 member 

companies in EPOA banded together 

"to undertake certain types of research, 

mainly of an envi ronmental or operation

al nature;" the newsletter describes itself 

as a "modest attempt" to inform people, 

especially those living near their zone of 

interest, of Association member com

panies' plans and operations. The first 

issue of the modest attempt actually 

looks quite ambitious, containing a re

view of EPOA plans for 1979, a brief 

illustrated article on different types of 

offshore drilling rigs, a discussion of 

secrecy in petroleum exploration and 

operations, and a I ist of the 13 joint 

research projects undertaken by EPOA 

to date. Future issues will appear several 

times per year according to the amount 

of Association activity . To join their 

mailing list, write the Eastcoast Petrole
um Operators' Association, cjo Esso 
Resources Canada Ltd, 500 - Sixth 
Avenue S. W., Calgary , Alberta T2P 
OS1 , Canada. 

* * * * 

The Environmental Atlas of Alaska, 

by Charles Hartman and Phil Johnson, is 

at last available in its expanded and re

vised second edition. The Atlas presents 

a physical description of Alaska, Alaskan 

waters, light, climate, and engineering 

information on 95 pages of text and 

plates, many in color . Price of this 

edition is $16, plus $1.75 postage and 

handling. It is available from the Insti
tute of Water Resources, University of 
Alaska, Fairbanks, AK 99701. 

* * * * 

With the publication of Number 18, 
July 1977, the journal "Frost i Jord" 

(Frost Action in Soils) became a product 

of the l'lorwegian Committee on Perma

frost. Editorial policy will give par

ticular attention to articles relating to 

permafrost, but the publication is still 
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intended to cover the complete subject 

of frost action in soils. For would-be 

contributors or readers, familiarity with 

Scandinavian languages would be helpful 

but is not imperative: three of the five 

articles in the current issue are in English, 

although earlier numbers sometimes had 

a higher proportion of articles in Nor

wegian and Swedish . Back issues are still 

available. For information, write to the 

Norwegian Committee on Permafrost, 
Gaustadalleen 25, Oslo 3, Norway . 

* * * * 

In TN£ Vol. 9, No. 3, we noted the 

arrival of the new journal, Cold Regions 

Science and Technology. We have a little 

more information now to pass along : 

the journal will appear quarterly; the 

13-member editorial board represents 

ten nations with polar interests and a 

broad range of disciplines; the annual 

subscription rate will be Dfl. 155 in-

~ eluding postage (at press time, that is 

about US $76, but the Dutch price is the 

fixed one) ; and the first number is ex

pected to appear by the end of May 

1979. Manuscripts should be submitted 

to the Editor, Dr. Malcolm Mellor (Cold 
R egions R esearch and Engineering Lab
oratory, Hanover, NH 03744, USA.) 
but for author's instructions and sub

scriptions, write to the publisher: Else
vier Scientific Publishing Company , P. 0. 
Box 211, 1000 AE Amsterdam, Th e 
Netherlands. 

* * * * 

Sediment Transport in the Tanana 

River in the Vicinity of Fairbanks, 

Alaska, 1977, is a recent report from 

the U. S. Geological Survey. It presents 

selected river, hydraulic and sediment 

transport data from the principal run

off period of 1977 through tables and 

graphs ; the majority of the text is de

voted to explaining the tables and graphs. 

Authors of the report, which stems from 

a study requested by the U. S . Army 

Corps of Engineers, are William W. 

Emmett, Robert L. Burrows, and Bruce 

Parks. Duplicated copies are available 

from the Survey at Room 316, Skyline 
Building, 218 E Street, Anchorage, 
Alaska 99501 . 

* * * * 

The Alaska Division of Parks in co

operation with the University of Alaska 

Museum has published Alaska Mining 

History, A Source Document, by Vir

ginia Doyle Heiner. The publication 

contains an annotated bibliography on 

Alaska mining as well as information on 

the State's mining communities . The 

publication grew out of Heiner's back

ground research for the museum's C. J . 

Berry Gold Room exhibit . The title is 

exact; the volume is truly a detailed 

source document, not another colorful 

set of hardrock Sourdough anecdotes. 

It can be obtained from the University 
of Alaska Museum, Fairbanks, Alaska 
99701 for $6.50 a copy. 

NOTED 

Should you be trekking through 

Alaska's bush in the course of engineering 

pursuits and come across a downed plane, 

no matter how old, tell the Air Force 

Rescue Coordination Center at Elmen

dorf AFB in Anchorage. The Bureau of 

Land Management knows there are about 

1400 wrecked aircraft strewn about 

Alaska's terrain, but they haven't plotted 

the location of all of them. Some military 

craft may still have unexploded ordnance 

aboard, so you are advised to approach-

if at all--with caution. Some of the air

craft may also be salvaged by their find

ers, but the agency responsible for the 

land on which the wreck lies will have to 

help with the legal complications before 

it can be "finders, keepers." 

* * * * 

TN£ received a page from an un

known journal recently, headlined "En

gineering Research," subtitled "Army." 

We quote one item in full: 

"Dog boots were in development, 

as an aid to transportation in the Arctic. 

Dog sleds could be needed for recovery 

of personnel and equipment under 

extremely cold conditions. Tests were 

conducted in 1975-76 at Mt. McKinley 

National Park. Medication for injured 

dog feet would be provided in mitten 

type boots." The state-of-the-art marches 
on--even on little dog feet. 
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