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FOREWORD 

This second phase o f  t he  Alaska Regional Energy Resources Planning Pro jec t  

represents an in-depth look a t  the  Beluga Coal D i s t r i c t ,  hyd roe lec t r i c  

development and the  appl i c a b i l  i ty o f  a1 t e r n a t i v e  energy sys tems. Speci f  i- 

c a l l y ,  t h i s  phase of t he  p r o j e c t  w i l l  deal w i t h  the  poss ib le  development 

o f  the  Beluga Coal F ie lds,  t he  cons t ruc t i on  and operat ion o f  hyd roe lec t r i c  . 

f a c i l i t i e s  i n  Alaska as we1 1 as various a1 t e r n a t i v e  small scale energy 

systems such as geothermal, wind, f u e l  c e l  I s ,  small hyd roe lec t r i c  

f a c i l  i t i e s  and thermal appl i c a t i o n  o f  energy conversion. 

Since the  beginning o f  t h i s  p r o j e c t  i n  1977, many important  developments . 

have occur red.  i n  the  f i e l ' d  o f  energy. The impact o f  the  passage . o f  the  

Clean A i r  Act amendments has y e t  t o  be f e l t ,  and changes i n  o f f sho re  

federa l  lease sa le  schedules have y e t  t o  make a f i n a l  impact w i t h i n  the  

economy o f  e i t h e r  Alaska o r  the con t inen ta l  . Uni ted States. I n  add i t ion ,  

t he re  i s  s t i l l  considerable debate as t o  the  d i s p o s i t i o n  o f  the  o i l  from 

the Trans-Alaska P i p e l i n e  System (TAPS) as we l l  as the l i k e l i h o o d  o f  a 

Trans-A1 as ka *'or Trans-Canada natura l  gas p i  pel i ne. Therefore, t he  reader 

must recognize t h a t  in format ion  and data concerning Alaska's resources, 

operat ions and issues are cont inual  l y  being supplemented and modi f ied by 

change$ i n  regu la t ions ,  techno1 ogy, economic fa.ctors a n d  resource 

a v a i l a b i l i t y .  

Since t h i s  r e p o r t  i s  based t o  a g rea t  ex ten t  upon s c i e n t i f i c ' ,  geological  

and engineering work done by others, t he '  reader i s  urged t o  ob ta in  t h e  

o r i g i n a l  documentation f o r  grea.ter d e t a i l  . Th is  rep0'r.t does n o t  attempt 

t o  es tab l  i sh S'tate, Federal o r  Nat ive  corpora t ion  pol i c i e s .  Th is  r e p o r t  
does prov ide in fo rmat ion  which w i l l  a s s i s t  p o l i c y  makers i n  making 

informed decis ions.  

x i v  
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CHAPTER 12 

ALTERNATIVE ENE.RGY SYSTEMS 

INTRODUCTION . ..-. 
. .  ...- , . . 

.. . 

Alaska ii a reg ion r i i h  i n  energy resources. The m a j o r i t y  o f  t he  de- 

veloped p o r t i o n  o f  these resources are  being exported i n  the  f o r k  o f .  . . 

petroleum. ' S t i l l ,  Alaskans have t h e  h ighest  r a t e  o f  energy consumption i n  

the nat ion,  o f t e n  import ing h igh  c o s t  petroleum products t o  meet t h i s  

demand. 

Th is  vol ume examines the  h i s t o r i c a l  background, cu r ren t  technol og i ca l  

'status, environmental impact, appl i c a b i l  i ty t o  Alaska and s i t i n g  con- 

s ide ra t i ons  f o r  a number o f  a l t e r n a t i v e  systems. A l l  o f  t he  systems 

considered use o r  could use renewable energy resources. While most o f  

these resources have been used i n  some manner f o r  centur ies,  they are  once 

, again rece iv ing  considerable a t t e n t i o n  due t o  d imin ish ing f o s s i l  f u e l  

reserves and technol og i ca l  advances. 

I t  i s  c l e a r  t h a t  a1 t e r n a t i v e  energy technol ogies should be adopted t o  

' conserve and replace our dwind l ing  petroleum and na tu ra l  gas resources. 

An e a r l y  move t o  conservat ion and renewable energy resources i s  encouraged 

by the general ly  more ben ign envi  ronmental impacts i nvol ved .. 

Unfor tunate ly ,  the t r a n s i  t i o n  from t r a d i  t i o n a l  energy sources i s  o f t e n  

discouraged by economic f a c t o r s  o r  l ack  o f  experience w i t h  emerging 

technol ogies. However, both ' o f  t hese  r e s t r a i n t s  are  becoming less  . ' 

imposing obstacles and requ i re  constant  re-evaluat ion.  t o  determine the  . . 

p rop i t ious '  moment t o  s h i f t  t o  a, newer technol ogy. 

. . 

That the  Sta te  i s  concerned aboyt i t s  long-term energy f u t u r e  is . .  evidenced - . 
. - 

$ . .. , .... 

by involvement i n .  a c t i v i t i e s  such as the  wind power p r o j e c t  i n  Nelson , 

Lagoon and the  geothermal p r o j e c t  a t  P i l g r i m  Hot Springs. Alaska's 

r e l a t i v e  l ack  o f  development 'may be an asset  i n  the sense t h a t  l ess  

economic d i s r u p t i o n  w i l l  occur when changes i n  energy systems take place. 



. . -  

Future development can u t i l  i z e  up-to-date sys tems instead o f  being forced 

t o  bear the expense o f  conversion o r  rep'lacement o f  e x i s t i n g  systems t o  

meet new cond i t ions .  

Systems app l icab le  t o  both l a r g e  and small communities are  discussed. - 

However, i n c l u s i o n  i n  t h i s  study does no t  necessar i l y  imply t h a t  techno- 

l o g i c a l  and economic cond i t ions  are  appropr ia te  f o r  t he  implementation o f  

a described system a t  a p a r t i c u l a r  s i t e .  Nor does t h i s  volume attempt t o  

i nc lude  a l l e  Alaskan energy a l t e r n a t i v e s ;  s o l a r  i s  an obvious source o f  - 

energy which i s  n o t  w i t h i n  the  ,scope o f  the study. 





. . 

CHAPTER 13 

VERY SMALL HYDROPOWER 

INTRODUCTION 

The purpose o f  t h i s  chapter  i s  t o  address the  p o t e n t i a l  of small hydro- 

e l e c t r i c  u n i t s  f o r  use i n  the r u r a l  and remote v i l l .ages o f  Alaska. It is'. 

poss ib le  t h a t  a number o f  canmunit ies and v i l l a g e s  hav.e small streams i n  

nearby h i l l y  t e r r a i n  which w i l l  g i ve  an adequate head t o  permi t  economical ' 

. . 

energy recovery. 

Th i s  sec t i on  on small h y d r o e l e c t r i c  p o t e n t i a l  i s  l i m i  ted t o  combinations 

o f  f l ow  and head t h a t  w i l l  g i ve  e l e c t r i c a l  energy product ion o f  about 12 

Kw o r  less.  Th is  inc ludes both h igh  and low head ( g r e a t e r  o r  l e s s  than 45 

meters) appl i c a t i o n s .  Other hydropower techriol ogies are  addressed i n  

Hyd roe lec t r i c  Development volume o f  t h i s  r e p o r t  and a1 so Phase I, o f  the  

p r o j e c t .  

I n t e r e s t  i n  small h y d r o e l e c t r i c  technology i n  Alaska i s  s t r o n g  as @ i -  

denced by l a r g e  attendance a t  i n d u s t r i a l  seminars on the sub jec t  he ld  

throughout the s t a t e  'under the sponsorship ' o f  t he  D i v i s i o n  o f  Energy & 

Power Devel opment . 

HISTORY . . 

Small scale h y d r o e l e c t r i c  generat ion has been impor tan t  t o  AJaskans s ince  

the  e a r l y  years o f  the twen t ie th  century.  Many.resource e x p l o i t a t i o n  and 

development a c t i v i t i e s  were a l ready  u t i l i z i n g .  the  f l o w  o f  water from 
. :  

streams, spr.ings, w a t e r f a l l s  and r i v e r s  t o  produce mechanical power. As 

e l e c t r i c a l  generat ion techno1 ogy made i t  f e a s i b l e  and the  equipment became 
0 

ava i lab le ,  canponents , t o .  produce e l e c t r i c i t y  were added t o  the  e x i s t i n g  

energy product ion  systems. ' ' 

Water power can be captured, as the  water f a l l s  from one l e v e l  t o  another 

l eve l .  The f l ow  can be channeled and d i r e c t e d  through gu l leys ,  aqueducts 

o r  pipes. Pressure can be a1 te red  and increased through funnel l i n g  o r  
d i v e r t i n g  the rushing water I n t o '  p ipes o r  tubqs o f  decreasing. diameters. 

. t 



I t  can be t ransported over long distances. The fo rce  o f  the wa te r '  

streaming from the open end can then be used d i r e c t l y  i n  h igh  pressure 

hyd rau l i c  app l i ca t i ons  o r  the  f low can be d i rec ted  onto a paddle .wheel 

which produces mechanical power by r a p i d l y  spinning on i t s  ax i s  ' ( s o i t i s ,  

UD) . 

Growth o f  the Alaskan i n d u s t r i e s  which began i n  the  l a t e  18801s was 
. . > .. 

dependent o n  the  a v a i l a b i l i t y  o f  water and the energy t h a t  c o u l d  be 
. , 

developed by harnessing the  f l ow  o f  the water. This was t r u e  f o r  the i b l d  

mines a t  Douglas and Juneau, the copper mines on the  slopes o f  t he  

Wrangel l s ,  and especia l  l y  f o r  the  p lace r  mining d i s t r i c t s  i n  the  i n t e r i o r  

regions;  water power was essen t ia l  f o r  t h e  expanding f i s h  processing and 

canning p lan ts ;  and, the  logg ing companies and sawmill operators r e l i e d  on 

t h e  energy from water t o  prov ide  power f o r  m i l l s  and equipment (U.S. Dept. 

o f  I n t e r i o r ,  1952). 

The use o f  h y d r o e l e c t r i c  power came i n  tandem w i t h  the use o f  .water t o  

produce mechanical power. While the  f i r s t  Alaskan go ld  product ion was 

beginning a t  Sumdum and windham Bay, between Juneau and Petersburg, i n  

1870, A l l e n  Pel ton was changing the  design o f  the f l a t  paddle wheels, 

c a l l e d  "hurdy-gurdies", t o  increase t h e i r  e f f i c i ency .  He designed a. 

double cup t o  replace the  paddle f o r  each o f  the  spokes on the  wheel. The 

c a v i t i e s  i n  the double cups keep the stream o f  water from s p l a t t e r r i n g  as 

i t  s t r i k e s  the surface, thereby cap tu r ing  more o f  the k i n e t i c  energy from 

the  high-vel o c i  ty water stream. Greater r o t a t i o n  speeds were obtained 

which a1 1 owed mechanical systems t o  be combined w i t h  e l e c t r i c a l  generat ion 

equipment (L indsley,  1977). 

Pel ton wheels were s i g n i f i c a n t l y  changed and improved over  the years of 

p r a c t i c a l  app l ica t ions ,  b u t  the i n i t i a l  cupping of the. paddle was the  . . 
major design advance fo r  t h i s  equipment. The Pel t o n  wheel i s  a f r e e  

jet - impulse type o f  water tu rb ine  no'rmally used on h igh  operat ing heads 
I. 

( v e r t i c a l  f a l l ) .  The G i l  kes & Gordon, Ltd. brochure on Pel ton wheels 
I .  

s ta tes  t h a t  a t  present t j l e re  is:-no p r a c t i c a l  l i m i t  t o  the  maximum head f o r  . 

which a Pel ton  Wheel can be designed. 



As the  scale o f  e a r l y  Alaskan business ventures increased, so d i d  the  

demand f o r  power. It .was n o t  uncommon f o r  min ing operat ions t o  produce 

power t h a t  was i n  excess o f  t h e i r  opera t iona l  needs. Of ten t h i s  surp lus 

was so ld  t o  adjacent communities. I n  1924, Joseph Dort, a h y d r o e l e c t r i c  

engineer, repor ted t h a t  i n  Southeastern Alaska, 

a l a r g e  number o f  small water-power p r o j e c t s  have a1 so been developed 
f o r  use i n  operat ion o f  mines,. salmon canneries, sawmills, etc. ,  most 
of which a re  f o r  mechanical. power only ,  though a t  many p l a n t s  a small 
generator i s  i n s t a l l e d  f o r  e l e c t r i c  l i g h t s ,  (U.S. Power Commission, ' 

1924). 

The survey t h a t  D o r t  compiled l i s t e d  p o t e n t i a l  s i t e s  and a n .  inventory  . . o f  
major a p p l i c a t i o n s  o f  water .power t h a t  ex i s ted  i n  1924. The f o l l o w i n g  

e x t r a c t s  fr-m h i s  r e p o r t  g i ve  an example o f  the ex ten t  o f  the  water 

d i v e r s i o n  systems and the  techn ica l  s p e c i f i c a t i o n s  f o r  a very smal'l 

h y d r o e l e c t r i c  generat ion system: 

ALASKA TREADWELL GOLD MINING CO. 

The Treadwell group o f  mines on the  eastern s ide  o f  Douglas I s l a n d  
a long the shore of Gastineau Channel were operated by the Alaska 
Treadwell Gold Min ing Co., these mines, as we l l  as those o f  the  
Alaska Juneau Go1 d Mining Co., being con t ro l  l e d  by i d e n t i c a l  i n t e r -  
es ts .  I n  connect ion w i t h  the opera t ion  o f  i t s  mines, the  former 
c h p a n y  has developed considerable mechanical water power on Douglas 
Is land,  and has h y d r o e l e c t r i c  p lan ts  a t  Nugget and Sheep Creeks on 
the  mainland, r e s p e c t i v e l y  n o r t h  and south o f  Juneau. The mines on 
Douglas I s l a n d  gave o u t  about 1921 and the  h y d r o e l e c t r i c  power i s  now 
being used by the Alaska Juneau Gold Min ing Co. a t  i t s  m i l l  l oca ted  
a t  the south end o r  the Luwn u f  Juneau. 

The f i r s t  wa ter-power ' development o f  t h e  Treadwell group was b u i l t  
du r i ng  1882 on Douglas I s l a n d  and has been extended and improved frh 
t ime t o  t ime t o  meet the increas ing  demand f o r  .power. There a r e ' t w o  
storage rese rvo i r s  on , the is land,  Lake Cropley a t  the head o f  F i sh  
Creek, a t  i t s  nor thwester ly  end, and the  Ready B u l l i o n  r e s e r v o i r  on 
B u l l i o n  Creek, d i r e c t l y  back o f  the  mi.ne, about 2 m i l es  from 
Gastineau Channel . Water i s  .brought from Lake Cropley through :.a, 
covered d i t c h  5 f e e t  wide by  2 1/2 f e e t  deep and about 12 m i les  10,rig' 
and de l i ve red  a t  an e l e v a t i o n  o f  570 f e e t  i n t o  pressure p ipes t h a t '  
convey i t  t o  the water wheels a t  the var ious m i l l s .  Water f rh 
B u l l i o n  Creek i s  d i ve r ted  d i r e c t l y  i n t o  a p ipe l i n e  f o r  use a t  t h e '  
m i l l s .  A t o t a l  . o f  about 4,000 mechanical horsepower has been 
developed on Douglas Is land,  bu t  i s  n o t  being used a t  the  present  
time, a l l  o f  the  mines having been closed down. The e n t i r e  
water-power system i s , ' b e i n g .  maintained i n  good cond i t i on ,  .however. . .  ' . 



SHEEP CREEK PLANT 

Location.--This p l a n t  i s  located a t  the  mouth o f  Sheep Creek, about 4 
m i les  southeast o f  Juneau, on the  shore of Gastineau Channel, and it: 

. inc ludes one 300-horsepower u n i t  which fu rn ishes power t o  the  Alaska 
. Gastineau Mining Co., t he  remainder o f  the  generated power being used 

by t h e  Alaska Juneau Gold Mining Co. There are  no storage rese rvo i r s  
on the  creek, and occas iona l ly  the w in te r  f l ow  i s  so low t h a t  t h e  
p l a n t  i s  no t  able even t o  generate the  300 horsepower due the mining 
company. 

Conduit.--There i s  a l o g - c r i b  d i v e r s i o n  dam a t  an e leva t ion  o f  600 
feet ,  w i th  a 3 by ' 4  f o o t  t imber flume, 2,486 f e e t  long, on a 0.4 
percent  grade, ca r ry ing  the  water t o  a r i v e t e d  s tee l  penstock 36 t o  
32 inches i n  diameter, and 2,687 f e e t  i n  length. The p l a n t  operates 
under a s t a t i c  head o f  600 f e e t .  

Power house. --The b u i l  d i  ng i s  a t imber-frame s t r u c t u r e  w i  t h  concrete 
foundations and f l o o r  and covered w i t h  corrugated i ron,  th ree 
hyd roe lec t r i c  u n i t s  being i n s t a l  l ed .  Each se t  o f  two o f  these u n i t s  
inc ludes one 1,900-horsepower Pel ton  impul se wheel w i t h  two nozzles, 
operat ing a t  400 rev01 u t i o n s  per  minute and cont ro l  l e d  by a Pel t o n  
type 0-1 governor, d i r e c t  connected t o  one 1,000-kilowatt, 85 percent 
power factor ,  3-phase, 60-cycle, 2,300-volt General E l e c t r i c  
generator. There are two sets of exc i te rs ,  each se t  i nc lud ing  one 
25- k i  1 owa tt, 125-vol t, 1,200-rev01 ut ions-per-minute General E l e c t r i c  
genera tor, d i  r e c t  connected t o  a 35-horsepower, 2,300-vol t, 
1,200-revolutions-per-minute General E l e c t r i c  motor and d i r e c t  
connected t o  a Pel ton water wheel. The t h i r d  u n i t  includes a 
225-ki lowat t ,  a t  90 percent  power fac to r ,  Westinghouse generator, 
operat ing a t  3 phase, 60 cycle, 2,300 vo l t s ,  and 400 revo lu t i ons  per  
minute, se t  between two water wheels, one o f  which ' i s  a 
300-horsepower Pel ton-Double wheel opera t ing  under a 600-foot head, 
wh i l e  the  o the r  i s  a s i m i l a r  wheel opera t ing  under a 270-foot head, 
both being c o n t r o l  l ed  by one 0-1 Pel t o n  governor (U.S. Federal Power 
Commission, 1924). 

Though research on small hydro use has n o t  been completed, evidence 

ind i ca tes  t h a t  . lmpul se tu rb ines  were used i n  m,ining opera t i  ons throughout 

the  State. Large Pe l ton  wheels were seen a t  some . o f  the operat ions areas 
.' , i n  t h e  Valdez Creek Mining D i s t r i c t  by John Beck, an archaeo log is t  f o r  t h e  

BLM. 



Power generat ion and t ransmiss ion equipment became i n c r e a s i n g l y  s o p h i s t i -  

cated and i n s t a l l a t i o n s  became capable o f  p rov id ing  l a r g e r  and l a r g e r  

q u a n t i t i e s  o f  e l e c t r i c i t y  t o  the consumers. Hyd roe lec t r i c  dams : o f  

megawatt product ion were constructed. Munic ipal  i t i e s  i n s t a l  l e d  d iese l  j 
coal o r  gas f i r e d  turb ines.  Very small h y d r o e l e c t r i c  generat ion systems 

moved away from the c i t i e s  and urban i n d u s t r i a l  a p p l i c a t i o n s  and i ,n to 

remote areas n o t  served b y . u t i l i t y  e l e c t r i c i t y  se rv i ce  gr ids .  
. - 

However, i n  many i s o l a t e d  areas, water i s  n o t  a v a i l a b l e  when power ' i s  

needed. The l ack  o f  a v a i l a b i l i t y  l i m i t e d  the  a p p l i c a t i o n  o f  small hydro- 

e l e c t r i c  systems. As equipment became a v a i l a b l e  f o r  v i l  lages and remote 

communities, d iese l  generators became the  most common source o f  electr i .ca1. 

product ion. . . 

Changing times have brought  Alaskans back t o  t h i s  i n i t i a l  source o f  power. 

Many energy resources a re  no longer considered as r e l i a b l e ,  economic o r  

safe, as they once were. Water power i s  again rece i v ing  a t t e n t i o n  from 
I 

engineers and consumers, and consequently a market i s  developing f o r  very  

smal l  h y d r o e l e c t r i c  systems. A1 though the  A r c t i c  and Northwest Regions 

and p a r t s  o f  t he  ~ n t e r i o r  Region would s t i l l  have very  l i m i t e d  areas and 

t ime per iods f o r  use, the t o t a l  annual run o f f  o f  Alaskan streams i s  

est imated t o  be about 300 m i l l i o n  acre- fee t  (U.S. Dept. o f  I n t e r i o r ,  

1967). People i n  many p a r t s  o f  Alaska, e s p e c i a l l y  i n  the  Southcentral  and 

Southeast regions, cou ld  e f f e c t i v e l y  u t i l i z e  small water power equipment 

most o f  each year .  

The new equipment inc ludes '  changes i n  impulse wheel design such as the. 

more e f f i c i e n t  Pe l ton  wheels which use water 's  v e l o c i t y ;  r e a c t i o n  t u r b i n e s  

f o r  low head a p p l i c a t i o n s  where the mass o f  the  water provides the  power; 

improved e l e c t r i c i  ty storage through small a1 te rna to rs ,  deep-di scharge - ' 

. ba t te r ies ,  sol i d - s  t a t e  i nve r te rs ,  and Gemini power conversion u n i t s  t o  

change DC t o  AC as we l l  as improved t ransmiss ion hardware. A t  r e c r e a t i o n ,  

s i t e s  and remote cabins these'systems a re  used t o  p rov ide  smal l  q u a n t i t i e s  

of e l e c t r i c i t y  f o r  l i g h t i n g  'and radios.  Some systems a re  capable .05f 

p rov id ing  enough e l e c t r i c i t y .  f o r  a spectrum ~f uses. In some areas . t he  . , 

new small tu rb ines  ' have even been used t o  provdde mechanical power, as i n  



t he  e a r l y  u t i l i z a t i o n  of water. Th is  t ime water i s  used t o  d i r e c t l y  run  

r e f r i g e r a t i o n  compressors o r  d r i v e  pumps and machinery (L indsley,  1977). 

I n  Alaska, Independent Power Developers (IPD) has a c t i v e l y  promoted' the- 

use o f  very small hydro e l e c t r i c a l  power u n i t s  up t o  20 Kw i n  s ize.  Wh.ile 

the  president ,  Wil. l iam H i  Delp, 11, has so ld  about 40 u n i t s  i n  the  3 t o  18' 

Kw range throughout t h e  world, t o  date none a re  i n  opera.tion i n  Alaska 

 e el p, 1978). However, there  i s  a very st rong i n t e r e s t  i n  these u n i t s  

throughout the  s ta te .  

. . 
' . .  

Alaska Wind and Water Power (AWWP) o f  Chugiak, Alaska has so ld  Pel t on  

wheels t o  Alaskan  customer;^. Also, AWWP engages in .  small hydro engin-' 

eer ing  serv ices a s '  we1 1 as d i s t r i b u t i o n  o f .  small hydro canponen'ts. 

Francis Sol t i s ,  owner o f  AWWP, w i l l  work w i t h  Alaskan customers both on a 

t o t a l  system o r  p a r t  o f  a , small hyd roe lec t r i c  system (Sol t i s ,  1978). 

Independent Power Devel opers (IPD) uses a techno log ica l  approach used* i n  

wind e l e c t r i c  systems. Rather than generate 60 c y c l e  A.C. c u r r e n t  

d i r e c t l y ,  the systems f i r s t  produce D.C. e l e c t r i c i t y .  The D.C. power i s  

s tored i n  a b a t t e r y  bank (F igure  13-1). When power demand exceeds t h e  

generator output,  power i s  drawn from the  b a t t e r y  bank. When power demand 

f a l l s  below generator  output, the  excess power i s  used t o  charge the  

b a t t e r i e s .  As power i s  requ i red  i t  i s  passed through an i n v e r t e r  which 

t r a n s l a t e s  the D.C. c u r r e n t  i n t o  steady s t a t e  60 cyc le  115 V o l t  A.C. 

c u r r e n t  used by most e l e c t r i c a l  appliances and motors. This type o f  

system does n o t  r e q u i r e  a dam and i s  capable o f  us ing most o f  the  power 

produced. Also, the system does not need t o  be oversized t o  meet peak 

power demands s ince t h e  e l e c t r i c a l  energy can be stored. 

A l l  IPD h y d r o e l e c t r i c  power systems are  designed t o  be owner i n s t a l l e d  and 

maintained. Since no dam i s  required, s i t e  prepara t ion  i s  reduced t o  

prepar ing a simple i n l e t  arrangement, i n s t a l l i n g  the  i n l e t  and o u t l e t  p ipe  
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and constructing a small enclosure t o  house the power plant. Hydraulic 
and e lec t r i ca l  connections are standard and have been kept t o  a minimum t o  

insure ease o f  ins ta l la t ion .  These power plants are rugged and durable 

according t o  the vendor. 
I 

The systems come i n  high head* and low head** model s. Both the high and 
low head models are grouped according t o  the fol lowing maximum output 
classes: peaking output, 3Kw, 6Kw, 9Kw, 12Kw; continuous output, 300W, 
700W, 1700W, 8500W; and monthly power output, 200 Kwh/Mo, 500 Kwh/Mo, 1200 
Khw/Mo, 6000 Kwh/Mo. The systems include turbine, generator, batteries, 
inver ter  and a l l  intersystem e lec t r i ca l  hookups (Figure 1312). 

Turbine 

The high head turbines are 4 '  Pel ton type impulse turbines capable o f  80% 

ef f i c iency  which would produce a maximum o f  3hp a t  3500 rpn given the 
optimum hydraulic conditions. The un i t s  have been designed t o  give .the 

maximum amount o f  use wi th  a minimum amount o f  wear. The wearing parts 
are reduced t o  a minimum: the nozzle, which i s  made from stainless steel; 
and the runner or  wheel which i s  cast aluminum, coated wi th  epoxy t o  
minimize wear from impact. This design insures minimum maintenance wi th  
increased re1 i a b i l  i ty  and udi  t 1 i f e .  The housings are corrosion-resistant 
cast aluminum and a l l  hydraulic f i t t i n g s  are standard pipe thread 
coup1 ings f o r  easy water hook-up. 

Generator 

The DC generators are 12, 32, and 48 vol t, 70 amp low maintenance brush- 

less type. These u n i t s  are b u i l t  w i th  sol i d  steel casings and heavy duty 

permanently sealed r o l  l e r  and b a l l  bearing construction. This insures a 
long service l i f e  as does the b u i l t - i n  so l i d  s tate voltage regulator. 

* Vert ical  distance head i s  60 ft. minimum 
** Vert ical  distance head i s  5 ft. t o  60 ft. 

13-8 
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These generators have been extensively tested and have proven t o  be 

e f f i c i e n t  i n  mechanical t o  e lec t r i ca l  energy conversion and w i l l  maintain 
t h i s  e f f i c iency  under wide envi rormental and temperature ranges. 

Battery Bank 

The battery bank consists o f  2, 6, o r  8 batter ies,  depending on voltage 

system, per 3 Kw of peak system output. By stor ing excess e lec t r i ca l  
energy produced by the generator i n  these batteries, each bank can produce 

up t o  3 Kw i n  e lec t r i ca l  energy t o  cover peaking loads. These bat ter ies 
are o f  the high amp-hour, deep cycle type and w i l l  withstand repeated 

discharging and recharging with an output e f f i c iency  o f  75% and an 

expected l i f e  o f  15 years. 

Inver ter  

The inver te r  converts the 12, 32, o r  48 v o l t  D.C. from the generator 

and/or 'battery bank i n t o  60 cycle (hz.) plus or  minus 1/10, 115/230 v o l t  
AX. ,  s ingle o r  3-phase power. It does t h i s  w i th  a 95% e f f i c iency  while 

regulat ing the voltage t o  plus o r  minus 10%. Each u n i t  w i l l  provide a 
maximum o f  3 Kw o f  power. Canplete input metering i s  provided (vol t s  and 

amps) f o r  the generator as well as complete output metering (vo l ts  and 
amps) t o  allow an easy check o f  system performance a t  any time. The u n i t  
i s  o f  so l i d  s tate construction which requires a low i d l e  current which 
allows the system t o  remain on a t  a1 1 times. This eliminates the need f o r  

cos t l y  load sensing equipment t o  turn the system o f f  and on, E lec t r i ca l  ' 
connections are few and simple and over1 oad protect ion i s  provided w i th in  
the u n i t  (IPD, ND). 

FLOW/HEAD CALCULATIONS 

The amount of  energy tha t  one can obtain from a smal.1 hydro u n i t  depends 
upon the head ( the ve r t i ca l  height o f  the fa1 I )  and the f low (volume per 

u n i t  time) o f  the resource. The greater the height and flow, the greater 



the potent ia l  energy conversion. Appendix 13-A provides spec i f i c  

ins t ruct ions f o r  determining the head and f low o f  a hydroe lect r ic  

resource. A nomograph i s  shown i n  Figure 13-3 which gives the amount o f  

power (watts) t ha t  one can obtain f o r  various. heads and flows. 

ELECTRICAL CURRENT OPTIONS 

The energy from small hydro u n i t s  has been used i n  the past as mechanical 
energy t o  gr ind g ra in  and d r i ve  ~ c h i n e r y  d i rec t l y .  Also, a few turbines 

have been coup1 ed t o  r e f r i g e r a t i  on compressors. However, most too l  s, 

appliances, l i g h t s  and heating u n i t s  are designed t o  use a l te rna t ihg  
cur rent  o r  sometimes d i  r e c t  current; therefore, generation o f  e l e c t r i c i t y  
i s  usual l y  preferred. 

The advantages and disadvantages o f  various e l e c t r i c a l  options are given 

i n  Table 13-1. 

HOUSEHOLD POWER DEMANDS 

From a p rac t i ca l  po in t  of view, the power demand f o r  a household var ies 

greatly, no t  only from seasbn-to-season but also f r an  house-to-hause 

dur ing the day. 

I n  Figure 13-4, an estimate has been made o f  what four  households can do 
wi th  a three, six, n ine o r  twelve Kw peak power un i  t. A1 though the f i gu re  

may no t  apply t o  spec i f i c  Alaskan conditions,, i t  i s  nonetheless useful as 

a 'general gu i de l  ine. 

Household hydroe lect r ic  power systems w i l l  cause a minimum o f  adverse 

envi rcrrmnental impacts. A1 though some systems may requi re  elaborate 
i n s t a l  l a t i o n  procedures and some s i t e s  w i l l  requ i re  minor a1 t e ra t i on  f o r  

using t h i s  technology, the overa l l  s i t e  changes would not  be s i gn i f i can t .  

This i s  espec ia l ly  t r u g  f o r  the  3-12 Kw, DC - Inve r te r  - AC systems, which 

are present ly - ava i lab le  and feas ib le  f o r  use i n  many Alaskan locations. 
I 
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TABLE 13-1 

DIRECT CURRENT VERSUS ALTERNATING CURRENT OPTIONS 

DC/AC Option Advantages Disadvantages 

Di rect  use o f  DC from Least expensive DC motors have pre- Heavy power 1 ines required. D is t r i bu t i on  
a l ternator  o r  generators ferabl e to1 erance t o  changing 1 i n e  vol tage, over great distances d i  ff i c u l  t. Uneven 

var iable speed control and s ta r t i ng  voltage. Un i t  must be sized f o r  peak 
character ist ics .* 1 oad . 

DC to batteries. Compensates for uneven water flow. DC motors Unable t o  use AC appliances 
o f f e r  sane advantages over AC motors.* 
Un i t  can be sized f o r  mean 1 oad. 

DC to bat ter ies to Permits energy storage and use i n  wider Same power loss i n  DC-AC conversion. 
C;' inver ter  to AC. range o f  e lec t r i ca l  appl iances manufactured Inverters are expens ive. Some inver ters  
A 

w f o r  AC. l im i ted  i n  handling surge demand, egg. 
re f r igera tor  m t o r  startup. 

DC t o  Gemini converter Uses u t i l i t y  power 1 ine f o r  energy demands Some power 1 oss i n  DC-AC conversion, 
t o  AC. beyond generating capacity. 

. D i rec t  use o f  AC E l  iminates batter ies,  inverters and dC 
transmission problems. 

Requires peak load generating capacity , 
dammed .water reserve, and headwater contro l  
Requires governor t o  maintain AC frequency. 

Source o f  Data: E. F. Lindsey, "Water. Power for Your Hne,. Popular -Science, May, 1977 unless otherwise noted. 
. .. i ~ 

T .  Wentink, *Power .and Energy P . d u c t i v i t y  d Small Windmil 1s i n  -~laska,~'. Geothermal Enemy and 
Wind Powr  ... .A1 terna t i v e  Energy. Swrces f o r  Alaska, ed. ' Robert B. Forbes , 1975. 
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I n s t a l l a t i o n  of the  equipment would a f f e c t  t h ree  areas: (1 )  establ i 'shment ' . :  

of the water i n l e t ,  and l a y i n g  a p ipe l i ne ;  (2)  cons t ruc t i on  o f  a system ; 
enc losu re .  f o r  the generator and b a t t e r y  bank; and, ( 3 )  placement o f  the;: .. - . 

e l e c t r i c  transmission 'cable t o  the dwel l  i ng  or p o i n t  o f  use ( ~ e l p ,  I P D ~  ' 

brochure). Typ ica l l y ,  t he re  i s  no dam requires; e i t h e r  a s t a i n l e s s  s tee l  1 
drum i s  placed i n  the stream o r  a small s e t t l i n g  pond i s  hand dug t o '  ' 

prov ide a water i n l e t .  The stream bank i s '  n o t  u s u a l l y  modi f ied.  The . .. . . 
p ipe1 ine, constructed w i t h  PVC p l a s t i c  pipe, . lays  on the  ground o r  is. '  sunk 

i n  the  stream. Ground pipe1 ines  a re  sometimes sprayed w i t h  brown 

polyurethane foam f o r  i n s u l a t i o n  t o  extend operat ional  e f fec t iveness.  

Housing f o r  e l e c t r i c a l  generat ion and storage components can be i n  a 

simple s t ruc ture ,  such as a shed, beside the stream (Delp, 1978). No 

specia l  cons t ruc t i on  features a re  required,  a1 though there  are some 

l o c a t i o n  1 i m i t a t i o n s  t h a t  necess i ta te  ca re fu l  review o f  transmission 

paths. These w i l l  vary as t o  t h e  l o c a l  topographical cond i t ions .  Power 

l i n e s  can be l a i d  on the  ground, bu t  f o r  t he  v isua l  aes the t i cs  and sa fe ty  

i t  i s  suggested t h a t  they be bur ied.  

Water used i n  the system i s  n o t  changed chemical ly  no r  thermal ly .  There 

i s  no consumption o f  water. .No bearings o r  o ther  l u b r i c a t e d  components' 

a r e  c lose t o  the  water stream; dur ing  normal operat ion, t he re  i s  no: way. 

f o r  grease o r  l u b r i c a n t s  t o  be 'discharged i n t o  the  water (Delp, 1978). 

The system i s  very quiet ,  al though transformer hum and o the r  components' 

low- level  sounds w i l l  probably occur. I f  so, r o u t i n e  i n s u l a t i o n  o f  t h e  

system enclosure would reduce t h i s  noise. During opera t ion  o f  the  system, ' 

there  should be no noxious exhaust fumes produced i n  any o f  the  a i r  

pol 1 u t a n t  categor ies.  

Small-scale hyd roe lec t r i c  generat ion can be harmonious w i t h  the natura l  

surroundings. Environmental degradation can be kept t o  a minimum with,.  

, ,  reasonable p lanning and r o u t i n e  care i n  i n s t a l  l a t i o n  (Lindsey, 19'77). <. . 



RECOMMENDAT IONS 

(1)  A d e t a i l e d  i nven to ry  o f  hydro s i t e s  t h a t  could be harnessed f o r  

e l e c t r i c a l  energy product ion needs t o  be completed f o r  a l l  the  remote 

and r u r a l  communities i n  Alaska. Th is  inventory  should inc lude f l ow  

as a func t ion  o f  the season, head measurements and p o t e n t i a l  

problems, such as i c ing ,  s i l t i n g ,  and debr is ,  t h a t  would a f f e c t  

development. The d is tance and c h a r a c t e r i s t i c s  o f  the land from the 

hydro resource source t o  the  point-of-use needs t o  be determined. 

( 2 )  Once base1 ine  data has been' obtained and analyzed, a s i t e  s p e c i f i c  . . 

eva luat ion  should be done t o  determine the  acnnmnicq of of f - the-shel f  

hardware i n s t a l  l a t i o n .  

I 

( 3 )  I f  the economics. of small hydro technology a re  a t t r a c t i v e  and 
: ,  . 

i n s t a l  l a t i o n  o f  hydro u n i t s  becomes a r e a l i t y ,  a t r a i n i n g  program f o r  

persons i n  the  community should be implemented. 

SUMMARY 
, - , , 

I n  summary, many streams i n  the S ta te  e x i s t  w i t h  the  proper combinati.on.,of 

head and f l ow  so t h a t  acceptable energy product ion i s  possib le. '  ~ a r d w a r e  

f o r  small h y d r o e l e c t r i c  u n i t s  i s  ava i l ab le .  Th is  equipment i s  rugged, 

r e l i a b l e ,  e a s i l y  t ranspor ted and f a i r l y  easy t o  maintain. 
. . 

The economics and o the r  c h a r a c t e r i s t i c s  o f  small hyd roe lec t r i c  product ion 

must be analyzed w i t h  respect t o  o the r  a v a i l a b l e  opt ions. I n  r u r a l  

Alaska, the d iese l  f ue led  e l e c t r i c a l  generator i s  usual l y  the e x i s t i n g  

power r o y r c e  w i t h  which a comparison should be made. 
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APPENDIX 13-A 

The f o l  1 owing mate r i  a1 , ext rac ted from W i l l  iam Del p 's  Independent Power: 

Developers brochure, 1 i s t s  s p e c i f i c  i ns  t u r c t i o n s  f o r  analyz ing and 

eva luat ing  a p o t e n t i a l  smal l-scale hydropower s i t e .  

Analys is  o f  S i t e  
. , 

The a b i l i t y  o f  a stream o r  spr ing  t o  generate power i s  dependent upon 
two important fac tors ,  head and f low.  

Head. Head i s  the v e r t i c a l  d is tance o f  f a l l  i n  f e e t  from t h e . p o i n t  - 
where water en ters  the system . (p ipe  o r i f i c e )  t o  where i t  i s  e jec ted 
f r a n  the  t u r b i n e  housing. 

How To Measure Head . . 

You can employ a surveyor t o  determine head f o r  you by simply asking 
him t o  f i n d  the  v e r t i c a l  d is tance from your water source t o  the 
proposed l o c a t i o n  o f  the  power p lan t .  O r ,  you can determine head 
y o u r s e l f  using a carpenters l e v e l ,  a  stand ( t r i p o d  o r  saw horse) and. 
a tape measure. See Figure 13-A-1. 

1. Set the  l e v e l  on a stand, making sure the  l e v e l  i s  ho r i zon ta l  
( , level )  and a t  the  same e l e v a t i o n  as the  spring.. 

2. S igh t  down the  l e v e l  t o  a spot on a nearby ob jec t  which can be 
reached f o r  measuring . 

3. Have your pa r tne r  measure the  d is tance from the p o i n t  s ighted 
(A) t o  the  base o f  the  o b j e c t  (BO and record t h i s  number. 

4 .  Repeat th. is procedure u n t i l  you-;,end up a t  the  same e levat ion ,  as 
the  proposed power p l a n t s i t e .  - 

5. I f  more than one set-up was required,  add the  d is tances measured 
t o  g ive  the  t o t a l  head. , 



: '4. 

Remember: 

F igure 13-A-1 

' ,. . You are  simply tak ing  the  sum of e leva t ion  d i f f e rences  f r a n  the 
water source t o  the  tu rb ine  s i t e .  & .  . .  . . , , 

( '  . . . . You need no t  be concerned w i t h  ho r i zon ta l  d is tances f o r  head .. . :. ,, 

determinat ion. . . -; , : j  i . .. . > .  $.,, . , ,. t, . . ; 
I .. . . . <  . . , ,  . '  . You need no t  t r a v e l  i n  a s t r a i g h t  l i n e .  . .* ' ;%.. .  . . . z . . 2 .  ';' 

. ,  :. 

. .  . .. .. . . For heads o f  25 f e e t  o r  l ess  you should be extremely accurate. . $  $ 

I n  these cases, h i r i n g  a surveyor would be advisable. 

FLOW. Flow i s  the  q u a n t i t y  o f  water a v a i l a b l e  a t  the source measured - 
i n  cubic f e e t  per minute. I t  must be noted t h a t  the  f l ow  
measurements described below should be taken dur ing  the  d ry  season. 
Th is  precaut ion w i l l  he1 p determine the  minimum continuous output  
which can be expected from you hyd roe lec t r i c  systesn, 

How To Detennine Spring Flow 

1. Temporari ly dam up the spr ing  and d i v e r t  i t s  f l ow  through one , .  

opening. 

2.  Place a 5 - g a l l o n  conta iner  beneath the opening and c a r e f u l l y ' .  
t ime the  seconds requ i red  t o  f i l l  i t  completely. 

.. . 



3. To g e t  f l ow  i n  cubic f e e t  per  mi.nute (CFM), d i v i d e  the  seconds 
requ i red  t o  fill the  5-gal l o n  conta iner  i n t o  40*--or, 

4  0 = f low (CFM) seconds 

For example; i f  i t  took 10 seconds: 

40 
10 sec. = 4CFM 

4. Usable f low:  due t o  the  small amount o f  water  invo lved i t  
, would be reasonable t o  use the  t o t a l  amount o f  f l o w  w i thou t  .. . 

envi  r o m e n t a l  damage. 

How To Determine Stream Flow 

Flow can be described as the  volume o f  water which passes a g iveh 
p o i n t  on the  stream i n  one minute. That i s ,  t he  cross-sect ional  
area o f  a stream moves a number o f  f e e t  i n  one minute desc r ib ing  a 
q u a n t i t y  o f  water as i l l u s t r a t e d  below. 

Stream Flow 
13-A-2 

* Th is  number was der ived from the  u n i t  conversion r e l a t i o n s h i p :  

1 c u .  ft. 60 sec. - 40 cu. ft. -sec. - 
5.ga1* x 7 . 4 8 g a l .  1  min. min. 



This  q u a n t i t y  o f  water which passes p o i n t  A i n  one minute ending up 
a t  p o i n t  B i s  the f low. The f l ow  can be determined by performing 
f o u r  easy tasks. 

1 . AREA. Determine , t h e  cross-sect ion area o f  the  stream: 

o Se lec t  a uniform, e a s i l y  measured spot  on the  stream. 

o Measure the w id th  (w) o f  the  stream i n  fee t .  (For  
purposes o f  example: l e t  w = 10.2 f t. ) 

o Then, us ing  a s t i c k ,  measure the depth i n  f e e t  a t  equal 
i n t e r v a l s  along the  cross-sect ion of t he  stream. Record 
t h e  depth a t  each i n t e r v a l  and take the average. 

I 

E x a ~ ~ ~ p l e :  Dl = 1.0 ft. 
D2 = 1.5 ft. 
03 = 1.7 ft. 
04 = 0.8 ft. 

To ta l  ; K n T  
Average D 5.0 ft. = 1.25 ft. 

4 

o M u l t i p l y  t h e w i d t h  (2 )  by the average depth (D  avg.) t o  
ge t  the  cross-sect ional  area i n  -square fee t .  

: .  

Example: Area D avg. x w 
Area = 1.25 ft. x 10.2 f t. = 12.75 ft. 

2 

2. VELOCITY. Determine the  stream vel  oc,i ty: 

o Choose a s t r e t c h  o f  water which i s  r e l a t i v e l y  s t r a i g h t  
and f ree  o f  obstac les.  

o Mark o f f  two p o i n t s  25 ft;. a p a r t  along the r;l;rearn and 
e s t a b l i s h  t h i s  d is tance w i t h  a stake a t  each end. 

o Have another person drop 'a f l o a t  ( a  cork, p iece  of bark,, 
e tc , )  i n  the  cen te r  o f  the :stream a t  t he  upstream p o i n t  
;IS you c a r e f u l l y  t ime the number o f  seconds requiring the  
f l o a t  t o  pass the downstream po in t .  This  w i l l  g i ve  the  
t ime i n  seconds necessary f o r  the  cork t o  go 25 fee t . '  



, . o  '  his f i g u r e  can be changed i n t o  f e e t  per  minute by 
d i v i d i n g  seconds . in to 1500.** 

. . 

1500 = 1 8 7 . 5 f t . / m i n .  
8 secs. 

. . 
. .  . 

o  ~ u l t i ~ l ~  t h i s  number by 0.65, Th is  i s  done t o  average 
ou t  the  t o t a l  stream f low by tak ing  bed f r i c t i o n ' a n d  
channel roughness f o r  a rough h i l l  stream i n t o  account. 

Example: 187.5 f t . /min.  x  0.65 = 121.9 f t . /min. 

o This f i g u r e  g ives  the  stream v e l o c i t y .  
:. . 

3. FLOW. Ca lcu la te  the  f low: 

o M u l t i p l y  the average cross-sect ional  area (found i n  #1) 
t imes the  stream v e l o c i t y  (found i n  #2). 

Example: 12.75 sq. ft. x 121.9 f t . /min.  = 1554 cu. ft./min. 

o Th is  number i s  the f.low value f o r  your  e n t i r e  stream. 

4. USABLE FLOW. Determine the  usable f low:  

o Because o n l y  a p o r t i o n  o f  the  e n t i r e  stream may be used 
f o r  purposes of h y d r o e l e c t r i c  generat ion, t he  t o t a l  f l ow  
must be converted t o  usable f low. Jus t  how much o f  a 
year-round stream may be s a f e l y  d i v e r t e d  depends upon the  
character  of the i n d i v i d u a l  stream i t s e l f .  As a good 
working f i g u r e ,  we suggest t h a t  on l y  25% of the  t o t a l  
f l ow  dur ing  the d r y  season be temporar i l y  d i ve r ted  f o r  
energy development. 

o M u l t i p l y  the t o t a l  f l ow  found i n  s tep  3 t imes 0.25 t o  
g i ve  usable f low.  

Usable f l o w  = t o t a l  f l ow  x 0.25 

Example: Usable f l o w  = 1554 CFM x 0.25 
389 CFM 

. . 

! '  ,; ** Th is  number was der ived from the u n i t  conversion r e l a t i o n s h i p :  
t : 

Vari.  25 ft. 
sec . 60 set* = 1500 ft./mi.n. conversion t o  ft./mih. m r  



When measurement and ca lcu la t ions  have been completed the power potent ia l  

can be determined. The De1.p Nomograph, shown as Figure 13-3 i s  a c h a r t  

which gives the r e s u l t a n t  power output from the combination o f  the 

determined head and f low values. 





.I. . . CHAPTER 14 
. LOW, TEMPERATURE GEOTHERMAL SPACE HEATING 

INTRODUCTION. . . 

The purpose o f  t h i s  chapter  i s  t o  address the p o t e n t i a l  f o r  low-tempera-. 

t u r e  geothermal energy f o r  home (space) heat ing  i n  the small communiti.es 

and remote v i l l a g e s  w i t h i n  the  S ta te  o f  Alaska. Energy i s  very expensive 

i n  remote Alaska. So, wh i l e  on l y  a few communities and v i l l a g e s  have a 

geothermal resource nearby, an economical l oca l  energy source , w o ~ l  d 

never theless be very important  * t o  these l oca t i ons .  

Don Markle, a geothermal engineer from the  Oregon I n s t i t u t e  o f  Techno1 ogy, 

assigned t o  the  D i v i s i o n  o f  Energy and Power Development, has compiled 

Alaskan geothermal data which i n c l  udes s i t e  l oca t i on ,  physical  r e s e r v o i r  

data, land tenure, ' a t t i t u d e  toward development, h i s t o r i c a l /  a rcheo log ica l  

s i gn i f i cance ,  development s tatus,  i n s t i t u t i o n a l  issues, .environmen,tal 

f ac to rs ,  popu la t ion  and t ranspor ta t i on .  This  i n fo rma t ion  i s ,  a v a i l a b l e  i n  

t he  r e c e n t l y  pub1 ished Geothermal Energy i n  Alaska: S i t e  Data and 

Devel opment Status. 

HISTORY OF GEOTHERMAL SPACE HEAT1 NG 

WORLD 

Geothermal resources have been i n  use f o r  centur ies .  Ancient  Greek and 

Roman baths were wel l  known, bu t  geothermal baths were a1 so being used as - 
f a r  away as the Andes Mountains by the  Incas. Less. soph is t i ca ted  bath ing  

and cooking was done by numerous groups throughout the' world, i n c l u d i n g  . . 

peoples i n  Alaska. . . 

The use o f  geothermal chemicals probably predates use by Etruscan po t te rs ,  

a r t i sans ,  miners and merchants i n  500 B.C. i n ,  what i s  now' I t a l y .  The 

borates, su l fa tes ,  and s u l f u r  from the  spr ings were l a t e r  used i n  t he  

Middle Ages. Bor ic  ac id  e x t r a c t i o n  l e d  t o  . the  use o f  pressur ized geo- 
. . 

thermal steam ' in  a system inven ted .  by Francesco Larderal  i n  1827 i n  



Tuscany. I n  1904, Pr ince P ie ro  G ino r i  Conti  se t  up an experimental 

geothermal generator, which' was replaced by a 205 Kw system i n  1913.,,.L Ry 

1976, o n l y  the Uni ted States surpassed I t a l y ' s  e l  e c t r i c e l  generat ion from 

geothermal sources (about 400,000 Kw). Add i t iona l  ly, ma'ny I t a l i a n  homes 

and a few greenhouses are heated w i t h  cen t ra l  system geothermal steam 

(Wehl age, 1976). . . 

Geothermal water was f i r s t .  used f o r  space heat ing i n  ~ c e l a n d  d u r i n i  the 

13th century.  Serious d r i l l i n g  f o r  c e n t r a l  use began i n  1928 and expan- 

s i o n  cont inues today (Wehlage, 1976). Geothermal resources now provide 

heat ing  f o r ,  h a l f  o f  the populat ion.  o f  Ice land i n  a d d i t i o n  t o  much o f  the 
. . 

country 's  e l e c t r i c a l  power (~un 'd ,  1975). 
i 

. . .,.. ' 

. ' The best- example o f  a l a rge  scale geo.therma1 heat ing system i s  Reykjavik, 

I c e l a n d  where- 99 percent of t he  c i t y  o f  88,600 i s  serviced. The c i t y  i s  

-'. d iv i .ded. ' in tG d i s t r i c t s ,  e a c h  pumping from resources w i t h i n  t h e  c i t y ' .  or', ' ' 

from ~ e ~ k i  r approximately 15 km away. Inpu t  temperatures range from 80" 

, t o  1 l gOc ,  . lower, than the  1 3 6 S  temperature i n  the  n o r t h  a t  Myvatn. Plans 

a r e  a1 sd being made . t o  supply the  12,000 people o f  Aku rey r i  from 

geothermal we l l s  i n  Laugaland, 12 Ian south o f  the  town (Lund, 1977). Both 

s y s t h s  pump ge.otherma1 water from the we1 1s t o  storage tanks, where i t  i s  

he ld  t o  meet demand and even tua l l y  c i r c u l a t e d  t o  the  customer a t  80°C 

Other coun t r i es  use geothermal power as w e l l .  Hungary uses geothermal ho t  

water f o r  space heat ing and, notably,  a g r i c u l  t u r a l  appl i ca t i ons .  New 

Zeal and uses geothermal resources f o r  space heating, e l  e c t r i c a l  

generation, and i n d u s t r i a l  purposes. The system a t  Wairakei re f lashes the  

water, p rov id ing  f o r  g rea te r  u t i l i z a t i o n  o f  t he  i n s t a l  l e d  e l e c t r i c a l  

generat ing capaci ty .  Japan has a number o f  thermal areas and a v a r i e t y  o f  

app l i ca t i ons ,  i nc lud ing  space heating, e l e c t r i c a l  generat ion, i n d u s t r i a l  

power generation, h o r t i c u l t u r e ,  and r a i s i n g  of e x o t i c  f i s h  and animals 

(Wehlage, 1976). 

Table 14-1 showso the  major users o f  geothermal water f o r  space heat ing i n  

1975. This t a b l e  does not  i r ic lude minor users such as Turkey (Tan i n  
Howard, 1975) and the P h i l i p p i n e s  (Alcarez i n  Howard, 1975). 

. . 
14-2 ' ' .  



TABLE 14-1. 

. . 

PRESENT USES OF GEOTHERMAL 'WATER FOR SPACE HEATING 

Country 
Number o f  Locat ions Average finn'ual 
and Est imated Usage Thermal Power Usage 

.. ... . 

I ce1  and 12 (101,000 people) 250. MW 

USSR 8 (40,000 people) 100 MW 

Japan 4 (20,000 people) r10 MW 
. . 

Hu nga ry 3 (3,000 peop le ) .  10 MW 

USA 4 (3,000 people) 10-  MW 

New Zealand 3 (3,000 people) 20 MW 
II 

France 1 (10,000 people) 4 MW 

TOTAL 35 (180,000 people) 404 MW:' 

The average usage i s  based on a u t i l i z a t i o n  f a c t o r  t h a t  v a r i e s  from 10 per- 
cen t  t o  53 percent  (New Zeal and and I ce land ) .  

Source: John W .  Lund , "Geothermal Space Heating;" Or ig iana l  source: Howard, 
1975; Pearson, e t  a l . ,  1975. 



UNITED STATES 

I n  Nor th  America, t he re  has been a long h i s t o r y  o f  geothermal' ba ths-  and 

space heat ing  o f  reso r t s .  ', For instance, the development o f  the unusual 

d r y  steam f i e l d  o f  C a l i f o r n i a ' s  Big Geyser has resu l ted  i n  the world. 's 

1 a rges t  geothermal e l e c t r i c  power product ion area (Wehl age, 1976). 

However,. the most s u c c e s ~ f u l  U. S. space heat ing devel opment has taken 
. .  . , 

p lace  i n  Klamath F a l l s ,  Oregon. 

Residents o f  Klamath F a l l s .  have made use o f  the resource on a 

noncent ra l i zed  bas is  s ince  a t  l e a s t  1900. By 1974, there  were 

approximate ly  400 h o t  water w e l l s  used f o r  the space heat ing  o f  about 500 

s t r u c t u r e s  (Lund, 1975.). Used pr inc ipa.1 l y  f o r  space heat ing  o f  

resibences, school s, and businesses, t he  geothermal water  i s  a1 so u t i l  i zed  

t o .  heat  swimming pools, pas teur ize  m i l k ,  and me1 t snow from 

(Lienau, ND). 

Closed-loop, downhole heat  exchangers have replaced the  o r i g i n a l  use o f  

n a t u r a l  h o t  spr ings as the  p r i n c i p l e  means o f  u t i l i z a t i o n  (Lund, 1975). 

We1 1 depths range from 27 t o  549' m, depending upon the requ i red  heat  

output .  Res ident ia l  we l l s  are u s u a l l y  between 70 and 100 m, w h i l e  

commercial .we1 1s a r e  canmonly 300 t o  400 m i n  depth. ~empera tures  vary 

f rom 40" t o  110" C. 

Whi le the  amount o f  heat  i n  storage a t  Klamath F a l l s  i s  n o t  c r i t i c a l  f o r ,  

present  usage, water a v a i l a b l e  t o  t r a n s f e r  the  energy t o  the  surface i s  

1 im i ted .  Three o f  the  Klamath Fa1 1s schools help t o  conserve t h i s  water 

supply by operat ing systems t h a t  r e t u r n  the  water t o  the r e s e r v o i r  a f t e r  

- i t s  use i n  tieatirly (Lienau, ND). 

. . 

Boise, Idaho has one o f  the o l d e s t  d i s t r i c t  heat ing  systenis. ~ u i l  t duri,ng 

the  1890as, i t  cont inues t o  serve about 200 houses and 10 t o  12 businesses 

(Reistad i n  Howard, 1970). . . 



ALASKA 

Preh is to r i c  use o f  Alaskan- geothermal resources f o r  bathing and cooking 

was probably qu i te  common. Hot springs sometimes had re l i g i ous  s i g n i f i -  

cance t o  the inhabi tants  o f  the area. A t  times, s t ructures were b u i l t  f o r  

be t t e r  u t i l i z a t i o n  o f  the springs. Examples s t i l l  i n  use are the  wooden 

' c r i b s  constructed by the T l i n g i t  Indians a t  Chief Shakes Hot Springs near 
Wrangell (Mark1 e, 1979). 

The Russians continued the in -s i tu ,  i n te rm i t t en t  use o f  the hot springs 

where i t  was convenient. Most o f  the springs, however, were not  near 
Russian settlements (Markle, 1979). 

Af ter  Alaska's purchase by the United States, there was l i t t l e  f u r t he r  
, . 

development u n t i l  ea r l y  entrepreneurs came nor th  wi th  the gold rush. 
Following the tu rn  o f  the century, roadhouses and small settlements 

appeared a t  Sitka, Tenakee Springs, and Baranof i n  Southeast Alaska; 
Circ le,  Chena, and Manley Hotsprings near Fairbanks, and P i l g r im  and 
Serpentine Hotsprings near Nome. 

As the prospectors l e f t  Alaska, use o f  the hot  springs declined. Some o f  
the lodges survived on a marginal basis, but there was l i t t l e  changel i n  

the pat tern of geothermal u t i l i z a t i o n  u n t i l  the l a s t  decade. Now, w i t h  
the commercial growth o f  the State and the renewed i n t e r e s t  in .non- foss i l  

fue l  energy sources, geothennal resources have assumed a new importance. 

Present usage and usage under consideration ranges f r a n  space and water 
heating t o  e l e c t r i c a l  generation, and ag r i cu l t u ra l  t o  aquaculturql. 

appl icat ion.  Table 14-2 l i s t s  the u t i l i z a t i o n  t o  date and the projected 
usage o f  the State 's major geothennal springs. Figure 14-1 shows the 

loca t ion  o f  these selected s i t e s  using a map o f  thermal springs by Gerald 

A. Waring (1965). When i t i s  avai lable,  the chemical analysis o f  the 

spring water i s  provided i n  Table 14-3. 
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Figure 74-1 
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PAST,. PRESENT AND. FUTURE. USE OF GEOTHERMAL WATERS I N  ALASKA 

PILGRIM HOT SPRINGS 

Locat ion: Northwest 
La t i t ude :  65" 06'N 
Longi tude: 164" 55'W 

V i l  lage: Nome Surface Temperature: 17"-45OC 
Mary's I g l o o  Water Flow Rate : -- 

Past Formerly known as Kruzgamepa Hot Springs, the  spr ings were used by Nat ive  
Alaskans f o r  bathing, years before the Russians a r r i v e d  i n  Alaska. To 
accommodate v i s i t o r s  from Nome and o the r  mining centers, a r e s o r t  was b u i l t  i n  
about 1905. A f i r e  i n  1908 destroyed the roadhouse and saloon, and the p roper t y  
was donated t o  the  Cathol i c  Church. Dr .  F reder ick  A. Ruppert S.J. and some 120 
orphans who came t o  the church as a r e s u l t  o f  the Spanish in f luenza epidemic 
used the geothermal energy from 1919 t o  1942 f o r  space heating and gardening. 
Surplus vegetables were sold i n  Nome. 

4 

P .  Present The geothermal waters heat  an area o f  perhaps 100 acres. Th is  permi ts  farming 
I 
4 (1 980) o f  vegetables such as potatoes and t u r n i p s  (up t o  17 1 bs) and causes a micro- 

c l imate  support ing a wide v a r i e t y  o f  unusual b i rds .  

Future Two exp lora tory  we l l s  have been d r i l l e d  i n  the  $245,000 geothermal p r o j e c t  being 
conducted j o i n t l y  by the S ta te  D i v i s i o n  o f  Energy and Power Development and the  
Alaska Geological and Geophysical Survey. The .deeper we l l  o f  150 f e e t  
encountered an ar tes ican f l ow  o f  350 ga l lons  w i t h  a sur face tempe.rature o f  91°C. 
A t h i r d  we l l  w i l l  be d r i l l e d  t o  a depth o f  a t  l e a s t  500 f e e t  i n  the  sp r ing  o f  
1980. The f i n a l  phase o f  t he  demonstration p r o j e c t  w i l l  be , a  l o c a l  a p p l i c a t i o n  
of the resource, probably a t  l e a s t  a greenhouse and add i t i ona l  s o i l  o r  space 
heating. The geothermal p o t e n t i a l  a1 ready demonstrated could heat a combinat ion 
o f  200 homes and some commercial greenhouses. M r .  C. J. P h i l l i p s ,  the  owner, i s  
a1 so in teres ted i n  e l e c t r i c a l  power generat ion and poss ib le  aquacul ture 
appl i c a t i o n .  

Sourcesof  Data: C. 3 .  P h i l l i p s ,  te lecon J u l y 2 0 ,  1978. 
Don Markle, i n te rv iew  J u l y  17, 1978, i n te rv iew  December 21, 1979, and Geothermal . 

Energy i n  Alaska: S i t e  .Data Base and Development Status, . A p r i l  1979. 
, .. . . 

. . . .  . . . . . . . . . . .  . " . . .W.il l iam Ogle., "Repo.rt o f '  a V i s i t  t o ,  a Number o f  Alaska- Hot Springs t o  Aid i n  
the  Se lec t ion  o f  a S i t e  . f o r  '.the Possib le I n s t a l  l a t i o n  o f  a Small B inary  

: 

- . . .  .. , 

Geothermal' E l e c t r i c  Generating Plant," J u l y  28,. 1976. 
. . 

' ,  . I  
- .  .. - . , 5 .  :..r . -: .>:. . .  . . - McConkey, e l  ;. a1 . ; ,Alaska RegionalrEnerqy Resource Planning Pro jec t ,  Phase 1, . . . . . . . . .  * .  _ . .  .-.__.. . . . . - . .  .,-... - 'Prel imina'ry.'Report: , .  

: - : - .  - ,  . . .  ...- . .  7 5. . -, :.;: ; . 
9 - . .  . .  



TABLE 14-2 (cont . )  

.PAST, PRESENT AND FUTURE USE OF GEOTHERMAL WATE~RS I N  ALASKA 

CLEAR CREEK SPRINGS 

Locat ion: Northwest V i l l age :  E l im (5 m i l e s  east)  Surface Temperature: 67°C 
La t i t ude :  64O51'N Moses' P o i n t  Water Flow Rate: 800 l / m i n  
Longitude: 162" 18'W (15 m i l e s  south) 

Past  Nat ive  bathing. 

Present Na t i ve  bathing. 

Fu t u  r e  No plans fo r  expansion. Cmmuni ty Enterpr ises  Development Corporat ion i s  
invo lved w i t h  t h e .  ba t i ves  i n  f i s h  processing [ f reez ing )  a t  Moses' Point ,  and 
represents a p o t e n t i a l  .cmmun i ty user.  o f  geothermal energy.. 

Ca lcu la t ions  by D r .  B i l l  Ogle i n d i c a t e  t h a t  surface f l ow  from the spr ing  cou ld  
produce 20 t o  30 Kw o f  b ina ry  e l e c t r i c a l  power and space heat  30 homes. 

Sources o f  Data: Ed Rutledge, Canmuni ty Enterpr ises  Development Corp. Tel econ t o  Greg Edblom, 
J u l v  18. 1978. 

Dan ~ a r k i e ,  i n te rv iew  J u l y  17, 1978, i n t e r v i e w  December 21, 1979, and Geothermal 
Energy i n  Alaska: S i t e  Data Base and Developnent Status, A p r i l  1979. 

McConkey, e l  . a1 . , Alaska Regional Energy Resource Planning Pro jec t ,  Phase 1, 
Pre l  iminary Report. 



TABLE -2 (cont.)  

.PAST, PRESENT AND FUTURE USE OF GEOTHERMAL WATERS I N  ALASKA 

MANLEY HOT SPRINGS 

Locat ion:  I n t e r i o r  V i l l age :  Manley Hot Springs Surface Temperature: 59 O C  

La t i t ude :  65" O O ' N  Water Flow Rate: 560-757 l / m i n  
Longitude: 150" 38'W 

Past  Locat ing the  spr ings - i n  1901, John Karshner jo ined w i t h  Frank Manley t o  b u i l d  a 
geothermal ly-heated, 60-room ho te l  w i t h  a bar and bath. Before the ho te l  burned 
down and most o f  the people moved out  . in  the  l a t e  19201s, swimming pools, 
stables, chicken coops, vegetable gardens and a hog s t y  made use o f  geothermal 
heat. 

Present Manley Hot Springs are  being used i n  two l a r g e  greenhouses, a bathhouse and 
.(1.978) 

. . 
. space heat ing o f  the  house o f  'Mr. Charles'  Dart ,  the owner. 

A Fu t u  r e  
. P  

Lee Leonard and Robert Forbes o f  the  U n i v e r s i t y  o f  Alaska Geophysical 1 n s t i  t u t e  
I are  working t o  e s t a b l i s h  a geothermal research s t a t i o n  a t  the  s i t e ,  i n c l u d i n g  a 
a .  2.5 k i l o w a t t  e l e c t r i c a l  generat ing u n i t .  

Assuming an e f f i c i e n c y  gf 30 percent  and a 40°F temperature change, the  sp r ing  
could prov ide 1.05 X 10 B tu ' s  f o r  a g r i c u l t u r a l  uses. 

Sources of Data: Don Markle, i n te rv iew  J u l y  17, 1978, i n t e r v i e w  December 21, 1979, and Geothermal 
Energy i n  Alaska: S i t e  Date Base Development Status, A p r i l  1979. 

R. B. Forbes, communication t o  Greg Edblom, August 3, 1978. 
McConkey; e l .  a1 , Alaska Regional Energy Resource Planning Pro jec t ,  Phase 1, 

Pre l  imary Report. 



TABLE 14-2 (cont.)  

PAST, PRESENT AND 'UTURE USE OF GEOTHERMAL WATERS I N  ALASKA 

~ o c a t i o n :  I n t e r i o r  
La t i t ude :  65" 03'N 
Longi tude: 146" 03 ' W 

V i l l age :  Chena Surface Temperature: 57°C 
Water Flow Rate: 840 l / m i n  

Past  In 1905, g o l d  prospector  Fel i x  Pedro used the  spr ings f o r  rec rea t i ona l  purposes. 
Later ,  George Wilson homesteaded the land, connerc ia l  i z i n g  i t  as a h e a l t h  spa. 

Present Two 60- foot  w e l l s  a r e  being used t o  heat a lodge, residence,three cabins, and 
(1 5'78) a swimming pool a t  t h e  s i t e .  

Fu t u  r e  - The owners have app l ied  f o r  a S ta te  loan f o r  the expansion o f  the present  lodge 
and cons t ruc t i on  of a second lodge and shimming pool, a l l  t o  be heated 
geothermal ly. They a re  a1 so i n te res ted  .in a greenhouse and e l e c t r i c a l  power 
generat ion. Proposed development c a l l s  f o r  the  annual u t i l i z a t i o n  o f  1.7 X 108 
B tu ' s  by 1984. 

Sources of Data : Michael McCrackin ( p a r t  owner), t e l  econ J u l y .  20, 1378. 
Don Markle, i n te rv iew  Guly 17, 1978, i n te rv iew  Decanber 21, 1979, and Geothermal 

Energy n Alaska: S i t e  Data Base and Developrni.7t Status, A p r i l  1979. 



TABLE 14-2 (cont.)  

PAST, PRESENT AND FUTURE USE OF GEOTHERMAL WATERS IN ALASKA 

CIRCLE HOT SPRINGS 

Locat ion: I n t e r i o r  V i l l a g e :  C i r c l e  Hot Springs Surface Temperature: 59.5OC 
La t i t ude :  65' 29'N . . Water Flow Rate: 1704 l / m i n  
Lonqi tude: 1440 39 ' W  . . 

Pas t  Although the  spr ings were i n  use much e a r l  i e r ,  t h e  r e s o r t  area was home'steaded 
by Frank Leach i n  1918. 

Present. Owner B i l l  Hager now uses the  water f o r  gardening and t o  heat  a 22-room ho te l  , 
(1 978) 13 cabins, var ious  ou tbu i ld ings ,  and an Olympic-size swimming pool. 

Fu ture  No known ~ l a n s .  

Sources of Data: Don Markle, i n t e r v i e w  J u l y  17, 1978, i n t e r v i e w  December 21, 1979, and Geothennal 
Energy i n  Alaska: S i t e  Data Base and Development Status, A p r i l  1979. 

Michael McCrackin, t e l econ  t o  DEPD, J u l y  20, 1978. 



TABL: 14-2 (cont . )  

PAST, PRESENT AND F!JTURE USE OF GEOTHERMAL WATERS I N  ALASKA 

OPHIR HOT SPRINGS ' 

Locat ion: Southwest 
La t i t ude :  61" 11'N 
Longitude: 159" 51 W 

V i l l a g e :  Ophi r  Surface Temperature: 63" 
Water Flow Rate: 850 l / m i n  - 

Past Nat ive  bathing. 

Present  Owner Harry  Faul kner uses the  sp r i ng  t o  s p a c d e a t  h?'s home. 
(1 978) Since the warm water keeps the  creek open year-round, he has 

a1 so i n s t a l  l e d  a 1 ow head, hydroel e c t r i c  generstor.  

Future . . No p lans f o r .  expansion., 

. . 
sources o f  Data: Don ~ a r k l e ,  i n t e r v i e w  J u l y  17, 1978, i n t e r v i e w  December 21, 7979, and Geothermal 

Energy i n  Alaska: S i t e  Data Base and Development Status, A p r i l  1979.. 



. . TABLt 14-2 (cont.) 

PAST,. . . PRESENT AND FUTURE USE OF GEOTHERMAL WATERS IN ALASKA 
- + I *  

ADA K - 
Lolcation: A leu t i an  V i l l a g e :  Adak Surface Temperature: 68" 

La t i t ude :  51" 59'N Water Flow Rate: - - 
Longi tude : 1 7 6 y 6 '  N 

+ .  Past No known use. 

Present 
(1 979) 

Under the  d i r e c t i o n  o f  Carl Hal sey, the  Uni ted States Navy has 
d r i l  l ed  th ree  exp lo ra to ry  we1 1 s, one demonstrating a bo t tan  
h o l e  temperature o f  66°C a t  2000 f e e t  (610 meters). Despi te 
favorab le  resource and economic ca lcu la t ions ,  plans f o r  a 4000 
t o  5000 f o o t  (1219 t o  1524m) exp lora tory  we l l  and a 4000 t o  
6000 f o o t  (1219 t o  1524111) product ion we l l  have been blocked due 
t o  l a c k  o f  funding. 

Space heat ing and e l  e c t r i c a l  genera t i  on f o r  the 5,000-person 
Naval i n s t a l l a t i o n  w i l l  be pursued i f  the geothermal explora- 
t i o n  proves encouraging. Plans c a l l  f o r  the generat ion o f  f 5  
MW o f  e l e c t r i c a l  power and space heat ing c a p a b i l i t y  o f  3 X 10 
B t u ' s  by 1985. 

Sources of Data: Carl Halsey, te lecon t o  DEPD, J u l y  21, 1978. 
Don Markle, i n te rv iew  J u l y  17, 1978, i n te rv iew  December 21, 1979, and Geothermal 

Energy i n  Alaska: S i t e  Data Base and Development Status, A p r i l  1979. 



TABLE 14-2 (cont . )  

PAST, PRESENT AND FUTURE USE OF GEOTHERMAL WATERS IN'ALASKA 

ATKA 

Locat ion: A leu t i an  
Lat. i tude: 52' 11'N 
Longitude: 174' 14'W 

V i l  lage: Atka Surface Temperature: -- 
Water Flow Rate: - - 

Fas t  Nat ive  bath ing and cooking. 

Fresen t Nat ive  ..bathing and cooking cont inue. The s f t e  i s  used as 
(1 978) a subsistence camp. 

Future Although the Springs nay have the  p o t e n t i a l  f o r  space heat ing 
the v i l l a g e  some 25 m i l e s  away, the A l e u t i a ' l - P r i b i l o f  I s l ands  
Associat ion i s  c u r r e n t l y  more i n te res ted  i n  t h e  possi tlil i ty o f  
e l e c t r i c a l  power generat ion f o r  the  v i l l a g e  and perhaps a f i s h  
processing p lan t .  The e l e c t r i c i t y  would a l l ow  the f i s h  t o  be 
preserved by f reez ing  r a t h e r  than sa l  t i n g  . Hydroponics i s  
another p o s s i b i l i t y .  

Sources s f  Date: Don Markle, i n te rv iew  J u l y  17, 1978, i n te rv iew  December 21, 1979, and Geothermal 
Energy i n  Alaska: S i t e  Data Base and Oevelopnent Status, A p r i l  1979. 

Ral ph Amova k, t e l  econ t o  DEPD, J u l y  21 , 1978. 



TABLf -2 (cont . )  

PAST, PRESENT AND 'UTURE USE OF GEOTHERMAL WATERS IN  ALASKA 

HOT SPRINGS COVE 

Locat ion: A leu t ians  
Lat i tude. :  53" 14'N . 

Longi tude : 168" '21 W 

V i l l age :  N i k o l s k i  Surface Temperature: 89°C 
Water Flow Rate: 360 l / m i n  

Past  The spr.ings were once used f o r  . N a t i v e .  bath ing and cooking. 
. . 

Present Nat ive  bath ing and cooking cont inue as the s i t e  i s  used as 
(1 978) a subsistence hunt ing  and f i s h i n g  camp. 

Future The A l e u t i a n - P r i b i l o f  I s l a n d  Associat ion i s  i n te res ted  i n  us ing  
the  geothermal resources i n  hydroponics and e l  e c t r i c a l  power 
generat ion f o r  N i  k o l s k i  , 40 m i l e s  away. E l e c t r i c i t y  would open 
the - p o s s i b i l  i ty o f .  co l  d ' storage and ' processi'ng o f  meat from 
t h e i r  re indeer herd. 

F i f t y  megawatts o f  e l e c t r i c a l  power generat ion have been pro- 
posed f o r  aluminum o r  manganese processing. 

Sources of Data: Ral ph Amovak, te lecon t o  DEPD, J u l y  21 , 1978. 
Don Markle, l 'nterview J u l y  17, 1978, i n te rv iew  December 21, 1979, and Geothermal 

Energy i n  Alaska: S i t e  Data Base and Development Status, A p r i l  1979. 



TABLE 14-2 (cont.)  

PAST, PRESENT AND FUTURE USE OF GEOTHERMAL WATERS I N  ALASKA 

Numerous Springs Near Makushin Vol can0 

Locat ion: 4 leu t ians  V i l l age :  Unalaska Surface Temperature: Approximately 40°C 
l a t i t u d e :  53' 50' N Water Flow Rate : -- 
!,ongi tude: 167" 40' W 

P 3s t Nat ive  bath ing and recreat ion .  

P resent  On September 13, 1979 t h e  c i t y  counc i l  requested assis tance 
(1 980) - from the  Sta te  Department o f  Energy and Power Development t o  

study the f e a s i b i l i t y  o f  tapping the  l o c a l  geothermal resource. 
Pre l im inary  i n v e s t i g a t i o n s  by the S ta te  D i v i s i o n  o f  Energy and 
Power Development, Oregon I n s t i t u t e  o f  Techno1 ogy, Un ivers i  ty 
o f  Utah Research I n s t i t u t e ,  and Energy Systems, Inc .  have 
r e s u l t e d  i n  a formal proposal f o r  a d d i t i o n a l  s tudies.  

Futu r e  The Sta te  D i v i s i o n  of Geological and Geophysical Surveys has 
proposed a resource assessment p r o j e c t  i n  which Unalaska would 
be a major canponent. Working w i t h  NASA, i n f r a - r e d  radiometer, 
thermal scanner 3nd radar  imagery would be obta i - led f o r  
Unal as ka and Umnak Is lands  ; i n f r a - r e d  radiometer and thermal 
scanner imagery w o ~ l d  be obtained f o r  the  o ther  t h i r t e e n  s i t e s .  
Extensive geologic  f i e l d  mapping o f  Unalaska would be i n i t i a t e d  
by June 1, 1980 and a d r i l l i n g  operat ion would begin t h e  
f o l  lowing summer. With t h i  r t een  f i s h  canneries and a seasonal 
populat ion o f  500 t o  2000, Unalaska has a h igh  p o t e n t i a l  f o r  
us ing  a geothermal resource f o r  space and water heat ing.  

Source o f  Dcta: Ne i l  Basescu, i n t e r v i e w  December 21 , 1979. 
Don Markle, i n te rv iew  December 21 , ,1979 and Geothermal Energv i n  Alaska: 

S i t e  Data Base and Development Status, A p r i l  1979. 



TABLE 14-2 (cont;) 

PAST; PRESENT AND FUTURE USE OF GEOTHERMAL WATERS I N  ALASKA 

TENAKEE' SPRINGS. 

Locat ion: Southeast 50 m i .  W. Juneau V i l l age :  Tenakee Springs Surface Temperature: 43°C 
L a t i t u d e :  58" OO'N Water Flow Rate: 84 l /m in  
Longitude: 135" 55'W - 

Past I n  t h e  s a r l y  19001s, t he  steamship Georgian made a weekly t r i p  
from Juneau t o  Tenakee Springs. The Springs were used f o r  
ba th ing  because o f  t h e i r  "medic ina l "  p rope r t i es .  

Present There i s  now a city-owned bathhouse a t  the  Springs. 
(1 978) 

Fu t u  r e  Unknown. 

Source o f  Data: Don Markle, i n t e r v i e w  J u l y  17, 1978, i n t e r v i e w  December 21, 1979, and Geothermal 
Energy i n  Alaska: S i t e  Data Base and Development Status, A p r i l  1979. 

McConkey, e l  . a1 . , Alaska Regional Energy Resource Planning P ro jec t ,  Phase 1, 
P re l  imi r tary  Report. 



TABLE 14-2 (cont . )  ---. 

PAST, PRESENT AND FUTURE USE OF GEOTHERMAL WATERS I N  ALASKA 

BARANOF HOT SPRINGS 

Locat ion: Southeast 
La t i t ude :  57" 05'N 
Longi tude : 134" 50 ' W 

Past 

Present 
(1  978) 

Future 

V i l  lage: Baranof Surface Temperature: 50°C 
Water Flow Rate: 113 l / m i n  

The T l i n g i t  I nc ians  used the  spr ings f o r  ba th ing  before the 
Russians a r r i v e d .  Later ,  the steamship s e r v i c i n g  S i  t ka  and 
Tenakee Hot Springs weekly f r a n  Juneau a l so  stopped a t  the 
Baranof Hot Springs because o f  t h e i r  "medicinal " prlctperties. 
I n  t he  l a t e  teens and e a r l y  208s,  the  spr ings were used t o  heat 
a bathhouse b u i " t  under the  auspices o f  the T e r r i t o r y .  A t  the  
same time, a b o r d e l l o  a1 so used one o f  the spr ings f o r  heat ing. 

The spr ings a re  being used f o r  the  space heat ing  o f  cme r e s i -  
dence and t o  heat a ba th ing  pool.  

The s i t e  has been se lec ted  f o r  a f i s h  hatchery. There i s  a 
p o s s i b i l  i t y  o f  expanding the  geothermal u t i l  i z a t i o n  w i t h  a 
mineral  .water r e s o r t  and. perhaps wood dry ing .  

Source ~f ~ a t a :  Con Markle, interviev, J u l y  17, 1.978, i n te rv iew  December 21, 1979, and Geothe.na1 
Energy i n  Alaska: S i t e  Data Base and Development Statcs, A p r i l  1979. 



TABLE 14-2 (cont.)  

. . 
a PAST, PRESENT AND FUTURE USE OF GEOTHERMAL WATERS IN  ALAZKA 

BELL ISLAND 

. Locat ion: 25 Min. North o f  Ketchikan V i l l age :  Be l l -  I s l and  Surface Temperature: 72°C 
by smal l  boat 

La t i t ude :  55" 56,'N Water Flow Rate: 113 l /min.  
Longitude: 131" 34'N 

Past 

Present  
(1 978:) 

Futu re 

No known use. 

Mr. and Mrs. Jim Dykes run a smal l  resor t ,  us ing the  
Springs t o  heat the cabins and swimming pool. 

There has been some i n t e r e s t  i n  the p o s s i b i l i t y  o f  geo- 
thermal 1 y-heated aquacul ture.  

Source o f  Data: Don Markle, i n te rv iew  J u l y  17, 1978, i n t e r v i e w  December 21, 1979, and Geothermal 
Energy in Alaska: S i t e  Data Base and Development Status, A p r i l  1979. 

- McConkey , e l  .. a1 . , Alaska Regional Energy Resource Planning Pro jec t ,  Phase 1, 
Pre l  iminary Report. 



. . 

TABLE 14-3 

* : 
Si02 

4o t  Spr ings 
P i  1 g r i m  100 

Sl ear  --- 

Chena 85 

.. . 

.I rcl e 95 

3ph f r  30 

HOT SFRINGS FLUID CHEMISTRY 

(Pa r t s  per m i l l i o n )  

A1 Fe Ca ng Na K L i  NH3 HC03 C03 s04 

4 o t  Spr ings  A. 
Cove 9 9 --- --- 153 3: 3 153 27 2 --- 69 --- 86 1 1 M  0.9 

Unalas ka --- --- --- --- --- --- --- --- --- --- --- --- -- --- 
Tenakee 6 0 0.05 - -  ' 28 0.76 190 3.3 0.0a --- 54.8 ---. 322 %.4 5 

Baranof 70 0.37 --- 2.5 G.14 5 1 1.2 0.06 --- 88.4 --- 68 i 1 1.2 

S e l l  I s l a n d  - 105.00 --- - - - 4.60 1.0 --- --- --- --- 37.00 --- .l29.00 4:60 --- 
. . 

SOURCE: Un i ted  S ta tes  Geolog ica l  Survey, "Geothermal Resources F i l e , "  Anchorage, Alaska 
Donald f,larkle, Geothermal Energy i n  Alaska: S i t e  Data Base and Development Status,  A p r i l  1979. 



Worthy o f  specia l  note are  the  Navy-funded exp lo ra to ry  d r i l l i n g  on Adak 

and the Sta te  funded p r o j e c t  a t  P i l g r i m  Hot Springs i n  the Nome area. 

These p r o j e c t s  a re  i n d i c a t i v e  o f  the increased i n t e r e s t  i n  the  S t a t e ' s  

' geothermal resources. The r e c e n t l y  pub1 ished Geothermal Energy i n  

Alaska: S i t e  Data Base and Development States by Don Markle, funded . by 

the  Uni ted States Department of Energy through the Oregon I n s t i t u t e  o f  

Technology, prov ides an in-depth study o f  Alaska ho t  spr ings w i t h  an 

excel l e n t  c o l  l e c t i o n  o f  a v a i l  ab le  background and techn ica l  data. 

APPLICABILITY TO RURAL ALASKA 

The demography o f  Alaska has an impor tan t  i n f l u e n c e  on the  energy usage i n  

t h e . S t a t e .  H a l f  t o  two- th i rds  o f  t he  400,000 people l i v e  i n  t he  "Ra i l  

Be1 t" between Anchorage and ~ a i r b a n k s .  The r e s t  a re  sca t te red  across a . 

reg ion  ' t h a t  would s t r e t c h  f r a n  coast- to-coast  o f  t h e  Lower 48. 

Because o f  these c h a r a c t e r i s t i c s ,  t r a n s p o r t a t i o n  systems a re  q u i t e  

l i m i t e d .  Most areas are  accessib le o n l y  by small plane, boat, dog sled, 

o r  foo t .  One o f  the unavoidable consequences o f  the  s i z e  o f  t he  s t a t e  i s  

the  extremely. h igh  c o s t  o f  f ue l .  A b a r r e l  o f  f ue l  o i l  w i l l  c o s t  over  $100 

i n  many towns (Ogle, 1974 and 1976). 

Another r e s u l t  o f  people l i v i n g  i n  towns o f  under 300 i s  t he  r e s t r i c t i o n  

o f  f i n a n c i a l  resources. I t  i s  q u i t e  u n l i k e l y  t h a t  a v i l l a g e  w i l l  be doi,ng 

much geothermal e x p l o r a t i o n  and d r i l l i n g  s o l e l y  f o r  space heat ing  energy. 

Therefore, w i t h  the  except ion o f  t he  U.S. Naval base a t  Adak and the  S ta te  

p r o j e c t  a t  Pi1 gr im Hot  Springs, c u r r e n t  development o f  geothennal 

resources i n  Alaska i s  1 im i ted  t o  simple development o f  na tu ra l  ho t  

spr ings (Ogle, 1974). There are  n e a r l y  80 ' l oca ted  ~ l a s k a n  h o t  spr ings 

(Waring, 1965)., and an a d d i t i o n a l  22 repor ted  thermal s i t e s  ( ~ a r k l e ,  1979; 

M i l l e r ,  1973). See F igure  4-1. 

Wi th the low-temperature c l ima te  and r e l a t i v e l y  low temperature o f  the  

springs, geothermal resources are  q u i t e  s u i t a b l e  f o r  non -c lee t r i ea l  



appl i c a t i o n s .  U t i l  i z a  t i o n  a1 ready inc ludes  recreat io 'nal  bathing, space 

and water heat ing, and a g r i c u l t u r e  (greenhouses and p l a n t i n g  i n  areas 
. . 

heated by subsurface geothermal water) .  Expansion o f  these uses would 
. . 

reduce dependence on imported f u e l s  and help prov ide  a l o c a l  source- ;:of 

foods t h a t  might  n o t  otherwise b e  a v a i l a b l e  t o  the community ( ~ e o n a r d  i n  

Forbes, 1976). 

Present i n t e r e s t  a1 so i n c l  udes aquacul ture and re indeer  husbandry, a1 ong 

w i t h  d r y i n g  , and r e f r i g e r a t i o n  f a c i l i t i e s .  Another poss ib le  use o f  

geothermal resources i s  i n  the t reatment  o f  s o l i d  waste and sewage 

(Farquhar, 1977). Table 14-2 i l l u s t r a t e s  pas t  u t i l i z a t i o n  and present  ' 

i n t e r e s t  and plans f o r  the  space heat ing  a p p l i c a t i o n  o f  Alaska's major 

geothermal spr ings.  A 1  though high-temperature geothermal resources w i t h  

v a s t  economic p o t e n t i a l  a re  loca ted i n  the Wrangell Mountains and the  

A leu t i an  Chain, development o f  these resources i s  a long-term possi  b i i ' i t y  

and i s  h i g h l y  dependent upon market ing and techno1 og i ca l  f ac to rs .  

Local Gradient  Geothermal Energy 

A 1977 s tudy  by P a c i f i c - S i e r r a  Research Corporat ion (Farquhar, 1977) 

i n v e s t i g a t e d  the d i r e c t - h e a t  p o t e n t i a l  o f  us ing  the  geothermal g r a d i e n t  

which e x i s t s  a t  centers o f  popu la t i on  i n  Alaska r a t h e r  than looking'  f o r  

h igh-grad ien t  anomalies, which tend t o  occur too  f a r  from towns f o r  p i p i n g  

o f  the  h o t  water t o  be p r a c t i c a l  . The study .analyzed var ious  aspects o f  

t h e  economics o f  d i r e c t  heat  geothermal energy use such as popul 'a t ion 

s ize ,  c l imate ,  l o c a l  g rad ien t  and geology, d r i l l i n g  costs, . remoteness 'of  
. . 

the  p a r t i c u l a r  s i t e  (which, o f  course, in f luenced many o f  the costs)  and . . 

found t h a t  use o f  t he  e a r t h ' s  average geothermal g rad ien t  (30° 'per. 
k i lometer )  could, und,er c e r t a i n  cond i t ions ,  compete favo rab l y  w i t h  present 

heat ing  costs. Before a p r o j e c t  t o  heat  a town such as Nome using the 

l o c a l  geothermal g rad ien t  cou ld  be undertaken', though, more d e t a i l e d  

geo log ica l  i n fo rma t ion  (such as would be obtained f r m . ' . t e s t  holes)  i s . ,  
necessary, s ince t h i s  type o f  i n fo rma t ion  i s  sparse i n  areas o f .  Alaska . 

o t h e r  than those f o r  which petroleum w e l l  i n fo rma t ion  i s  availab1,e 

(K i  rkwood , 1978). I .. 
'. . 



An i n t e r e s t i n g  suggest ion, i s  t h a t  t he  new c a p i t a l  s i t e  be, examined f o r  i t s  

l o c a l  g rad ien t  geothermal p o t e n t i a l  as a poss ib le  source o f  heat f o r ,  t he  

new town. Using e x i s t i n g  data, the  Geoheat U t i l i z a t i o n  Center o f '  the  

Oregon I n s t i  t u t e  o f  Technology i s  p resen t l y  conduct ing an economic 

ana lys i s  of t he  geothermal p o t e n t i a l  a t  W i l  low. It has been proposed t h a t  

90 percent  o f  the  est imated 1.6 x 1012 Btu ls  t o  be needed f o r  space' 

heat ing  by 1994 be prov ided,  by ,geothermal resources (Markle, 1978). 

GEOTHERMAL SPACE HEAT1 NG 'TECHNOLOGY 

Since geothermal . space heat ing  has a low annual opepation cost,  , a t t e n t i o n  

needs t o  be focused on . c a p i t a l  costs.  Unfor tunate ly ,  geothermal space 

heat ing, whether used on an i n d i v i d u a l  bas is  o r  i n  a heat ing  d i s t r i c t ,  has 

a h igh  i n i t i a l  cos t  and i s  so c a p i t a l  - i n tens i ve  t h a t  development*. . . i s  

f requent1 y p rec l  uded. 

There . i s  no th ing  complex about the  concept o f .  geothermal. space heating,. 

i .e., the  movement o f  heat from a geothermal resource to, f o r  examp1e';"'a' 

residence. The use o f  h o t  water systems using c a s t  i r o n  r a d i a t o r s  has 
. . 

been around f o r  decades. Geothermal waters r e q u i r e  no f u e l .  However, t he  

waters usual l y  corrode p l  umbin,g m a t e r i a l s  a t  an accelerated r a t e  due t o  

t h e i r  h igh  s a l t  content .  , ' 

The c o s t  o f  geothermal energy f o r  d i r e c t  heat a p p l i c a t i o n  i s  predominant ly 

a func t i on  o f  the  i n i t i a l  cos t  o f  d r i l l i n g  and casing a we l l  fo l lowed by 

the  i n s t a l  l a  t i o n  o f  heat  exchangers, p ip ing ,  va lves and inst rumentat ion.  

GEOTHERMAL DRILLING IN ALASKA 

A number o f  years ago a t  P i l g r i m  Hot Springs, i t  was necessary t o  e leva te  

the  geothermal h o t  water t o .  a 1ev.el of 15 t o  18 f e e t  above the .sur face o f  

t h e  ground so t h a t  t he  heat cou ld  be t rans fe r red  i n t o  a nearby church. 

The church o f f i c i a l s .  dec ided . to  merely h a n d - d r i l l  a p ipe  about 8 f e e t  in to ,  

t he  ground. With the temperature and p ressu re  from thegeothermal  water, 

i t  was poss ib le  t o  ob ta in  a f l ow  from 8 f c c t  beneath the surface o f  t h e  



water to  the desired 15 t o  20 f e e t  above the level of the geothermal 

reservoir. This simple, yet appropriate, technology of tamping the p l p e .  , 
into the ground shows what, a 1 i t t l  e ingenui ty .can do to  devel op an energy 

resource. 

More recently, the engineers a t  Adak, Alaska on the Aleutian Chain have 

dr i l led  three exploratory 'wells including one 'to a depth of 1,911 fee t .  
The $245,000 State  demonstration project a t  Pilgrim Hot Springs has 
canpleted two 150 foot exploratory we1 1s and plans to  d r i l l  a 500 fdot 
we1 1 next spring. (See Table 14-2.) 

While low- to moderate-temperature shallow-well technology i s  similar t o  
tha t  used for water we1 1 s ,  the d r i l l  ing equipment that i s  used for a deep 
geothermal well i s  somewhat similar to the equipment that  i s  used f o r a n  
oi l  and gas we1 1. Nevertheless, there i s  one major concern in geothermal. 

d r i l l i ng  that  i s  d is t inc t ive  from that  in oil  and gas d r i l l i ng .  While 
d r i l l i ng  mud i s  acceptable for an oi l  and gas well, i t  can present' a 
problem with a geothermal we1 1 in that  i t  may cement the fractures and 
plug off the geothermal resource. Sometimes s a l t  i s  used instead of .mud 

t o  control the geothermal pressure. I t  i s  also important to  carefully 
record temperature measurements a t  various depths, a less essenti  a1 
procedure i n  an oil and gas e f for t .  

The d r i l l i ng  plans for  the holes necessary for  a demonstration space 

heating project are  given in a report by R. C. Stoker (1975). stoker 
indent i f ies  the d r i l l i ng  materials fo r  the (1) casing, (2 )  d r i l l  b i t s ,  ( 3 )  

casing. equipment, (4)  d r i l l  tools ,  (5) d r i l l  rod, .and ( 6 )  tubing. . . 

GEOTHERMAL PIPING . 

Both a t  Chena Hot Springs, Alaska and Boise, Idaho, geothermal piping 

systems have used wood. A number of other materials (black s t ee l ,  CPVC,  
PVC,  cartina and asbestos cement) have been analyzed for  costs 'by I.A. . . , 

Engen (1978). See Figure 14-2. Also, an Alaska f i m ,  .E,nergy Systems, 
Inc. ,  will sodn publish general pipe1 ine cost information. 



.O 2 4 6 
Pipe Dlameter ( i n . )  . . 

' .  Figure 14-2 

Pipe I n s t a l  l a t i o n  Costs  

(Add $3/yd3 f o r  b u r i a l  s e r v i c e  - t r ench  ' and  backfi  11. ) ' 

Source: I . A .  Engen, ' R e s i d e n t i a l  Space Heating Costs  : Geothermal " 

vs Conventional Systems," 1978, p. 31. 



There a r e  several p i p i n g  m a t e r i a l s  which can be used t o  t ranspor t  geo- 

thermal waters. One i s  t r a n s i t e ,  a t rade name f o r  the  asbestos cement 

manufactured by John Mansvi l  l e  and others.  Another p i p i n g  ma te r ia l  i s  the 

standard carbon s tee l  p ip ing .  Also, p o l y v i n y l  ch lo r i de ,  PVC p ip ing ,  i s ,  

used on waters up t o  about 120" F. It i s  genera l l y  a v a i l a b l e  i n  s tores 

such as Sears and Montgomery Wards. Above 120" F, the  temperature and the  

pressure w i l l  be too  g r e a t  t o  permi t  the  u t i l i z a t i o n  o f  PVC m a t e r i a l .  

CPVC p ipe  a mate r ia l  i s  f e a s i b l e  f o r  use i n  geothermal waters f o r  

tmperat.!rres up t o  180" F. 

Other  geothermal p i  p ing  inc ludes  s tee l  and c a s t  i ron ;  however, experience 

has shown t h a t  some i r o n  type p i p i n g  ma te r ia l s  a re  r a p i d l y  corroded a s , a  
resu l  t o f  e l e c t r o l y t i c  ac t i on .  Another hazard i s  mineral  deposits.  

Deposits can be minimized by us ing a c losed loop system. A bu i ld -up  o f  

ca lc ium carbonate, f o r  example, can occur t o  such an e x t e n t  t h a t  p ipe may 

even tua l l y  become plugged. ' For p r o j e c t s  r e q u i r i n g  a considerable amount 

o f  p ip ing ,  p i  p ing  manufacturers such as Mol le r ,  Denmark; Permapipe, E.B. 

Ka iser  and P i t t sbu rgh  Corning w i l l  a c t u a l l y  design the  system and prov ide 

c o s t  est imates. 

The f l ow  from a we1 1 i s  a f u n c t i o n  o f  t h e  i n s i d e  dfameter of- the  casing. 

The product ion  f l ow  r a t e  versus we l l  cas ing diameter i 's g iven i n ,  

F igu re  14-3. 

HEAT EXCHANGERS 
. . 

I n  o rder  t o  t r a n s f e r  the  geothermal heat  i n t o  the a i r  w i t h i n  a b u i l d i n g  ,it 

i s ,  n o t  necessary t o  purchase soph is t i ca ted ,  o r  expensive equipment. A t  

C i r c l e  I4ot Sprlrigs i n  Alaska, 30 .f.oo,t c o i l s  o f  a r e  housed i n  a'rom 
about, s i x  by t h i r t y  f e e t .  The geothermal water .wa.ns the. p ipe  and t h e . .  

heated a i r  i s  moved by fan t o  the  areas o f  use. 

Another type o f  heat exchanger i s  the  we l l  known c a s t  i r o n  r a d i a t o r  so 

fam i l  i a r  a few years ago: Today s tee l  . p ipe  heat ing  elements w i t h  f i n s  

ad'ded t o  increase the  t r a n s f e r  o f  heat  t o  the  a i r  are. i n  f requent  use. 



Casing lns~de D~ameler (ID) (inches) 

Figure 14-3 

Production rate versus we1 1 casing diameter. 

Source: " I .A. Engen, "Residential Space Heating Costs: Geothermal 
vs Conventional Systems," 1978,. p. 32. 



Heat exchangers may a1 so be used down i n  the geothermal hole. These ".down 

ho le  heat  exchangers" p revent  d i r e c t  con tac t  o f  geothermal waters 'w i th  . t he  

plumbing system. Th i s  e f f e c t i v e l y  e l  im ina tes  the geothermal co r ros ion  o f  
. , 

the heat ing  system. 

The i n t r o d u c t i o n  o f  gas-bearing geothermal f l u i d s  d i r e c t l y  i n t o  a hime 

should be discouraged s ince  the  re lease o f  a noxious gas cou ld  be very  
. . 

harmful .  The h a i r p i n  down hole heat exchangers used i n  Klamath Fa l ls ,  

Oregon (see F igure  14-4) prov ide an example o f  a clused system opera t ion  

r e s u l t i n g  i n  a very c lean geothermal system. 

THE HEAT PUMP* . I 

I n  a r e s i d e n t i a l  forced a i r  heat ing  system, hot  a i r  i n  the temperature 

range o f  100" F - 140" F i s  added t o  the  room a i r  t o  main ta in  the des i red  

indoor  tempera'ture. Absorbing heat  from a low tknperature geothermal 

source o f  600 F - 90" F and t r a n s f e r r i n g  heat t o  prov ide 100" F - 140" F 
a i r  temperatures might  seem impossible when the  p r i n c i p l e  o f  heat ( lob  

f r a n  h igh  t o  low temperature i s  considered. As impl ied by the name, h e a t .  

pumps a re  t o  t r a n s f e r  o r  pump heat from a low temperature t o  a hig'her. 

temperature medium.. The p r i n c i p l e  i s  i d e n t i c a l  t o  the operat ion 0 f . a  

r e f r i g e r a t o r ;  heat  i s  removed (pumped.) from the co lde r  i n t e r i o r  o f  t he  

r e f r i g e r a t o r  and given o f f  t o .  the  ambient a i r .  A s i m i l a r  f l u i d  i s  used 

i n s i d e  the  heat pump t o  absorb heat  from the  geothermal water and t r a n s f e r  

t h i s  heat t o  a surrounding.space. Th is  secondary f l u i d  i s  the  key t o  t h e  

a b i l  i t y  o f  a heat  pump t o '  t r a n s f e r  heat  from low temperature sources., 

* S l i g h t  mod i f i ca t i ons  have been made t o  a p a r t  o f  an EG & G Idaho, Inc .  
r e p o r t  e n t i t l e d  "Heat Pumps Primer fo r  Use w i t h  Low Temperature Geo- , 

thermal Resources," by J .  G. Kel l e r ,  November 16, 1977. 



0 E N T -  IF W E L L  1 H A S  GAS OR S T E A M  

I 
I 
I 
I WALL IADIATOI 

I 

. a 

The Klmath Falls, Oregon system with a nimple 
heat exchanger in a well allows very effective opet- 
ation with gravity (thermo-syphon) circulation for 
house heating. These are probably, the cleanest 
pethcnnal heating systems inrrtrllsd. 

Figure 14-4 

The Klamath Fa1 1 s Geothermal 
Space Heat1 ng System 

Source: Edward F. Wetilage, The Basics of Applied Geothermal 
Engineering , 1976, 'p. 164; Original 'Source : ISGE 
Transaction, Vcl. 1, Yo. 1. 



The secondary o r  working f l u i d ,  f requent ly freon 12 o r  freon 22, i s  c a l l e d  

a ref r igerant .  When heat i s  absorbed by a refr igerant,  i t  undergoes a 
change o f  state f ran a l i q u i d  t o  a gas, much the same as water changes t o  

steam when heated. This change occurs a t  the bo i l i ng  point. The 

re f r i ge ran t  w i l l  give o'ff heat i n  the reverse process as i t  changes f rqn  a 
gas back t o  a l i q u i d  state. I f  a warm re f r igerant  while i n  a gas s tate i s  

brought. i n t o  a cool roan, the re f r igerant  w i l l  cool and condense, 

t ransferr ing heat and ra is ing  the temperature o f  the roan. 

Pressure . i s  another condit ion itiiportant t o  the understanding o f  a heat 

pump. A change i n  pressure o f  a refr igerant can respectively lower o r  
ra i se  the bo i l i ng  temperature. For example, high pressure i n  a household 

pressure cooker a1 lows the temperature o f  water t o  exceed 212' F a t  sea 
level  atmospheric pressure. However, water w i l l  bo i l  a t  198' F atop a 

14,000-foot mountain where the atmospheric pressure i s  below tha t  found a t  

seal level . By manipulating the pressure, the re f r igerant  under reduced 

pressure can absorb heat f ran  a temperature source and change t o  a 

gas, and a t  a high pressure, the heat o f  the re f r igerant  can be glven t b  a 

higher temperature substance while changing back t o  a l iqu id .  Thus, a 
heat pump re f r igerant  can absoxS> heat and becane vaporized from a low 

temperature geothermal source and transfer t h i s  heat t o  the higher 
temperature roan a i r  by condensfog t o  a l iqu id .  A schematic diagram 

ill ustra tes these processes with the various stages numbered and descrf bed 
i n  Figure 14-5. 

This process i s  continued as heat. i s  removed from the low temperature 

geothennal water and transferred t o  the higher temperature roan air.' 
Return a i r  ducts c o l l e c t  cool room a i r  while supply a i r  ducts provide the 

heated a i r  t o  the ram I n  much the same marirler* as a conventianal forced 
a i r  heating system except t ha t  i n  the heat pump case, the condenser c o i l  

replaces the f i r e  box. Geothermal water from a spring o r  well i s  piped t o  
the evaporator. The cooler geothennal water leaving the evaporator i s  

then discharged. The heat pump schematic (Figure 14-5) i s  termed a 
water-to-air heat pump as i t  uses water as the heat source and a i r  as the 

del ivery medium. Some companies which manuf8ctu're water/air heat pumps 
are l i s t e d  i n  Appendix 14-A. 



Compressor . . .  
F igure  14-5 

. . , ., . , . 1 1 .  . I .  

. .. 
Heat Pump Schematic 

. . 
1. The r e f r i g e r a n t  en ters  the  evaporator  a t  low temperature and. pressure. 

as a 1 i q u i d .  I n  t he  evaporator,  low temperature geothermal water 
t r a n s f e r s  heat t o  t he  r e f r i g e r a n t  which becomes vaporized. The r e f r i g -  
e ran t  i s  capable o f  vapo r i z ing  a t .  t h i s  low temperature because o f  the  
1 ow pressure. 

. 4 

- .  

. 

2. The r e f r i g e r a n t  en ters  t h e  compressor as a gas a t  low temperature and 
pressure. As a r e s u l t  o f  compression, t h e  r e f r i g e r a n t  leaves a t  , 

h i gh  temperature'  and pressure. 

t - i - 
In - - Out - 

C;trotlic!rni;il 
Evaporalor water Condensor Room air  

( 1 )  ( 3 )  
- 

0111 +-- 
- - 111 - . - 

% 

Expansion 
valve 

( 4 )  

3 .  The r e f r i g e r a n t  en ters  the  condensor as a gas a t  h igh  temperature and 
pressure. Heat i s  g iven up t o . t h e  room as the  r e f r i g e r a n t  condenses 
t o  a l i q u i d  a t  h igh  pressure. The r e f r i g e r a n t  i s  capable o f  condensing 
a t  h igh  temperatures because o f  t h e  h igh  pressure. 

4. The r e f r i g e r a n t  en ters  the  expansion valve.  as a l i q u i d  a t  h igh  pressure'  
and low temperature. As the  pressure i s  reduced, i t s  b o i l i n g  p o i n t  
decreases and p a r t  o f  the  r e f r i g e r a n t  i s  vaporized cool  i ng the  remaining 
l i q u i d .  

Sources: 3.6. K e l l e r ,  "Heat Pumps: Primer f o r  Use With Low Temperature: 
Geothermal Resource;s,"p. 5 .  . . I  



An energy requirement f o r  heat pump i s  e l e c t r i c i t y  which i s  used t o  

c i r c u l a t e  and compress the  r e f r i g e r a n t .  But f o r  each e lec t r i . ca1  energy 

u n i t  used, G o ,  three, 'or more equ iva len t  u n i t s  o f  heat energy can be 

t r a n s f e r r e d  f r a n  the source depending on the d i f f e r e n c e  between the.' ' 1  ow 

and h igh  temperatures. The e f f i c i e n c y  o f  the heat pump i s  the r a t i o  o f  

'these two energies and i s  c a l l e d  the  c o e f f i c i e n t  o f  performance (COP). It 

i s  g iven by the formula: 

q u a n t i t y  o f  heat  energy de l i ve red  
,COP = q u a n t i t y  o f  energy suppl i e d  t o  operate the  device 

Kunze and Forsgren (1978) have analyzed the  economics o f  the  heat  pump as 

a device t o  a s s i s t  i n  geothermal d i s t r i c t  space heat ing  us ing  55", 

80" F, 130' F and 180' F geothermal waters. Whether o r  n o t  a system i s  

economical depends upon a number o f  va r i ab les  such as c l imate ,  Btu 

requirement and p r i c e  o f  canpe t i n g  energy. Kunze and Forsgren concluded 

t h a t  pumping cos ts  a re  l e s s  than 20% o f  the  t o t a l  cos ts  f o r  the p a r t i c u l a r  

cases they analyzed. 

TECHNOLOGY SUMMARY DOCUMENTS 

More d e t a i l  on geothermal techno1 ogy, i n c l  udi'ng design procedures f o r  

house heat ing, hydsaul i c s  and pumpi ng ins t rumenta t ion  and the  mechanical/- 

e l ' e c t r i c a l  aspects o f  geothermal hardware, i s  g iven i n  a book e n t i t l e d .  

The Basics o f  Appl ied Geothermal by Edward F. Wehlage, . publ ished : by 

Geothermal I n fo rma t ion  Services, 318 Cherrywood St ree t ,  West Covina,, 

C a l i f o r n i a  91791. 

For  a recent  publ i c a t i o n  on  technology; the  748-page t ransac t ions  o f  the,. 

annual ineeting o f  t he  Geothermal Resources Council he ld  i n  H i l o ,  Hawaii. o f  

J u l y  25-27, 7978, a r e  a v a i l a b l e  from P.Q. .Box 98, Davis, C a l i f o r n i a  95616. 

ENVIRONMENTAL IMPACTS OF GEOTHERMAL DEVELOPMENT 

Space heat ing, the considered geothermal a p p l i c a t i o n . '  f o r  Alaskan ho t  

spr ings, i s  an a t t r a c t i v e  and f e a s i b l e  use o f  t h i s  energy'  resource i n  



both  econanic and environmental considerat ions.  A i r  and water qua1 i ty 

w i l l  unavoidably be impacted. by wastewater d isposal  . However, with 

reasonable p lanning and adequate con t ro l  s, small sca1.e geothermal 

u t i l i z a t i o n  would have a n e g l i g i b l e  impact 06 the environment and i n  some 

instances development woul d have b e n e f i c i a l  consequences (Mark1 e, 1978). 
9 .  
I 

Use o f  geothermal waters loca ted on Sta te  lands i s  regu la ted  'under t h e  

Geothermal Resources Act o f  1971 as amended i n  1974. This  a c t  prov ides 

f o r  encouragement o f  the  recovery o f  t h i s  resource, prospect ing and 

1 easing requirements, p r o t e c t i o n  o f  t he  resource and p rese rva t i on  o f  the  

enviro'nment as shown' i n  the  f o l l o w i n g  e x t r a c t :  

(p)  Conservation; p revent ion  o f  waste and pol l u t i o n .  (1 )  . ,A1 1;. 
leases o r  permi ts  under t h i s  sec t i on  are  sub jec t  t o  the c o n d i t i o n  
t h a t  the  lessee o r  permi t tee  w i l l ,  i n  conduct ing h i s  explorati.on; 
development and product ion operat ions, use a l l  reasonable precaut ions 
t o ,  . p ro tec t  the envirorment and t o  prevent  p o l l u t i o n  o f  the S t a t e 9  . ,  

waters and waste o f  geothermal resources developed i n  the  land leased 
o r  granted f o r  prospect ing under a penni t .  

(2 )  With the approval o f  the commissioner, Department o f  Natura l  
Resources a permi t tee  o r  lessee may d r i l l  specia l  we1 l s ,  conver t  
producing we l l s  o r  r e a c t i v a t e  and conver t  abandoned w e l l s  f o r  t he  
sol e purpose o f  r e i n  j e c t i n g  geothermal resources o f  t h e i r  residue. 

(3 )  The owner o r  opera t ion  o f  a geothermal we l l  on land pro- : 
ducing o r  reasonably '  presumed t o  conta in '  geothermal resources s h a l l  
p roper ly  cons t ruc t  the we l l  i n  accordance w i t h  methods approved by  
the  canmissioner. The owner o r  o'perator s h a l l  make. every reasonable 
e f f o r t  t o  prevent damag& t o  l i f e ,  heal th,  p roper ty  and na tu ra l  

b resources, t o  p r o t e c t  the ,  geothermal resources depos i ts  from damage 
o r  waste, t o  shut  ou t  de t r imenta l  substances from underground s t r a t a  
conta in ing  water s u t t a b l e  f o r  i r r i g a t i o n  o r  domestic purposes and 
f r a n  surface water s u i t a b l e  f o r  these purposes, and t o  prevent t h e :  
i n f  il t r a t i o n  g f  deter imenta l  substances i n t o  these s t r a t a  and i n t o  
surface water . 

(4 )  The commissioner s h a l l  r e q u i r e  those t e s t s  o r  remedial work 
f o r  the owner o r  operator  o f  a geothermal we l l  t h a t  i n  h i s  judgment 
a r e  necessary t o  prevent  damage t o  l i f e ,  heal th,  proper ty ,  and 
na tu ra l  resources, t o  p r o t e c t  geothermal resources deposi t s  f r a n  
damage o r  waste, o r  t o  prevent  t he  p o l l u t i o n  o f  the  s t a t e ' s  waters by 
t h e  i n f i l t r a t i o n  o f  de t r imenta l  substances i n t o  underground o r  
sur face water s u i t a b l e  f o r  i r r i g a t i o n  o r  domestic.  purposes, f o r  the 
best i n t e r e s t  o f  the  neighbor ing proper ty  owners and the  pub1 i c .  To 
t h i s  . end he may request  the a s s i s t a n c e  of the. ' Department o f  
Environmental Conservat ion under . AS 46.03. (Alaska ' S ta tu te  
38.05.181 .) 



A1 1  space heat ing  uses o f  geothermal waters w i l l  r e q u i r e  .removal o f  the  

f l u i d  frm the spr ing,  t r a n s f e r  o f  the h o t  waters t o  the  p o i n t  o f  use ( f o r  . 

thermal e x t r a c t i o n )  and . subsequent discharge o f  the spent f i u f d ;  , '  . 

Development proponents and environmental p r o t e c t i o n  i n v e s t i g a t o r s  agree 

t h a t  the 1  i kel i hood. o f  eco log ica l  degradat ion '  i s  s l i g h t ;  however, there,.. 

a re  problems associated w i t h  the use o f  geothermal f l u i d s  t h a t  must be ... 
considered . 

I n i t i a l  cons t ruc t i on  a c t i v i t i e s  would probably d i s r u p t  the s i t e  t e r r a i n  

' and there  would be a  moderate l e v e l  o f  a1 t e r a t i o n  o f  the  s i t e  vegetat ion.  

Establ ishment o f  a  r e s e r v o i r  a t  the h o t  sp r i ng  l o c a t i o n  would tend t o  

reduce o r  e l im ina te  the  over f low mud area thus a l l ow ing  the  surroundi.ng 

,land t o  d ry  out.  While t h i s  would destroy swamp f l o r a ,  i t  would prov ide,  

an area more conducive t o  growth o f  o the r  t e r r e s t r i a l  vegetat ion.  

Depending on .the design o f  the  r e s e r v o i r  w a l l ,  t he  cons t ruc t i on  could 

enhance the v isua l  aes the t i cs  o f  the  s i t e  and prov ide b e t t e r  access t o  ' t h e  

sp r ing  (Markle, 1979). 

Lay ing  o f  pipes f o r  t r a n s f e r r i n g  geothermal f l u i d  woul d  d i  s rup t  animal 

h a b i t a t  along the  t ransmiss ion system as we l l  as destroy c e r t a i n  p l a n t  

forms. Careful  r o u t i n g  , appropr ia te  f o r  l o c a l  cond i t ions ,  cou ld  a1 l e v i a t e  

some o f  t he  d i s r u p t i o n  b u t  the  s i t e  would s t i l l  be a l te red .  Const ruc t ion  

o f  a wooden wal kway over  the  p i p e l i n e  would f a c i l i t a t e  maintenance; t h i s  

maintenance and r o u t i n e  p ipe  replacement would f u r t h e r  serve t o  keep 

t ransmiss ion  paths open. More soph is t i ca ted  del i v e r y  systems would 

improve the e f f i c i e n c y  and extend the  l i f e  o f  the  opera t ion  bu t  would 

requ i  r e  more ex tens ive  and expensive i n s t a l  l a t i o n .  These systems would, 

however, have the advantages o f  more extensive planning, improved 

ma te r ia l s ,  and more e f f e c t i v e  system c o n t r o l s  which should prov ide  

a d d i t i o n a l  environmental p ro tec t i on .  

Pipes may have t o  be i nsu la ted  f o r  e f f j c i e n t  t ransmiss ion o f  h o t  water. 
, , 

Th is  would reduce thermal exchange w i t h  the  . t e r r e s t r i a l  environment. I n  

permafrost  areas, p i p i n g  the  h o t  water i n  un insu la ted  pipes could c rea te  

environmental p rob l  ems through ground subsidence o r  unusual thawing 

s i t u a t i o n s ,  e s p e c i a l l y  where t h e  p ipes have been bur ied.  Trenching . i s  



n o t  recommended f o r  l a y i n g  the  pipes. A board wal kway cover ing 

above-ground i n s t a l l a t i o n  o f  i nsu la ted  p ipe  has been the  method many small 
i 

i n s t a l  l a t i o n s  use. Th i s  i s  advantageous f o r  -maintenance operat ions as 

we1 1 as f o r  environmental p r o t e c t i o n  ( K i  rkwood, 1978). Wrapping the 

w i l l  a1 so decrease the  possibi ' l  i ty o f  e x t e r i o r  system corros ion,  

.espec ia l l y  from e l e c t r o l y s i s  caused by the  moving water i n  the p ipe  . 

(Markle, 1978). 

Alaska 's  h o t  spr ings a re  considered r e l a t i v e l y  c lean i n  terms o f  co r ros i ve  

p rec ip i t an ts ,  t o x i c  substances and gaseous emissions. Nonetheless, ac tua l  

l e v e l  s must be analyzed a t  each p o t e n t i a l  use s i t e .  General ly ,  r e l a t i v e  

,to" o the r  geothermal areas, Alaskan spr ings a re  h igh  i n  s i l i c a  and low i n  

s a l t  content.  I n  some spr ings the water i s  potable; i n  o thers  the  b r i ne .  

l e v e l s  a re  so *h igh t h a t  the water i s  on ly  useable i n  closed-loop p ip ing '  

systems. Table '14-4 shows an ana lys i s  o f  t he  content  o f  Manley.'Ho.t 

Springs, a representa t iona l  "clean" surface man i fes ta t i on '  where the  water 

i s  potable. Table 14-5 shows the  Alaska Department o f  Environmental. 

conservat ion standards f o r  d r i n k i n g  water, and provides a basis  ' b f  

comparison. The d i f f e r e n c e  i n  water qua1 i t y  from s i t e  t o  s i t e  i s  marked. 

I t  should a l so  be noted t h a t  p o t a b i l i t y  o f t e n  r e f l e c t s  the value o f  t h e  

water f o r  o the r  uses. I n  Japan, f o r  instance, ee l s  a re  ra ised f o r  human 

consumption d i r e c t l y  i n  the  geothermal waters; i n  another Japanese s i t e ,  

a n  a l l i g a t o r  f a n  uses on ly  the heat from the waters and keeps the. 

a l l  i ga to rs  c a r e f u l l y  separated from the geothermal f l u i d s  (Ogle, 1.978). . 

Care must be exerc ised i n  a1 t e r i n g  concentrat ions o f  p o t e n t i a l  p o l l u t a n t s  

i n  both the  reserv0i . r  and the p i p i n g  stages. Geothermal water i s  s l  i g h t l y  

a c i d i c .  When the  water i s  impounded o r  concentrated i n  a rese rvo i r ,  i t . i s ,  
1 :  

poss ib le  t h a t  the  pH l e v e l  w i l l  be changed and the  water w i l l  become more .... . 

a c i d i c .  This  can s e r i o u s l y  a f f e c t  a p o i n t  o f  discharge, as discussed 

below. Impoundment i s  n o t  expected t o  i n c r e a s e  the  1 eve1 o f  heavy metals, ' 

.such as arsenic and mercury, o r  o the r  t o x i c  substances which a re  present ,  
. . 

i n  small concentrat ions i n  geothermal waters. The spr ings are  a l so  hosts 

f o r  many organisms i n c l u d i n g  c o l i f o n  b a c t e r i a  and algae. I n  a r e s e r v o i r ,  



TABLE 14-4 

CHEMICAL ANALYSIS OF WATER IN MANLEY HOT 331NGS 

GEOGRAPH I C  LOCAL I TY 
GEOTHERMAL FIELD-AREA.. MANLEY HOT SPRINGS (BAKER HOT SPRINGS) 
SAMPLE TYPE ............ SURFACE 
COUNTRY CODE.. ......... US COUNTRY NAME.. .......... UNITED STATES 
STATE/PROVI NCE. ........ ALASKA . 
LATITUDE ............... 65-00.00 Pi LONGITUDE. .............. 150-38.00 W 

SAMPLE INFORMATION 
SOURCE TYPE.. ......... SPRING 

WATER SAMPLING TEMP. . 56.0°C. . 

..... 'WATER ROW RATE.. 9.33 LITERS/SECOND 560.0 LITER/MINUTE 

YATER ANALYSIS W 
. P 

I PH 1) .................. 7.72 
0 
m 
SOLUTE ANALYSIS (WATER) PARTS PER MILLION 

L I N A K RB C S NA+K 
.. 28 130.00 4;50 

References: White and Others, Assessment o f  Geothermal Resources of the U.S. - 1975, U.S.G.S. 
C i r c u l a r  726; 

M i l l e r  e t .  a l .  1973. 

Source: U.S.G.S. , Geothermal Resources F i l e ,  Rev is ion  8,. Record No. 0000231 , Record Type B, February '975. 



TABLE 14-5 

MAXIMUM CONTAMINANT CONCENTRATIONS FOR DRINKING WATER 

(1)  . Inorganic Chemical Contaminants (3) Physical Cbntaminants 

Contaminant Maximum Contaminant 
Concentrat ion (mgl l )  

Arsenic ....................... 0.05 
Barium ....................... 1. 
Cadmium.. ................... .0.010 
Chranium ..................... 0.05 
F l  uog ide. ................... .2.4 
I r o n  ........................ 0.3 

. . Lead . . . . .a . . . . . . . . . . . . . . . . . . .  . . 0.05 
Manganese .................... 0.05 
Mercury ...................... 0.002 
N i  c r a t e  (as Ni t rogen) ...... .lo. 
Selenium.. ................. ..O.Ol 
S i l v e r  0.05 
Sodium ................... .250. 

(2) Organic Chemical Contaminants 

Contaminant Maximum Contaminant 
Concentrat ion (mgl l  ) 

Contaminant Maximum Contaminant 
Concentrat ion 

b Color ........................ 30 p i t s  
Turb id i ty . .  .................. one u n i t  as a monthly 

average o f  sampl es 
requ i  red  by the  
department 

(4)  Radioact ive Contaminants. 

Contaminant 
. . 

Maximum Contaminant 
-Concentrat ion (pCi / l ) , -  

Gross A1 pha.. ............... .15 
Gross Beta.. ................ .50 
Strontium-90 .................. 8 
Canbined Radium-226 8 228 ..... 5 
T r i t i u m  .................. 20,000 

(5) Maximum Total  Col i form Bacter ia  
Contaminant Concentrat ion 

....................... Endr in  0.0002 Test Method Maximum Contami nant  
Lindane ....................... 0.004 Concentrat ion 

. .  Me.thoxychlor.. .............. .0.1 
Toxaphene .................... 0.005 (A)' Membrane F i l t e r  The col  i form dens i t y  may 
2,4-D. ...................... .O. 1 Techique no t  exceed one per 100 m i l  1 i-' 

........... 2,4,5-TP S i l  vex.. .0 .O1 l i t e r s  i n  any r o u t i n e  sample. 
. . (B) Fermentation Tube Col i forms may no t  be present 

Method w i t h  10.ml i n  more than one 10 m i l l i l i t e r  
. . . . .: - ,portio.ns p o r t i o n  i n  any? routine.-s'ampl e. 

. . . c 

source: D r ink ing  Water Standards, Environmental ... Conservation, T i t l e  18 ~ l a s  ka Admin is t ra t ive  . . code' . 
. Chapter 80.050, January 1977. 

. , - Notes a,, b & c: .The. State  Depa,rtment of Env.i-rormental Conservation has d i sc re t i ona ry  powers t o  a l l ow  ' ,_ , .  .' . . 

. .".. . . h igher  maximum'concentrations. 



t h i s  may n o t  be a problem, depending on water content,  moni tor ing,  and 

eventual use o f  t he  water. B r i ne  bu i ld -up  w i l l  occur around the  r e s e r v o i r  

and i n s i d e  the p ipes over an extended pe r iod  o f  t ime. Careful  handl ing of 

these ma te r ia l s  and appropr ia te  d i s p o s i t i o n  o f  the used pipes w i l l  be 

necessary. 

I 

The low- leve l '  emissions o f  hydrogen s u l f i d e  and carbon d iox ide  w i l l  

probably n o t  be increased a t  the sp r ing  through the impoundment o f  sp r i ng  . . 
1 .  

water.  A i r  pol l u t i o n  l e v e l s  should be unaf fected.  However, use o f  open 

geothermal waters i n s i d e  a house o r  o the r  c losed s t r u d  t u r e  could expose 

r e s i d e n t s  t o  h igh  l e v e l s  o f  noxious gasses. Such use would r e q u i r e  

cons tant  moni tor ing.  It should a l so  be mentioned t h a t  one noxious gas, 

Hz$, when combined w i t h  r a i n  o r  mo is tu re  w i l l  form h i g h l y  co r ros i ve  
. . 

su l  furous ac id.  

Waste water from t h i s  type o f  u t i l i z a t i o n  a t  most Alaskan s i t e s  i s  n o t  

expected t o  be de t r imenta l  t o  the environment. However, there  are several 

problem areas r e l a t e d  t o  water qua1 i ty and appropr ia te  d i s p o s i t i o n  o f  

spent thermal f l u i d s .  I n  the  normal course o f  h o t  sp r i ng  seepage o r  f low, 

t h e  ground immediately surrounding the  sp r ing  serves t o  f i l t e r  ou t  much o f  

t he  b r i n e  and heavy metals. I t  a l so  ac ts  as a c o o l i n g  area f o r  the  

geothermal waters be fore  they e n t e r  a stream system. Many proposed space 
* 

heat ing  i n s t a l l a t i o n s  w i l l  be closed-loop d e l i v e r y  systems, r e t u r n i n g  the  

waf;er t o  the  sources a f t e r  heat e x t r a c t i o n  (Kirkwood, 1978). I n  these 

i n s t a l l a t i o n s  the  discharge should n o t  a f f e c t  the  ecosystem. I n  o t h e r  

instances the waste water may be pumped o r  dra ined i n t o  the  same 

spring-stream system i n t o  which i t  would otherwise f low.  The chemical 

canpos i t i on  o f  t he  sp r ing  water wil.1 n o t  undergo subs tan t i a l  change dur ing  

the  p i p i n g  and t.he decreased temperature . o f  the used geothermal water  

shquld n o t  a f f e c t  the  stream's aquat ic  b i o s y s t m  ( ~ o r b e s ,  1976). I n  some 

instances, c a r e f u l  mon i to r i ng  may be required. By p i p i n g  the  water away 

fry the spr ing  s i t e ,  and then d ischarg ing  i't i n t o  , t h e  stream a t  a 

d i f f e r e n t  po in t ,  the  use r  may be i n  v i o l a t i o n  o f  the Environmental 

P r o t e c t i o n .  Act. Depending upon the c h a r a c t e r j s t i c s  o f  the s i t e  and the  

e x t e n t  o f  use, s i g n i f i c a n t  p o l l u t i o n  cou ld  occur.  



Table 14-6 l i s t s  the water q u a l i t y  c r i t e r i a  and maximum leve ls  f o r  

po l lu tants  f o r  the State o f  Alaska. Category D, "Growth and propagation 

o f  f i s h  and other  aquatic l i f e , "  i s  the sect ion w i t h  the greatest  sensi- 

t i v i  ty t o  change and, consequently, the most s t r ingen t  r e s t r i c t i o n s  on 

po ten t ia l  pol lutants.  I f  the nunbers o f  coloform organisms a t  the spr ing 

s i t e  are a t  high levels,  discharge o f  f l u i d s  i n t o  a stream may be 

prohibi ted.  This would also be the case where the temperature o f  the main . s 

stream, a f t e r  the discharge o f  used geothermal waters, i s  ra ised 4OF o r  t o  

over 60°F, whichever i s  lower. This thermal increase could cont r ibute  t o  
eutrophicat ion o f  the stream as a build-up o f  algae and a concomitant 

decrease i n  ava i lab le  oxygen would destroy the f i s h  habi ta t .  

- A1 ternat ive ly ,  and perhaps benef i c ia l l y ,  a modest increase i n  temperature 

might improve the f i s h  habi tat .  As noted above, the a1 t e ra t i on  o f  a c i d i t y  

could be very harmful t o  aquatic 1 i f e .  The pH must remain between 6.5 and 

8.5, and the maximum pH change may no t  exceed 0.5 per hour. Table 14-5 

shows other subjects t o  be considered when planning f o r  d ispos i t ion  o f  the 

waste water. S ign i f i can t  leve ls  o f  b r ine  o r  heavy metals, a t  d i f f e r i n g  

leve ls  f o r  d i f f e r e n t  species, could destroy aquatic 1 i fe - - f i sh ,  fowl o r  

f u r  bearers (Lamoreaux, 1978). 

I f  other surface disposal i s .  ant ic ipated,  the  user must consider the f a c t  . 
t h a t  i t  may be i n  v i o l a t i o n  o f  the Environmental Protect ion Act. A1 lowing 

geothermal waters t o  mix w i t h  ground waters could cause p o l l u t i o n  i n  the 

areas mentioned above as we1 1 as degrade the q u a l i t y  o f  the ground water. 

Use and discharge o f  any source of water requires the user t o  obtain a 

permit. One w r i t e r  l i s t s  these basic considerations: 

"1. Sa l i n i t y :  S a l i n i t  exceeding 330 ppm i s  undesirable, 1000 ppm 
[ i s ]  considered I! the] tolerance 1 i m i  t f o r  d r ink ing  water. 

2. Temperature: Normal stream temperature plus a few degrees C i s  
o f ten considered the 1 i m i  t i n  a t ight ly - regula ted environmental 
s i tua t ion .  

3. Gas content: H S, high CO , [or ]  low oxygen are unacceptable, 
depending on t h a r  leve ls  o f  concentration. 

4. Inadequate drainage capabi 1 i ty. (Kunze, 1975) 
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Nn tcs: 

I .  Organisnls 01' rhc colifortrl group shall bc 
deteminecl 'by Most Probable Nurnber or 
rq uivalet~t n~ctnhriinc filter tcchnique. 

2. Whcrcvcr citcd in these stanclards, the 
National SlrelljlSsh Sdslitalion Prr~grutn, 
Afwnctul of Ol~crutions, Iyurt I ,  nlcans 
Sanitiition or Sllcllfish Growing Areas. 1965 
revision. U.S. 1)cl)artrncn t of I.lcalth, 
tducatioti and Wolfare, Public t.?wltli 
Scrvicc I'uhfica tion NO. 33, Part 1 , 
abtainiiblc frotit tlrc Supcrin tcndcnt .of 
I)ocult~cn 1s. 11.S. (iovernntcn t I'rin ting 
Ufl'ice, Washit~gt~n, D.C. 20402 (l'rice 45 
cents), or in any Kcgional Office of the 
Department of Environmental Conscr4s tion, 
and which is on file in the office of the 
lieu tenant governor. , 

3. Induced variation of pH conditions naturally 
outside this range may not .exceed 0.5 pH 
unit and the pl-i elisnge shall be only in the 
direction of this range. pH conditions 
naturally within this range shail be 
rnaititilitied withifi 0.5 pH unit of tliv natural 
pll. 

4. Wtrcrcvcr citctl in tllcse standards, ~lS / ' / /S  
I ) r i t ~  khlg CVullrler Stutrdurds tiimns thc I'ublic 
I lcalth Scrvicc Ihinking Wo tcr Stqndards, 
1962 revision. U.S. Ileparttncnt of Iicallh. 
I'rltlqation anti W l a r  I\ublic ticaltlt 
SCTV~GE Publication No, 956, obtainable 
from tlla Superintendent of Pocun~enlts, 

1I.S. C;ovcrnnlcn t Printing Office. 
Wasllitlglr.rii. I1.C;. 20402 (Price 30 cents) or 
fro111 any Regional Office of the Department 
of Environniental Clonscrvation, and which is 
on file in the office of thc. l'ieutenant 
poxer~tor. 

5. Wherever ciled in these standards. National 
Bitrwtt of Stantlurds / fu~dbook 69 means 
the lrandhook entitled' "Maximum 
I'ernlissible Botly Burdens and Maximum 
Pernlissiblc Conccn trations of Radionuclicfes 
in Air and Watcr for 0ccupatioil;rl 
I!xposurc," U.S. I)cpartmcn t of Comtncrcc, 
Nrr tioiial Bitrcrr~u tr f Stand;~rtls Handbook (+I, 
Jitnc 5, I 050, obtainable from tllc 
Sit ~ ~ e r i n  tctlrlerl t of Documents. U.S. - -- 
Govcrtlmcnt I'ri~iiing Office, Washington, 

--- [I.?'. 10402. or in any regional d l i c c '  or  k l ~ i '  
Depart men t of Environtnen ti11 Consc&atidn.' 
and wliiclr is on file in the oftice of the 
lieu tenant governor. . 

6. Whercver dtcd in these stanrlards. Hutliurion 
/'po/rc.rln,t C;rritlcv mcans tlir gtiidclincs 
rccomrncnded by tlre formert Federal. 
Ratlialion (buncil and publisltcll (11 the May 
18. 1960 Fcdcral Register, and published in 
tlie Scptcmher 26, 1961 Ferleri~I, ReMstcl. 
ohtainahlc f'ronl any R~girtnal Oflice or Lije 
1)epartnucttl o f  Envii-onmen lal C'onscrvstian 
and whicll arc on file in lllc oflice of llle 
liculon;~ tit g(~vcn1or. 



Each s i t e  must be tes ted  f o r  concent ra t ion  l e v e l s .  Mu1 t ipurpose use o f  

the  water, depends on the  p u r i t y  o f  the  geothermal f l u i d  being discharged. 

It i s  poss ib le  t h a t  waste heat and noxious gas from the discharged water 

cou ld  cause a i r  p o l l u t i o n  i n  c o l d  weather. With the  atmosphere's sus- 

c e p t i b i l i t y  t o  fog fo rmat ion  over  open water i n  c o l d  periods, t he  d j s -  

charged f l u i d  could aggravate the  problem and make a fog o f  concentrated, 
. . . . .  

hazardous a i r  pol l u t a n t s .  Th is  c o n d i t i o n  may n o t  occur du r ing  geothermal 

discharges, but  the  ex ten t  and pers is tence o f  " i ce- fog"  i n  nor thern  

communities makes t h i s .  a  ha.zard t o  consider .  

Noise l e v e l s  ace no t  increased du r ing  the  ac tua l  operat ion o f  the  space 

heat ing  system, a l though there  might  be considerable no ise  du r ing  con- 

s t r u c t i o n ,  depending upon the e'xtent o f  development a c t i v i t y . .  

Aes thet ic  considerat ions woul d be general l y  improved thpough development 

o f  t h i s  resource. A d d i t i o n a l l y ,  two d i s c i p l i n e s  may de r i ve  extensive and 

va luab le  i n fo rma t ion  from c a r e f u l  development: b i o l o g i c a l  s tud ies  o f  the  

thermal spr ings '  ecosystems and archaeological  exp lo ra t i on  i n  .the 

immediate v i c i n i t y  o f  t he  geothermal s i t e s .  . 

"Sane concern has been voiced f o r  thermal spr ings and the  adjacent  
t e r r a i n  as poss ib le  i s l a n d  ecosystem surrounded by a h o s t i l e  a r c t i c  
environment. It has been suggested, f o r  example, t h a t  such ecosys- 
tems and the  accompanying microenvi  ronment (unless destroyed by man) 
may conta in  re1 i c  b i o l o g i c a l  populat ions which have surv ived g l a c i a l  
episodes, da t ing  back t o  Pl iocene time; A'lthough i t  remains t o  be 
proved, t he  repor ted presence o f  vigorous earthworms i n  the warm so' i l  
around P i l g r i m  Springs i s  o f  more than passing i n t e r e s t .  . . "even 
though the  earthworms may have a r r i v e d  v i a  p l a n t s  which were imported 
du r ing  t h e  Nome gold rush." (Forbes, 1976.) 

Many Alaskan spr ings have a1 ready been a1 te red  o r  developed. There has 

been no monf tor ing o f  the  environmental impact o f  these u t i l i z a t i o n s  f o r  

several reasons, i n c l  ud i  ng e a r l y  devel opment t ak ing  p lace before  

environmental regu la t i ons  were es tab l  i shed, remote l oca t i on ,  and 1 i m i  t ed  

a p p l i c a t i o n  having l i t t l e  impact. Future development o f  new s i t e s  on a, 



s i m i l a r  scale o r  l i m i t e d  growth i n  the  u t i l i z a t i o n  of e x i s t i n g  h o t  spr ings 

w i l l  r e q u i r e  p lanning t o  p rov ide  f o r  t he  maximum use o f  these resources 

w h i l e  causing o n l y  minimal envi rormenta l  degrada$i,on. Deta i led  mon i to r ing  

o f  the  impac'ts o f  these l i m i t e d  a p p l i c a t i o n s  i s  n o t  an t i c i pa ted .  

Hoyever, s i t e s  c u r r e n t l y  being i nves t i ga ted  t o  determine p o t e n t i a l  , f o r  

l a r g e r  scale development a re  1  i k e l y  t o  be viewed d i f f e r e n t l y .  The 

proposed p r o j e c t s  a t  Adak, P i l g r i m  Hot  Springs and Unalaska w i l l  n o t  on l y  

use g rea te r  q u a n t i t i e s  of water, bu t  w i l l  i nvo l ve  the  d r i l l i n g  o f  w e l l s  

and the  a r t i f i c i a l  su r fac ing  o f  the  h o t  water resource. A l l  o f  these ' 
p r o j e c t s  a re  i n  the proposal o r  assessment phase and which kinds o f  

mon i to r i ng  may be requ i red  has n o t  been addressed. 

RECOMMENDATIONS 

The use of geothermal energy f o r  space heat ing  i s  s i t e  s p e c i f i c  s ince  the  

c o s t  per m i l e  o f  t r a n s p o r t i n g  the energy from i t s  source t o  the  p o i n t  o f  

use i s  great .  Every r u r a l  community should inventory  the na tura l  energy 

resources nearby, i n c l u d i n g  the  geothermal resources, and a  c o s t  ana1ys . i~  

should be done t o  determine the  ranking o f  a1 t e r n a t i v e  energy opt ions ... 

The co'sts so obtained should be compared w i t h  present as we l l  as pro jec ted  

fuel cos ts  ( u s u a l l y  imported d i e s e l )  and o the r  f a c t o r s  so t h a t  plans can 

be made t o  s h i f t  t o  an a1 t e r n a t i v e  energy source a t  the  appropr ia te  t ime. 

SUMMARY 

Alaska has used geothermal energy f o r  space heat ing  i n  t he  pas t  and the 

f u t u r e  expansion o f  such use i s  an t i c i pa ted .  A  s t rong i n t e r e s t  i n  

geothemal  energy i s  evidenced by the  entrepeneurs who aye i n v e s t i n g  t h e i r  

own funds f o r  a d d i t i o n a l  geothermal use, the  federa l  government which , i s  
.. . 

funding geothermal programs i n  Alaska, and the S ta te  government which has 

r e q e n t l y  funded a  s i g n i f i c a n t  e f f o r t  a t  P i l g r i m  Hot Springs. 
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APPENDIX J4-A 

WATER/AIR HEAT PUMP MANUFACTURERS 

Trade Name 

T r i t o n  Heat Pump 

Electro-Hydronic 

Mammot h 

F r i e d r i c h  
(Cl ima t e  Master 
Series.) 

A i r  Cond i t ion ing  
Corp. 

Kol dwa r e  

V l l  t e r  

Centu ry/Comfort  
A i  r e  

Weatherki ng 

McQuay Group 
Roof pa k 

~Whalen Co. 

Company and Address  el ephonti Number 
. . 

York, Div. o f  Borg-Warner Corp. (71 7) 846-7890 
P. 0. Box 1592 
York, PA 17405 

Singer  Co., Cl imate Control  Div .  (314) 644-5200. 
401. Rand01 ph S t r e e t  
Red. Bud, I L  62278 

Mammoth Div,, Lear S i e g l e r  Inc.  ( 6  12&) 544-27 1 1 
13120-8 County Rd. 6 
M i  r l i~edpul i s, NM 55427 (Jallles #. Larlger.) 

F r i e d r i c h  A i r  Cond i t ion ing  & (51 2) 225-2000 
R e f r i g e r a t i o n  Canpany 

4200 N. Pan Am Hwy. P. 0. Box 1540 
San Antonio, TX 78295 a 

A i  r Condi t i  on i  ng Corp. 
P. 0. Box 6225 
Greensboro, NC 27405 

  eat Exchanger I n c  . 
8100 N. M o n t i c e l l o  Ave. 
S.kokie, I L  60076 ' 

~ i l t e r  ~ f y .  Corp. 
221 7 S., F i r s t  S t r e e t  
Milwaukee, W I  53207 

. Heat Control  l e r  Inc .  
Losey a t  Wel lworth . ' 

Jackson, M I  49203 

Weatherking Inc.  
4501 E. Colonia l  D r i v e  
Box 20434 
Orlando, FL 32814 

McQuay Group, McQuay-Perfex Inc. (61 2) 559-2892 
13600 I n d u s t r i a l  Park Blvd. 
P. 0. Bux 1551 
M i  nneapol i s, MN 55440 

The ~ h a l e n  Co. ' 

P. 0. Box W 
Brock Br idge Rd. 
Laurql  , MD 20810 



Trade Name 

Wilcox 

b 

McMil l a n  

EnerCon 

FHP Manufactur ing 

Command A i r e  

Addison 

Weathermaker 

Aqua-Matic 

C l  imat ro l  

T e m l i f i e r  

Canpany and Address Tel ephone Number 

Wilcox. Mfg. Corp (81 3)  531 -7141 
13375 U.S. 19 Nor th  a t  62nd S t r e e t  
P.0; Box 455 
B i n e l l a s  Park, FL 33565. 

McMi l lan Heat Pump Inc. 
P.O. Box 5897 
Jacksonv i l le ,  FL 32207 

American A i r  F i l  t e r '  Co. (502) 637-0011 
215 Centra l  Ave. 
L o u i s v i l l e ,  KY 40201 

F l o r i d a  Heat Pump co rpo ra t i on  (904) ,733-3592 . . 
61.0 Southwest Twe l f t h  Ave. 
Pampano Beach, FL 33060 

Command A i r e  Corp. (81 7) 753-3601 
P.O. Box 7916 
Waco, TX 76710 

Addi son Products .Co. 
T h e i r  wa t e r / a i r  system marketed under 
Weatherking name (Weatherking Inc. )  

C a r r i e r  A i r  Condit ion, Div.  o f  C a r r i e r  (315) 463-8411 
cord. 

C a r i e r  Pkwy. . . 
Syracuse., NY 13201 

Dunham-Bush, Inc .  
175 .South S t .  
West Har t fo rd ,  CT 06110 

Muel l e r  C l  ima t ro l  Corporat ion (201 ) 981 -0300 
Woodbridge Ave. . ,  
Edison, NJ 08817 , . . . 

Advanced Design Associates, I nc .  
Miami, FL 

BudCo 
B loomf ie ld ,  CT 

. . 
ElmBrook Re f r i ge ra t i on ,  Inc.  
Ba t te r ,  W I  

Lanc'o-Supreme, i n c  . 
Torranc@, CA 

West i nghouse' 
, . 

14-'5 1 



APPENDIX B 
9 

UTILIZATION OF GEOTHERMAL SPRINGS IN SALMON HATCHERIES . ,  . 

From January 1977 t o  September 1977, seven s i t e s  were i nves t i ga ted  .by 

b i o l o g i s t s  from the Alaska Department o f  F ish and Game (ADF&G) and 

engineers contracted from. Dames ,and Moore t o  determine the  techn ica l  

f e a s i  b i  1 i ty o f  the appl i c a t i o n  o f  geothermal energy t o  hatchery product ion 

o f  salmon. I n v e s t i g a t i o n s  consis ted o f '  i d e n t i  fyi ng candidate thermal 

spr ings and eva lua t i ng  the physical ,  chemical and b i o l o g i c a l  

c h a r a c t e r i s t i c s  of each s i t e  t o  determine i t s  p o t e n t i a l  f o r  salmon 

aqyacul t u re .  

Considerable informa t i o n  concerning the l oca t i on ,  hydro1 og i ca l  charac- 

t e r i s t i c s  and geology o f  Alaskan thermal spr ings i s  conta4ned i n  s i x  

repo r t s :  M i l l e r  (1973); M i l l e r ,  e t  a1 . (1975); M i l l e r  and Barnes (1976); 

Rosenbruch and Bot tge  (1975); Waring (1883) and Waring (1917). These 

p u b l i c a t i o n s  i d e n t i f y  a t o t a l  o f  94 thermal spr ings  i n  Alaska. Much o f '  

t he  e x i s t i n g  i n fo rma t ion  on flows, water temperature and water qua1 i ty o f  

these spr ings i s  sketchy; however, p r e l i m i n a r y  examination o f  tabu la ted  

i n fo rma t ion  showed t h a t  as many as 30 o f  these thermal spr ings may have 

s u f f i c i e n t  heat budgets t o  make them p o t e n t i a l l y  va luable f o r  aquaculture. 

purposes . 

A complete review o f  e x i s t i n g  i n fo rma t ion  on Alaskan thermal spr ings was 

conducted i n  an at tempt t o  i d e n t i f y  s i x  candidates f o r  hatchery s i t e s .  

L im i ted  funding precluded a survey o f  a1 1 geothermal s i t e s .  The l o c a t i o n .  

o f  candidate spr ings  r e l a t i v e  t o  e x i s t i n g  common proper ty  f i s h e r i e s ,  

accesslbll i t y ,  l a n d  a v a i l a b i l i t y ,  ' l o g i s t i c a l  consr'derations, 

Source: The k t e ' r i a l  i n  t h i s  appendix has been ex t rac ted  from the 
Dames and Moore repo r t ,  An I n v e s t i g a t i o n  O f  Selected Alaska Geothermal 
Spr ing Sources As Poss ib le  Salmon Hatchery S i tes ,  prepared by R. 0. Baker, 
R. C. Lebida, N. D. Py le  and R. P. B r i t ch ,  f o r  the S ta te  o f  Alaska, 
D i v i s i o n  of Energy and -power 'Development under c o n t r a c t  f o r  the Energy 
Research and Development Admin is t ra t ion ,  D iv is i .on  o f  Geothermal Energy, 
June 1978. 



a v a i l  ab i  1 i t y ,  o f  constr 'ucti.on m a t e r i a l  , management requirements, ex is tence 

o f  adjacent non-thermal water suppl ies,  and su i  t a b i l ' i  ty o f  re lease areas  ". 

a r e  f a c t o r s  t h a t  were used t o  f u r t h e r  evaluate the  p o t e n t i a l  o f  candidate 

: spr ings as hatchery s i t e s .  . Seven s i t e s  were f i n a l l y  se lected f o r  

eva lua t ion .  They. are: . ( 1 )  Akutan, i n  the  A l e u t i a n  Is lands;  (2)  False 

Pass, on the Alas.ka Peninsula; (3 )  P o r t  Mo l le r ,  on the ~ l a s k a  Peninsula; 

(4 )  Mother Goose Lake, on the  ~ l a s k a  peninsula; ( 5 )  Ophir  Creek, i n  the  

K i lbuck  Mountains nor theas t  o f  Bethel;  (6 )  Bai ley,  n o r t h  o f  Ketchikan i n  

Southeastern Ala'ska; and (7)  B e l l  I s land,  n o r t h  o f  Ketchikan i n  South- 

easte,rn Alaska. , 

The remoteness o f  geothermal spr ings i n  Alaska compl i c a t e s  t h e i r  develop- 

ment as an energy source. U t i l i z a t i o n  w i l l  be dependent t o  a l a r g e  degree 

on developing non-el e c t r i c a l  a p p l i c a t i o n s  which produce usable commodi t i e s  

a t  remote s i t e s .  

Alaska 's  salmon f i s h e r i e s  have h i s t o r i c a l  l y  been an extremely valuable 

resource, represent ing  a major segment o f  t he  S ta te ' s  economy. I n  recent  

years (1961-1975) the  annual va lue o f  salmon landings t o  commercial 

f ishermen has var ied  from $26.2 t o  $67.9 m i l l i o n .  

The t o t a l  catch o f  salmon i n  Alaska has undergone d r a s t i c  reduct ion.  The 

reasons f o r  t h i s  d e c l i n e  a re  complex bu t  r e l a t e d  main ly  t o  pas t  

over - f  i shing , recent  severe c l  ima t i c  cond i t ions ,  and h a b i t a t  a1 t e r a t i o n .  

This  decl i n e  i n  salmon abundance has s t imu la ted  major e f f o r t s  towards 

rehab i l  i t a t i o n  and enhancement o f  these f i s h e r i e s  by the  S ta te  o f  ~ l a s k a .  
I 

Hatcheries and o the r  a r t i f i c i a l  propagation techniques w i l l  p l ay  key r o l e s  

i n  the r e s t o r a t i o n  e f f o r t .  Current  plans c a l l  f o r  the  expendi ture . o f  

upwards o f  $500 m i l  l i o n  o f  p u b l i c  and p r i v a t e  funds through 1990 f o r  

hatchery cons t ruc t i on  i n  Alaska. 



The r a t i o n a l e  behind t h i s  expendi ture i s  the g rea te r  o v e r a l l  su rv i va l  r a t e  

o f  e a r l y  freshwater l i f e  h i s t o r y  stages o f  salmon i n  ha tcher ies  as opposed , ' ;  

t o  corresponding s u r v i v a l  i n  t he  na tu ra l  environment. 'Except f o r  c e r t a i n  . .  . . '  

i so la  ted  land- loc ked populat ions o f  red o r  kokanee salmon (Oneorhynchus 

nerka) ,  a1 1 f i v e  species o f  P a c i f i c  salmon a re  anadromous. 

Alaska 's  harsh c l  imate sev'erely r e s t r i c t s  su rv i va l  o f  the  e a r l y  1 i f e  

h i s t o r y  stages o f  salmon. Est imates o f  m o r t a l i t y  frh ' the egg t o  f ry 

stage o f  devel opment i n  t he  na tu ra l  env i  ronment versus ha tcher ies  a r e  

va r iab le ,  but  g e n e r a l l y  i n d i c a t e  t h a t  hatchery s u r v i v a l  i s  5-8 t imes 

greater  than corresponding na tu ra l  ra tes .  This  i s  the  d i r e c t  r e s u l t  o f  

the  abi  1 i t y  t o  c o n t r o l  the  hatchery envi ronment. Natura l  va r i ab les  

( f reez ing ,  predat ion, dewatering, f lood ing ,  s i l  t a t i o n ,  low oxygen 1 evel.s, 

e t c . )  a r e  responsib le f o r  the  m o r t a l i t y  o f  salmon eggs. The h igher  

s u r v i v a l  ra tes  o f  salmon i n  ha tcher ies  necess i ta tes  fewer spawners and 

corresponding g rea te r  number o f  f i s h  are  a v a i l a b l e  f o r  commercial harvest.  

The process o f  propagating salmon i n  hatcher ies,  re leas ing  the f ry t o  

graze a t  sea, and harves t ing  e i t h e r  i n  an ocean f i she ry  o r  upon r e t u r n  t o  

t h e i r  n a t a l  stream has been termed "ocean ranching." It i s  an e f f i c i e n t  

method o f  producing l a r g e  amounts o f  h igh  q u a l i t y ,  low c o s t  animal 

p ro te in .  

A r t i f i c i a l  propagation has been inst rumental  i n  main ta in ing  coho (0. - 
k i  sutch) and k ing  salmon (0. tshawythscha)' populat ions i n  Washington and 

Oregon. F i she r ies  f o r  these species have remained r e l a t i v e l y  stable,' 

desp i te  widespread d e s t r u c t i o n  o f  f reshwater  h a b i t a t .  These two species: 

o f  salmon spend considerable t ime (1-2 years)  i n  f r e s h  water, growing, t o  , *.' 
srnolt s i ze  (10-15 csi) be fore  m ig ra t i ng  t o  the  ocean. The most successful '  

hatchery programs f o r  these species have been based on smolt  product ion.  

Hatched f r y  a r e  fed  and reared t o  smolt  s i z e  before re lease.  i n t o  the  

na tu ra l  envi rorment. 



. . . . 
. . 

Geothermal energy could p lay  a major r o l e  i n  developing Alaska's  hatchery 

program f o r  coho and k ing  salmon. Natura l  water temperatures i n  most . o f  
Alaska are too  low dur ing  long w i n t e r  per iods t o  success fu l l y  operate 

ha tcher ies  where overwin ter  r e a r i n g  i s  requi red.  Optimal growth and 

convers ion e f f i c i e n c y  occurs when water temperatures a re  i n  the 10-15 
' degree C range. Growth i s .  negl ig'ible below 4.5 degrees C. 

Hydrothermal spr ing  water cou ld  be used t o  increase ambient f r e s h  water 

temperatures by use o f  a heat exchange system o r  d i r e c t  mixing. The 
I 

warmed water w i l l  then be used as process water t o  improve egg s u r v i v a l  

and increase development r a t e s  o f  smolt. Increased egg su rv i va l  a re  

expected t o  reach 5-8 t imes na tu re ' s  norm, and increased smolt  growth 

ra tes  should reach 250 percent, o r  reach m a t u r i t y  i n  1/4 the normal t ime. 

T h e  increased f i s h  count a v a i l a b l e  t o  canmercial f i s h e r i e s  should more 

than o f f s e t  the  c o s t  o f  heat ing  the  water.' . . 

Based on a v a i l a b l e  data, the  Be1 1 I s l a n d  appears t o  be the  most s a t i s -  

f a c t o r y  l o c a t i o n  f o r  the  cons t ruc t i on  o f  a demonst.ration ' hatchery 

~ t i 1 i z i . n ~  geothermal energy. The Ba i l ey  s i t e  i s  considered the  bes t  

a1 te rna te  f o r  a demonstration f a c i l  i ty and super io r  t o  the  B e l l  s i t e  f o r ,  a 

f u l l  scale product ion  hatchery. The major pros and cons o f  each s i t e  a r e  

summarized i n  Table 14-8-3. The p o t e n t i a l  f o r  harves t ing  salmon produced 

by any f a c i l i t y  should weight h e a v i l y  i n  choosing a s i t e  f o r  demonstrat ion% 

' o f  f u l l  scale product ion. 

Addi t i o n a l  surveys and moni ' tor ing o f  c r i t i c a l  parameters may be necessary 

a t  the most promising s i t e s  p r i o r  t o  i n i t i a t i o n  o f  the  nex t  p r o j e c t  phase. 

I f  these s tud ies  i n d i c a t e  s u i t a b l e  s i t e s  e x i s t  ' f o r  a demonstrat ion 

f a c i l i t y  and t h a t  Alaska geothermal resources have s i g n i . f i c a n t  p o t e n t i a l  , , 
, 

f o r  hatchery product ion  o f  salmon, then plans t o  design and cons t ruc t  a 

demonstrat ion hatchery should be i n i t i a t e d .  



TABLE 14-B-1 
CHEMICAL ANALYSES OF SURFACE'WATER SOURCES ASSOCIATED WITH GEOTHERMAL SPRINGS 

I N  SOUTHWEST AND SOUTHEAST ALASKA INVESTIGATED AS POTENTIAL FISH HATCHERY SITES, 1977. 
RESULTS ARE REPORTED I N  MILLIGRAMS PER LITER (MG/L: UNLESS OTHERWISE INDICATED 

Akutan False Pass Por t  Mol le r  MotherGoose L. Ophir Creek Ba i ley  Bay B e l l  I s land  
Hot Springs Hot Springs Hot Springs Hot Springs Hot Springs Hot Springs Hot Springs 

H S 0.02* 0.16* 0.16* 0.24* 0. 02* 7* 0. 02* 

i 3  
0.04" 0.04' 1.6, 0.12* 0.04, 0.2* 0.14* 

0.3 0.2 0.2 0.7 0.4 0.2 0.6 
~ h a s ~ h a t e ,  Ortho 0.25 0.25 0.25 0.25 0.25 0.25 0.1 
A1 k a l i n i t y ,  Bicarbonate 122 27 1 7* 35 239 122 57 
A1 k a l i n i t y ,  Carbonate 0 0 0 0 0 11 0.4 
CO 12* 0.2* 0.25* 5* 0.4* 0.2* 0.1 
~ h f o r i d e  140 45 1500* 455* .3 .5 38* 174* 
TDS 4 90" 300 3022 2298* 31 2* 280 700* 
Hardness (Total  :I 6 0 60 480 1144 16 28 17 
F 0.96* 0.25 1.9* 0.2 1.4* 2. 0* 3.15* 

S04 195* 580' 5 0 ZOOO* 240* 330* 11 75* 
Se 0.008 0.002 0.005 0.002 0.002 0.002 0.01 
Cu 0.010 0.004 0.008* 0.024* 0.005 0.007 0.008 
Ca 8* 1 5* 6 1* 160* 2* 0.8* 6.0* 
Na 

I 
150* 48 200* 195* 97* 93* 300* 

cn K 1 0* 1 l4 *  40" 1 2.0 7.2* 
Ag 0.0001 5 0.0002 0.0001 5 0.0008 0.00015 0.0002 0.0002 
Pb 0.006 0.007 0.3* 0.002 0.003 0.002 0.004 
Cd 0.0003 0.001 0.003 0.0003 0.0003 0.0003 0.0003 
C r  0.0012 0.002 0.0012 0.0012 0.0012 0.0025 0.001 2 
Si02 40 22 8 80 30 54 55 
A1 0.01 0.05+ 0.19* 0.47* 0. 02* 0.01 0.01 
As 0.04 0.04 0.032 0.038 0.02 0.005 0.02 
B 3.2 1 .O 2.8 1 .O 0.1 0.3 0.01 
Fe 0.05 0.7 0.94 0.05 0.06 0.05 0.47 
Mg 1 .O 0.1 1 .O 130 0.1 0.1 0.2 
Mn 0.004 0.004 0.008 0.009 0.003 0.003 0.005 
Ni 0.005 0.004 0.1 0.035 0.012 0.007 0.025 
Sb 0.05 0.02 0.025 0.054 0.06 0.005 0.01 
Zn 0.07" 0.001 0.002 0.001 0.001 0.001 0.001 
Hg 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
V 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
Conductance (urnghs/crn) 600 250 3750 2000 400 350 800 
Temperature* ( C) 24 24 2 5 25 24 26 2 5 
P H 7.2 8.3" 8. I* 7.1 9.4* 8.8* 8.9* 

Date 5-20-i17 5-21-37 . 5-22-77 . .  o 6-2-77 6-3-77 6-7-77 6-8-77 
X t .. . _ . . .  . . 

A . . . . . . . xceeds .Wb,&G .water .qua! I t.y c r ~  te r ia ' . t o ' r  -saI rnon aquacu 1.ture " ' - "" " -. 
- .  ** Temperalire . -  , a t  which chemical analysis was accanpl i  shed 



TABLE 34-B-2 
CHEMICAL ANALYSES OF SURFACE WATER SOURCES ASSOCIATED WITH GEOTHERMAL SPRINGS 

I N  SOUTHWEST AND SOUTHEAST ALASKA INVESTIGATED AS POTENTIAL FISH HATCHERY SITES, 1977. 
RESULTS- ARE REPORTED IN MILL I GRAMS PER LITER (MG/L ) UNLESS OTHERWISE IND~ICATED. 

Akutan Hot Fa lsePassHot  Needle Volcano - Ophir Spring B e l l  I s l and  
Springs Creek Springs Creek Lake Creek Creek Creek Creek 

0.03* 0. 02* 0.02* 0.02* 0.02* 0.02* 0. 02* 
0.04" 0.04* 0.04* 0.07* 0.04* 0.04* 0.06* 

0.2 0.2 0.4 0.6 0.6 0.2 0.5 
Ph8sphate, Ortho 0.25 0.25 0.25 0.1 0.25 0.25 0.1 
A1 ka l  i n i  ty, Bicarbonate 7 8 70 42 24 43 :. 4 
A l k a l i n i t y ,  Carbonate 0 0 0 0 0 0 .  0 
CO 0. P 0.4* 13* -- 7.5* 60* 2.3* 
~ h f o r i d e  15* 5.6* 0.3* 106* 0.35* 0.3 - . 0.4 
TDS 290 86 95 1513* 122 9 33 
Hardness (Total ) 4 0 3 5 95 - - 24 20 1 .O 
F 0.05 0.02 0.09 0.40 0.09 0.02 0.1 

64* 1 l o *  22 170* - 3.5 30 60* 
0.002 0.002 0.002 - - 0.004 0.002 0.002 

C.r 0.003 0.01* 0.005 - - CU 0.002 0.003 0.007* 
I 
m Ca 8 4 7 6 0.7 0.9 -- 

Na 15 7 2 1 0.1 2.5 - - 
K 1 1 1 1 0.1 0.25 - - 
Ag 0.002 0.00015 0.0001 5 -- 0.0002 0.0001 5 0.0002 
P b 0.007 0.002 0.003 -- 0.004* 0.002 0.002 
Cd 0.001 5* 0.0003 0.0003 -- 0.0003 0.003* 0.0003 
C r 0.0012 0.0012 0.0012 -- 0.0012 0.01* 0.005 
S i 02  7 5 2 -- 2* 0.2 0.1 
A1 0.01 0.04* 0.1 - - 0.09* 0.01 0.01 
As 0.04 0.005 . 0.003 - - 0.004 0.004 0.004 
B 0.2 0.01 0.01 - - 0.01 0.01 0.01 
Fe 0.6* 0.05 0.9* -- 0.7 0.05 0.05 
Mg 1 .o 1 1 1 * 0.1 0.01 - - 
Mn 0.008 0.008 0.008 -- 0.005 0.004 0.004 
N i  0.001 0.001 0.001 -- 0.001 0.001 0.001 
Sb 0.005 0.008 0.005 - - 0.005 0.005 0.005 
Zn 0.001 0.001 0.001 -- 0.1 0.001 0.001 
H g 0.001 0.001 0.001 , -- 0.001 0.001 0.001 
v 0.01 0.01 0.01 - - 0.01 0.01 0.01 

- Conductance (umghs/cm) 120 ,. 80 22 . 500 45 6.5 - 12.5 
Temperature** ( C) 23 24 24 20 23 26 24 
PH 7.2 7.6 7.0 6.6 6.8 5.6* 6.5 
Tanni n/L ignin - - -- - - -- - - - - 0.8 

, . 
Date , 5-20-77 5-21 -77 6-2-77 6-2-77 6-3-77 6-7-77 6-8-77 

- 5  + ceeds ADF&G- water q u a l i t y  standards f o r  salmon aquacul ture. . - . i*?emperature at,which chemical analysis was accmpl ished. . - 



' TABLE 14-8-3 
SUMMARY OF SELECTED ALASKA GEOTHERMAL SOURCES 

I NVESTIGATED AS POSSIBLE SALMON HATCHERY SITES, 1977. 

Fa1 se P o r t  Mother 
A ku tan  Pass Mol l e r  Goose Ophir Ba i l ey  . ~ i 1 1  

? ? ? Land Status ? + + .  ' + .  

water Quant i  ty ? ? - - + + + 
Water Qua1 i ty o , o  o o o o ' o 

Microbio logy + - * o o o o 

tJrood Stock - + - = - - - 

E x i s t i n g  Fishery - + t t + + + 

~ u i l . d i n ~  S i t e  ? t - - + + ..,,+ : . . 

+ Const ruc t ion  Costs - - - - - '+  . 

L o g i s t i c a l  Support - + + - - + + 
Harvest  P o t e n t i a l  ? + ? + t + + 

+ = S a t i s f a c t o r y  
-.  = Unsa t i s fac to ry  
o = S a t i s f a c t o r y  w i t h  treatment ' , 

? = Quest ionable s ta tus  
* = Surface water n o t  tested 



The Alaska D i v i s i o n  of Energy and Power Development i s  keenly i n t e r e s t e d  

i n  conservat ion o f  the S t a t e ' s  na tu ra l  resources, speci f i c a l  l y  energy 

resources t o .  supplement o r  . rep lace f o s s i l  f ue l s .  Th i s  commitment has l e d  . 

t o  t h i s  s tudy and s i m i l a r  s tud ies  f o r  waste h e a t  u t i l i z a t i o n  p ro jec ts .  I n ;  

any demonstrat ion p r o j e c t s  us ing heated water, c e r t a i n  energy requirements 

w i l l  have t o  be met. It i s  DEPD's goal t o  meet them w i t h  a1 te rna te  forms 

o f  energy whenever possib le.  . . 





CHAPTER 15 

WIND 

INTRODUCTION 

Mu1 t i v a n e  f a n  wa terpulnping w i  tidmil l s ,  t he  type o f  wind machine most w ide l y  

used i n  the world today, were developed i n  t he  Uni ted States midwestern 

p l a i n s  reg ion  i n  t he  middle o f  t he  19 th  century  by a r t i sans ,  mechanics, 

farmers, manufacturers and o thers  who had l i t t l e  con tac t  w i t h  the wor ld  o f  

s c i e n t i f i c  ana lys is .  The combi n a t i o *  o f  p roduc t  improvement and c o s t  

reduc t ion  through f a c t o r y  p roduc t ion  brought these wind machines i n t o  

l a r g e  scale a p p l i c a t i o n .  

E l e c t r i c i t y  producing wind machines a re  n o t  mass 'produced on a  l a r g e  sca le  

a t  t h i s  t ime. Nevertheless, research i n  use o f  w.ind energy convers ion 

systems (WECS) i n  power as a  supplement t o  d iese l  f ue l  i s  c u r r e n t l y  

under way i n  Alaska. Hopefu l l y ;  the engineer ing t a l e n t  and i n t e r e s t  o f  

o rgan iza t ions  such as  rumm man Corpora t ion  coupled w i t h  the determination 
and t a l e n t  o f  the homesteader and the  n a t i v e  ~ l a s k a n  mechanic w i l l  h e l p  

con t ro l  t he  enormous cos t  o f  e l e c t r i c i t y  . i n  the  sparcel y populated regions 

o f  ou r  S ta te .  . 

HISTORY . 

Wind has been a  source of energy f o r  m i l  l enn ia .  I n  ' anc ien t  t imes, 

sea far ing  coun t r i es  used the wind t o  move boats and ships, .agrar ian 
. , na t i ons  captured  the  power b f  t h e  wind t o  l i f t  water and ta g r i n d  gra in ,  

and i n  o r i e n t a l  s o c i e t i e s  k i t e s  were . developed. as . toys, s c i e n t i f i c  

inst ruments and as an a r t  form. Sane a u t h o r i t i e s  c i t e '  China and ~ a p a n  as 

e a r l y  users o f  w indmi l l s ,  poss ib l y  as e a r l y  as 2000 B.C. (Te t ra  .Tech, 

1976). M: F. Merriam i n  Wind Energy For  Human Needs (1 974) notes t h a t  

several  authors g i v e  Pers ia c r e d i t  f o r  the  i n v e n t i o n  o f  the  w indmi l l  a t  

some u n c e r t a i n  da te  i n  the remote past .  I t  i s  be l ieved t h a t  l a r g e  

v e r t i c a l  a x i s  machines were f i r s t  used t o  pump water. They were a l so  used 

t o  m i l l  f l o u r s  and grinel ineal. Merriam l i s t s '  two sources which g i v e  

Hammurabi c r e d i t  f o r  p lanning t o  use windmil  1s i r i  an' i r r i g a t i o n  p r o j e c t  i n  



17th Century (B .C.) Babylon,. Merriam a1 so mentions t ha t  Hindu w r i t i n g  

from 400 B.C. i s  c i t e d  by H. Wulf i n  T rad i t i ona l  Craf ts  o f  Persia as the 
f i r s t  w r i t t e n  document t o  make reference t o  k indmi l  1s. There i s  general 

agreement t h a t  Persia, dur ing the. f i r s t  thousand years A.D., was the on ly  

nat io 'n  making extensive use o f  windmil 1s. References t o  wind power began' 

appearing i n  1 i t e r a t u r e  i n  western Europe, notably Frante and ~ n ~ l a n d ,  

dur ing 'the t w e l f t h  century A.D. ........, . a  

I n  the next seven hundred years, wind power continued t o  be developed and 

ut. i l , ized i n  areas where ,wind capture was feasib le.  Horizontal . ax i s  ' 
machines were I n  widespread use i n  Europe, w i t h  la rge numbers o f  windmi l ls  

being used i n r  Great B r i t a i n ,  the Netherlands, North Germany and Denmark. 
(For . a d e s c r i p t i o n  of v e i t i c a i  and ho i izonta l  ax is  . designs, see 

-Alaska's Energy Resources, Vol . I .) The famous Dutch windmil 1s were.'us.ed' 

f o r  gr ind ing g ra in  and were a1 so the instrument' f o r  reclaiming land fr& ' 

.. , 

the sea. 

As the steam engine became important f o r  i ndus t r i a l  power product ion,  i n  

the 19th century, the number o f  wind power i n s t a l l a t i o n s  dekl ined. Then, 

the 'devel.opment o f .  the in te rna l  canbustion engine and the extensive use o f  
petr'oleum fue ls  continued making wind machines economical l y  obsolete. 
, * .. 

' I n  Askov, Dennark,. i n  1891, Paul La Cour was experimenting w i t h  the,  

generation o f  - . e l e c t r i c i t y  f r an  windmil 1 s. His successful e f f o r t s  were , . 

l a t e r  u t i l i z e d  t o  provide power f o r  Askov. This design was used u n t i i  

1960 when i t was superceded by hydroelectr ic '  power. . . .  . . 

, . 

Three years a f t e r  La Cour began h i s  experiments, F r i d t j o f  Nansen was 

ice-bound i n  the course o f  an A rc t i c  expedit ion. . He set  up a ,windmill and 

connected i t  t o  a dynamo which provided, e l e c t r i c i t y  t o  charge bat ter ies .  

The ' h i s t o r i c a l  i rony i s  p a r t i c u l a r l y  s i g n i f i c a n t  f o r  Alaskan readers: a t  

a time when houses o f  metropol i tan centers were s t i l l  l i gh ted  by kerosene 
.and gas, ' e l e c t r i c  l i g h t s  were glowing i n  the v i c i n i t y  o f  the North Pole . , 

(DeKorre, 1974). 



George and Wal l a c e  Mani kows k i  i n  t u  rn-of - the-century North Dakota have . 

been given the c r e d i t  f o r .  founding the f i r s t  Uni ted States commerci,al. . 

p roduct ion  of wind e l e c t r i c  p lan ts .  By 1911, the  Manikowski f a m i l y  farm 

was e l e c t r i f i e d  w i t h  1 l O V  DC w ind-or ig ina ted  cur ren t ;  ~ a l  l ace  had w r i t t e n  

the  f i r s t ,  government b u l l e t i n  on the  wind e l e c t r i c  generator  by 1913; 

George had app l ied  f o r  h i s  f i r s t  pa ten t  i n  1914 and the Wind E l e c t r i c  

corpora t ion '  o f  Wyndmere, North Dakota was formed i n  1918 t o  produce and 

market a 14-112-foot diameter, be1 t - d r i v e  wind generator ( K i l  lam, 1978). 

I n  the 20 th  century, wind mach,ines were s t i l l  being u t i l i z e d '  t o  generate 

e l e c t r i c i t y  i n  Europe and : i n  North America. The 1920's .  and 1930's were 

perhaps the apex f o r  the  ear'ly wind generator  indus t ry .  ' Hundreds. o f  

thousbnds o f  h igh  speed, two o r  th ree  th in -b lade p rope l l e r ,  small diameter 

wind generators were so ld  i n  the  Uni ted Sta tes  f o r  'use on farms and homes 
, 

t h a t  were n o t  connected t o  the c e n t r a l  - s t a t i o n  e l e c t r i c  power systems 

(Merriam, 1974). Foss i l  f ue l  technol ogy became more soph is t i ca ted ,  as d i d  

e lec t r - i ca l  generat ion and t ransmiss ion equipment, .and i n  t h e .  1950's the. 

cen t ra l  power g r i d  -was extended t o  p rov ide  e l e c t r i c i t y  t o  the m a j o r i t y  o f  

households a'nd. farmsteads i n  t h e  Un i ted  States. 

. . . . 
A1 though some are s t i l l  opera t ing  i n  rur.al areas t o  pump wate'r (F igure  . 

. . 

15-1) o r  generate e1ec t r i c i : t y  f o r  i n d i v i d u a l  f a n  houses, w indmi l l s  have 

n o t  been commonplace s ince .  about 1950. I t  has been suggested t h a t  t t ie .. 
s p e c i f i c  u n i t s  a v a i l a b l e  t o  the farmers were l a r g e l y  responsib le f o r  the  

d e c l i n e  i n  w indmi l l  useage.' Had the  towers been h igher ,  the  windmi'l ' ls 

might  h a v e  been ab le  t o  ., take advantage o f  ' g r e a t e r  wind v e l o c i t i e s  

(McConkey, 1977). Other f a c t o r s  o f  t h i s  d e c l i n e  inc luded the  l a c k ,  o f  

f l e x i b i l i t y  o f  the equipment, the , u n r e l i a b i l i t y  o f  the wind' and t h e  

increas ing  energy demand of the  consumer. Wind a v a i l a b i l i t y  i s  c r i t i c a l  

,and n o t  a1 ways dependable; e l e c t r i c i  t y  storage and t ransmiss ion , , i s  

expensive and the  1930's technol ogy was not' o r i en ted  t o  ' improving wind 

generat ion equipment. The generators a v a i l a b l e  t o  users i n  the 19301s, 

ra ted  a t  a 'few hundred wat ts ,  were inadequate t o  meet growing household 

energy demands. 



. . 
F igure 15-1 

Rod connects t 

Used w i t h  American mul t ivane fan  w indmi l l s  f o r  l i f t i n g  water, t he  
p i s t o n  moves up and down i n  t h e  cy l i nde r ,  d r i v e n  by the  rec ip roca t ing  
push rod which i s  d r i v e n  by the  windmi 11. There i s  a  one-way valve 
i r ~  Lt~e p i s t o n  and a lso  i n  the  bottom o f  the  cylinder. Water enters 
through t h e  lower valve when the  p i s t o n  i s  r i s i n g ,  then passes through 
the  valve i n  t h e  p i s t o n  when the  p i s t o n  i s  moving downward. The low- 
e r  valve i s  c losed when the  p i s t o n  i s  moving downward, and the  upper 
va lve  i s  c losed when t h e  p i s t o n  i s  moving upward. 

, . 

I I 

. 5. 

Source: Marshal T. Merriam, "Wind Energy f o r  Human Needs ," ~ovember 1974, 
pp. 77 and 91. 



Wind power use d i d  cont inue i n  many areas, however. Ten thousand water 

pumping windmil 1s were , i n  opera t ion  on t h e  I s l a n d  o f  Crete i n  1954. I n  

th'e City o f  Gedsen, Dermark, a 200 kw windmil 1 was operat ional .  from 1957 

t o  1969 (Wetink, 1973). 

An e a r l y  macro Wind Energy Conversion System (WECS) was the Smith-Putnam . 

u n i t  constructed a t  Grandpa's Knob, Vermont. Rated a t  1250 Kw i n  a . , , . 

30-mile per  hour wind, on October 19, 1941,. i t  became the f i r s t  . . 

wind-powered u n i t  t o  feed synchronously i n t o  a u t i l i t y  power g r i d .  A f t e r  

1100 hours o f  experimental opera t ion  over  a f o u r  and one-ha1 f year  per iod,  

the p r o j e c t  experienced a mechanical f a i l u r e  and the  p r o p e l l e r  b lade was 

thrown. The p r o j e c t  was then d iscont inued , p r i m a r i l y  f o r  economic reasons 

(Tet ra  Tech, 1976). . .  
I 

I n  recent  years, l o c a l  and wor ld  wide i n t e r e s t  i n  wind power has been 

rev ived as the l i m i t s  t o  our  f o s s i l  f u e l s  have become more apparent. With 

many r m o t e  communities exper iencing h igher  f o s s i l  f ue l  costs, having no 

access t o  in te rconnect ing  ' power gr ids ,  and possessing impressive wind 

resources, wind technology has become an important  a l t e r n a t i v e .  

I n  the  Sov ie t  'union, numerous small farms and v i l l a g e s  i n  nor thern  regions 

a r e  n o t  connected t o  t h e i r  na t iona l  e l e c t r i c i t y  supply g r i d .  Planners a re  

developing several programs t o  u t i l i z e  wind power t o  meet these 

communities' energy demands. Add i t iona l  ly, Sov ie t  planners a re  p u t t i n g  

together  a program t o  develop a country-wide energy g r i d  t h a t  would be 

powered by l a r g e  scale wind turb ines,  w i t h  back-up power provided by 

convent ional the ma1 power s ta t i ons .  Const ruc t ion  has a1 ready begun on 

the f i r s t  sec t i on  o f  the gr id ;  by 1980, plans c a l l  f o r  4,500 t u r b i n e s  t o  

be i n s t a l  led. By 1990 there  may be as many as 150,000 u n i t s  i n  opera t ion  

' w i t h  a t o t a l  g r i d  capac i ty  o f  4,500 m i l  l i o n  wat ts  (Wind Power Digest ,  

1978). 

r 

Alaskan communities i n  the  f i r s t  t h i r d  o f  the t w e n t i e t h  century were us ing  

windmil 1 s t o  pump water arid generate small quant.i t i e s  o f  e l e c . t r i c i  ty. 

Growth o f  the  papu la r i  ty o f  wind power was' para1 l e l  t o  t h a t  i n  the  r e s t  o f  

the  Uni ted States. A compi la t ion  o f  w indmi l l  s i t e s  and an inventory  o f  



wind machine use has n o t  y e t  been w r i t t e n ,  bu t  f i e l d  surveys and 

1 i t e r a  t u r e  searches are reveal  i ng evidence o f  w i  ndmil 1 use over most': o f  

t h e  State. D r .  Tunis Wentink, o f  t h e  U n i v e r s i t y  o f  Alaska, Geophysical 

I n s t i t u t e ,  w r i t i n g  i n  the  Winter 1973 issue o f  the Northern ~ n q i n e e r  

s ta ted,  "Small w indmi l l s  were used i n  var ious p a r t s  o f  Alaska f o r  years 

u n t i l  o i l ,  though o f t e n  expensive, replaced wind" as an energy source. He 
added t h a t  the  problems were re1 ated t o  the  s i ze  o f  t he  equipment and the 

r e s u l t i n g  l ack  o f  generat ing capac i ty  as we l l  as t h e  " i n a b i l i t y  t o  con t ro l  

t he  charge o f  t he  storage ba t te r i es . "  

Around the State, windmi l l  towers o r  ske le ta l  remains h i n t  a t  t he  wide- 

spread a p p l i c a t i o n  o f  wind technology. Six m i les  west o f  the  Canad'ian. . 

'border, a t  the mouth o f  Mission Creek, i s  the  c i t y  o f  Eagle. This supply 

camp f o r  the  For ty  Mi,le R iver  Gold Rush i n  the  l a t e  1880's was i l s o  the 
. . 

s i t e  o f  F o r t  Egbert. An o l d  windmi l l ,  apparent ly  used ' f o r  drawing water, 

s t i l l  stands beside the  water pump, a reminder o f  the  l u x u r i e s  a t  ' t h i s  

e a r l y  Alaskan spr ing  (F igure  15-2). . A  wooden tower w i t h  skel.eta1 blades 

stands a t  Kruzgamepa (now Pi1 gr im Hot Springs), f o r t y - f i v e  m i les  ' n o r t h  of. 

Nome (F igure  15-3). There, are a lso  remains o f  a b a t t e r y  bank storage 

system a t  Hope where an at tempt was made t o  use w l  nd power' t o  generate 

e l e c t r i c i t y  f o r  the school house. A photograph o f  the  o l d   axon Lodge. in 

t h e  l a t e  1940's o r  e a r l y  50 's  shows a two-bladed windmil 1 i n  the 

background (Figure 15-4). 

John Beck, an archaeo log is t  f o r  t he  Bureau o f  Land Management, has noted. 
I 

evidence o f  windmil 1 use a t  a road house she1 t e r  i n  the  Rainy Pass area 'on 

the  I d i t a r o d  T r a i l .  There are  tower remnants s t i l l  standing approximately 

f i f t e e n  f e e t  above the cabin, w i t h  insu la ted w i re  running down . , the  . , .  

s t ruc tu re .  He' has a1 so observed what .might have been a windmil 1 , tower, . . 
p la t fo rm a t  Rennies Landing, northwest o f  ~ c ~ r a t h .  

3 .  

I n  engineering reports ,  h i s t o r i e s  and surveys, there  are  occasional 

references t o  windmil 1 use. Some have mentioned Nome,. Barrow and Kodiak 

as areas where people found use f o r  wind machines. F l i p  Todd (1977) 

w r i t e s  t h a t  "windmi l ls  were used ex tens ive l y  f o u r  decades ago i n  Alaskal,s 

coasta l  v i l l a g e s  which are  ' sub jec t  t o  cons is ten t  s t rong winds coming o f f  
the  ocean .I' 



Eighty mi les  north o f  Bethel, on the Yukon River i n  the Yukon-Kuskokwim 

Delta; l i e s  the Yupik Eskimo v i l l a g e  o f  Marshall (Fortuna Ledge). Gold 

was discovered near Marshal 1 on W i l  son Creek i n  1913 and a placer mining 

camp was established. I n  the l a t e  1920's the Fortuna Ledge Mining Company 
i n s t a l  l ed  a wind generator t o  supply power f o r  the Canpany's s tore and 

some o f  the loca l  homes. Current residents say the generator was i n  
operation f o r  over twenty years; i t  apparently f a i l e d  i n  the 1950's 

because of lack o f  maintenance. The f o r t y - f i v e  f oo t  angle-iron tower i s  
s t i l l  standing (Figure 15-5) and Marshal 1 residents are eval uat ing the 

s i t e  and the tower fop the f e a s i b i l i t y  o f  renovation and i n s t a l l a t i o n  o f  a 

new wind tu rb ine  (Duffy, 1978). 

Contemporary appl icat ions o f  wind power i n  the s ta te  are p r ima r i l y  remote 

s i t es  such as cabins o r  f i s h  camps, and a t  mountain top canmunication 
i n s t a l  la t ions,  i n  small household hobby appl icat ions and a t  v i l  lages i n  

t e s t  o r  demonstrati on pro jects  (McCon key, 1977). Several small Wind 
Energy Conversion Systems (WECS) are ava i lab le  t o  the consumer, but  only a 

few o f  these have been tested i n  Alaska (Forbes, 1975). There are about 
f i f t y  windmi l ls  present ly i n  use i n  the State, inc lud ing several l a rge r  

commercial models. The home s i t e  models have been i n s t a l l e d  i n  several 
Southeastern cmmuni t ies ,  i n  the I n t e r i o r  and Southwest regions and 

extensively f o r  Southcentral residences and recreat ion s i tes .  

Wasil la High School star ted a WECS i n s t a l l a t i o n  i n  1977, as d id  a business 
on Unalaska i n  the Aleutians. The high school i n s t a l  l a t i on  i s  a demon- 

s t r a t i o n  p ro jec t  using a 12-foot diameter Sencenbaugh windmil l  and i s  
funded by a federal grant. , The Unalaska Dunl i  t e  WECS w i l l  be used by a 

canmercial sheep herd owner ' to generate e l e c t r i c i t y  f o r  a three k i l owa t t  

system. E l e c t r i c i t y  w i l l  be stored i n  15-eight v o l t  bat ter ies .  

I n  Unalak'leet, a musk-ox cooperative has i n s t a l  led a WECS t o  provide 

l i g h t i n g  f o r  a farmhouse and e l e c t r i c i t y  f o r  small power tools.  There i s  
a 10.5-foot diameter windmil 1 i n s t a l l a t i o n  t o  power the t e l ev i s i on  re lay 

s ta t i on  between King Salmon A i r  Force Stat ion and Dillingham. The North 
Slope Borough has i ns ta l l ed  two 3 Kw Dunl i te  WECS t o  provide electricity 
f o r  the homes a t  Po in t  Lay (Todd, 1977). 



Staff ,  Alaska Dlvtsfon of Parks 

Figure 15-2. Mu1 t ivane fan w i  ndmi l l  
a t  Fo r t  Egbert, Eagle, Alaska, 
i d e n t i f i e d  as an Aermqtor 
manufactured i n  Chicago. T h i s  .'may 
have pumped water ( the most 
e f f i c i e n t  use o f  multivane fans) and 
a1 so generated small quan t i t i es  o.fr 
e l e c t r i c i t y  f o r  the telegraph 
system. Date o f  i n -s ta l  l a t i o n  
unknown. 

Figure 15-3. Wooden tower .  and 
ske le ta l  remains o f  blade a t  
Kruzgamepa (Pi1 grim Hot Spr ings),  
Apparently used f o r  pumping water. ' 
I n s t a l  l a t i o n  date unknown. 
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~ i g u &  15-3. The4tw6 bf 
located M J n d  Paxan t 
upper , r igh t  section o'f t& 
appears, to be an e l e c t r i c i v  
uni t .  The lodge end 
structure%' ,! were .kstpoyed by 
the early 1970's. A1 thou 
p i c Dulm, WS &\ada!tedt, FZ BDPF~S 
ather photographs .of kthi s ' ,si t e  
the 18te 1940's or  ear ly  

Figure 15-5. Tower a t  Marsdall, 
ins ta l led  by Fortuna Ledge Mining 
Cunpany i n  1920's. May have supported 
generation system as large as ZOKW, 



Four o ther  major i ns ta l  l a t i o n s  have served as demonstration pro jects  f o r  
wind power appl i ca t ions  i n  . Alaska: Kotzebue, Ugashi k, McHugh Creek and 

Nelson Lagoon. These were described i n  Alaska's Energy Resources, Vol . I. 

WIND ENERGY CONVERSION SYSTEMS TECHNOLOGY 

The power obtained from a wind energy machine i s  a funct ion o f  the densi ty 
o f  the a i r  and o f  the cube o f  the ve loc i t y  o f  the wind. The maximum power 

which can be extracted i s  59.2 percent o f  the  power o r i g i n a l l y  i n  the 

moving a i r .  W i l l  iam Ogle stated: 

''For convenience sake, the power per square meter t h a t  may be 
recovered by a 35% e f f i c i e n t  machine a t  sea leve l  i s  given roughly 
by the f o l  lowing equaltions: 

Power (watts) = 0.031 v3 ( knots) 
o r  

Power (watts) 0.02 v3 (mph) 

For example, a 20-knot wind should produce 248 watts4meter2 and a 
20-mile per hour wind should produce 160 watts/meter 'I (Ogle, 
1976). 

A t  10.4 knots, the minimum m a n  wind speed considered desirable f o r  

sat is factory  windmil l  performance, the recoverable energy i s  35 
2 watts/meter . 

For small windmills, tower heights o f  40 t o  60 f e e t  are recommended 

A1 though higher wind ve loc i t i es  are general l y  encountered w i th  increasing 

heights, the addi t iona l  energy production i s  eventual ly o f f s e t  by tower 
costs (Wentink i n  Forbes, 1976). 

The technology associated w i th  wind energy conversion systems was 

addressed i n  Volume 1 (McConkey, 1977). I n  t h a t  study the farm, Dutch and 

modern p rope l le r  concepts (a1 1 hor izontal  ax is )  and the Darrieus and 

S-Rotary concepts (both ve r t i ca l  ax is)  were reviewed. 

Another ve r t i ca l  -axis concept designed by Robert N is le  deserves a t ten t ion  

because o f  possible fu tu re  a p p l i c a b i l i t y  i n  Alaska. The wind turbine, as 



shown i n  Figures 15-6 and 15-7 i s  canprised o f  three concentr ic sets o f  

blades, only the intermediate set being able t o  ro ta te .  The outer set i s  

arranged t o  d i r e c t  the wind so t h a t  i t  impinges on the ro ta t i ng  blades a t  

a favorable angle and shields them when they are moving against the wind. 

The stat ionary inner  set  o f  blades d i r e c t s  the wind across the center o f  
the machine so t h a t  the r o t o r  captures addi t iona l  energy as the wind e x i t s  

through the opposite side. 

The turb ine w i l l  feather automatical ly, ad just ing the p i t ch  o f  the blades 

using a cen t r i fuga l  force mechanism. This design i s  inherent ly  more r i g i d  

than conventional propel l e r  w i  ndmi11 s, great1 y reducing v i b ra t i on  

problems. The ro ta r y  blades are mounted on a sha f t  t h a t  can be connected 

by be l t s  o r  gears t o  equipment such as a pump o r  e l e c t r i c  generators. 

A small 200-watt "Winchargern, a ba t te ry  charger, i s  somewhat popular i n  

Alaska. The two Anchorage vendors repor t  combined sales o f  about two per 

month a t  about $525 t o  $550 each. Both the 12 v o l t  and 24 v o l t  u n i t s  are 

kept i n  stock (Alaska Indus t r ia l  Hardware, Inc. and Alaska Marine and 

Equipment, Inc., 1978). The charging ra tes go from 2 1/2 amperes a t  350 

revo lu t ion  per minute t o  14 amperes a t  900 revo lu t ions per minute i n  a 23 

mi le  per hour wind. The u n i t  s t a r t s  charging a t  7 miles per hour and when 

the wind ve loc i t y  exceed 23 mi les  per hour, a governor f l aps  open 

automat ical ly  and spreads the wind away from the propel ler  (Table 151). 
The governor a1 so acts as a flywheel t o  maintain constant propel l e r  speed 

and el iminate v ibrat ions i n  gusty winds. 

Large scale wind machines have been defined as 100 Kw t o  1250 Kw. The 100 

Kw u n i t  undergoing tes ts  by NASA near Sandusky, Ohio has had engineering 

problems and the la rges t  wind machine ever operated was destroyed i n  a 

high wind. Alaska i s  probably not  the proper loca t ion  f o r  large scale 

wind machines u n t i l  re1 i a b i l  i ty has been demonstrated and maintenance 

costs have been shown t o  be reasonable based on "outsiden test ing.  

Medium scale wind machines, 2 t o  100 Kw power range, are o f  i n t e r e s t  t o  

Alaska. However, both the 2 Kw Dunl i te  a t  Kotzebue and the 20 Kw Grumman 
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Source: Robert Ni s l  e ,  c~rrespondence t o  Gene Rut1 edge, 1 978. 
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a t  Nelson Lagoon (Table 15-1) a re  s t i l l  considered i n  the  research and de- 

velopment stage f o r ,  Alaskan cond i t i ons  r a t h e r  than o f f - t h e - s h e l f  hardware 

ready f o r  remote canmunities. Experience g a i n . 4  i n  Alaska i s  l i k e l y  to 
have widespead appl i c a t i o n  i n  WECS design. 

O f  specia l  i n t e r e s t  t o  p o t e n t i a l  wind users would be the  d e t a i l e d  des- 

c r i p t i  on of wind energy conversion systems and 1 i s t s  o f  manufacturers, 

d i s t r i b u t o r s ,  < .  subsystem components and supp l i e rs  found i n  A Guide t o '  

Commerci a1 l y  Ava i l ab le  Wind ~ a c h i n e s  (Rockwell I n t e r n a t i o n a l ,  1978). 

ENVIRONMENTAL IMPACT 

Ecological  d is turbances a re  n o t  genera l l y  associated w i t h  the opera t ion  . o f  
I .  

. . . . 
wind turb ines;  however, there  are  some p o t e n t i a l l y  adverse e f f e c t s  i n  t jbth 

the  c o n s t r u c t i o n  and the ' operat ional  phases o f  Wind Energy Conversion 

Systems (WECS). Several r e l a t i v e l y  minor areas o f  concern have been 

d iscussed'by wind power proponents and researchers. Some negat ive  impacts 

may be r e a l i z e d  i n  the i n i t i ' a l  conversion o f  the  s i t e  and quest ions have 

be'en posed concerning the  s a f e t y  o f  t he  hardware du r ing  opera t ion .  . . 

. . . .  

Construct ion , a c t i v i t y  w i l l  produce some environmental changes'. Tqwer 

p lat forms wil.1 have specia l  requirements because of ground condi t i o r i s  

( f r e e z i n g  and thawing, s o l i f l u c t i o n  processes), v i b r a t i o n s  developed 

du r ing  operat ion,  and s t r u c t u r a l  s t resses experienced i n  adverse c l  i m a t i c  

cond i t ions .  Pathways w i l l  have t o  be opened f o r  access, t ransmiss ion 

. l i nes  o r  bur ied  cables. There w i l l  be d e s t r u c t i o n '  o f  some vegeta t ion  

and a small amount o f  change i n  w i l d l i f e  h a b i t a t .  I n  permafrost regions,  

c o n s t r u c t i o n  a c t i v i  t y  damage w i l l  be more extensive. Other than t h a t  

produced du r ing  the cons t ruc t i on  period, there  w i l l  be no atmospheric 

emissions o f  smoke o r  noxious gases. 

Some researchers have ra i sed  the  quest ion o f  c l  ima t i c  disturbances, 

e s p e c i a l l y  when l a r g e  equipment o r  several towers i n  a w indmi l l  farm 

c o n f i g u r a t i o n  a re  being used. Weather mod i f i ca t i on ,  however, i s  n o t  

expected t o  be a ser ious problem. I n  those Alaskan l o c a t i o n s  where severdl 

w indmi l l s  may be used i n  se r i es  f o r  e l e c t r i c a l  generat ion (assuming t h a t  



TABLE 15-1 

WIND SPEEDS AND ELECTRICAL OUTPUTS FOR SELECTED WIND TURBINES . , .  

Wind Speed Range 
Wind Machine f o r  Equipment Operat ion 

Grumman-Windstream 25 8 mph 
26 mph 
29 mph 

E l e c t r i c a l  Output 

T r i c k l e  Charge 
15 KW . . 

- .  

20 Kw (maximum) - 

Dun1 i te-Brushless Generator 6-8 mph T r i c k l e ' C h a r g i  
25 mph 2 Kw (maximum) 

d .  

Winco-Wincharger 7 mph 
Model 'NO. ,1222 H Wind 23 mph 
E l e c t r i c  b a t t e r y  charger 

.. 

T r i c k l c  t h a r g c  
200 w a t t  (maximum) 

. . . .  . 
Source: Sales brochures prepared by Grumman Energy Systems, A D i v i s i o n  . . 

o f  Grumman Corp., 4175 Veterans Memorial Highway, Ron Kon 
Koma, New York 11779; Dunl i t e  E l e c t r i c a l  Co. Pty. Ltd., 2127 . 
Frome St reet ,  Adela id S.A. Austra l ia ; '  and Winco, D i v i s i o n  o f  
Dyna Techno1 ogy, Inc.., Minneapol i s ,  Minnesota 55420. 



t he  technological  problems .of vo l tage c o n t r o l ,  energy storage and 

equipment in te rconnect ion  can be solved),  the machines can be s i t e d  a t  a 

reasonable d i  stance sfrom each o ther .  A1 t e r a t i o n  o f  the  downstream wind 

should n o t  occur becausi "atmospheric ho r i zon ta l  mix ing  and energy3 

replenishment from the upper l a y e r s  should q u i c k l y  smooth o u t  any [wind] 

energy unbalance" (Wentink, 1976). Less than h a l f  the k i n e t i c  energy of 

the  wind can be used by the  windmil 1s and the area o f  the wind t h a t  i s  

blocked by the  bl'ades i s  excep t i ona l l y  smal l .  . The decrease. i n  a i r  f l o w  

"would be l e s s  than what we t o l e r a t e  r o u t i n e l y  i n  the v i c i n i t y  o f  

bu i l d ings . "  (Merriam, 1974) 

Perhaps the  mos't s i g n i f i c a n t  w ind  power i n t r u s i o n  i n t o  w i l d l i f e  h a b i t a t  i-s. 

the p o t e n t i a l  death o f  b i r d s  i f  the f l y  i n t o ,  the moving. blades. The 
possi  b i l  i ty o f  b i r d  k i l l  s i s  considered remote except du r lng  migratory 

periods; Since these f l  ight 's a re  seasonal occurrences and somewhat 

p red ic tab le ,  i t  has been suggested t h a t  these per iods be used f o r  system 

shutdown' t o  perform r o u t i n e  checks and seasonal maintenance (Wentink, 

1976). 

There w i l l  be some cons t ruc t i on  noise, b u t  opera t iona l  noise should be 

minimal, depending upon the equipment used. Mul t ivane fans, because of 

t h e i r  poor aerodynamic e f f i c i e n c y ,  would produce some noise. There i s  no 

no ise  associated w i t h  h igh  speed propel l e r - t y p e  wind generators, though. 

o t h e r  components i n  the  generat ion system w i l l  c o n t r i b u t e  t o  o v e r a l l  

opera t iona l  sound 1 eve1 s. 

Radio wave i n t e r f e r e n c e  cail be caused by a1 1 -metal blades and a1 so,:  by 

wooden blades coated w i t h  m e t a l l i c  p a i n t .  Th i s  can occur through re f l ec - ,  . , 

t i o n  o r  d i v e r s i o n  o f  the .  waves by the  r o u t i n e  movement o f  t he  blades, and 

through o s c i l l a t i o n  i n  response t o  the  wind d i r e c t i o n  (Wentink,' 1976). 

windhi 11 towers, i n  general , should n o t  be s i  t'ed near  a i r p o r t s ,  runway 

approaches o r  repeater  ;s tat ions;  however, c e r t a i n  communications 

i n s t a l  l a t i o n s  may use WECS f o r  e l e c t r i c i t y  genera't ion i f  s i t i n g  condi t i o n s  

o r  appropr ia te  equipment a re  able t o  e l  im ina te  i n te r fe rence .  



, Navigable a i rspace i s  p ro tec ted by the  Federal Av ia t i on  regu la t ions .  

Toher cons t ruc t i on  must comply w i t h  s i t i n g  (and he igh t )  p r o h i b i t i o n s  &as 

we1 1 as marking and l i g h t i n g  requirements. WECS i n s t a l l a t i o n s  should no t  

I be located near a i r p o r t s ,  runways, and approach, land ing o r  takeo f f  paths. 

Occasional s t r u c t u r a l  f a i l  ures. indi 'cate t h a t .  t he re  a r e  mechanical problems 

'and sa fe ty  hazards which r e q u i r e  a t t e n t i o n  i n  the  planning and s i t e  

' s e l e c t i o n  stages. The . f o l l o w i n g  examples show some dangers associated 
. .  

w i t h  . the ' w indmi l l  blades. "The Smi  th-Putnam . windmil 1 (Vermont, 1948) 

threw a s i x t y - f i v e  foo t ,  e igh t - ton  metal b lade 750 f e e t .  . . i t  landed i n  

one p iece on i t s  t i p "  (Wentink, 1976). I n  1975, t h e  Ugashik, Alaska ' 

w indmi l l  experienced a sa fe ty  system f a i l u r e  dur ing  h igh  winds and wa,s 

destroyed. The e i g h t - f o o t  wooden blades were thrown and fragments-viere 

found as f a r  away as a quar te r  o f  a mi le .  I n  1977, the top p o r t i o n  o f  

the  Nelson Lagoon, Alaska windmi l l  tower buckled. A t  some p o i n t  i n  t h e  

breakage, the  blades severed the  guy w i res  and the  two blades were 

displaced. No personal o r  property damage (o the r  than t o  the  w indmi l l s )  

was caused by these mechanical f a i l  ures, b u t  f u t u r e  i n s t a l  l a t i o n s  'must 

take these problems i n t o  account. 

When we t h i n k  about windmil 1s as they a re  por t rayed i n  the  landscape 

pa in t i ngs  of Engl ish, Dutch and the  American mid-west countrysides, i t  i s .  

d i  f f i c u l  t t o  imagine v i  sual aes thet ics  being degraded by the. const ruc t ion .  

of w indmi l l  towers. However, i t  i s  t r u e  t h a t  poor s i t i n g  o f  the  towers, 

overbear ing t ransmission l i n e s  o r  l a rge  numbers o f  wind tu rb ines  c l  ustered . 

i n  a windmi l l  farm could be ob jec t ionab le  v i sua l  i n t rus ions ,  and c e r t a i n l y ,  

these should be fac to rs  i n  planning f o r  wind power generat ion systems. 

'lHowever, v isua l  appearance alone . . .does n o t  i n t e r f e r e  w i t h  loca l  or 
g loba l  ecological  re1 a t i onsh ips "  (Merriam, 1974). Aesthet ic  considera- 

t i o n s  f o r  wind power are overwhelmingly favorable, p a r t i c u l a r l y  when 

tak ing  i n t o  account the  add i t i ona l  environmental b e n e f i t s  o f  f ue l  conser- 

wat ion and the absence o f  water degradation, two major eco log ica l  con- 

s idera t ions .  



APPLICABILITY OF .WIND RESOURCES TO RURAL ALASKA 

I-t has been ,es t imated that. i n  the  f i r s t  1100 meters o f  a i r  above Alaska ' 
6 there  are  3.4 x  10 megawatts o f  k i n e t i c  energy a v a i l a b l e  annuall,.ly 

(Wentink i n  Forbes, 1975). I n  many p a r t s  of the  s ta te ,  e s p e c i a l l y  along 

the  n o r t h  coast, west coast, and A leu t i an  Chain, t h i s  energy reaches an 

i n t e n s i  ty sui  t a b l e  f o r  wind energy conversion systems (Wi se, 1978). 

People usual l y  choose a she1 te red  area i n  which t o  s e t t l e ,  b u t  even a 

v i l l a g e  pro tec ted  from the wind i s  sometimes near a mountain pass, . 

r idgetop,  o r  .some o the r  pa th  o f  p r e v a i l  i n g  winds. 

Based on Alaskan bush energy h a b i t s  and wind pat terns,  i t  may be assumed 

t h a t  a s i g n i f i c a n t  po r t i on ,  perhaps h a l f ,  o f  t h e  energy generated by. a 

w indmi l l  w i l l  be unuseable. Losses may occur when wind-derived vol tages-  .- 
a r e  l e s s  than the b a t t e r y  b a n k  voltage, b a t t e r i e s  are  f u l l y  charged and. . 

unable t o  accept surp lus generation, o r  w indmi l l s .  a re  shut  down f o r  sa fe ty  ~ . 

du r i ng  h igh  winds (Wentink i n  Forbes, 1975). . :  

Tunis ~ e n t i n k  ca l cu la ted  the cos t  o f  a 6 Kw windpower i n s t a l l a t i o n  .a t  

Ugashik, Alaska i n  1976. "~ssumfng fee  l a b o r  and no i n t e r e s t  payments, 

t he  i n s t a l l a t i o n  c o s t  would b e  about $1,67O/Kw." (Wentink i n  Forbes, 1975) 

However, renote . communi ti es a re  a1 ready paying extremely h igh  d iese l  f ue l  

pr ices,  .and these cos ts  can on l y  be expected t o  r i s e  as f o s s i l  f ue l  

reserves are  depleted. Through savings on f u e l  cos ts  alone, s u i t a b l e  

a r e a s  could recover the  c a p i t a l  costs o f  a wind p l a n t  i n  f o u r  t o  s i x  

years; 

. . 

The Alaska S ta te  L e g i s l a t u r e  r e c e n t l y  es tab l ished a l oan  fund f o r  the 

purchase, cons t ruc t ion ,  and i n s t a l l a t i o n  o f  a l t e r n a t i v e  power devices. As. 

an a1 t e r n a t i v e  system, a WECS i s  e l i g i b l e  f o r  a l oan  o f  up t o  $10,000, t o  

be repa id  i n  up t o  20. years a t  n o t  more than e i g h t  percent  annual 

i n t e r e s t .  These loans can be used t o  f inance as much as 80 percent  o f  a 

p ro jec t .  The fund i s  intended t o  encourage - the  ' u t i l i z a t i o n  o f  energy 

sources o the r  than non-renewable f o s s i l  o r  nuc lear  f u e l s .  



There a re  a number o f  wind energy conver;sion systems a v a i l a b l e  w i t h  

r a t i n g s  o f  20 Kw o r  less. Although many o f  these have n o t  y e t  been tes ted 

i n  Alaska,. experience t o  date has demonstrated greater  success w i t h  the 

small e r  systems. Larger  systems have requ i red  more techn ica l  exper t ise ,  

c o s t l y  r e p a i r  and maintenance, and s i g n i f i c a n t  down time. 

I n  Alaska, specia l  a t t e n t i o n  needs t o  be given t o  tower foundat ion 
. * .  . .  

. const ruc t ion  because o f  f reez ing  and thawing condit ions..  I c i n g  o f  t he  

blades can r e s u l t  i n  excessive v i b r a t i o n  which can be des t ruc t i ve  t o  t h e  

m a i n  bearings and tower. I c i n g  i s  dependent on l o c a l  condi t ions;  i n  

c o n t r a s t  t o  the d i f f i c u l t i e s  r e a l i z e d  i n  the  Aus t ra l i an  mou'ntains, WECS i n  

Barrow and An ta rc t i ca  have encountered few problems w i t h  blade ici ,ng. % .  

For s i n g l e  households and: bush communities, use o f  DC output  may. be'. 

p re fe rab le  desp i te  the  movement toward c o n t r o l l e d  frequency AC i n  modern 

windmil 1 systems. Incandescent 1 igh ts ,  motors, and heaters work wel l  on 

DC and avoid the  necessi ty  o f  DC-AC i nve r te rs ,  which increase the  c a p i t a l  

investment i n  wind-powered systems by 30 t o  70 percent  (Wentink i n  Forbes, 

1975). . . 

The appendices con ta in  l i s t s  o f  known avepage mean wind v e l o c i t i e s  around 

the  State. Also, i n  Chapter 17 o f  t h i s  repor t ,  there i s  a cha r t  showing. 

canmunit ies and t h e i r  l i k e l i h o o d  o f  possessing a useable wind energy 

p o t e n t i a l .  An average annual mean wind speed o f  10.4 knots was selected 

as the  minimum c r i t e r i o n ,  al though there  a re  windmil 1s generat ing i n  areas 

o f  the  Sta te  w i t h  l ess  wind. Also, i t  should be kept i n  'mind t h a t  ' 
readings were probably taken a t  a i r p o r t s  o r  o the r  somewhat protected si.tes- 

n o t  1 i k e l y  t o  be selected f o r  windmi l ls .  The char t s  simply provide - a 

general guide; each s i t e  must be i n d l v l d u a l l y  s tudled  t o  determine i t s .  
s u i t a b i l i t y .  See Wegley, 1978 f o r  add i t i ona l  s i t i n g  in format ion .  

RECOMMENDATIONS 

(1)  Add i t iona l  wind measurements' should be made. a t  p o t e n t i a l  WECS s i t e s  

r a t h e r  than j u s t  she l te red v i l l a g e s  and a i r p o r t  loca t ions .  The 
energy f r a n  the  wind i s  very s i t e  and he igh t  dependent. 



( 2 )  Wind energy conversion systems mechanical f a i l u r e s  should be eval u- 

muni ty-or iented w indmi l l s  have been tes ted  and these have been i n  oper- 

a t i o n  over a  r e l a t i v e l y  sho r t  per iod  o f  time. I n d i v i d u a l s  have erected 

small windmi l ls ,  bu t  there  has been no assessment o f  t h e i r  combi'ned 

success. Perhaps, t he  r e c e n t l y  es tab l  i shed S t a t e  loan fund f o r  a1 t e r -  

a ted  as func t i on  o f  u n i t  s ize,  wind v e l o c i t y  and weather cond i t i ons .  

Although i t  i s  recognized t h a t  o t h e r  va r i ab les  a re  involved i n  the 
I 

f unc t i on ing  o f  WECS, such a  study would prov ide valuable gu ide l i nes  

i n  determi n ing  boundary cond i t i ons  f o r  economical opera t ion  i n  

Alaska. 

i 

n a t i v e  energy development w i l l  n o t  on l y  prov ide an i n c e n t i v e  f o r  small 

wind p ro jec ts ,  b u t  w i l l  a lso  generate a d d i t i o n a l  i n fo rma t ion  on which t o  

base f u r t h e r  evaluat ion.  A very important  d e f i c i e n c y  i s  the absence o f  

wind data  f o r  much o f  the  State. 

Nonetheless, Alaska has a  h igh p o t e n t i a l  f o r  use o f  wind energy. Th i s  i s  

n o t  on l y  because o f  the  st rong winds i n  some areas, bu t  a l so  because o f  

t he  renote charac ter  o f  many small communities and homesteads. Th is  

SUMMARY 

. . 

L i k e  the r e s t  o f  - t he  nat ion,  Alaska i s  s u f f e r i n g  from a  l a c k  o f  

p o t e n t i a l  b-ecomes more a t t r a c t i v e  as the  c 6 s t  o f  f o s s i l  f u c l s  r i s c s .  

Despi te some experimental probl,ems, t he re  i s  s t i l l  a  growing i n t e r e s t .  i n ,  

wind systems i n  the State.  The use o f  wind resources may be an appro- 

p r i a t e  means o f  p rov id ing  increas ing  energy independence. 

experience 
I 

w i t h  modern wind energy conversion systems. Although both S ta te  and 

Federal agencies have become involved, o n l y  a  small number o f  com- 
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APPENDIX 15-A 

US1 NG WIND CLIMATOLOGICAL SUMMARIES FOR 

SITING SMALL WIND ENERGY .CONVERSION SYSTEMS 
, . 

WIND CL IMATOLOGY SUMMARIES 
, . I  

The summaries i nc lude  wind speed f requencies by d i r e c t i o n ,  graphs o f  wind 

speed versus d u r a t i o n  of ,speed, he igh t  and l o c a t i o n  o f  t he  wind sensor, 

t he  average wind speed, the a v a i l a b l e  wind power, and desc r ip t i ons  o f  the 

s i t e  and the surrounding t e r r a i n .  (See Table 15-A-1 and the  f o l l o w i n g  

appendices. ) 

Other poss ib le  sources o f  wind data are: the  Uni ted States So i l  Conser- 

va t i on  Service, the  A g r i c u l t u r a l  Extension Service, Uni ted States and 

S ta te  Fores t  Services, some p u b l i c  u t i l i t i e s ,  a i r l i n e s ,  i n d u s t r i a l  p lan ts ,  

and a g r i c u l  t u r a l  and meteorological  departments a t  l o c a l  c o l  1 eges and 

u n i v e r s i t i e s .  

USES OF WIND SUMMARIES . . 

Wind summaries f o r  a potent iaq WECS s i t e  a r e  ext remely usefu l  . I n  complex 

t e r r a i n , ,  such as h i l l y  .or mountainous areas, they a re  p a r t i c u l a r l y  

va luable f o r  devel oping good s i t i n g  s t ra tegy  and es t ima t ing  power output.  

Wind summaries f r a n  nearby.weather s t a t i o n s  can' be used f o r  f l a t  t e r r a i n .  
6 

Source: Harry L. Wegley, Montie M. O r g i l l  and Ron L. Drake, A S i t i n g  
Handbook f o r  Small '  Wind Energy Conversion Systems, Produced f o r '  . 

the  U.S. Department o f  Energy by B a t t e l l e  P a c i f i c  Northwest . .  . 

Laboratory, May 1978. 



TABLE 15-A-1 

MODEL SAMPLE WIND ' SUMMARY--PERCENTAGE FREQUENCIES OF WIND 
DIRECTION AND SPEED: - WINDSPEED INTERVALS (MILES PER HOUR) 

~ v e r a ~ e  
D i rec t i on  0-3 4-7 8-12 13-18 19-24 25-31 32-38 Tota l  ' Speed , . ' .  - - - - - - - -  

. . .  

NNE ' 'I 2 1. 4 5.8 

N E 

ENE 

E 

ESE 

SE 

1 SSE 3 2 . . 6 7.8 
~. 

S 1. 3 3 1 8 8.:3 . .  

S SW 1 3 5 5 1 15 11.5 

S W 1 4 5 5 2 17 ! 1 , ?.,: 

WSW 2 2 1 5 10.4,. 

' NNW 1 1 6.1 
3 .Calm - - -, - ---- 

Total 20. 41 24 . 12 3 ' 0 0 100 8.1 



, FIGURE 15-A-1 

Sample Wind Rose (cons t ruc ted  from Table 15-A-1). 
Each arrow s h a f t  i s  p ropo r t i ona l  i n  l e n g t h  t o  the  
percentage o f  t ime t h a t  the -- wind blows a long - the 
arrow. Number a t  the head o f  each arrow i n d i c a t e s  
the average wind speed f o r  t h a t  d i r e c t i o n  . 

Wind roses (F igu re  15-A-1) show t h e  percentage o f  t ime t h a t  the  wind blows 
. i 

f r a n  c e r t a i n  d i r e c t i o n s  and the mean wind speed ' f r a n  . those d i r e c t i o n s .  
. . 

The user  can' co 'nst ruct  a crude wind energy rose f r a n  a wind summary tab le  

by f i r s t  cubing the ' a'verage wind speed f o r  each d i r e c t i o n ,  then 

mu1 t i p l y i n g  t h e  cubed speeds by the  percentage frequency o f  occurrence f o r  

each wind d i r e c t i o n .  An example o f  t h i s  technique i s  g iven i n  F igure 

15-A-2, where Table. +15-A-1 has been used t o  cons t ruc t  the wind energy 

rose. The der ived numbers are roughly p ropo r t i ona l  t o  the energy con- 

ta ined i n  w inds  blowing f rom each d i r e c t i o n .  

, . 



FIGURE 15-A-2 

'SAMPLE WIND ENERGY ROSE 

( ~ o n ' s t r u c t e d  f r o m  Table 15-A-1 ) 

SAMPLE CALCULATION: I n  Table 15-A-1:-wind from the n o r t h  blows 2% (0.02) 
. . o f .  the t ime and averages 5.. 5  mph. 

1 

5 . 5 ~ 5 . 5 ~ 5 . 5 ~ 0 . 0 2  = 3.3 
(Which i s  p l o t t e d  a t  t he  head o f  t he  arrow s h a f t  
coming froti a  n o r t h e r l y  d i r e c t i o n )  

': 

I n  F igure 15-A-2 most' o f  t he  wind power i s  associated w i t h  winds blowing 

?ran the  southwest, the  p r e v a i l i n g  power d i r e c t i o n .  The use r  should 

determine the  p r e v a i l i n g  power d i r e c t i o n  f o r  h i s  s i t i n g  area and. any o ther  

d i r e c t i o n  w i t h  which s i g n i f i c a n t  wind power i s  associated. To minimize 

the  adverse e f f e c t s  o f  ba r r i e rs ,  he should l o c a t e  the WECS so t h a t  there 

are no b a r r i e r s  upwind,' along any o f  these. d i r e c t i o n s .  



' .  

APPENDIX 15-B 

WIND SPE'ED DATA 

Three tab les  of wind data obtained a t  Alaskan l o c a t i o n s  a r e  inc luded i n  

t h i s  appendix. They o r i g i n a l l y  appeared i n  Tunis Wentinkls "Wind Power , 

p o t e n t i a l '  of Alaska," a sec t i on  o f  Geothermal Energy and Wind Power, 

ed i ted  by Robert B. Fo'rbes, sponsored by the Alaska Energy O f f i ce ,  O f f i c e  

o f  The Governor' and The Geophysical I n s t i t u t e ,  ~ n i v e r s i  ty o f  Alaska, A p r i l  

1976.   he n a r r a t i v e  on "Ranking S i t e s "  i s  a l so  b y  D r .  Wentink. 



TABLE 15-B-1 

NEAR-SURFACE YEARLY MEAN WIND SPEEDS AT VARIOUS ALASKAN LOCATIONS 

Year1 y 
Mean Speed* . Data Anemornet@? ' 

General Area S t a t i o n  ( knots) Per iod  Height  ( fee t ) * *  

 leut ti an S hemya 
Is lands Amchi'tka 

Ada k 
A t  ka 
~ i k o l s k i ~ ,  
Ft. Glenn 
Dr i f twood Bag 
Dutch Harbor 
Cape SarJchef 
S t . .  Paul 

Alaska 
Peninsula 

Alaska 
"Panhandle" 
and Gu l f  o f  
Alaska 

Kuskokwim and 
. .Yukon Rivers '  

and Del tas 

Norton and 
Kotzebue Sounds, 
Seward Peninsula 

Northwestern and 
Northern cuds t s  

Fairbanks 
( I n t e r i o r )  

Cold Bay 
P o r t  Mol l e r  
P o r t  Heiden 
Ugash i k 
King Salmon 

A ~ n e t t e  I s l a n d  
Juneau 
Yakutat 
Cordova 
Middleton I s 1  . 
Kodiak 

Ca,pe Newenham 
Cape Rananzof 
Bethel 
~ c ~ r a t h ~  

Koyu k 
Moses P o i n t  
N ome 
Northeast  capee 
T i n  City 
Kotzebue 

Cape Thanpson 
Pt. Hope' 
Cape Lisburne , 

Barrow 
4Ka k tov  i kf ' 
Fairbanks 

16.2 
18.3 
13.1 (sh)  
10.9 (sh) 
14.0 
13.6 

9.6 (sh  
13.7 
16.0 

14.9 1956-72 
8.9 (sh) 1959-59 

12.8 1942-67 
Under measurement by us 

9.6 1956-72 

9.5 1942-70 
7.4 (sh) 1948-70 
7.0 1941 -70 
4.4 (sh) 1946-70 

11.9 1945-63 
8.9 (sh) 1946-69 

t (sh) : Pronounced topographic sh ie l  d ing .  e f f e c t s  may be invo l  ved . 
**: Las t  value i s , u s u a l l y  the  most recent  height .  Large ho r i zon ta l  

. . 
s h i f t s  may a1 so, have occurred. 

i .  . 
. . 

: a: Umnak.Island d: I n t e r i o r  l o c a t i o n  

b :  ~ n a l a s k a  I s l a n d  e: S t .  Lawrence I s l a n d  
c : P r i  b i 1 o f  .I,'s3,8nd, f: , .Ba r te r  I s l a n d  

. , '. I 



. . . . . .  . RANKING OF WIND POWER SITES 
.:. 

. ' ,  
. . . . 

I n  :Tab'le. 15-B-2; i 67. . Alaskan s i t e s  have been ranked on the  basis  o f  

: measured mean y e a r l y  wind speeds and/or t he  y e a r l y  average p o t e n t i a l  wind 

power. These s t a t i o n s  are  rep resen ta t i ve  o f  more than 100 Alaskan s i t e s .  

The means are  taken from data acquired dur ing  our  l i t e r a t u r e  survey, and 

the  wind power f i g u r e s  a re  f r a n  the  excel l e n t  comp i la t i on  by Reed (1975). 

Readers who r e f e r  t o  t h i s  t a b l e  should r e a l i z e  t h a t :  

1  . None o f  t h e  data i n v o l v e  o p t i m i z a t i o n  o f  wind i n s  trument l o c a t i i n  
. f o r  wind power surveys. 

2. No attempt has been made t o  c o r r e c t  f o r  the  changes i n  anemometer 
l o c a t i o n  ( v e r t i c a l  l y  o r  h o r i z o n t a l  l y )  over extended observat ion 
periods. 

3. , Close agreement should n o t  be expected' when average powers der iv fd  
from our  mean wind .speed) a re  compared t o  Reed's watts/m , 

. because: 

a. I n  some cases the  record ing  per iods f o r  the two se ts  o f  da.ta 
a re  d i f f e r e n t ;  and 

b. Reed's power f l u x e s  a re  means f o r  long t ime per iods der ived 
by averaging monthly power f l u x e s  (Reed, 1975). 

4 

4 .  The wind power f l u x e s  are  h igh  i n  terms of what can be ex t rac ted  
by p resen t l y  a v a i l a b l e  w indmi l l s .  The t h e o r e t i c a l  Betz (1966) 
e x t r a c t i o n  l i m i t  of 59.3% f o r  unshrouded w indmi l l s  i s  no t  
included, and n e i t h e r  a re  the normal mechanical and e l e c t r i c a l  
e f f i c i e n c i e s  taken i n t o  account. Also, the  c u t - i n  speed and the 
power 1  i m i t i n g  a t  h igher  v e l o c i t i e s  (25 knots o r  12.9 m/s), as 
plannned f o r  present  w i  ndmil 1  design, a r e  n o t  i n c l  uded . 

Nevertheless, simple conversions may be appl i e d  t o  Reed's r e s u l t s  i n  o r d e r '  

t o  est imate the  actual  power obtained f r a n  a  p a r t i c u l a r  w indmi l l  a t  a  

s p e c i f i c  l oca t i on .  For exampl.e, the  " E l e k t r o  WVG-50Gu GKW machine (d isc.  
2 area'19.9m a ) g ives a  f a c t o r  f.0.59 (Betz l i m i t  x  I O - ~ K W / W  x  19.9m2 = 1.17 

x  1 0 w )  An m p i r i c a l  f a c t o r  K (0.39) seeps t o  express the  machine ,, 

versus wind speed c h a r a c t e r i s t i c s  when coupled w i t h  ' the speed du ra t i on  

curves. It may be considered a  composite "shape factor;"  i t  inc ludes  . . 

va r iab les  such as c u t - i n  speed, p r a c t i c a l  e f f i c i e n c i e s ,  and calms. Then.,' 
. . 



3 2 f o r  t h i s  p a r t i c u l a r  windmi l l ,  f k  = 4.5 x 10 KW-m / w .  As shown i n  Table 
. . 

,. 1  5-'B-3, ' f  k, when mu1 t i p 1  i e d  by .  Reed's values, leads t o  u s e f u l .  estimates o f  
' . 

t h e  , y e a r l y '  mean power which canpare we1 1  . i n  most cases .w i th  our r e s u l t s ,  
der ived f r a n  computed power p r o d u c t i v i t y  curves. 



TABLE 15-8-2 

RANKING OF ALASKAN WIND POWER SITES. 
, . 

. . 

' ~ v e r a ~ e  & year ly ,  
'wind P9wer yea rl y w i  nd meters/, 

RANK ' Veloci ty ( v )  sec . S i t e  watts/m Remarks 

Amchitka I s .  
Cape Thompson 
Shemya I s l a n d  
Cold Bay 
T i n  City 
S t .  Paul I s land  
Cape Sar ichef  
(Un imak I s land )  
Cape AFB 

, (Umnak I s l a n d )  
N i  k o l s k i  
(Umnak I s land )  
P o r t  Heiden 
Adak I s l a n d  
Cape Romanzof 
Middleton I s l a n d  
A t t u  I s l a n d  , 

Uninhabi ted 
Uninhabited 
Res t r i c ted  area 
Prime t e s t  s i t e  

S i  te. probably 
shielded;, v 
low should ,rank 
near #3. . .- 

. . Kaktovik  (Bar te r  I s . )  
Northeast Cape 
(St. Lawrence I s . )  
Atka I s l a n d  probably 

1 ower 1 i m i  t 
Po in t  Hope 
Cape Lisburne , 

Kotzebue 
Unal a k l  e e t  
Cape Newenham . . 

Moses Po in t  
Golovin 
Dutch Harbor 
(Unalaska I s . )  
N ome 
Big De l ta  . 
Koyuk . 
Annette I s l a n d  
P o i n t  Barrow 
King Salmon 
Kodiak 
P o r t  M o l l e r  
Bethel 
F la, t  
Hd Jries 

' ~r i f twood Bay 
(Unalaska I s . ) ,  

Shielded i n s t r u -  
ment s i t e  ( ? )  

9.5 
8.1 
9.5 
9.5 

10.6 
9.6 
8.9 
8.9 

11.2 
NA* 

7.9 
8.3 



TABLE 1 5-B-2 (CONTINUED) 
. . 

RANKING OF ALASKAN WIND POWER SITES . . I .  

. . .  - .  

' ~ v e r  age vyea rl y , 
year1 y w i  nd meters/ 'wind power 

RANK ~ e l ~ c i t y , ( V ) .  sec . S i t e  wat t  s;/m2 Remarks 

3 8 NA* --- Craig 129 
39 7.4 3.8 Juneau 116 . ... 

4 0 7.0 3.6 Yakutat 115. 
41 5.7 2.9 Gul kana 8 1 
4 2 NA* . --- Ruby 79 
43 6.0 3.1 Umiat 7 6 
4 4 6.6 3.4 . Kenai 75 
45 5.6 2.9 Tanana 73 ' 

4G 5.4 2.8 Ind ian  Mountain 7 0 
47 5.6 2.9 F o r t  Yukon ' 65 
48 . 4.7 , 2.4 Sparrevohn 64 
49 N A* --- Man1 ey Hot Springs 6 3 
50 . Anchorage 6 1 

( I n t e r n a t i o n a l  A i  r p o r t )  
5 1 6.4 3.3. . Galena 5 9 
52 NA* --- Ketchikan 58 
53 N A* --- Kal tag 57 
5 4 6.6 3.4 Val dez 5 3 
55' 5.8 3.0 B e t t l e s  49 . 
56' 5.6 2.9 Homer 
5 7 5 .O 2.6 Nenana 4 2 
58 . . 4.6 2.4 Anchorage 38 

. . '  ( M e r r i l  1 Fie1 d )  
5 9 4.4 2 . 3  Cordova 37 Shie l  Bed ins  t r u -  

(M i le  13 Apt.) ment s i t e  ( ? )  
60 5.7 2.9 Anchorage 36 

(Elmendorf AFB) 
61 6.6 3.4 S i  t ka  33 
62 7.9 7.9 . Petersburg 33 
'6 3 4.3 2.2 Ta ta l  ir ia 3 1 
64 4.2 2.2 Northway 29 
6 5 4.3 2.2 McGrath 28 
66 4.3 2.2 Fa i rban ks 2 7 

( I n t e r n a t i o n a l  A i r p o r t )  
6 7 3.8 2.0 W i  seman 2 4 . . .  

* , Not yet ava i l ab le .  

1. Taken from Wentink (1976). 

2. As taken from Reed (1 975); these val  ues are the  averages o f  the  12 mean , ' . 

monthly wind powers .ca lcu la ted f r a n  unsmoothed du ra t i on  curves. . ., . . 



TABLE 15-B-3 

. . .  

Annual average Annual average Mean Power Mean power 2 wind v e l o c i t y  wind v e l o c i t y  wattslm . (p )  i n  Kw (p )  i n '  Kw 
S i t e  (8) mph (f), m/s (Reed) 2 / R e e d x f k l l  Went ink-  

Amchi tka  I s l a n d  

Cold Bay 

S t .  Paul I s l a n d  

Umnak I s land  . . 

,Middleton i s l a n d  

Cape Romanzof 

Kotzebue 

Cape ii s'bu rne 
. . 

12.1 

* ' Not optimum power, which a lso  depends on s i t e  s e l e c t i o n  and machine height .  

I/ f = 1 . 1 7  x 10-'~ KW m2/w; k = 0.39 ( e n p i r i c a l ) .  - 

: - 21 Fran machine power versus windspeed c h a r a c t e r i s t i c s  and actual  mean'yearly speed du ra t i on  curve. 



APPENDIX 15-C 

Locat ion 

Ada k 
Anchorage 
Amch i tka 
Aniak 
Annette I s l a n d  
A t  t u  
Barrow 
B a r t e r  I s l a n d  
Bethel 
Bet  tl es 
B ig  De l ta  
Cape L i  s burne 
Cape Newenham 
Cape Romanzof 
Cape Sar ichef  
Cold Bqy 
Cordova. 
D r i  f twood Bay 
Dutch Harbor 
E i  el son 
E l  me ndo rf 
Fairbanks 
F o r t  Yukon 
Galena 
Gul kana 
Gustavus 
Ha ines  
Ind ian  Mountain 

TABLE 15-C-1 

MEAN ANNUAL WIND SPEED DATA FOR ALASKAN 
SITES FROM THE A I R  WEATHER SERVICE 

t 

Mean Annual Mean Annual 
Wind Speed (Knots) Locat ion Wind. Speed (Knots) 

11.97 Juneau 7.4 
5.6 Kena i 6.6 

18.3 King Sal rnon/Naknek 9.1 
5.6 Kodiak 8.5 
8.9 KO t ze  bu e 11.1 

11.3 McGra t h  4.2 
10.6 Middleton I s l a n d  11.8 
14.6 Moses P o l n t  12.1 
11.3 Nenana 5.0 
6.1 (mph) N i  kol  s k i  14.2 
8.1 Nome 9.6 

10.5 Northeast Cape 11.2 
9.8 Nor t hway 3.8 

11.7 Palmer Ag. Ex. S t a t i o n  3.8 (mph) 
13.7 P o r t  Hedien 12.9 
15.7 Por t  Mol l e r  8.9 , , ' +  

' . 
4.4 St. Paul I s l a n d  14.9 ' 

7.8 S h emya 17.3 
9.6 S i  tka 7.3 
2.7 Spa rrevohn 4.7 
4.4 Tal keetna 6.2 
4.3 Tanana 8.3 
6.6 Ta t a l  i na 4.3 
3.9 T i n  City 14.9 
5.7 lhni a t  6.0 

Umn a k 15.8 
9.1 4 * 5  IrnphI mph Unal a k l  e e t  10.5 
5.9 Val dez 6.6 

Yakutat 7.0 

Source: .This ma te r ia l  was obtained frm the f i l e s  o f  James L, Wise., 
C l i m a t o l o g i s t  f o r  t h e  U n i v e r s i t y  of Alaska, A r c t i c  Environmental ~ h f o r m a t l o n "  -' 
and Data Center, 707 ' A '  S t ree t ,  Anchorage, Alaska. The data was o r i g i n a l l y .  . .  

obtained by the  Data Processing D iv i s ion ,  USAF/ETAC, A i r  Weather Service., . . " 

(MAC). 



. .  APPENDIX 15-D 
WIND SPEED DATA FOR ALASKAN COASTAL COMMUNITIES 

The. f o l  lowing data was taken from W. A. Brower, e t  a1 . , C l  i m a t i c  A t l a s  o f  -- 
the Outer Cont inenta l  She1.f Waters and Coastal  Regions o f  Alaska., Volumes -- - - 

. . 
I ,  11, and 111, prepared by t h e  U n i v e r s i t y  of A laska , .A rc t i c  Environmental . . 

I n fo rmat ion  and Data cen te r  and the  ~ a t i o i l a l  C l i m a t i c  Center, Ashev i l le ,  

NC f o r  t he  ~ u r e a u  of Land Management and OCSEAP, 1977. Other 
. . 

c l  ima to log i cd l  ' da ta  i s  l i s t e d  i n  t h i s  A t l a s  f o r  these and o t h e r  coas t  

c a n m u n i t i e s  and would be o f  va lue t o  anyone p lann ing  t o  u'ndertake . . 

imp1 ementation o f  a Wind Energy Conversion System. 

TABLE 15-D-1 

Monthly Mean Wind Speed i n  Knots 

S i t e  J a F Ma A NY Jn Jy Au S 0 N D Annual 
c .  

P o i n t L a y  11.6 11.3 11.2 11.1 10.3 8.8 8 . 8 ,  8.9 10.0 10.1 13.1. .11.6 10.6 

Wainwright 9.8 8.2 8.4 ' 8.8 8.9 8.5 7.9 8.0 8.8 8.6 10.9. . 8 . 5 .  8.8 

Lonely 9.1 7.8 8.1 7.9 8.0 8.2 7.8 . 8 . 4  9.5 9.6 10.7. 8.3 8.6 

St. Paul 18.1 18.7 16.7 16.3 14.1 11.9 11.1 12.5 13.9 16.5 17.8 17.9 15.4 

Homer 5.7 6.2 6.4 6.6 6.7 6.3 5.6 5.4 5.4 6.0 6.1 6.1 6.0 

Yakataga 6.7 7.0 7.4' 7.8 8.0 6.9 6.7 6.3 7.3 8.0 7.7 7.7 7.3 



APPENDIX 15-E 

INDEX OF SUMMARIZED WIND DATA 

(FOR ALASKAN LOCATIONS) 

Th is  mater ia l  i s  ex t rac ted from M. J. Changery, W. T. Hodge and J: V. 

Ramsdell , Index--Summarized -- Wind Data, prepared f o r  t he  Energy Research 

and Development Admin is t ra t i on  by B a t t e l l e  P a c i f i c  Northwest Laborator ies, 

September 1977. 

The Appendix cons is ts  o f  th ree sect ions:  

1. The Index: a l i s t i n g  o f  Alaskan l o c a t i o n s  and the  a v a i l a b l e  
summaries . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  2. E x p l a n a t i o n o f e n t r i e s  

. . . . . . . . . . . . . . . .  Name-Type Abbreviat ions. . . . . . . . . . . . . . . . . . . . .  . L e t t e r  Codes -. . . . . . . . . . . . . . . . . . .  RemarksINumber Codes 

. . 3. Summary types (desc r ip t i ons  and examples) . . . . . . . . . . .  
. . -  

T h i s  index i s  intended t o  be a guide t o  a v a i l a b l e  summaries. I t  does n o t  

present the  ac tua l  summaries o r  o r i g i n a l  wind data, b u t  l i s t s  the  

l o c a t i o n s  and per iods f o r  which summaries can be obtained from the 
Nat ional  C l ima t i c  Center. Add i t i ona l  sources o f  wind data, present ing 

o n l y  monthly mean speed, are  ava i l ab le  b u t  n o t  l i s t e d  i n  t h i s  document. 

The m a j o r i t y  o f  summaries present the  frequency o r  percentage o f  observa- 

t i o n s  o f  the wind speed i n  various speed c lasses (1 -3 mph, 4-7 mph, e tc  .) 
f o r  each o f  8, 16, or 36 compass points,  Data f ~ r  a given number o f  years 

a re  presented on a monthly and/or seasonal and/or annual basis. I n  

add i t ion ,  the mean speed f o r  each d i r e c t i o n  and f o r  a l l  d i r e c t i o n s  i s  

u s u a l l y  given. A few o f  t he  summary types were developed f o r  wind data 

only.  I n  most summaries, however, wind i s  on l y  one o f  a number o f  

elements ava i l ab le .  For t h i s  index, on ly  the  wind p o r t i o n  i s  presented. 

Since var ious agencies i n  the  past  have been invo lved i n  the product ion o f  

these summaries, t h e  speed c lass  i n t e r v a l s  have va r ied  and data may be i n  
knots r a t h e r  than m i les  per  hour. 

15-36 



Informat ion on locat ions  ' without summaries but  w i  t h  d i g i  t i z e d  records can 

be obtained f r a n  the Center.  

Copies o f ,  summaries l i s t e d .  can be obtained f o r  t h e  .cost  o f  reproduction by 

contact ing.  t h e  D i r e c t o r ,  Nat ional  C l i m a t i c  Center,  Federal Bui ld ing,  Ashe- 

v i l l e ,  NC 28801. 



TABLE 15-E-1 

1JC.U I n 0  I!)' 
LONG EI.I:v L'CCI!PD 

..- . ,. 

I ill :I!IU 01101 1 1  4 2  - 116 5 0  
1 7 6  3!3U 0 0 0 4  1 0  4 2  - 0 4  4 5  
1 7 6  3 9 U  0 0 0 4  1 0  4'2 - 0 2  6 5  
I 7 6  311U 0D0'> 0 1  1 6  - 1 2  5 5  
1 7 G  DUU O n 0 4  0 3  -10 - 0 2  ti:\ 
1 7 a  3 9 ~  0 0 0 1  0 1  5 0  - 1 2  LO 
1 7 6  DRU 0 0 0 4  0 2  4 4  - 1 2  4 4  
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I l i a?  4 4 U  OIO;! I;? 3 6  - 0 4  1 1  

I '13 I 141: O~II'II 116 1:1 .. 011 4!, 

1 6 3  0 8 U  D o l l 5  0 1  4 4  - 0 9  4 1  

1 7 8  1 6 E  0 0 6 3  0 2  4 3  - I 2  4 6  
1 7 9  !GC   or,.> 02 43 - I 1 4 n  
1 7 9  I B E  DUG3 0 2  4 3  - 0 8  q 0  
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1 4 0  411U 0OF>5 0 3  4 1  - I 0  6 U  
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1 4 0  5 0 U  0 0 1 1  0 1  3 5  - 0 4  4 1  
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1.10 5 0 ~  0 0 4 1 1  1 1 ',:I - 01; #A 

1 4 8  S Y U  0 0 4 0  1 1  r,3 - 0 6  t i 5  
I40 2 7 U  0 0 3 1  0 1  58  - 1 2  6 0  
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I 4 0  4 0 U  0 0 6 3  I 1  5 3  - 0 2  5 5  

1 5 9  3 2 U  OOZG 1 1  3 9  - 0 4  4 1  
1 5 9  3 2 U  0 0 2 0  0 1  1 3  - 0 6  5 1  
1 5 0  3 2 U  0 0 2 6  0 1  4 5  - 1 2  5 5  
1 5 8  3 Z U  00;!0 0 7  4 8  - 0 7  7 0  

1 3 1  3 5 U  0 0 3 5  1 0  4 1  - I 2  4 6  
1 3 1  3 4 U  0 0 3 4  0 1  4 2  - 1 2  7 0  
1 3 1  34W 0 0 3 4  0 1  4 6  - 1 2  5 5  
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1 5 G  4 7 U  0111)O 0 1  4 5  - . 0 7  5 4  
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1 0 1  4314 r m n +  0 1  r- -, nq .Y, 
1 6 1  4 3 U  0 0 0 4  D l  4 5  - 0 4  5 4  

1 5 1  3 1 U  0 1 8 9  0 1  fie - 1 2  7 7  
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1 4 5  4 4 U  0 3 R H  0 7  4 4  - 0 6  5 5  
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1 4 6  ~ 4 ~ 1  oana 0 1  GO 1 2  c q  
1 4 5  4 4 U  0 3 8 Q  0 1  6 7  - 1 2  7 1  

1 4 9  0 2 U  0 G 4 0  1 0  3 0  - 0 4  4 1  

1 7 5  ~ O E  0 0 1 5  us 4 4  - ne 4 5  
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EXPLANATION OF ENTRIES 

CITY i s  t he  c i t y  o r  town name f o r  the  l o c a t i o n  a t  which the  o r i g i n a l  observat ions - 
were taken. It may a l so  be the  name o f  a  m i l i t a r y  i n s t a l l a t i o n .  

NAME-TYPE i s  u s u a l l y  t he  a i r p o r t  o r  f i e l d  name and/or se rv i ce  which operated 
the  s ta t fon .  If these had changed du r ing  the  pe r iod  summarized, the  name 
and/or s e r v i c e  v a l i d  f o r  t h e  l onges t  p o r t i o n  o f  t he  summary i s  used. A few 
s t a t i o n s  may have no i d e n t i f y i n g  in fo rmat ion .  

Under NAME, common1.y used abbrev ia t ions  are: 

APT - 
ATL - 
BD - 
CAP - 
CO - 
FLD - 
GEN - 
GTR - 

AS r p o r t  INL - 
A i r  Terminal MAP - 
Bu;i lding MEM - 
County A i r p o r t  METRO- . 

County MN - 
F i  e l  d  RGL - 
General TERM - 
Greater  . . 

I n t e r n a t i o n a l  
Munic ipal  A i r p o r t  
Memorial 
Metropol i tan  
Munic ipal  
Regional 
Terminal 

Under TYPE, commonly used abbrev ia t ions  are: 

AAB - 
AAF - 
AAFB - 
AEPG - 
AF - 
AFB - 
AFS - 
ANGB' - 
ASC - 
CAA - 
FAA - 
FSS - 
LAWR - 

Army A i r  Base MCAF - 
Army A i r  F i  e l  d  MCAS - 
A u x i l i a r y  A i r  Force Base NAAF - 
Army Energy Proving NAAS - 
Ground NAF - 
A i r  Force NAS - 
A i r  Force Base NAU - 
A i r  Force S t a t i o n  NF - 
A i r  Nat iona l  Guard Base NS - 
Army Signal  Corp PG - 
C i v i l  Aeronautics SAWR - 
Admin i s t ra t i on  
Federal A v i a t i o n  WBAS - 
Admin i s t ra t i on  
F l i g h t  Serv ice  S t a t i o n  WBO - 
L i m i t e d  Airways Weather 
Report1 ng (S ta t fon)  

Marine Corps A i r  ~ a c i l ' i  ty 
Marine Corps A i r  S ta t i on .  
Naval Aux i l  i a r y  A i r  F a c i l  i ty 
Naval A u x i l i a r y  A i r  S t a t i o n  
Naval A i r  F a c i l i t y  
Naval A i r  S t a t i o n  
Naval A i r  U n i t  
Naval Fac il i ty 
Naval S t a t i o n  
Proving Ground 
Suppl ementary A i  rways 
Weather Report ing ( S t a t i o n )  
Weather Bureau A i  r p o r t  
S t a t i o n  
Weather Bureau O f f i c e  

ST i s  a  t w o - l e t t e r  code i d e n t i f y i n g  each o f  t he  f i f t y  states.  - 
. , 



WBAN # r e f e r s  t o  t h e  f i v e - d i g i  t number i d e n t i f y i n g  s t a t i o n s  operated by 
S ta tes  Weather Serv ices  ( c i v i l i a n  and m i l i t a r y )  c u r r e n t l y  o r  i n  t h e  

past .  A few s t a t i o n s  have had no number assigned. 

WMO # r e f e r s  t o  the. f i v e - d i g i t  b l ock  and s t a t i o n  numbers ass igned t o  U.S. 
s t a t i o n s  as au tho r i zed  by t h e  World Me teo ro log i ca l  Organ iza t ion .  Many 
s t a t i o n s  w i t h  a  WBAN number w i l l  have no cor respond ing  WMO number. 

LAT, LONG a r e  t h e  l a t i t u d e  and l o n g i t u d e  o f  t h e  s t a t i o n  i n  degrees and 
minutes. If t h e  s t a t i o n  changed coo rd ina tes  d u r i n g  t h e  p e r i o d  summarized, 
t h e  l o c a t i o n  r e f l e c t s  t h e  s i t e  w i t h  t h e  l o n g e s t  record.. 

ELEV i s  t h e  e l e v a t i o n  (above sea l e v e l )  o f  t h e  s t a t i o n  i n  meters. Reported 
s t a t i o n  e l e v a t i o n  was used i f  t h e  baromet r i c  h e i g h t  above sea l e v e l  was n o t  
a v a i l a b l e .  I f  an e l e v a t i o n  change occur red  d u r i n g  t h e  p e r i o d  summarized, 
t h e  e l e v a t i o n  r e f l e c t s  t h e  . s t a t i o n  h e i g h t  f o r  t h e  l o n g e s t  p e r i o d  o f  record .  

PERIOD OF RECORD i s  t h e  f i r s t  and l a s t  month-year o f  t h e  summarized per iod .  
As an example, 01 38 - 12 44 i s  read as January 1938 th rough December 1944. 

SUMMARY TYPE i d e n t i f i e s  each summary accord ing  t o  i t s  format .  

SUMM FREQ i s  t h e  summary f requency o r  t h e  t ime p e r i o d  i n  which t h e  
summarized da ta  a r e  presented. ,Abbrev ia t ions  used a re :  

M - Monthly.  Data f o r  each ca lendar  month combined and presented 
on a  month ly  bas is .  

. . 

S  - Seasonal. Data f o r  t h e  months December through February o f  
t h e  p e r i o d  o f  r eco rd  a r e  combined i n t o  a  w i n t e r  season, . 

summarized and presented on a  seasonal bas is .  The months 
March-May, June-August, and September-November a r e  s i m i l a r l y  
sumnia r i  zed. 

A - Annual. A1 1  da ta  f o r  t h e  p e r i o d  summarized toge ther .  

MA - Month ly  and Annual, , . 

SA - Seasonal and Annual. 

MS - . Month ly  and Seasonal. 

MSA - Monthly,  Seasonal and Annual. 

I Y M  - Individu.a.1 Year-Month. Data a r e  presented f o r  i n d i v i d u a l  
months o f  record.  

SP - Specia l  Per iod.  The spec ia l  p e r i o d  presented i s  descr ibed  
f u r t h e r  i n .  t h e  g i ven  summary's 'Tab #/Remarks column. 



September-December only.  
By h o u r l y  groups. 
For  0900-1 600 and 1700-0800 LST. 
Per iod  01 /37-03/38 f o r  I n d i o  (Stn #03105). 
P r e c i p i  ta t ion-w ind tabu1 a t i o n  f o r  A p r i l  -October. 
By day and n i g h t  hours on m ic ro f i lm .  
Periods: J u l y  15-31, August 1-15 f o r  1.000 and 1400 LST. 
No data f o r  27 months. 
See Edwards AFB. 
Some data from Paso Robles (S tn  #23231). 
A1 1 observat ions by  var ious  s t a b i l  i ty classes. . . 

See M o f f e t t '  F i e l d .  
Also conta ins  a con tac t  wind rose. 
E,iyh,t d l  r e c t i o n s  and calm. 
I n c l  udes a percentage graph. 
1200 LST observat ions only .  
Some miss ing  data. 
Contains a1 1 weather, p r e c i p i t a t i o n ,  and v i s i b i l  i ty > 6 

, m i  les, wind tabu l a t i o n s  f o r  day and n i g h t  hours. 
A1 so ca l  l e d  94A. 
See F a r a l l o n  . I s l and  SE. 
01 00-0400 LST. 
0700-1000 LST. 
1300-1 600 LST. 
1900-2200 LST. 
0600-2200 LST. ' 

0700 LST. 
1600 LST. 
0600-0900 LST. 
1600-1 800 LST. 
0700-0900 LST. 
1900-0600, LST. 
1000-1500 LST. 
1200-2000 LST. 
0800-2100 LST. 
1 100-1 300 LST. 
A1 so conta ins  b imonth ly  summaries. 
Located i n  - c i t y  f i l e .  
Three speed groups. 
June, Ju l y ,  August--day1 i g h t  hours only.  
Speci a1 tab1 es. 
Pre-1944 data  from B o l l  i n g  AAF (Stn #13710). 

,A l so  known as C h a n t i l l y ,  VA, FAA (pre-Dul les) .  
See Andrews AFB, MD. 
Data f o r  01/74 from Herndon APT (Stn #12841). 
See a l s o  Cape Kennedy AFB. 
Tower data--8 l e v e l s  (3-150 m). 
June-Augus t only, 
Data f o r  09/42-09/45 from Carlsbad AAF (Stn #23006). 
Data a f t e r  07/53 from Key West NAS (Stn #12850). 
Data through 1945 from Marianna AAF (Stn  #13851). 



TAB #/REMARKS c o l  umn conta ins  addi  t i o n a l  i d e n t i f y i n g  o r  exp lanatory  informa- 
t i o n .  Many o f  t h e  summaries produced by t h e  Na t i ona l  C l  ima t i c  Center .and 
A i r  Weather Serv ice  f o r  a s p e c i f i c  p r o j e c t  a r e  i d e n t i f i e d  by a t a b u l a t i o n  
number. A "T" f o l l owed  by a 4- o r  5 - d i g i t  number i d e n t i f i e s  a summary 
produced by the. NCC. S i m i l a r l y ,  a "TCL" w i t h  a number i n d i c a t e s  an AWS 
summary. Not a l l  summaries can be so i d e n t i f i e d .  Th is  number i s  prov ided 
as an a i d  i n  reques t ing  a s p e c i f i c  t a b u l a t i o n .  

Numbers f o l l o w i n g  o r  i n  p lace  o f  a t a b u l a t i o n  number r e f e r  t o  remarks. 
These remarks a re  prov ided i f  a d d i t i o n a l  i n f o r m a t i o n  desc r i b ing  a summary i s  
necessary. Examples a re  summaries w i t h  da ta  f o r  h o u r l y  o r  3-hour per iods,  
s p e c i f i e d  hours on ly ,  combined s ta t i ons ,  e t c .  

REMARKS. Th is  i s  a l i s t  of d e s c r i p t i v e  remarks coded by number i n  t h e  
Tab #/Remarks column of t h e  index. Numbers miss ing  were n o t  used. 

Broken per iod.  
3-hour ly  groups: 
Day-night. 
0600-1800 LST only .  
10-12 observat ions p e r  day, a1 1 day1 i g h t  hours. 
By hours 00, 03, 06, 09, 12, 15, 18, 21 LST. 
See m i c r o f i l m  f o r  broken per iods  and format. 
Inc ludes  f l y i n g  weather cond i t i ons .  
P a r t  " C "  on ly .  
Hours 0600-1200 LST only .  
May-November only.  
Broken period--pre-11/45 da ta  from P o i n t  Hope (S tn  #26601) . 
Broken pe r i od  by h o u r l y  groups. . . 
Less 12/59. 
Pre-1939 da ta  from T i n  City ( S t n  #26634). 
Less 12/70. 
0500-1600 LST only .  
2-1 3 observat ions d a i l y .  
0700-1900 LST only .  
Combined da ta  f o r  Douglas AAF (Stn  123001) f o r  11/42-11/45 
and Douglas APT (S'ln 193026) Fur. 11 /48-12/54. 
P a r t  "A"  o n l y  by h o u r l y  groups--combined da ta  f o r  Kingman CAA 
(S tn  #93167) f o r  01/34-12/41 and Kingman AAF (Stn #23108) f o r  
03/43-06/45. 
For  hours 0800, 1400, 1700 LST on ly .  
D i r e c t i o n  and speed by v i s i b i l i t y , '  r e l a t i v e  humid i t y  > 90 
percent  and/or p r e c i p i t a t i o n ,  and r e l a t i v e  humid i t y  >-90 
percent  and no p r e c i p i  tat ion--Augus t, October, and ~scember  
on ly .  
Pdr-t "A"  ur l ly.  
By 2-hour ly  groups. 
Day1 i g h t  hours on ly .  



. : I . .  

Contains 14 months o f  data f r a n  Morr ison F i e l d  (Stn #12865). 
Contains graphical  wind rose. 
Tabulated by temperature and re1 a t i v e  humidi ty  i n t e r v a l s ,  
Seasonal by day and n igh t .  hours. 
Closed and inst rument  weather condi t io.ns only. 
Less 01 /49. 
24 observat ions d a i l y .  
8 observat ions d a i l y .  
1. o f  3 par ts .  
Tabu la t i on  by day and n i g h t  hours f o r  May.1-September 30 and 
October 1 - A p r i l  30. 
Tabu1 ated f o r  December-March and A p r i l  -November. 
Data p r i o r  t o  10/42 and a f t e r  10/45 from , Sioux . City APT ( ~ t n  
#14943). 
For  day--clear and cloudy, and n igh t - - c lea r  and cloudy 
cond i t ions .  
Also conta ins a c e i l  i n g - v i s i b i l  i ty t a b u l a t i o n  - 
0700-1 900 LST only.  
A1 1 weather and 2 r e l a t i v e  humid i ty  classes. 
Summer season only--1957 missing. 
May, August-November only.  
Inc ludes separate wind rose f o r  WSO. 
Four speed categor ies.  
Monthly  t a b u l a t i o n  f o r  0400 and 1400 LST, seasonal t a b u l a t i o n  
f o r  a1 1 observat ions. 
Some data  from Presque I s l e  AFB (Stn #14604). 
Four observat ions per  day. 
Semi-monthly periods. 
1935 data from Boston WBAS (Stn #14739). 
VFR, IFR, closed cond i t ions .  
Pre-03/52 data from Paso Robles (Stn #23231). 
August 1-15 o n l y  f o r  hours 1000 and 1400 LST. 
P a r t i a l  SMOS. 
June, J u l y  o n l y  f o r  hours 2200L--0200L. 
A p r i l  through December only.  
Less A p r i l  1958 and 1960.. 
January, A p r i l ,  Ju ly ,  and October only.  
Winter  season only. 
P a r t  "C"  and "E" only.  
36 compass points.  
Less October-December 1945 f o r  a 2-hour per iod  a f t e r  sunrise. 
November 1951 subs t i t u ted  f o r  November 1955. 
For  hour groups 07-09, 10-15, 16-18, and 19-06 LST and a1 1 
hours combined. 
For  hours 0100, 0700, 1300, and 1900 LST ( i n d i v i d u a l  and a1 1 
hours combined). 
Day and n i g h t  hours, c l e a r  and cloudy condi t ions.  
Pre-02/33 data fr-0111 A1 buquerque WBO (Stn #23073). 
P r e c i p i t a t i o n  wind rose tabu la t i on .  
A l l  observat ions by 6 h o u r l y  groups. 



For c e i l i n g  l e s s  than 600 f e e t  and/or v i s i b i l i t y  l e s s  than 
1-1 /2 m i l  es--a1 so an annual h o u r l y  summary. 
A1 so summarized by month-hour f o r  hours 0200 and 1400 LST, 
Summarized by days 1-15 and 16 t o  end o f  month f o r  day and 
n i g h t  hours. 
1300 LST. 
0400 LST. 
1000 LST. 
1600 LST. 
2200 LST. 
0700 LST. 
0100 LST. 
1900 LST. 
See Covington, Kentucky. 
Pre-04/32 da ta  from Oklahoma City WBO (Stn  #93954). 
May t o  October only .  
Monthly f o r  1961 -63, i n d i v i d u a l  months 1 -4/64. 
Also conta ins  day and n i g h t  summaries. 
Summary t i  tl ed Scran ton. 
See W i l  kes-Barre. 
December-February f o r  0730 and 1930 LST on ly .  
Pre-12/44 data from Galveston AAF (S tn  #12905). 
Data f o r  10/62-12/63 f o r  Greenv i l  le-Spartanburg APT (Stn 
#03870). 
February-Apr il and June-September only .  
Pre-03/43 data from Eng l i sh  F i e l d  (S tn  #23047). 
Post-10/66 da ta  from F o r t  Wol t e r s .  
Less 6/68. 
Four hours 00-23 and 07-22 LST. 
Also conta ins  annual c e i l  i n g / v i s i b i l  i t y  tabu la t i on .  
Less 0000 and 0300 LST. 
See K i l l e e n .  
See Dugway PG. I 

Data f o r  1943-49 f o r  Wendover AFB (S tn  #24111). 
0400- 1800 LST. 
See Washington, D.C.--Dulles I n t e r n a t i o n a l  APT WBAS. 
See Washfngton, D.C.--National APT WBAS. 
0700-1 200 LST ., 
Tower data, year-month-level , month- level and month-1 eve1 -hour. 
Pre-11/41 data from Paine F i e l d  CAA (S tn  #24222). 
10 observat ions per  day--closed on weekends. 
10 observat ions per day--wind speed est imated. 
By 5 F temperature i n t e r v a l  s--wi t h  and w i t h o u t  thunderstorms. 
One speed group--greater than 14 knots. 
Speed c lasses i n  Beaufor t  Force--mean speed by d i r e c t i o n  i n  
mph. 
Hour ly  groups f o r  0600-1600 LST. 
Post-05/55 data from Fgres t  Sherman (S tn  #03855). 
By speed c lasses  and 5 F temperature classes. 
For a l l  hours combined and f o r  hours 0030 and 1230 
i n d i v i d u a l  ly. 



TABLE 15-E-2 
(AB) (ABC) 

"A," "B," AND " C "  SUMMARIES 

These s tandard summaries were prepared i n  t he  p a s t  by t he  A i r  Weather , . '  

Se rv i ce  from d i g i t i z e d  da ta .  The "A&B" surmar ies c o n t a i n  d i r e c t i o n  vs.  
speed t a b l e s  d e r i v e d  from h o u r l y  data.  Most b u t  n o t  a l l  l o c a t i o n s  a l s o  
have a " C "  summary prepared w i t h  separate,  d i ' s t r i b u t i o n s  f o r  Closed, . 

Ins t rument ,  and Contac t  c o n d i t i o n s .  The e a r l  i e s t  sumnaries- o f  t h i s .  
type were known as 94A. For  some s t a t i o n s  a separate page l i s t s  t h e  
month ly  maximum wind and peak g ~ ~ s t . .  
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TABLE ] 5-E-3 

(A-F)' 

REVISED "A" THROUGH "F" SUMMARIES 

Th is  summary prepared f r om . d i g i t i z e d  data'  by t h e  A i r  Weather Se rv i ce  i s  
s i m i l a r  t o  t he  Navy SMOS. The da ta  summarized supplements t h a t  p resen ted  
i n  t he  "A&B" and "C"'sunwari.es. '  Th i s  s u m a r  a l s o  p resen ts  data month ly  
( e i g h t  3-hour pe r i ods  and a l l  hours combined 3 and annua l l y .  For  many 
s t a t i o n 3  a separa te  page l i s t s  the  peak g u s t  f o r  each year-month of  r eco rd .  
A separate t a b l e  a l s o  i s  i nc l uded  showing t h e  d i s t r i b u t i o n  under IFR con- 
d i  t i o n s .  - @ 

PERCENTAGE FREQUENCY OF WIND 
SURFACE W I N D S  

DIRECTION AND SPEED 
(FROM HOURLY OBSERVATIONS) 

2 A U L  ,,A.1 WUMALAUU..lAP 
mar- u.. - A . h r L  A L L  

I.. 

ALL rtnlhe~ 
'U" 

A L L  
.I" ,L....l 



TABLE 15-E-4 

( ASWR) 

AIRPORT STUDY WIND ROSE 

This  standard annual sumnary was prepared by the  Weather Bureau f o r  a i r p o r t  
design.  Three separate  sumnaries were prepared ( a l l  hours combined): 

I .  C e i l i n g  0-400 f e e t  and/or v i s i b i l i t y  0-1 m i l e  
11. C e l l i n y  0-500 f e e t  and/or vlslbll~ty 0-1.5 m i l e  
111. Any c e i l i n g  o r  v i s i b i l i t y  cond i t ion  

U. rC.?rq. W?.C.V 

SURFACE WIND SUMMARY 



TABLE 15-E-5 

(cvsBY) 

CEILING-VISIBILITY 'WIND TABULATION 

Th is  summary was f o r m e r l y  prepared by t h e  Na t iona l  C l i m a t i c  Center  i n  
accordance w i t h  p a r t i c u l a r  p r o j e c t  s p e c i f i c a t i o n s .  The tabu1 a t i o n  
presented a d i s t r i b u t i o n  o f  c e i l i n g ,  v i s i b i l i t y ,  and wind speed by  d i -  
r e c t i o n  and was g e n e r a l l y  d e r i v e d  f rom d i g i t i z e d  data.  I t  was u s u a l l y  
prepared on an annual b a s i s  o n l y  w i t h  17 p a r t s  - one f o r  each d i r e c t i o n  
and calm. More r e c e n t  t a b u l a t i o n s  f o l l o w  t h e  fo rmat  l i s t e d  as (NND TAB) 
whenever s p e c i a l  c t i  1  i n g - v i s i b i l  i t y  c lasses  a r e  r e q u i r e d .  

- .  . l L L u l i r I  . UC L - - Y - L I I I I L . I . . - L L - U  
GROUPS GWOuPS 5 /  L O -  >In- 1 I / & -  1 $14-  T O T  
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14151 N 400-800 15-29 ' 1 1 . '  . 
14751 Y 600-900  30. 
14751 N 600-800 Tnl b . I  1 4 6 12 - 35 

- 
16751 nV 500  1-4 1 1 
14751 ?J > O O  5-9 1 1 1 ¶ 
14751 .J 500  . lo -14  1 I' 
16151 21 500 13-20 
l L l 3 1  ?I 300  30. 
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1 4 l S I .  14 c o o  1-4 1 1 I 3 
1 4 i 5 l  N 6 0 0  . 5-Y ' I 1 1 2 5 
14151 Y 600  10-1s  
lbT31  t4 COO 15-20 ' 1  1 2 

A>L!L---2(rOo. 
1 b l 3 1  Q 400 rnr 1 2 I I I 2 .  z ' 1 0 .  

1 4 I > l  .Y Z O O  1-6 2 1 I 
1 s r . j 1  r 200 3-9 . I  1 

16751  rr 200 ~ 0 .  
l s l b l  Y ZOO 101 J 1 I I 

14751 N 0-100 1-4 3 3 
1 4 7 1 1 %  --..Ad QL 39--.1-.----- - I 

14151 N 0-100  1.0-14 
14751 N 0-100 19-29 
14151 N 0-100 30. 
14151 N 0-100 TOT ' 4 



TABLE 15-E-6 

(N)  

N-TY PE SURFACE SUMMARY 

T.his s tandard  s u r f a c e  summary i s  prepared by t h e  A i r  Weather Serv i ce  f rom 
d i g i t i z e d  records .  Wind data  a r e  usual  ly presented on a monthly,  seasonal , 
and annual bas is .  Many o f  t h e  e a r l i e r  "N" summaries presented wind speed 
c lasses  i n  Beau fo r t  Force., The m a j o r i t y  o f  "Nu summaries.are f o r  l o c a t i o n s  
o u t s i d e  the  U. S .  and a r e  based on l e s s  than 24 'obslday.  

mnc~ PUERTO R I C O  LOSEY FIELD - SPRING __-- 
iiiri.. ." - sA"~.A-* ". 

r 18bal i  u 64 p 1 9 ~ ~ s ~  lsa~ - ----... 



TABLE 15-E-7 

QUARTERMASTER CORPS 

This standard monthly summary was prepared from digi t ized data by the 
Air Weather Service for the Artqy. Quartermaster Corps. Part 13 of the 
summary presents the frequency and percentage of wind speed by 5°F 
temperature classes.  



TABLE 15-E-8 

(SHO 1 

SUMMARY OF HOURLY 0BSERV.ATIONS 

Th is  standard summary was prepared by the  Weather Bureau f o r  about' 130 
o f  the  p r i n c i p a l  a i r p o r t  s t a t i 0 . n ~ .  They were prepared monthly f o r  
1949-1954 o r  monthly and annua l ly  f o r  e i t h e r  1951-1960 o r  1956-1960.. 

." . Some g i ve  frequencies ( a s  shown), w h i l e  1 a t e r  tables g i ve  percentages. 

- 
AV. 

SPEED 

12.4 
10.3 

11.3 
7.7 
7 . 1  
6.2 
8 . 5  
7.1 
8.9 
8 . 6  
9.8 
10.9 
12 ,? 
16.0 
1 5 i . 9  
-...O 
11.:3 

DIRECTION 

N 
NNE. 
NF: .. 

EN E. 
E 

'E.SE 
SE 
SSE 
S - 

SSW 
SW 
WSW 
W 
WNW 
NW 
NNW 
.CALM 
TOTAL 

HOURLY OBSERVATIONS OF WIND SPEED 

TOTAL 

139 
163 
352 
155 
113 
9.9 
35 
72 

' 8  
137 
281 
282 
180 
2 8 7 ,  
5 7 6  
3 6 7  

4 8  
3 3 8 4  

, ' 

0 . 3  

2 
2 ,  

- 1 5  
25  
2 1  

' 12 
12. 
11 
26 
13 

. 3 3  
18 
13 
6, 
9 
2 

4 8  
2 6 8  

4 . 7  

35  
4 4  
6 4  
,25 
46 
5 1  
9 

27 
. 38 
46 
115 
75 
4 3  
36 
4 6  
24  

1 3 - 1 9  

31 
3 9  

109 
40 
1 7  
8 
5 

1 3  
5 

22 
3 4  
56 
39 

108 
2 1 6  
1 3 7  

0 7 Y  

3 2 - 3 8  

4 

2 

1 
1 4  

7 

28 

9 - ' 1 1  

3 0  
7 2  

1 4 9  
41 
28 
27 
9 

19 
.24 
5 0  
8 5  

1 2 2  
6 6  

101 
1 3 1  

9 4  

7 2 4 1 0 6 8  

( IN  MILES 

1 9 - 2 4  

9 
6 

12 
32 

- 1, 

2 
5 '  

10 
9 

2 7  
106 

7 6  

2 9 3  

3 9 - 4 6  

1 

. . 

1 

2 

PER HOUR) 

1 5 - 3 1  
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2 
1 

2 
1 
1 

8 '  6 
1 
10 

8 
5 3  
27  

1 2 2  

47 
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T A B L E  15-E-9 

SUMMARY OF MONTHLY A E R O L O G I C A L  RECORDS 

This summary was prepared i.n the pas t  from Navy Ae ro log i ca l  Records on 
magnetic tape subsequent t o  1945. I t  i s  no longer prepared, having been 
replaced by the  SMOS. The SMAR i s  a monthly and annual summary presented 
i n  both frequency and percentage form. I n  a d d i t i o n  t o  the standard d i -  
r e c t i o n  vs. speed sununary, a separate page ( n o t  presented) l i s t s  the ' s i x  
h ighes t  hou r l y  wind speeds and s i x  h ighes t  peak gusts f o r  each month f o r  
the per iod  examined. 

CHI€) OF N A V A I  O P E R A I I O N S  

NAVAL wtArntn u m v ~ c t  DIVISION J A h U A U Y  . . - . . . . . . .. . . . - . - .. -. - 
Y O N T H  

SUMMARY OF MONTHLY AEROLOGICAL RECORDS 

61&110U La I'Y~IION ' L L I I I U O e  L O N O I I U D I  
. . .. , .  ',; uir<:,,<o '--. - --" ---. - -- 

F H E O L I E N C Y  O F  T O T A L  C I .O lJ0  A M O U N r S  I N  T E N T t t l  

. 
991  ... r.. 

F R E O U E N C V  O F  C B l L l N G S  I F E E T  b 



TABLE 1 5-E-10 

(SOMAR) 

SUMMARY OF MONTHLY AEROLOGICAL RECORDS 

This ,sumnary was prepared from Navy records to 1945. I t  was replaced, 
by the SMAR. 

..-.... 
CHIC? OF N A V A L  OPLRATIONB 

A I . O I O . 1 O L  1.. 1 1 0 1  

SUMMARY OF MONTHLY AEROLOGICAL RECORDS 
9. l n o u c i r  d Mu8 WLdr by D i m t i n s  a d  V o k i q  Collp~. 

~ , L ~ ~ I F L ~  ; : ! J ~ ; ! I ~ U O X . I ~ : I  ..*.>" ...I."., ....'*"., 



TABLE 15-E-1.1 . 

( SMOS ) 

SUMMARY OF METEOROLOGICAL OBSERVATIONS - SURFACE 

This summary i s  prepared f rom Navy Me teo ro log i ca l  Records on magnet ic  
tape and i s  r o u t i n e l y  updated when f i v e  a d d i t i o n a l  years  o f  r e c o r d  
become a v a i l a b l e .  Var ious parameters a r e  summarized w i t h  winds presented 
monthly ( e i g h t  3-hour per iods  and a l l  hours combined) and a n n u a l l y .  For  
many s t a t i o n s  a separate page l i s t s  the  peak g u s t  f o r  each year-month o f  
record. 

S U R F A C E  W I N D S  
PERCENTAGE FREQUENCY OF WIND 

DIRECTION AND SPEED 
(FROM HOURLY OBSERVATIONS) 



TABLE 15-E-12 

STABILITY ROSE 

This,sumnary has been processed from digitized records using the Pasauill 
S tab i l i ty  Classification explained in the February 1964 issue of the 
Journal of Applied Meteorology. A wind direction vs. speed table i s  pre- 
pared for  each of f ive or s ix  s t a b i l i t y  classes and usually for  a l l  classes 
together. This summary may be presented on a  monthly and/or seasonal and/or 
annual basis.  

--- 
S T A I U . ~ ~ ~ ~ ~ N E , T X  OJBS -- S E A .  J J A  F R E P U C N C V  O I s I R B U L L O N  197- 

N N Y  U 0 0 0 0 0 0 .0  0 

I V C  0 . 0  5 . 3  9 . 0  1 3 . 1  11.0 25 .3  12.2  --.--- --- 
T U T A l  (r I 1  1 0 5  2 1 6  3 - -- -. -. -- 4 0 

NuMBEU O F  I l C C U R R E N C E S  0s 0 S l A B l L l l V  . 3 7 9  

N U Y R L U  OF C A L F S  u l T H  1 S T A B l l l T V  . ---- -- - 0 



TABLE 15-E- 13 

(WND TAB) 

WIND TABULATION 

This  sumrna'ry i s  prepared by t h e  Na t i ona l  C l i m a t i c  Center and A i r  Weather 
Se rv i ce  i n  accordance w i t h  p a r t i c u l a r  p r o j e c t  s p e c i f i c a t i o n s .  Acco rd ing l y ,  
the  fo rmat  may va ry  f rom t h e  sample presented.  Data f o r  a  p o r t i o n  o f  
these have been e x t r a c t e d  manual ly  f rom o r i g i n a l  records .  

TOTAL NO OF 
0-10 1 1 - 2 0  2 1 - 2 9  30-43 44+ OBSERVAT~ONS SUM OF MEAN WIND 

S I A  MO D I R  KNOTS KNOTS KNOTS KNOTS KNOTS -- t 0 6 s  ' SPEED SPEED KNOTS 

23195  0 1  SSE 266  5  7  1 3.6 324 2 3 4 6  7.2 

--- 
25195  0 1  S 2 6 3  3 1 3 . 3  294 1 8 9 2  6.4 

23195  0 1  SSW 148  14 1 1.8 1 6  3 9'2 1 5.7 

, 2 3 1 9 5  0 1  Sw 158  1 0  1.9 168  8 5 5  5.. 1 . 

25195  0 1  WSW 155  10 1.9 165  9 3 5  5.7 

33195 n l  w 3 0 3  ' 5 1 9 1  4.1 3 6 4  2 6 8 0  7  . 4  

2 :  1 wNW 349 6  5 7  4.7 4 2 1  3 1 2 0  7.4 
.--- - - -- 

23195  01 NW 5 1 2  6 6  4 6.5 582  4 1 0 8  7.1 

2 3 1 9 5  0 1  NNW 6 9  1 i 3 0  1 6  1 0 1  5 9 3 7  8 0 2 0  . 8.6 

23195  0 1  CLM 1115  12.5 1 1 1 5  
- - - 

23195 3 1  TOT 7 7 9 6  1 0 5 9  5 9 1 99.9 8 9 1 5  5 4 5 8 9  6 e.1 



(1139 C )  

COMBINED P E R I O D  SUMMARY OF SURFACE WIND BY V E L O C I T Y  GROUPS 

This  standard month ly  surrnlary was prepared by t h e  Weather Bureau frorn 
h o u r l y  observat ions.  En t r i e s  a re  frequency o f  observat ions taken on o r  
near t he  h a l f  hour; thus,  Hour 1  i s  0130, Hour 2 i s  0230, e t c .  The 
p e r i o d  o f  reco rd  u s u a l l y  covers t h e  e a r l y  t o  mid p o r t i o n  o f  t he  1930's.  
These e a r l  i e r  t a b u l a t i o n s  o f t e n  r e f l e c t  an 8 - p o i n t  d i r e c t i o n a l  b i a s .  

FORM 1139-C-AER. 
U. S D W A R T m  OF AGRICULTVRC WEATHER BURCAU 

COMBINED PERIOD SUMMARY OF SURFACE WIND BY VELOClT Y GROUPS 

STATION 

CALM 
A .  $ 0  - 
1 e . 3 1  N -,i:r 

O V L I  .I 
. . I S  .- - - . 

NNE --'a > r . . f  ." .. 
-- - O V l  I 4 1  

4 9s - . .- ,* a )  
NE - ,,:,; 

O V I "  4') --- 
-- .' - 'a . -. 

W E  -La>?. 3 2 . 4 7  .-.- 
0 W l . I  4 7  - 
..,D - 
- €5 -- -- . - . 

O V T I  4 7  

4 .  IS- - 
ESE- ;:I:; 

u v t n  4 7  

4 . 8 8  

SE *I - 
O V I Z  

>-- 
SSE -Lei?' a z . 4 7  

OVI .*  4 7  

. . I 0  
16.31 s ,,.., 

- O V L I  4 7  
4 . 8 6  

A-- 

I*. 31 - 
3 2 . * 7  

o v r n  4 7  --- 
4 . 1 8  

I0 .')I 
SW -> j 2-,- . -- --- 

O Y C l . 7  

. . I S  - -- 
I * .  a t  

3 1  a 7  - . - . 
O v L n  . I  &,+" - 

!!.:?I ... 
2 2 . 4 7  

U Y l  l 4 1  

4 . 1 0  

I * . I I  -- Wt'M 3 2 . r -  - - . . -- - 
O V I  I 4 7  
..I* ,,,,&,TZ - -- 

O Y C I  4 7  ----- 
4 .  I *  - ... . . . - . 
I * .  38 

NhM -s-- 
O Y C I  .I 

NO. I 

f i J ~ b c l L - f L L  LL/, r -  - - - -  - ELEVATION- -. . -----MONTH- ~ ~ Y L ' ~ ? ~ ~ ) ' - P E R I O D - L ' - / ~ ' ~  -.l/./i~ - - 
I \ 2 ~ 3 ~ 4 ~ 5 ~ 6 ~ 7 ~ 8 ~ ~ ~ 1 0  1.1 171181 1 9 ~ 2 0 [ 2 1 ~ 2 2 ~ 2 3 ) 2 4 ~ ~ ) ~ % ~  

I I I 1 1 1 1 1 I  
- 

I I I I I I I I I 1 . / /  



TABLE 1 S-E-I 5 

MONTHLY W I N D  SUMMARY 

This monthly and annual surnmary was prepared f o r  the  same per iod a s  t h e  u 
1139 C. The format i s  s i m i l a r  excep t  t h e  d a t a  a r e  no t  presented  f o r  
, individual  hours.  Many s t a t i o n s . . h a v e  only  an annual sumnary and a  few 
r e p o r t  wind d i r e c t i o n  t o  only  8 compass p o i n t s .  

1139 0 
PERIOD SUMMARY BY COMBINED VELOCl TY GROUPS 



SURFACE WINDS 

This month ly  and annual summary was prepared by the  Weather Bureau 
g e n e r a l l y  f o r  1938-1942. The format is similar t o  t he  1139 D w i t h  the 
average speed by d i r e c t i o n  added. The 8 - p o i n t  b i a s  i s  a l s o  ev iden t  i n  
t h i s  summary. 

I I 

WEATHER BlJHFAU 

SURFACE WINDS 
period Summary By Velocity h p  

I 
, X INDICATE9 L E U  THAN # O t  I *  



APPENDIX 15-F 

TABLE 15-F-1 . , I 

WIND SPEED DATA FROM SELECTED ARMY SITES (1945) .  

The f o l l o w i n g  mea.n annual wind speed da ta  was ob ta ined  by t h e  U.S. Army A i r  

Corps, 1 1 t h  Weather Region , i n  1945 under wart ime cond i t i ons .  I t serves as 

an i n d i c a t o r  f o r  these s i t e s ,  b u t  t he  i n fo rma t i on  should be v e r i f i e d  through 

more recen t  and more ex tens i ve  da ta  c o l l e c t i o n .  

S i t e  

A i e x a i  P o i n t  

B u i l d i r  

K i  ska 

Atka 

Sequ am 

Umn a  k  

P la t inum 

Nun i vak  

S t .  Matthew 

Mean Annual Wind Speed (MPH) 

12.0 

10.3 

18.3 

14.3 

16.2 

14.7 

14.3 

15.8 

14.0 

S kagway 10.0 

-. . Sourc-:- $ - -  , , ; i s  m a t e r i a l  was ob ta ined  from t h e  f i l e s  o f  James L. Wise, 
; I  i m a t o l o g i s t  f o r  t h e  U n i v e r s i t y  o f  Alaska, . A r c t i c  Environmental  
I n f o r m a t i o n  and Data Center, 707 "A" S t r e e t ,  Anchorage, Alaska. 



APPENDIX 15-G 

TABLE 15-6-1 

MONTHLY METEOROLOGICAL DATA TABULATED FOR SELECTED ALASKAN COMMUNITIES 

Communi ty Table Number Communi t y  Table Number 

Aniak 

Annette I s l a n d  

Anchorage 

I n d i a n  ~ o u n t a i n  H-17 

Juneau H-18 

Kena i H-19 

Barrow H-4 Ki'ng Salmon H-20 
/ 

B a r t e r  I s 1  and H- 5 Kodiak H-21. 

Bethel H-6 Kotzebue H-22 " 

Big D e l t a  H-7 . , McGrath H-23 

I .  Cape L isburne H-8 Nenana H-24 
. . 

%ape Newenham ti-? Nonie H-25 
i 

Cape Romanzof H-1 0 Northway 
, , 

H-26 , 

Cordova 

Fairbanks 

F o r t  Yukon 

Gal ena 

Gustavus 

Homer 

Sewa r d  H-2 7 

Sparrevohn H-28 ' 

Summit- . H-29 

T i n  City H-30 

Unal a k l e e t  H-31 . 

I. 

Yakutat H-32 
. . 

Source: F e a s i b i l i t y  Study f o r  an A i rborne High S e n s i t i v i t y  Gamma Ray I !  

Survey g f  Alaska Phase I1 Report, 1976 - 1979 P rogram. By Texas 
.. Inst ruments Serv ices ',Group, Grand Junct ion,  Colo. GJO 1646., 1975. . < . !  i .  . ,.> 

, .. . . , / I. 

' I  
8 .  

, +  ' ! ,  ' 
!". . - .  I t  , I  ' 

I .  . 
15-66 . 

. . a4 
'. . . 





CHAPTER 16 
FUEL CELLS 

INTRODUCTION 

{uel c e l l  research and development has r e c e n t l y  a t t r a c t e d  considerable 

na t iona l  funding (U. S. Department of Energy). The p o t e n t i  a1 b e n e f i t s  a re  . . 

(1) minimum impact on the  environment, e s p e c i a l l y  a i r ,  ( 2 )  q u i e t  

operat ion, (3) modular s i z e  opt ions, and (4) requirement o f  less  f u e l  per  
Kwh produced. Alaska i s  e s p e c i a l l y  i n te res ted  i n  the  fue l  c e l l  because 

(a) the energy savings have been est imated t o  be 30 t o  48 percent  

depending upon the system. Th is  could be s i g n i f i c a n t  i n  remote 

communities where the cos t  o f  f ue l ,  i n c l u d i n g  t ranspor ta t ion ,  i s  extremely 

expensive. (b)   he n e t  requirement f o r  coo l ing  water i s  zero--water i s  
very c o s t l y  i n  A r c t i c  Alaska. ( c )  The s i z e  o f  one u n i t  under development 
(40 Kw) i s  small enough t o  meet the  requirenents o f  r u r a l  communities and 

add i t i ona l  modules can be added as demand increases.  
0 .  . . 

' ,. 

The fue l  c e l l  power p l a n t  i s  a device f o r  generat ing e l e c t r i c i t y ,  o f t e n  

from common fue ls  such as kerosene, gasoline, , o r  na tu ra l  gas.   ow ever, 
t he  manner i n  which e l e c t r i c i t y  i s  generated i n  the  fue l  c e l l  i s  sub- 

s t a n t i  a1 l y  d i f f e r e n t  f r a n  the  d iese l  powered i n t e r n a l  combustion generator 

s e t  o r  the  gas turb ine,  which use s i m i l a r  fue ls .  I n  these systems, .the, 

heat i s  der ived from combustion o f  t he  f u e l s  t o  provide a d r i v i n g  f o r c e . t o  

c reate  mechanical energy, i.e,, a "spinning wheel which i s  the  r o t a r y  

o f  an e l e c t r i c  generator. A "spinning wheel" i s  a lso common i n  

p lan ts  using coal o r  uranium. Wind power systems and hyd roe lec t r i c  power 

p lan ts  a l so  use the  "spinning wheel ,I8 a1 though combustion i s  no t  involved.  

I n  contrast ,  fue l  c e l l s  i nvo lve  n e i t h e r  combustion nor  the  "spinning 

wheel ." 

. The fue l  c e l l  energy conversion process i s  unique. E l e c t r i c i t y  i s  

generated by conver t ing  t h e '  chemical energy o f  the  fuel i n t o  d i r e c t  

cu r ren t  by an electrochemical process. A fue l  c e l l  i s  somewhat l i k e  ,a 

b a t t e r y  t h a t  i s  being fue led and used cont inuously. However, u n l i k e  a 

fuel c e l l ,  i n  a b a t t e r y  the  e lec t rodes a re  "con~umed ,I1 



. . .  

The basic pa r t s  of a  fue l  c e l l  are (1) a  fue l  e lec t rode (anode), (2 )  an 

ox idant  e lec t rode (cathode) and (3) an i o n i c  conductor between the. two 

e1,ectrodes c a l l e d  an "e lec t ro l y te , "  o r  a  membrane o r  diaphragm t h a t ' , k i l l  

pe rm i t  t he  passage o f  ions, bu t  n o t  e lectrons.  

HISTORY OF FUEL CELL USE 
, .  .: 

The f i r s t  device i nco rpo ra t i ng  the essent ia l  fea tures  o f  what i s  how . 

c a l l e d  a  fue l  c e l l  was created by S i r  W i l l i am R. Grove i n  1839. H is  

experiments generated e l  e c t r i c i  ty by supply ing hydrogen and oxygen t o  two 

separate e lectrodes immersed i n  sul phur ic  a c i d  ( L i  ebhafs ky, 1968). 

Essen t ia l l y ,  he was revers ing  the  process o f  e l e c t r o l y s i s  o f  water by 

recombining the  hydrogen and oxygen (Tet ra  Tech, 1972). 1 1  

Attempts t o  make a  fue l  c e l ' l  which consumes carbon d i r e c t l y  began over a 

century  ago: no tab ly  Becquerel (1855), W. W. Jacques (1896), and, E. Baur 

(1910) (Liebhafsky, 1968) A1 though t h e i r  e f f o r t s  fu r thered the  

development o f  f ue l  c e l l  s, they f e l l  sho r t  o f  producing an economical ly 

v iab le ,  f unc t i on ing  u n i t .  Th is  i s  evidenced by the  cont inu ing research on 

"second generat ion" fue l  c e l l s .  E. W. Junger, i n  1908, was probably t h e  

f i r s t  t o  use a  redox ( reduct ion-ox idat ion  reac t i on )  c e l l .  Later ,  i n  1912, 

W. Nernst made a  s i m i l a r  c e l l  which operated a t  -40-60° C instead o f  200' 

C..  E, N, Rideal and U. R. Evans experimented w l t h  r'egenerable metal 

e lec t rodes and a lso  fused, glass-1 i k e  e l e c t r o l y t e s  i n  1921 and 1922 

(Wil l iams, 1966). 

There was considerable i n t e r e s t  i n  the  p o t e n t i a l i t i e s  o f  f u e l  c e l l s ,  bu t  

major breakthroughs were n o t  soon f n  coming. . I n t e r e s t i n g l y ,  attempts t o  

rep lace expensive p lat inum electrodes w i  t h  cheaper n i cke l  resu l  t ed  i n  the  

founding o f  il l n r g s  n i c k e l  i n d u s t r y  (Tetra Tech, 1972). $ t i l l ,  most o f ,  

t h e  p o t e n t i a l  f u e l  c e l l s  systems had been approached a t  l e a s t  i n  theory by 

1930. 
, . 

I n  1932, Francis Bacon began h i s  work aimed - a t  developing a  usefu l  power 

.source based on a  simple hydrogen-oxygen c e l l .  Th is  contrasted w i t h .  

e a r l l e r  and contemporary s tud ies  which emphas.ized the  electrochemidal.  



* 

aspecti o f  f u e l  c e l l s ,  u s u a l l y  at tempt ing t o  burn conventional f u e l s  

( ~ i l l i h s ,  1966). I n  1959, he demonstrated a 6 Kw u n i t  (Tetra Tech, 

. . 

P rac t i ca l  a p p l i c a t i o n  of t he  fue l  c e l l  d i d  n o t  cane u i l t i l  the  1960's w i t h  

the  Gemini and Apol l o  space programs. General E l e c t r i c  suppl ied the  fue l  

c e l l s  f o r  the  Gemini program. The Apol l o  fue l  c e l l s  were developed by , 

United Technologies Corporat ion (UTC) i n  i t s  P r a t t  & Whi tney A i r c r a f t  . ' 

D i v i s ion .  The (UTC) work' i s  now being, conducted by i t s  .Power Systems 

D i v i s i o n  created i n .  1974. 

A1 though somewhat p r i m i t i v e  by today's standards, Uni ted Technologies' 

fuel.. c e l l  power p l a n t s '  were used . . success fu l ly  on numerous space missions, 
. i nc lud ing  the Gemini missions, B i o s a t e l l  i t e  missions, Apol l o  l u n a r  

landings, Skylab, and t h e  Apollo-Soyuz l inkup.  On a t y p i c a l  ~ ~ o l l o '  

f l i g h t ,  three 1.5 Kw u n i t s  were used t o  produce a l l  o f  t h e  e l e c t r i c i t y  

needed i n  the  command module. On 17- mi.ssions; the Apol lo fue l  c e l l s '  

accumulated some 11 ,'000 hours o f  Space o p e r a t i o n  w i thout  a f a i l u r e  , .  . ' . 

( V i l  l e rs ,  ND). . . 

TARGET (Team t o  Advance .Research fo r  Gas Energy Transformation) i s  j o i n t l y  

sponsored by Uni ted Technologies and over t h i r t y  gas and combination 

gas -e lec t r i c  u t i l i t i e s  i n  the U.S., Canada, and Japan. Between 1971 and 

c .1973, 65 12.5 . k i l owa t t  f ue l  ' c e l l s  (PC11) were used i n  35 store, bank, 

coldminiurn, apartment, home and l i g h t  i n d u s t r i a l  p l a n t  l oca t ions  

b e l i v e r i n g  one m i l l i o n  Kwh o f  e l e c t r i c a l  power du r ing  205,000 hours o f  

opera t ion  (Pod01 ny, 1971 and Lueckel , ND) . 
f 

Columbia Gas System's fue l  c e l l  experience dates back t o  the e a r l y  1960's 
when i t  i n s t a l  l e d  an experimental 500-watt P r a t t  & Whitney u n i t  t o  power 

i r i s t runer i ta t ion  a t  a : compressor s t a t i o n  i n  Stanton, Kentucky; A 

.3.75-ki lowatt  . u n i t  was l a t e r  used t o  power home appl iances a t  i t s  

~ o l  umbus, Ohio research . center  and i n  1968 a methane-air u n i t  was 

i n s t a l l e d  i n  a .home ( V i l l e r s ,  ND). 



Another aspect of ' t h e  TARGET program was.to . i d e n t i f y  power p l a n t  s p e c i f i -  

ca' t ion requirements as they r e l a t e d  t o  on-s i te  market needs. For on-s i te  

commercial and mu1 t i - u n i t  r e s i d e n t i a l  power p lants,  i t  was concluded t h a t  

40 Kw was the appropr ia te  r a t i n g  f o r  i n i t i a l  market entry.  The r e s u l t i n g  

u n i t ,  . designated PC18, w?s the l a r g e s t  hydrocarbon-air, f u e l  c e l l  power 

p l a n t  ever tested, e x h i b i t i n g  40 pe rcen t  o v e r a l l  ' e l e c t r i c a l .  e f f i c i e n c y  
(Lueckel , ND) . With heat recovery, e f f  i c i ency  jumps t o  60-80 

F i f t y  t o  seventy u n i t s  are expected t o  be f i e l d  tes ted over a two-year 

p e r i o d  beginning i n  mid-1980 t o  mid-1981 'Fiore, 1978). 
. . 

Entering, i n t o  agreements w i t h  n ine  e l e c t r i c  u t i l i t i e s  i n  1972, un i ted  

Technologies began work on the  FCG-1 power p lan t .  The program invo1;ve.s . . 

scal ing-up i n  f o u r  steps: (1) a 1-MW p i l o t  p l a n t  ( t e s t i n g  completed 

1978), ( 2 )  a 4.8-MW demonstration p lant ,  t o  begin on s i t e  t e s t i n g  i n  1980, 

(3) 10 t o  30 MW demonstrat ion p lan ts  us ing 4.8 MW modules (F i cke t t ,  1978), 

and (4 )  canmercial prodsuction o f  the  10 t o  36 .MW FCG-1 power p lants.   he- 
1-MW, p i l o t  p l a n t  was t o  be fue led w i t h  naphtha ( t h e  f r a c t i o n  o f  petroleum 

t h a t  b o i l  s between gas01 i n e  and kerosene) and was designed t o  del i v e r  .13.8. 
7 

KV t o  a u t i l i t y  1i.ne. 7 

, . ..  
, . 

Funded j o i n t l y  by the' E l e c t r i c  Power Research I n s t i t u t e  and Uni ted 

Technol.ogies, t he  EPRI RP114 Program i s  d i r e c t e d  toward the  development of 

' second-generation fue l  - c e l l  power p lants.  I n v e s t i g a t i n g  a number of c e l l  

. techno log ies  d i f f e r i n g  f r a n  the  ac id  c e l l s  used i n  ' the  f i r s t  generat ion . . 
systems, they. hope t o  prov ide  a reduct ion  i n  costs. I t  i s  f e l t  t h a t  

f u t u r e  systems w i t h  heat r a t i n g s  o f  7,500 Btu/Kwh can be achieved. "Th,e' 

second area o f  emphasls I s  the  expansion ,of the  range o f  useable,  f o s s i l  

fue ls ,  consider ing fuel -condi  t i o n i n g  methods f o r  heavy hydrocarbon fue l  s,: 

coal and o i l  g a s i f i c a t i o n  products, and methanol (Lueckel , ND). 

Despite a major commitment by the  u t i l i t y  industry,  federa l  support o f  

f ue l  c e l l  development d i d  n o t  cane u n t i l  1976, when t h e  -Energy Research & 

Development ~ d m i n i  s t r a t i o n  (ERDA) became i n v o l  ved w i t h  t h e  4.8-M'W and 

26-MW u n i t s  o f  t he  FCG-1 ,program ( ~ i c k e t t ,  1976). 
? .  



Figure 16-1 

FUEL CELL TIMELINE 
.. . 

40 Lr TARGET Uni ts  
(Unf ted Technology and 
L t u r a l  Gas U t i l i t i e s  ( 6 R I )  

f&nl 6overinrnt 
entered FC6-1 P m g r m  

1 TAIWT F i e l d  Tested 1 
65 12.5 k u  Units 

! 
F1rs.t F w 1  Cel l  F i r s t  Redox Cel l  Demonstrated 6 Lr Uni t  
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FUEL CELL TECHNOLOGY 

. L 

Although the concept of t he  fue l  c e l l  remains the  same', t h e  s p e c i f i c '  

c h a r a c t e r i s t i c s  vary s i g n i f i c a n t l y  w i t h  the opt ions a v a i l  able f o r  t h e  

pr imary p a r t s  o f  the  c e l l s :  the  anode, cathode, and the e l e c t r o l y t e  

mat r ix .  AS s tud ies  cont inue, a l t e r n a t i v e  systems w i l l  c e r t a i n l y  cont inue 

t o  appear. Wishing s imply  t o  provide the  .reader w i t h  a basic under- 

s tanding o f  the  opera t ion  o f  a fue l  c e l l ,  th i ,s  overview w i l l  present o n l y  

a p o r t i o n  o f  t he  numerous p o s s i b i l i t i e s .  

ENERGY MECHANISMS 
- * .. . . . 

An atan i s  composed o f  a nucleus conta in ing .  neutrons and protons w i t h  

e lec t rons  i n  a s h e l l ( s )  surrounding the  nucleus. I n  a nuclear  f i s s i o n  

power p lan t ,  t h e  nucleus o f  the  atan i s  s p l i t ,  r e s u l t i n g  i n  two o r  more 

p a r t i c l e s  which weigh i n  t o t a l  l ess  than the  nucleus p r i o r  t o  the  s p l i t .  

Th i s  d i f f e r e n c e  i n  .weight ' i s  converted t o  energy (heat)  v i a  Einste in ' ls  

equation, i.e. energy equals ma.ss times the  v e l o c i t y  o f  l i g h t  squar-ed, 
2 

. .  . 

E-MC . The heat  increases the water  temperature i n  a ' p r e s w r i t e d  water  . . 

r e a c t o r  and forms steam t h a t  impinges upon the  blades .of  a tu rb ine  causing 

a "magnetic wheel" ( t h e  r o t o r )  t o  sp in  w i t h i n  the  s t a t o r  ( w i r e  c o i l s )  o f  a 

generator, thereby causing, e lec t rons  ... t o  f l o w  ' i n  a w i re  ( e l e c t r i c i t y ) .  

Atoms. can be: canbined t o  fonn molecules and ' there  i s  a !'bondingu energy 

from atan t o  a tan ho ld ing  the  molecules together .  ' Combustion of a 
; 1 

molecule re leases ., energy f r a n  these bonds by rearranging the  molecular 
. > 

s t r u c t u r e s  and forming d i f f e r e n t  molecules dur ing  a chemical reac t ion .  ,. 
. . .  

For  example, i n  a gas turb ine,  na tura l  gas ( c H ~ )  reac ts  w i t h .  oxygen 

re leas ing  energy which heats iiir which turns the  tu rb ine  t o  generate 

e l e c t r i c i t y .  

The fue l  c e l l  does n o t  make use o f  a magnetic wheel t o  generate e l e c t r i -  

c i t y .  , I n  a f u e l  c e l l ,  the e lec t rons  (e-) a re  e lec t ro-chemica l ly  ."separ- 

ated" f r a n  an atan, e.g., hydrogen'. The e l e c t r a n o t i v e  f o r c e  created causes 



t he  e lec t rons  t o  f l ow  through wire.  Th is  f l ow  o f  e lectrons,  e l e c t r i c i t y ,  

can be used t o  perform a v a r i e t y  o f  work along the  rou te  o f  the  wire. I n  
summary, a fue l  c e l l  converts chemical energy d i r e c t l y  . i n t o  e l e c t r i c a l '  

energy. 
! 

FUEL CELL TYPES 

i . .  . 

The Basic Hydrogen-Oxygen Fuel Ce l l  

Shown i n  F igure  16-2 a r e  G o  plat inum f o i l  e lec t rodes immersed i n  a con- 

duc t ive  ac id  e l e c t r o l y t e .  Bubbled around one e lec t rode i s  hydrogen, wh i l e  

oxygen i s  s i m i l a r l y  suppl ied t o  the  other .  A diaphragm separat ing .the 

e lectrodes i n  the  s o l u t i o n  prevents the  d i r e c t  contac t  o f  the  hydrogen and 

the  oxygen, bu t  penn i ts  the  passage of hydrogen ions through the  

diaphragm. 
. . 

The fue l ,  hydrogen, i s  fed t o  the negat ive e lectrode,  !tie anode. Because 

o f  t he  c a t a l y t i c  p roper t i es  o f  the  anode surface, each hydrogen molecule 

contac t ing  the  sur face i s  d issoc ia ted i n t o  two hydrogen ions which en te r  

the e l e c t r o l y t e  so lu t i on .  The remaining two e lec t rons  pass through t h e  

external  e l  e c t r i c a l  c i r c u i  t. 

A t  the . p o s i t i v e  e lectrode,  ' t he  cathode, ox ida t i on  i s  tak ing  place. The 
% ,  

bubbl ing oxygen canbines w i t h  the  f r e e  hydrogen ions passing through the  , 

diaphragm and the  e lec t rons  from the cathode t o  form water. 

The normal combustion process o f  a hydrogen-oxygen flame has been replaced 

by two separate e l  ect'rochemical react ions.  

A s i n g l e  fue l  c e l l  w i l l  generate roughly 100-200 w a t t s  o f  e l e c t r i c i t y  a t  

approximately 1 v o l t  DC f o r  each square f o o t  o f  electrode. The fue l  c e l l  

power sec t ion  connects a number o f  s i n g l e  c e l l s  i n  series, pe rm i t t i ng  t h e  



Ner reactioi: r?Q2 + H2 -) H,Q 

Figure 16-2 

SSM?LE HYDROGEN-OXYGEN FUEL CELL . .. . . 

D i  v i s . ion  of .En?rgy.'.and Power Development, S t a t e  o f  A1 gska - .  . , . . . 



generat ion o f  thousands o f  vol t s  i f  desired. . Connecting a  number o f  

modules permi ts  power l e v e l s  i n  the multi-megawatt range 

D i r e c t  Type Fuel C e l l  

A d i r e c t  type . f u e l  c e l l  i s  . shown i n  Figure 16-3. Again, t he  reacttons, . . 
take place d i r e c t l y  on the surfaces o f  the  e lectrodes,  'which are'made ' o f ;  

. . 
porous conductors. The gases a re  c a r e f u l l y  pressurized t o  provide 'al 

balance t h a t  avoids e i ther !  a  f l ood ing  o r  d ry ing  o f  the  e lec t rode pores,. 

which would lower reac t i on  r a t e  and c u r r e n t  f low.  .A t y p i c a l  a1 k a l i n e  

e l e c t r o l y t e  would be a  20 t o  40 percent s o l u t i o n  o f  potassium hydroxide 

(KOH) ; resul  t i n g  i n  , t he  f o l  lowi,ng reac t  ions : . , . ,  . . 

Cathode : 
O2 + 2H20 + 4e-  -+  O OH)‘ 

Anode : 
. , 2H2 +  OH)- j 4H2 + 4e- 

Overa l l  : 
2H2 + O2 --+ 2H20 

Ion-Exchange Manbrane Ce l l  . . 

The ion-exchange membrane fue l  c e l l  uses a  quasi-sol i d  s t a t e  membrane t o  

perform the func t i on  o f  an ac id  e l e c t r o l y t e .  Hydrogen ions can pass 

,through the membrane, bu t  neut ra l  atans and o ther  ions cannot. Serving 

as e lectrodes and as an e lec t roca ta l ys t ,  each s ide  o f  t he  membrane i s  

coated w i t h  p lat inum o r  pa1 ladium. Ion-exchange membrane fue l  c e l l s  

produce 100 t o  200 amperes per square f o o t  a t  0.7 v o l t  (Tet ra  Tech, 

1976). 

Hiqh Temperature Ce l l  

Hydrogen and carbon monoxide can u s u a l l y  be obtained f r a n  hydrocarbon 

. . fue ls .  However, the  CO reac ts  less  r e a d i l y  than t h e  H2. To avoid the  

r e s u l t i n g  problerns w i t h  ac id and a l k a l i n e  e l e c t r o l y t e s ,  h i g h  temperature 



OXYGEN 

ELECTROLYTE OR 
OTHER MEDIUM 

Fiqure 15-3 

Direct Type Fuel Cell 

Source: Tetra Tech, Inc., Energy Fact Book 1976, p .  XIII-2. 



f ue l  c e l l  s have been special  l y  developed. Current  dens i t i es  t y p i c a l  ly; 

range from 20-100 amperes per square f o o t  a t  0.7 v o l t .  

Cathode: . . 

Anode: 

Union Carbide C e l l  
! 

.. I 

Not a1 1 fue l  c e l l s  r e q u i r e .  h igh temperatures t o  operate. The Union . . 

Carbide Ce l l  i s  o f  the d i r e c t  a1 ka l i ne  e l e c t r o l y t e  type and operat ing a t  
1 

room temperature produces a cu r ren t  dens i ty  o f  about 100 amperes per 

square f o o t  o f  e lec t rode a t  0.7 v o l t .  

Redox Ce l l  

Un l i ke  normal fue l  c e l l s ,  'where reac t ions  take p lace d i r e c t l y  a t  the- 

electrodes, the Redox Ce l l  (F igure 16-4) uses- the  fue l  and oxidant  t o  

kegenerate the two e l e c t r o l y t i c  f l u i d s .  D iv id ing  the  c e l l  i s  a diaphragm 

which a l lows f r e e  passage o f  H+ ions. An example would be General 

E l e c t r i c  Company's now abandoned fue l  c e l l  us ing H 2  and 02: 

Anode Reaction: 

Anode regenera t i o n  : 



EXHAUST EXHAUST 

... 
FUEL DIAPHRAGM , OXYGEN 

O R A I R  

Figure  16-4 

Redox. C e l l  Schema t i c  

Source: Te t ra  Tech, Inc. ,  Energy Fact  Book 1976, p. XIII-5; O r i g i n a l  Source: 
S.S.L. Chang, Energy Conversion, Englewood C l i f f s :  Prent ice-Ha l l ,  
1963. 



Overa l l  reac t i on  on anode s ide:  

~a thode reac t ion  : 

Cathode regenerat ion: 

Overa l l  reac t i on  on cathode side: 

q2 + 2e- + 2~'- H ~ O  

Hydrazine Fuel C e l l s  

Although hydra t ine  i s  a  very expensive f u e l ,  i t  has several i m p o r t a n t '  . 

advantages. Because o f  i t s  h igh  energy dens i t y  w i t h  respect  t o  volume and 

weight, i t  i s  o f t e n  pre fer red . f o r  c e r t a i n  m i l i t a r y  app l ica t ions .  I t  does 

n o t  requ i re  the  use o f  noble metals as anode c a t a l y s t s  .and the  e l e c t r o l y t e  

i s  n o t  c0n tamina ted .b~  i t s  reac t i on  products (Tet ra  Tech, 1972). 

FUELS 

Hydrogen: A1 though hydrogen w i l l  con t inue as t h e  daninant fue l  , where the  

mission can j u s t i f y  the  h igh  expense, e.g., space and m i l i t a r y  programs, 

i t  i s  p resen t l y  too  expensive f o r  canmon use i n  fue l  cel-1s. Therefore, 

fuel c e l l s  us ing a  v a r i e t y  o f  o the r  f u e l s  are being developed. 

Current  Cmmerci a1 Fuel s 

Natural  Gas: Natural gas, w h i c h  i s  c h i e f l y  methane ( c ' H ~ ) ,  i s  one o f  the  

most promising f u e l s  f o r  use. j n  commercial f ue l  c e l l s .  I t  i s  easy t o  

desu l fu r ize ,  r e a d i l y  a v a i l a b l e  i n  many areas, a  d i s t r i b u t i o n  system i s  



a l ready i n  existence, and gas u t i l i t i e s  are  w i l l i n g  t o  f inance p a r t  o f  the 

necessary research and development. Both t h e  40 Kw and 4.8 MW modules, 

discus'sed i n  t h i s  chapter  w i l l  be able t o  us.e natura l ,  gas. ~ethane1.5  : 
c a l o r i f i c  value i s  a very h igh  13,256 k i l o c a l o r i e s / k i l o g r a m  gross (23,861 

Btu ls / lb . ) .  . . 
I 

Naphtha: Naphtha i s  a group o f  l i q u i d  petroleum fuels w i t h  a c a l o r i f i c  

value . ranging f r a n  11,122 t o  11,177 k i l o c a l o r i e s /  k i logram gross (20,020 t o  

20,120 B tu ' s / l b . ) .  The l i q u i d  nature  o f  naphtha f a c i l i t a t e s  i t s  shipping 

and storage. Again, e l t h e r  the  40 Kw o r  the  4.8 MW f ue l  c e l l  power p lan ts  

w i l l  be able t o  use t h i s  f u e l  ..: 

I '  

propane: propane (C3.H8.) i s  s o l d  commercial.ly as a hydrocarbon mixtuye ' 

7 .  

wi t t i .  a c a l o r i f i c  value o f  11,977 k i l o c a l o r i e s / k i l o g r a m  gross (21,560 

Bful s / l  b.) . The 40 Kw fue l  c e l l  generator  i s  designed t o  he able t d  is; 

i t  as a f u e l .  

E l e c t r o l  yte-Sol ub le  Fuel s 

The k i n d  of fue l  and ox idant  l a r g e l y  determines the  design o f ,  

1 ow-temperature, 1 ow-pressure fue l  c e l l  s. When gaseous f u e l s  are  used, 

t l i e  electrochemical reac t ions  take p lace a t  g a s / l i q u i d / s o l i d  i n t e r f a c e s  

w i t h i n  a r e l a t i v e l y  expensive porous e lectrode.  If, however, the  fue l  ii 
solub le  i n  the e l e c t r o l y t e ,  e lectrodes cons is t i ng  o f  a t h i n  conduct ing 

sheet, which i s  c a t a l y t i c a l l y  a c t i v e  if necessary, i s  e s s e n t i a l l y  a l l  t h a t  

i s  needed. I n  add i t i on ,  l i q u i d  f u e l s  genera l l y  have the  advantage . o f  

g rea te r  ease o f  t r a n s p o r t  and storage, e l i m i n a t i o n  of heavy gas cy l inders ,  

and h igher  energy/weigh t and energy/vol ume r a t i o s  than gaseous fue l  s. 

f deal ly, a 1 i qu  i d  f u e l  would have the f o l  1 owi ng p r 0 p e r t i . e ~ :  

1) inexpensive 
2) r e a d i l y  a v a i l a b l e  
3 )  l i q u i d  over a wide range , o f  temperature 
4) chemica l ly  s tab le  and' so lub le  in ,  bu t  i n e r t  toward strong" 

ac ids o r  bases 



5 )  low v i s c o s i t y  
. 6) h igh  f l a s h  p o i n t  

7)  h igh  c a l o r i f i c  value 
8) ino f fens ive ,  p r e f e r a b l y  gaseous, waste products 
9) r a p i d  i o n i z a t i o n  a t  t he  anode w i t h  a  minimum o f  overvol  tage 

10) i n e r t  a t  the  cathode 

. . Best  meeting th,ese c r i t e r i a  are methanol, ammonia, and hydrazine. 

Methanol: Methanol s tud ies  have had 1  imi ted  success. The 'process i s  

sel f -poisonjng due t o  mater ia l  adsorbed on the  electrode, a1 lowing 

methanol f ue l  . c e l l  s  t o  perform on ly  a t  1  ow e f f  i c i enc ies .  With improved 

e l  ec t roca ta l ys ts ,  methanol f ue l  c e l l  s  would probably becane p r a c t i c a l  , '  

p ropos i t ions  (Liebhafsky, 1968). 

Ammonia:' ~ p p a r e n t l y  ammonia has n o t  been used as a  d i r e c t  f ue l  i n  

well-developed fue l  c e l l s .  However, t he re  are  plans t o  crack ammonia i n t o  

. . 
. . ' n i t r o g e n  and hydrogen f o r  use i n  var ious fue l  ce l  l s ,  i nc lud ing  a  200-Kw 

submarine (Andrew and ~l ayebrook i n  W i l l  lams, 1966). 

Hydrar i ne: ( N ~ H ~  and N ~ H ~ $ o )  Hydrar i.ne i s  becaning i ncreds ing ly  popu lar  

as a  fue l  because i t  has an anodic r e a c t i v i t y  approaching t h a t  . o f  .hydro-' 

-gene Unfor tunate ly ,  h igh cos t  and low vol  tage ' e f f i c i e n c y  discourage I . t s  

use as a  fue l  except i n  specia l  a p p l i c a t i o n s  such as m i l i t a r y  uses where 

f u e l  t r a n s p o r t a t i o n  costs are  h igh  (Liebhafsky, 1968). 

,The chemical . reac t i ons  and the idea l  e f f i c i e n c y  o f  several common fue ls  

a r e  shown i n    able 16-1. 

: . 
.REFERENCE ELECTRODES 

'While there  are  a number o f  ma te r ia l s  used f o r  electrodes, t h e i r  s u i t -  

a b i l  i ty i s  usual l y  measured aga ins t  reference e lectrodes which have 

accura te ly  known p o t e n t i a l  s  on the  standard hydrogen scale. The calomel 

. e lectrode i s  used i n  fue l  c e l l  s tud ies  over a  wide range o f  temperatures. 

The hydrogen e lec t rode I s  usefu l  over  a  wide range o f  pH and temperature., 

The mercury-mercuric oxide e lec t rode i s  used as a reference e lec t rode i n  



TABLE 16-1 

IDEAL EFFLCIENCY VALUES FOR H,, N,H4 
AND SOME COMMON, HYDROCARBON' FUELS 

REACTANT 
Half-Cell Reaction 
Complete-Cell Reaction 

HYDROGEN 
H 2 3 2 2 * +  2 e -  

Hp + (/' O2 3 H 2 0  

METHANE 
CH4 + 2 H 2 0  2 C02 + 8 H* + 8 e- 
CH4 + 2 O7 3 C07  + 2 H,O ' 

METYANOL (aq) 
CH30H leq) + H 2 0  z C02  + 6 H* + 6 e- 
CH ;OH (aq) + l '/n O2 3 C02  + 2 H 2 0  

CARBON MONOXIDE 
CO + H 2 0  2 C O ~  + 2 H* + 2 e- 
CO + X O2 2 C02 

ETHANE 
C2H6 + 4 H 2 0  2 2 C02 + 14 H* + 14 e- 
C2H6 + 3% O2 2 2 C02 + 3 H 2 0  

ETHANOL (aq! 
' C2H50H (aq) + 3 H 2 0  5*, 2 C02 + 12 H* + 12  e- 

C2HBOH (aq) + 3 O2 2 2 C02  + 3 H 2 0  

ETHYLENE 
C 2 H 4 + 4  H 2 0 2 2 C 0 2  + 1 2 ~ * +  120 -  
C2H4 + 3 O2 3 2 C02 + 2 H 2 0  

. . 

The symbols used in  the table are: 
AFP Standard-state free energy of reaction at 25 '~ .  
AH? Standard-state hert of reaction at 25'~.  ' 

AFSIAH?, 
ldeal 

Efficiency 
(percent) 

83.0 

I d  

91.9 

97.1 

90.9 

94.1 

97.5 

94.3 

REACTANT 
Half-Cell Reaction 
Complete-Cell Reaction 

ACETYLENE 
C2H2 + 4 H 2 0  2 2 C02  + 10 H* + 10 e- 
C2H2 + 2% O2 3 2 C02  + H 2 0  

PROPANE 
C 3 H 8 + 6 ~ 2 0 $ 3 C 0 2 + 2 0 ~ * + 2 0 e - ,  
C a H s + 5 0 2 ~ 3 C 0 2 + 4  H 2 0 t  

PROPVLENE 
C 3 H 6 + 6 H 2 0 z 3 C 0 2  + 18 H * +  1 8 0 -  
C3He + 4% O2 3 3 C02  + 3 H 2 0  , 

BENZENE 
C6H6 + 12 H 2 0  3 6 C02 + 30 H* + 30 e- 
C H + 7% O2 2 6 C02  + 3 H 2 0  6 6 

HYDRAZINE (aq) 
N2H4 (aq) + 4 OH- 2 N2 + 4 H 2 0  + 4 e- 
N2H4 (aq) + O2 2 N2 + 2 H 2 0  

The ideal efficiency is defined as the ratio of the 
maximum amount of electrochemical energy (AF) that 
can be obiaincd from a chemical reaction to the heat 
energy of  the reaction (AH). 

0 0 

AFr lAHr ,  
Ideal 

Eff ~cioncy 
(percent 1 

95.0 

95.0 

95.1 

97.2 

99.4 

Source: ~ e t r a  Tech, Inc. ,  Energy Fact Book 1976, p .  XIII -7 ;  Original Source: 
Carl Berger (ed. ) , Handbook of kuel Cell . Techno1 ogy , Englewood Cl i f f s  , 
New Jersey: Prentice-Hal 1 , .1,968. 



a1 kal i n e  so lu t ions .  (Andrew' and Jones i n  W i l  l iams, 1966). I n  m6 l  t en  

carbonate cel.1 s, a  number o f  e lec t rode mate r ia l s  have been studied., I #  ' a  

se lec t i on  being d i f f i c u l t  because o f  t he  cor ros ion  o f  t he  e lectrodes 

caused by the  e l e c t r o l y t e  a t  the  h igh  operat ing temperatures. 

Electrodes must possess the  f o l  lowing proper t ies :  

chemical s t a b i l  i ty towards the  e l e c t r o l y t e ,  f u e l  , and a i r  ' . " -' 

physical  s t a b i l i t y  a t  t he  operat ing temperature 
3 )  h igh  c a t a l y t i c  a c t i v i t y  
4) good mass t r a n s f e r  (Jones i n  Will ' iams, 1966) 

" .  
-: .. . ... . 

Plat inum metals have been .shown t o  serve as  h i g h l y  e f f e c t i v e  e lectrodes 

fo r  a  wide range o f  fuels,  i nc lud ing  hydrocarbons. Unfor tunate ly ,  

widespread a p p l i c a t i o n  o f  such fue l  c e l l s  i s  discouraged by the  h igh  cost.  

And, 'cost aside, world p lat inum suppl ies are  i n s u f f i c i e n t  f o r  use ' i n  

m i l l i o n s  o f  f ue l  c e l l s  (Wil l iams, 1966). On t h e  b r i g h t e r  side, 

developments. dur ing  the  l a s t  ten  years have r e s u l t e d  i n  a  dramatic 

decrease from requirements as h igh  as 2000 grams o f  p lat inum per k i l o w a t t  

t o  10 grams now (Gorman, 1977). 
. . 

ELECTROLYTES 

An e l e c t r o l y t e  i s  a  substance which i n  s o l u t i o n  o r  as a  l i q u i d  i s  able t o  

conduct e l e c t r i c i t y  .by the movement o f  i t s  ions t o  the  e lectrodes.  ,; . A  

l a r g e  number o f  e l e c t r o l y t e s  are  used, depending l a r g e l y  upon the  speci- 

f i c s  o f  the fue l  c e l l  under considerat ion.  Two o f  t he  more impo*tant 

d i s t i n g u i s h i n g  , c h a r a c t e r i s t i c s  are  the  s t a t e  o f  t he  ma t te r  and the  .pH. 

  is cussed b r i e f l y  be la*  are some o f  the  more common e l e c t r o l y t e  concepts. 

L i q u i d  e l e c t r o l y t e s  are  the  o l d e s t  and, i n  many ways, s t i l l  t he  most 

.important. I n  a l l  c e l l s  employing aqueous e l e c t r o l y t e s ,  hydrogen o r  

.hydroxyl , i ons .  a re  impor tan t .  i n  bo th  'the e lec t rode processes and the  
' 

cu r ren t  t ranspor t  through the, e lec t ro l y te . '  The f i r s t  f ue l  c e l l s  'used a c i d  
. . . . 

e lec t rb l ,y te$  w i t h  h igher  c o n d u c t i v i t y  (Smith i n  M i l  l i a m s ,  1966). . . 
. . . 'Typically, ' su lphu r i c .  a c i d  c is  :used ' i n  ac id  fue l  c e l l s  intended t o  operate,  

. . . . . . . . . , . . . . 
( .  

'. . . 



. . 
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bellow 80" C and phosphoric a c i d  i s  used f o r  h igher  temperatures. A l k a l i n e  

e l e c t r o l y t e s  such as potassium hydroxide may be used. S t rong ly  a1 ka1,irie 

e l e c t r o l y t e s  a re  general l y  r e s t r i c t e d  . t o  hydrogen, hydrazi ne (N2Hq), and  

ammonia (NH3) as f u e l s  because' they do n o t  contain'  carbon. Strong b u f f e r  

. so lu t ions ,  canmonly potassium carbonate, may be used. F i n a l l y ,  . low 

e l e c t r i c a l  c o n d u c t i v i t y  and poor performance o f  oxygen electrodes i n  such 
? .  

., ,. .' - . 

e l e c t r o l y t e s  has discouraged , the  use o f  ac id  b u f f e r  solut ions. except ' i n  

some biochemical f ue l  c e l l s  which use l i v e  bac te r ia  o r  enzymes t o  ca ta l yze  

e lec t rode react"ions ( W i l l  i ams, 1966). 
L 

(Phosphoric ac id  i s  used w i t h  plat inum. e lectrodes f o r  hydrocarbon f u e l s  i n  

the  150-200" C temperature range. . Unfor tunate ly ,  phosphoric ac id  i s  

extremely co r ros i ve  a t  these temperatures (Sm'i t h  i n  W i l l  iams, 1966). ,The 

development o f  s u i t a b l y  r e s i  s t a n t  cons t ruc t i on  ma te r ia l  s has s i g n i f i c a n t l y  

reduced the  problem o f  co r ros ion  (F i cke t t ,  1978). Higher operat ing, 

temperatures increase e f f i c i e n c y ,  b u t  may reduce c e l l  1 i f e  and re1 i a b i i i  ty 

( ~ o k n ,  1977). P,hosphoric ac id  w i l l  be used i n  both t h e  40 Kw ,and 4.,8 MW' 
. . 

. . . u n i t s  described i n  t h i s  chapter. 

Both ac id  and a l k a l i n e  aqueous e l e c t r o l y t e s  need n o t  necessar i l y  be 

mobile. E l e c t r o l y t e s  can be immobil ized i n  mat r ices  o r  gel form us ing 

agents such as f i n e l y  d i v ided  s i l i c a ,  asbestos f i b e r s  o r  p l a s t e r  o f  Par is .  
I .. . 

I n  h igh  temperature f u e l  c e l l s  operat ing a t  500" C o r  higher, two types , o f  

non-aqueous el e c t r o l  y t e s  are  , general 1 y used.   used a1 kal i metal 

carbonates have h igher  e l e c t r i c a l  c o n d u c t i v i t y  and permi t  lower opera t ing  

temperatures. Unl i ke the  f u s e d  carbonates, sol i d  i o n i c a l  l y  conduct ing : 
oxides do not  r e q u i r e  the a d d i t i o n  o f  carbon. d iox ide  t o  the  gas .suppl ied . . 

t o  t h e  cathode ( W i l l  i m s ,  i 966). 
I 

SUPPORT SYSTEM 

Fuel c e l l s  req'utre c lean f u e l s  t o  operate e f f i c i e n t l y .  .The reformer 

( cond i t i one r  o r  processor) converts na tura l  and syn the t i c  fuels,  e i t h e r  . . 

l i $ u i d  o r  gas,.. t o  a more r e a d i l y  usable gaseous mix ture .  The most common 



method c u r r e n t l y  i n  use i s  steam-reforming (Wil l iams, 1966), i n  which 

f o s s i l  fue l  and steam a re  c a t a l y t i c a l l y  reacted under heated cond i t i ons  t o  
produce a  hydrogen-rich gas stream for  use i n  t h e  f u e l  c e l l .  Carbon 

d iox ide  and a  small amount o f  SO2 are a l so  produced i n  the  process 

(Lueckel, ND). Typical  o f  o ther  hydrocarbons, the  basic steam reforming . . 

o f  methane and the  fo l lowing w a t w  gas s h i f t  reac t i on  can be shown as 

(Smith i n  Wil l iams, 1966): . . .  .. 

Although s k o n d  generat ion fue l  c e l l s  can use a  much wider  range o f  fue ls ,  

contaminants such a s  SOx remain a  problem, reducing the  l i f e  - .and 

e f f i c i e n c y  o f  t he  power u n i t  ( ~ i c k e t t ,  1976). 

While the  vast  m a j o r i t y  o f  our  e l e c t r i c a l  machinery i s  designed ' for .  ? .  

a1 t e r n a t i n g  cur rent ,  f ue l  c e l l  s  generate d i r e c t  cur rent .  Therefore, t o  be 
I ' .  

usefu l ,  t he  d i r e c t  c u r r e n t  & s t  o f t e n  be converted t o  a1 t e r n a t i n g  cur rent ,  

o r  a t  l e a s t  pu l sa t i ng  current ,  by an i n v e r t e r .  D i r e c t  c u r r e n t  can be 

converted t o  a1 t e r n a t i n g  c u r r e n t  by e i t h e r  a  motor-generator o r  a  sol  i d  

s t a t e  i nve r te r ,  bo th  o f  which a re  capable o f  80 t o  90 percent  e f f i c i e n c i e s  

(Tetra Tech, 1976). E a r l i e r  r o t a r y  o r  mercury-'arc systems are  g i v i n g  way 

t o  s o l i d  s t a t e  i nve r te rs .  E f f i c i e n c i e s  o f  95 percent  and , s i g n i f i c a n t  

decreases i n  ' cos t  and s i z e  have r e s u l t e d  f r a n  con t inu ing  advances i n  s o l i d  

s t a t e  technology (Lueckel , ND). 

ADVANTAGES OVER EXISTING ELECTRIC GENERATING SYSTEMS 

Numerous aspects of t h e  ' f ue l  c e l l  make i t  a t t r a c t i v e  when compared ' t o  

o ther  methods o f  generat ing e l e c t r i c i t y .  
t 

' ~ i r s t ,  f ue l  c e l l s  conver t  chemical energy d i  r e c t i y  i n t o  e l e c t r i c a l  energy. 

. . I n  contrast ,  e l e c t r i c a l  generators . . f r equen t l y  conver t  chemical energy t o  

heat, heat  t o  mechanical energy, and then mechanical energy t o  

e l e c t r i c i t y .  This m u l t i p l e  conversion r e s u l t s  i n  a  l oss  o f  e f f i c i e n c y . ,  



. . 
Hydro and wind genera tors ,produce e l e c t r i c i t y  i n  on ly  one step: niech- 

an ica l  t o  e l e c t r i c  energy. However, i t  should be noted t h a t  the  d i r e c t  

c u r r e n t  . coming from the fue l  c e l l s  must be converted t o  a1 t e r n a t i n g  

cu r ren t  before i t  can be used f o r  most p r a c t i c a l '  appl i ca t i ons .  

Many energy systems accept heat f r a n  a high-temperature source, produce, 

work and r e j e c t  heat t o  a l'ow-temperature s i n k  ( ~ o l a n ,  1976). Recoverable 
. ., 

work i s  l i m i t e d  by the  d l  f ference i n  the  two temperatures as described 'by 

Carnot: (T1 - T2)/T1 (Williams,' 1976). Fuel c e l l s ,  however, a re  n o t  heat  

machines and a re  n o t  r e s t r i c t e d  by the  Carnot-cycle l i m i t a t i o n .  The fue l  

c e l l  I s  electro-chemical nature enables i t  t o  main ta in  a h igh  e f f i c i ency  

over  a wide range of s izes  and loads. Heat may be recovered w i thou t  

affecting the e l e c t r i c a l  conversion e f f i c i e n c y .  . . .. . 

Power p l a n t  systems r e q u i r e  reserves on l i n e  e i t h e r  a t  i d l e  o r  p a r t  power 

t o  respond r a p i d l y  t o  demand changes. Up t o  a 15-percent reduct ion  i n  

ov-era11 u t i l i t y  system f o s s i l  f u e l  consumption could r e s u l t  from the use 

o f  f ue l  c e l l s  t o  provide t h i s  "spinning reserve." The fue l  ce l ' l s  

au tana t i ca l  l y  a d j u s t  almost instantaneously t o  changes i n  demand, ' the  

r e a c t i o n  stopping when the load i s  removed (Lueckel, ND). 
' . 

perhaps the ? s t  exc i  t i n p  c h a r a c t e r i s t i c  ~f the fuel eel i i s  i t s  minimal 

environmental impact. The common waste products are  carbon d iox ide,  

water, .and heat. I n  t h e  Apol l o  spacecraft-, us ing  hydrogen as fue l  for,,;the. 

fuel '  c e l l ,  the astronauts used the  waste water f o r  d r i n k f n g  ( V i l l e r s ,  ND) 
. . 

NOx, SO2, smoke, and p a r t i c u l a t e  emissions from fue l  c e l l s  a re  on ly  l / l b t h :  

t o  1/50,00Oth o f  those ' f r a n  conventional c e n t r a l  power s ta t i ons .  Also, . 
I 

t h e  fuel c e l l  system i s  qu ie t .  V i r t u a l l y  the  on ly  noises involved, ,are, . . 

those o f  any fans o r  pumps used i n ' t h e  system, and these can be insu la ted  

f o r  noise. 

Unl i ke conventional systems, fue l  c e l l s  perform w i t h  h igh  e f f i c i e n c y  over 

a wide range o f  loads, t h e i r  e f f i c i en .cy  remaining f a i r l y  constant  from 25 

percent  t o  125 percent  of ra ted power (F igure  16-5)'. Based on the  high&' 

heat ing value o f  i n p u t  f u e l  and AC power output ,  f i  rs t -genera t ion  power 

p l a n t  e f f i c i e n c y  w i l l  exceed 38 p e r c e n t ,  and t h a t  o f  second-generation 
* .  

p l a n t s  i s  expected t o  be g rga te r  than 45 .percent (F igure 16-6). 

'16-20 



~ i ~ u r e  16-5 
Pawer, System ESf i-ciency Compari son 

PERFORMANCE AT RATED CONDITIONS 

UNIT CAPACITY - MEGAWATTS 

- - - - -  
Figure 16-6 

Heat Rate of Various Powerplant Types 

Source: William J. Lueckel , Jr. and James R .  Casserly, "Fuel Cells for Utility 
ServSce," pp, 3 and 5.  



I n  conventional systems, ef f ic iency i s  la rge ly  a funct ion o f  power demand, 

the systems becoming more e f f i c i e n t  as s ize increases. Small communities 

are forced t o  use less e f f i c i e n t  systems, of ten not even using these t o  

f u l l  capacity because they have been purchased with the future growth i n  ' 
mind. Fuel c e l l s  have the advantage o f  high e f f i c iency  i n  both small and 
large systems. As canwni ty  demand grows, small modular un i t s  can be' 

added t o  the system i n  para l le l .  Over 40 percent of municipal u t i l i t y  

capacity comes f ran plants o f  less than 100 MW. 

Energy losses of 3 t o  6 percent of ten occur i n  conventional power trans- 

mission. On-site o r  near-site fuel c e l l  'power plants provide an at t rac-  
t i v e  a1 ternat ive. Because o f  t h e i r  en"iromenta1 and modular characteris-, 
t i cs ,  s i t e  select ion i s  much more f l e x i b l e  (Lueckel , NO). 

The heat resu l t ing  f ran the chemical reactions tha t  i s  not captured ' f o r  

use can be dispersed i n t o  the surrounding a i r .  Cooling does not  regti ire 
, - 

an external water supply ( V i l  lers, ND). 
4 

DISADVANTAGES 

Two primary problems involved i n  using fuel c e l l s  are .readily indicated by 

the accompanying hardware, i .e., the reformer and inverter.  Clean, 
sometimes expensive, 'fuels are required f o r  e f f i c ien t  operation, although 
second-generation fuel c e l l s  promise a wider range o f  usable. fuel  s. Most 
current  development i s  directed toward the use o f  non-renewable foss i l  

fuels. Approximately 5 percent o f  the generated power i s  l o s t  i n  the ' 

conversion fran UC t o  AC. 
t 

Of course, the greatest consumer d i f f i c u l t y  a t  present i s  t ha t  fuel  c e l l s  

are s t i l l  i n  the p i l o t  pro ject  stage and are no t  caarnercially available. 
I n i r t i a l  costs are expected t o  be high. 

FJnally, a t  the present time, some o f  the fuel  c e l l  system components are 
expected t o  have a shorter l i f e  than those o f  conventional power sources 

(Tetra Tech, 1976). 
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THE REFERENCE UNIT 

There are no off-the-shelf fuel c e l l s  w i th  a h is to ry  o f  re1 i ab le  service 

available fo r  ru ra l  communities today (1978). However, national research 
and development funding has now begun on two d i f f e r e n t  units--a 4.5-MW 

generator and a 40-Kw generator capable o f  in tegrat ing i t s  waste heat i n t o  
useable energy. 

THE 4.5-MW POWER PLANT 

I n  1977, Consolidated Edison Co. o f  New York, Inc., was selected as the 

host u t S l i t y  f o r  a prototype 4.5-MW fuel c e l l  power plant. This major 
demonstration pro jec t  was i n i t i a t e d  i n  1976 as a j o i n t  e f f o r t  by United 

Techno1 ogies Corp. (UTC) , Department of Energy (DOE), and E lec t r i c  Power 
Research Ins t i  tu t e  (EPRI) . The ,funding contr ibut ions are $5 m i l  1 i on  'by 

EPRI, $25 n i i l l i o n  by DOE and $12 m i l l i o n  by UTC (R & D Status, 1978). 

The 4.5-.MW FCG-1 demonstration module w i l l  be i ns ta l  l ed  on the Consol i-' 
dated Edison system and located i n  downtown New York C i l y  a t  East F i f -  

teenth Street and Frankl in D. Roosevelt Drive. Delivery o f  the u n i t  i s  
estimated t o  be about July, 1979 with test ing t o  begin i n  1980 (Fickett ,  

1978). Naphtha w i l l  be converted t o  a hydrogen-rich gas f o r  use i n  the 
fuel  c e l l  i n  the fuel  processing substation. 

While the Anchorage demand f o r  e lec t r i ca l  energy i s  such tha t  a 4.5-MW 
u n i t  o r  even s i x  4.5-Y modules would be pract ical ,  t h i s  u n i t  i s  presently 
too large f o r  ru ra l  and remote Alaska. Therefore, a t ten t ion  i s  focused on 

1 

the 40-Kw uni t .  Nevertheless, Alaska ha$ a strong in te res t  i n  the 4.5-,M 
and/or 9-MW generators tha t  are t o  be operated from pyrolysed urban waste, 

biomass gases, and especi a1 l y  coal gas i f i ca t ion  products. 

THE 40-KW UNIT 

A 40-Kilowatt power p lan t  designed f o r  on-site power generation i n  
buildings and a t  ' i ndus t r ia l  locat ions i s  under development. This s ize 1 ,  . 

/ I /  





u n i t  i s  o f  special  i n t e r e s t  i n  r u r a l  Alaska. The development o f  . t h i s  
. . 

40-Kw p l a n t  i s  being supported by a group o f  gas u t i l i t y  companies and the  

U.S. Department o f  Energy. A photograph of prototype 40-Kw u n i t  i s  shown 

i n  Figure 16-7. Note t h a t  the  s i z e  i s  such t h a t  t r a n s p o r t a t i o n  a n d  
t 
housing o f  t he  u n i t  should be o f  no major concern. The goals o f  the  40-Kw 

power p l a n t  development program inc lude:  

Rating 40 Kw . . 

E f f i c i e n c y  .(LHv)' 40 percent  (past- load) I 

Opera t i  ng Range 0-40 Kw 
Power Output 3 Phase 
Water Requ i red None 
Star tup  Automatic o r  Semi-Automatic. 
Fuel Pipe1 i n e  Gas/Naphtha/Propane 

. . 

The 40-Kw s ize  was chosen t o  meet the  energy requirenents o f  a 16-un i t  

apartment. The energy requirements f o r  the  b u i l d i n g  were determined by 

us ing  techniques of t h e  American Society o f  Heating, Re f r i ge ra t i on ,  and 

Air-Condi t i o n i n g  Engineers (ASHRAE) and by devel oping the  e l e c t r i c  load 

p r o f i l e  us ing data c o r r e l a t i o n s  and load ana lys is  techniques. I n  order  t o  

provide the  most r e a l i s t i c  analys is ,  a s p e c i f i c  l o c a t i o n  was selected f o r  

t h e  16-un i t  apartment: Har t fo rd ,  Connecticut. Th is  area, w i t h  6200 

heat ing degree days, i s  representa t ive  o f  much o f  the  nor thern  p a r t  o f  t he  I 

Lower 48. The major b u i l d i n g  c h a r a c t e r i s t i c s  and weather parameters are  

presented i n  Table 16-2. - 

TARGET (Team t o  Advance Research f o r  Gas Energy Transformation, Inc.) i s  

canposed o f  approximately t h i r t y  gas d i s t r i b u t i o n  and t ransmission 

canpanies t h a t  contracted w i t h  United A i r c r a f t  Corporat ion f o r  t h e  

research, development, and t e s t i n g  o f  na tu ra l  gas fue l  c e l l s  f o r  powering 

t o t a l  energy systems o r  o the r  power generat ion purposes (Smith, 1977). 

The r e s u l t s  o f  t he  j o i n t  e f f o r t s  o f  TARGET and Uni ted Technologies 

Corporat ion, the  development of a .  40-Kw fue l  c e l l  powerplant, i s  f a i r l y  

we l l  along. The present plans'  ca l l .  fo r  some m o d i f i c a t i o n  o f  t h e  40-Kw, 
. . 

u n i t ,  leading t o  t h e  manufacture o f  50 t o  70 o f  t he  modi f ied fue i  cel.1 

u n i t s .  The fuel c e l l s  would. be used f o r  a f i e l d  t e s t p r o g r a m  s ta r t i . ng  i n  

mid-1.980. 

. . 



TABLE 16-2 

CHARACTERISTICS OF 16-UNIT APARTMENT LOCATED 
I N  HARTFORD, CONNECT1CU.T 

,, P . '  

. . !. 

A . 2 STORY BUILDING 

16 APARTMENT UNITS 
I 

INTERNAL HEAT GENERATION 

HEATING LOAD 

ELECTRICAL BAS tLUALl LIEMANU 

PEAK ELECTRICAL DEMAND 

WEATHER DATA 

HEATING DESIGN TEMPERATURE 

COOLING DESIGN TEMPERATURE 

HEATING DEGREE DAYS 

BRICK VENEER ' ' ,... 

Source: Bol an, Peter ,  "Heat Pumps and Fuel C e l l  s, -"American I n s t i t u t e  
o f  Chemical Engineers, S i x t y -N in th  Annual Meeting, Paper 
Number 23 d, Nov. 30, 1976. 



The research and development a c t i v i t i e s  o f  TARGET have been t r a n s f e r r e d ' t o  

the  newly-formed Gas kesearch I n s t i t u t e .  The fue l  c e l l  a c t i v i t i e s  wil?:.be 

funded by and cont inue under the j o i n t  auspices o f  t he  Gas Research 

I n s t i t u t e  and t h e  Department o f  Energy. 

A Program Opportuni ty  ~ o t i c e  (PON) w i l l  be announced i n  1979 by DOE f o r  

those in te res ted  i n  us ing one o f  these f i r s t  f ue l  c e l l s ,  bu t  the  cos t  t o  . ., . . .  

t h e  user i s  expected t o  be about $300,000 f o r  a t w ~ - ~ e a r  per iod even 

though there w i l l  be no charge f o r  the  fue l  c e l l .  Th is  cos t  w i l l  be f o r  

inst rumentat ion,  t es t i ng ,  and data ana lys i s  f o r  t h e  demonstration 
(Lawrence, 1 978) ., \ 

. . 

I n  summary, t he  40-Kw fue l  c e l l  u n i t  has been selected as the  reference 

u n i t  f o r  p o t e n t i a l  a p p l i c a b i l i t y  t o  r u r a l  communities i n  Alaska. It uses 

natura l  gas, naphtha o r  propane as fue l ,  phosphoric ac id  as the  e l e c t r o -  

l y t e  and carbon w i t h  some plat inum a t  the  e lectrodes.  

ENVIRONMENTAL IMPACT . , 

, . 

As manufactur ing costs are  reduced and the  techno1 ogy becanes ava i l  able, 

r u r a l  .Alaska may f i n d  numerous appl i c a t i o n s  f o r  small 40-k i lowat t  f u e l  

c e l l s . ,  E x t r m e l y  e f f i c i e n t  i n  the  product ion o f  e l e c t r i c i t y ,  the f u e l ,  

c e l l  has the  p o t e n t i a l  f o r  exceptional v e r s a t i l  i ty and i s  pur 'portedly 

n e a r l y  f r e e  o f  adverse env i romen ta l  e f f e c t s  i n  t h e  i n s t a l l a t i o n  and 

operat ional  phases. Soph is t ica ted research i s  developing an ene-rgy 

generat ion system t h a t  does n o t  use o r  degrade water, i s  q u i e t  and clean, 

and can be located a t  t he  p o i n t  o f  power use. Because o f  i t s  e f f i c i e n c y ,  

t h e  fue l  c e l l  can a l so  c o n t r i b u t e  t o  fue l  conservat ion. 

Although r e l a t i v e l y  minor, .some aspects o f  f ue l  c e l l .  power generat ion do 

c o n t r i b u t e  t o  envi ronnental pol l u t i o n  ' (Rei.tze, 1974). ' There a re  some 

atmospheric emissions. However; the  .exhaust products from experimental 

fue l  c e l l s  a re  measured a t  l ess  than one t e n t h  , o f  the  Envirownental,  

Pro tec t ion  Agency standards f o r  acceptable l e v e l s  o f  atmospheric p o l l u -  

tan ts .  A canparison o f  these emissions from fue l  c e i i s  and o ther  l a rge  

scale ' e l e c t r i c  generat ion p lan ts  i s  shown on Table 16-3 and Figure 16-8. . . .  

16-27 . t 



There are  bare ly  measurable discharges o f  p a r t i c u l a r  matter,  smoke i s  
! 

negl i g i b l e  and NOx emissions are  very low. SOx emission l e v e l s  depend on 
fue l  i npu t ;  when na tu ra l  gas i s  used, SO, emission i s  a lso very low. 

There i s  no np ise  generated by the  basic process i n  the fue l  c e l l .  . . ~ i ' r  

fans and t ransformer hum do, c reate  some noise and o t h e r  system components, 

reformers and inve r te rs ,  increase the  sound 1 eve1 s. These 1 ev,el s have 

been cmpared t o  those produced i n  a household furnace, f reeze r  o r  small 

motors ( F i o r i ,  1978), though no ise  l e v e l s  would ' vary  depending on the  s i z e  

o f  the  fue l  c e l l  generat ion equipment. The system can be sound-proofed i n  

several ways, i n c l u d i n g  acoust ica l  b a f f l i n g .  These mod i f i ca t i ons  would, 

o f  course, increase the  a1 ready h igh f ront-end costs. 

. . 
> 

A fue l  , c e l l  i s  sel f -conta ined.  It requ i res  no water f o r  i n p u t  nor  . fo r  
coo l i ng  and i t  produces no chemical discharges t h a t  would r e q u i r e  f lushi 'ng 

o r  washing. The water produced dur ing  the  chemical t ransformat ions i s  
. . 

used i n  l a t e r  stages o f  power product ion. 

These fac to rs  along w i t h  the small physical  s i z e  o f  the c e l l  r e s u l t '  i n  

s i m p l i f i e d  i n s t a l l a t i o n  requirements. I n i t i a l  cons t ruc t i on  a c t i v i t i e s '  

could be canpared t o  pour ing a concrete p la t fo rm f o r  a p a t i o  w i t h  e l e c t r i -  

ca l  w i  r i n g  hookups . ( F i o r i ,  1978). The generat ion equipment can be placed 

i n  o r  nea'r user f a c i l i t i e s ,  thus reducing o r  e l  im inat ing  transmiss.ion 

equipment and s t ruc tu res .  Th is  would conserve f u e l  and improve e f f  ici.ency 

by reducing power l oss  dur ing  transmission. I t  would a lso  decrease 

down-time f o r  sys tern maintenance o r  emergency r e p a i r s  ( V i l  l e rs ,  ND) . When ' 

these fea tures  are  r e v i  ewed, another advantageous . environmental' 

consequence appears : fue l  e f f  i c  iency and conservat ion. Through capture 

o f  generated heat  us ing heat exchangers and heat pumps, the  energy va lue 

o f  the fue l  used could be as h igh as 10-90 percent  (Bolan, 1976). These 

encouraging f i g u r e s  come from experimental i n s t a l l a t i o n s .  However,, 
1 

p r a c t i c a l  on-s i t e  u t i l  i z a t i o n  i s  expected t o  approach these e f f i c i e n c y  . 
percentages. The conservat ion savings. on scarce . . and expensive f u e l s  would 

be enormous. A d d i t i o n a l l y ,  developers be l i eve  t h a t  f ue l  c e l l s  i n  the. 

fu ture  may operate as e f f i c i e n t l y  by u t i l i z i n g  syn the t i c  l i q u i d  o r  gaseous 

f u e l s  der ived from o i l  shale o r  coal,  o r  from hydrogen der ived from use o f  
. . 

s o l a r  energy - .  ( ~ i l  lers,, ND) . 



- .   he charac ter . i s t i cs  o f  the  fue l  c e l l  have already been described i d  ' t h e  

preceding - sect ion.  However, a review o f  those qua1 i t i e s  o f  p a r t i c u l ' a r  
a .  

relevance t o  i s o l a t e d  communities i s  i n  order .  I t  should be noted t h a t  

:.many of the  character is ti.^^ d i  scussed are  based upon labo ra to ry  tes t .  data ., 

and s t i l l '  awai t  extensive f i e l d  tes ts .  
. . 

DURABILITY . . ' 
t 

Although' various ,components o f  t he  fue l  c e l l  a re  expected t o  have a  
. sho r te r  l i f e  than d iese l  generators ( t h e  e l e c t r i c  power system most l i k e l y  

t o  be replaced . i n  r u r a l  Alaska), replacements and r e p a i r s  can be made by 

l o c a l  personnel. . The' simp1 i c i  ty o f  the  fue l  c e l l  design minimizes t h e  
. . 

need f o r  technical  l y -s  k i  1  l e d  operators and se rv i ce  persons. . . .  
* .  

OPERATION 

Fuel c e l l s  are expected t o  prov ide  qu ie t ,  re1 i a b l e ,  unattended opera t ion  

(King, ND). .Since ' t h e r e  are few moving par ts ,  maintenance w i l l  p r i m a r i l y  

i nvo l  ve i n f requen t  replacement of f il t e f s ,  r e q u i r i n g  on ly  simple too l  s  and ' 

modest' s  k i l l  s  (Lueckel , ND) . . 

COSTS 

. . 

Although fue l  c e l l  power p lan ts  a re  n o t  y e t  commercially ava i lab le ,  i t  i s  

- an t i c ipa ted  t h a t  the  c o s t  o f  the u n i t s  w i l l  become compet i t i ve  i n  the  .nea+ ., 

f u tu re .  One o f  t he  pr imary t h r u s t s  o f  c u r r e n t  development i s  t o  reduce 

equipment costs and take advantage o f  the  h igher  e f f i c i e n c i e s  fue l  c e l l s  

o f f e r .  

Most obvious i s  the saving o f  expensive fue l  i n  remote areas where 

t ranspor ta t i on  i s  a  major p a r t  o f  the  cost .  Jus t  us ing the  e l e c t r i c i t y  

f r a n  the  40-Kw u n i t  r e s u l t s  i n  a  40 percent  e f f i c i e n c y  (ou tpu t  B tu / input  

Btu) as shown i n  Figure 16-5. Adding heat  (a  very usefu l  product i n  

Alaska) recovery br ings  e f f i c i e n c i e s  t o  60-80 percent  (F iore,  1978). High 



f u e l  c e l l  e f f i c i e n c e s  are' achieved over a broad load range. Th is  i s  

e s p e c i a l l y  important i n  r u r a l  Alaskan communities which o f t e n  have a ,  low 
l oad fac to r ,  t h e  r a t i o  o f  average load t o  peak load. 

< 

The modular cons t ruc t i on  approach i s  important t o  the  economics o f  t h e  

f u e l  c e l l .  I n  c o n t r a s t  w i  t h  conventional generator sets, capac i ty  can.' be 

added i n  small increments as demand grows. A l a rge  investment i n  excess - .. 

capac i t y  can be avoided i n  t h i s  manner. Modular design a1 so reduces f i e l d  
. , 

assembly requirements (King, ND). 

F igu re  16-8 

POWER 

- . -  
TIME 

Matching I n s t a l  1 ed ~ a p a c i  ty w i t h  1 oad demand (King, ND) 

Fuel c e l l s  woul d be o f  specia l  i n t e r e s t  ,to. those areas which have a l o c a l  

.,fuel supply, i . e . ,  na tu ra l  gas: Barrow, Prudhoe Bay, North Pole and Cook . 8 .  

I n l e t .  However, m o s t - r e n o t e  and r u r a l  areas o f  Alaska p resen t l y  use' 

d iese l  powered e l e c t r i c a l  generators. Thus, t r a n s p o r t a t i o n  and storage 

. f a . c i l i t i e s  fo r .a ' fue1. :  such 'a  naphtha a l ready e x i s t .  
. . I 

1n thk  fo'reseeable future'. .only t h e  40 Kw and 4.5 MW u n i t s  w i l l  become 

canmercial l y  a v a i l  able. Except near popu la t ion  centers, t he  l a r g e r  u n i t  

would be o f  imprac t ica l  s ize.  One o r  more o f  t h e  40-Kw modules might  be. 

used i n  v i l l a g e s  having"popul.at ions o f  perhaps 100 o r  more. The f i g u r e  o f  

. '  100 - i s .  a very rough gu ide l ine ,  as r e s i d e n t i a l  and commercial e l e c t r i c a l  
consumption v a r i e s  w ide ly  a t d i f f e r e n t  s i t e s  throughout the  State. 

. . 

. . .  



I n  summary, d u r a b i l i t y ,  re1 i a b i l  i ty, ease o f  repa i r ,  ease o f  shipment, 

ease o f  use, t ime f o r  t r a i n i n g ,  and c o s t  o f  equipment . w i l l  . no t ,  be known i n  

'Alaska . u n t i l  . f i e l d  t e s t i n g '  i s  done. i n  Alaska. F i e l d  t e s t i n g  i n  t h e  i,owe'r 

48 w i l l  he lp  bu t  w i l l  n o t  s u b s t i t u t e  f o r  Alaska f i e l d  tes t i ng .  Also,'"the 

b e n e f i t s  o f  t he  fue l  c e l l  .have been addressed by ERDA (Burnet t ,  ND) and 

there  i s  l ack  o f  concensus i n  c e r t a i n  areas; f o r  example, est imates o f  the, 

1985 o i l  savings impact o f  f i r s t  generat ion fue l  c e l l s  va r ies  w ide ly , -a t  
. . . * .  . .  , .  . * :  . 

l e a s t  by a f a c t o r  o f  three.  I 

RECOMMENDAT IONS 

The fue l  c e l l  c o u l d  become a s i g n i f i c a n t  producer o f  e l  e c t r i c a l  energy ' i n  

the r u r a l  and remote communities i n  Alaska i n  the  fu ture .  Diesel 0.i.l. i s  

now the fue l  t h a t  i s  used t o  the  g rea tes t  ex ten t  t o  produce e l e c t r i c i t y ;  
. . . . 

however, s ince t h e  e f f i c i e n c y  o f  t h e  f u e l  c e l l  i s  much greater ,  naphtha '(a 

fue l  c e l l  l i q u i d  f u e l )  might  produce cheaper e l e c t r i c i t y  even i f  the 
. . naphtha i s  more expensive. 

. . 

While a 40-Kw fue l  c e l l  i s  c u r r e n t l y  being tested, i t  i s  n o t  a v a i l a b l e  as: 

o f f - t he -she l f  hardware a t  t h i s  time. ~ x t e n s i v e  f i e l d  t e s t i n g  i s  planned 

f o r  t h e  40-Kw u n i t  under the  s k n s o r s h i p  o f  the. Gas Research I n s t i t u t e  -and 

DOE. 

' I  

(1 ) Alaska needs t o  eval ua te  t h e  b e n e f i t s  associated w i t h  p a r t i c i p a t . i o n  

i n  the  f i e l d  t e s t i n g  c u r r e n t l y  planned f o r  a number o f  40-Kw u n j t s ,  
, 

throughout the  nat ion.  I t  has been e s t i m a t e d ' t h a t  the  cos t  o f  such' a 
' 

p a r t i c i p a t i o n  would be about $300,000. I f  the cos t /bene f i t  f a t i o ;  i s  , '  , 

s a t i s f a c t o r y ,  a number o f  sources f o r  funding should be considered: 

S ta te  o f  Alaska, boroughs, u t i l i t i e s  and energy:industries. 

( 2 )  A study needs t o  be done t o  determine the  f u t u r e  p o s s i b i l t y  o f  us ing 

resources found near the r u r a l  canmunities t o  power the fue l  c e l l s .  

-For  exampl,e, the  peat  resources i n  Alaska a re  g rea te r  thdn a1 1 o f  t he '  

Lower .48 s ta tes  canbined. I f  gas obtained f r a n  the  peat could serve 



as the f u e l ,  the  economic impact on a r u r a l  community might  be very 

favorable. I n  about 40 v i l l ages ,  the  1977 c o s t  o f  e l e c t r i c i t y  was 

372 m i l l s  pe r  Kw hour,. . ,  

(3 )  Fuel c e l l s  can use natura l  gas as a f u e l ,  thereby p rov id ing  an 

oppor tun i ty  f o r  more e f f i c i e n t  u t i l i z a t i o n  o f  our remaining reserves. 

A study should be made on the  p o t e n t i a l  f o r  energy (natura l  gas) . 

conservat ion f o r  Barrow, Anchorage, Kenai, Prudhoe Bay and North Pole 

, us ing fue l  c e l l s  i n  the  near f u t u r e  f o r  a per iod o f  20 t o  30 years. 

SUMMARY 

a Since the  i nven t ion  o f  f u e l  ce l  1s i n  1'839, there  have been s i g n i f i c a n t  

techno1 og ica l  ,advances. ~ x p e r  imentat ion has i n c l  uded a wide v a r i e t y  o f  

' f ue l  s, electrodes, e l  e c t r o i y t e s  and c e l l  designs w i t h  vary ing degrees ,o f  

success. S t i l l ,  desp i te  f i e l d  t e s t i n g  and . l i m i t e d  m i l i t a r y ' a n d  space 

a p p l i c a t i o n ,  t h e  fue l  c e l l  'has y e t  t o  becane a commercial rea l  i ty. 
' 

. . . . 

T h e o r e t i c a l l y ' a t  l eas t ,  f ue l  c e l l s  have much t o  o f f e r :  more e f f i c i e n t  .use: 

o f  f ue l  , low envi ronnental .impact, modular size, and avoidance . o f  

over-capaci ty .  One. i s  hopeful t h a t  the new rou.nd o f  f i e l d  t e s t i n g  . t o  

begin i n  1980 w i l l  be successful .  

As cos ts  w i l l  undoubtedly be the gu id ing  f a c t o r  i n  determining the  

a p p l i c a b i l i t y  o f  f ue l  c e l l s  t o  r u r a l  Alaska, the  r e s u l t s  o f  t he  ' f i e l d  .. . 

. t e s t s  w i l l  . be of g rea t  importance. I t  s t i l l  remains t o  be determineq. 

whether the  h igh  equipment costs can be o f f s e t  by more e f f i c i e n t  use of . .  

h igh  cos t  fue l  and lower maintenance expenses a t  these remote s i t e s .  

\ 
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APPENDIX 16-A 

The Nat iona l  Fuel C e l l  seminar was h e l d  J u l y  11-13, 1978 i n s a n  Francisco, 
. 

C a l i f o r n i a .  A t  t h i s  seminar, representa t ives  frm the Department o f  , 

Energy, E l e c t r i c  Power Research I n s t i  tu te ,  Gas Research Ins  ti tu te ,  
, . 

Department ' o f  Defense, Nat iona l  Aeronautics and Space Admin is t ra t ion ,  and 

the  Envi rbnmental P r o t e c t i o n  ~ g e n c ~  presented prog.ram overviews o f  f u e l  

c e l l  work underway i n  t h e i r  o rgan iza t ions .  - T h e i r .  remarks, as document4 

i n  the publ ished abstracts,  a r e  g iven i n  t h i s  appendix. 
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One of t h e  primary o b j e c t i v e s  of  t h e  National  Energy Plan i s  t o  
s h i f t  o u r  n a t i o n a l  energy c o n a m p t i o n  p r o f i l e  away from scarce  resources  
m d  t w a r d  more p l e n t i f u l  f o s s i l  resources i n  t h e  near-term and e v e n t u a l l y  
to  i n e x h a u s t i b l e  resources .  Accomplishing t h i s  o b j e c t i v e  r e q u i r e s  t h e  
d e v e l o p ~ n t  and i n t r o d u c t i o n  of  more energy e f f i c i e n t  equipments in  t h e  
near - te rn :  Theee equipments must a l s o  al low for  a  transition from petro-  
leum and n a t u r a l  gas t o  a l t e r n a t e  f u e l  sources  i n  t h e  longer  term. In  o r d e r  
t o  achieve t h e  above o b j e c t i v e ,  the  n a t i o n  must have new p w e r p l a n t s  a s  
prime mo:#ers which a r e  h i g h l y  e f f i c i e n t  over  a  wide load range,  environmental ly 
acceptab le ,  f u e l  f l e x i b l e .  and y i t h  t h e i r  waste b e a t  i n  a  r e a d i l y  useable 
form..  line f u e l ,  c e l l  i s  a  dev ice  t h a t  conver t s  f u e l  t o  e l e c t r i c a l  energy i n  
a  h igh ly  e f f i c i e n t  and environmental ly acceptab le  manner r e g a r d l e s s  of the  , 

. uait s i z e .  .&ceuse of  t h e i r  unique features, f u e l  :el l  p w e r p l a n t s  can be 

. - loca ted  c l o s e  t o ' t h e  p o i n t  of e l e c t r i c i t y  demand, r=ducing energy l o s s e s  

& . aaeociaced with t ransmiss ion  and d i s t r i b u t i o n  and p e r m i t t i n g  e f f e c t i v e  use  

; of was te  h e a t .  Fuel  c e l l  systems evolv ing  w i t h i n  t h e  next  f i v e  t o  t e n  years  
.' . a r e  s t r c n g l y  v i a b l e  i n  t h e  fol lowing a p p l i c a t i o n s :  
! .. 

(a )  I n d u s t r i a l  cogenera t ion  where advantage i s  t a k a  of t h e  high 
e l e c t r i c a l  and thermal e f f i c i e n c i e s  ( i n c l u d i n g  u t i l i z a t i o n  of . 
waste  f u e l  s t r e a m s ) :  

( b )  I n t e g r a t e d  energy systems f o r  community s y s t e r k  and d i s t r i c t  
h e a t i n g ;  and o p e r a t i n g  from waste and c o a l  der ived  f u e l s  

( c )  E l e c t r i c  Generat ion i n c l u d i n g  peaking and in te rmedia te  c y c l i n g  
l o a d s ,  s p i n n i n g  r e s e r v e ,  smal l  u t i l i t i e s ,  replacement o f  o l d  
i n e f f i c i e n t  u n i t s  and base load from c o a l .  

( d )  Trcnspostet i .on a p p l i c a t i o n s  inc luding  product p e t r o l e m  pipe l i n e  
pumping, gas  p i p e l i n e  compression,  and e l e c t r i c  hybrid v e h i c l e s .  

In a d d i t i o n  t o  t h e  ebove foreseeable  energy s a v i n g  i p p l i c a t i o n s ,  t h e  f o r e i g n  
market p o t e n t i a l  f o r  phoephoric a c i d  f u e l  c e l l s  is q u i t e  l a r g e .  I t  f i t s  
i n t o  f o u r  marketa:  

. . A ( 1 )  . Developed c o u n t r i e s  t h e r e  environmental .  cons idera t ions  a r e  impor tan t ,  
( 2 )  .developing n a t i o n s  because of t h e  smal! u n i t  s i z e .  and a b i l i t y  t o  

' 

. .  .run wi thout  o p e r a t i n g  personnel ,  ( 3 )  o i l  and g a s - r i c h  c o u n t r i e s  where 

the  lw c a p i t a l  c o s t ,  e f f i c i e n c y ,  and a b i l i t y  t o  o p e r a t e  w i t h o u t  t r a i n e d  
personnel  make f u e l  c e l l s  a t t r a c t i v e ,  ( 4 )  and c o u n t r i e s  t h a t  a r e  s h i f t i n g  
t o  an a lcohol  f u e l  based economy because of -  t h e  h i g h e r  convers ion  e f f i c i e n c y .  

m e  o b j e c t i v e  of  the  WE Fuel C e l l  Program i s  t o  e s t a b l i s h  t h e  
commercial f e a s i b i l i t y  of f u e l  c e l l  p w e r p l a n t s  f o r  e l e c t r i c  u t i l i t y  a p p l i -  
c a t i o n s ,  i n d u s t r i a l  cogenera t ion  and b u i l d i n g  t o t a l  energy  systems i n  t h e  
near  term and t o  develop advanced, h i g h e r  e f f i c i e n c y ,  e c o n o c i c a l l y  con- 
p e t i c i v e ,  f u e l  c e l l  t echnologies  f o r  a l l  e n d  use  app1ica:ions i n  t h e  longer  
term. Due t o  the  i n i t i a t i v e s  taken by a  coord ina ted  n a t i o n a l  f u e l  c e l l  
program, t h e  n a t i o n  can e x p e r i e n c e ,  o v e r  t h e  next  t h r e e  t o  s i x  y e a r s ,  t h e  
develcpment of  a  f u e l  c e l l  i n d u s t r y  with i t s  s i g n i f i c a n t  a s s o c i a t e d  n a t i o n a l  
b e n e f i t s  . 

In  o r d e r  t o  achieve t h e  o v e r a l l  WE Fuel  C e l l  Program o b j e c t i v e s ,  t h e  
p r o g r n  i s  divided i n t o  four  p r o j e c t  a r e a s .  Each of these  a r e a s  h a s  a  
s p e c i f i c  o b j e c t i v e  a s  fo l lows:  

4.8 % E l e c t r i c  U t i l i t y  P w e r p l a n t  Development 

Tes t  on a  u t i l i t y  g r i d ,  the  o p e r a t i o n a l  f e a s i b i l i t y  of e l e c t r i c  
u t i l i t y  f u e l  c e l l s  which a r e  n e a r i n g  r e a d i n e s s  f o r  c o ~ e r c i a l i z a t i o n  

Phosphoric Acid  stems Development 

Developnent f u e l  c e l l  sys tems  f o r  n o n - e l e c t r i c  u c i l i t y  a p p l i c a t i o n s  
and provide technology t o  lover  c o s t  and i n c r e a s e  r e l i a b i l i t y  o f  
f i r s t  genera t ion  f u e l  c e l l  s y s t e o s .  

Yolten Carbonate Fuel C e l l  S y s t e c s  Develo?ment 

Advance the s ta te -of - the-ar t  of c o l t e n  carbonate  f u e l  c e l l s  i n  
o r d e r  t o  achieve the  e a r l i e s t  p o s s i b l e  c o z n e r c i a l i z a t i o n  o i  
coa l  fue led  poverp lan ts  i n  e l e c t r i c  u t i l i t y  base load and i n d u s t r i a l  
csgenera t ion  a p p l i c a t i o n s .  

Fuel  C e l l  Applied Research 

Support ecterging systems wi th  a  s u f f i c i e n t  technology b a s e ,  examine 
advanced f u e l  c e l l  systems and broaden t h e  spectrum of a c c e p t a b l e  
f u e l s .  

Tne s t a t u s  of -each of these p r o j e c t  a r e a s  i s  s u m a r i z r d  below: 

. L .  8 ?IU E l e c t r i c  U t i l i t y  Powerplant Development . . 

Acconplistiments t o  d a t e  inc lude  exccut ibn  of  c o n t r a c t s  f o r  c o n s t r u c t i o n  
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o f  t h e  4 . 5  '% f u e l  c e l l  p o v r r p l a n t  and t h e  s p a r e  p a r t s  r e q u i r e d  
f o r  v a l i d a t i ~ ~  a n c  s u p p l e n e ~ t a l  t e s t i n g  i n  a  h o s t  u t i l i t y .  Tne 
d e s i g n  and d e s i g n  c o n f i r n a t i o n  p h a s e s  o f  t h e  p r o g r a n  h a v e  keen 
conpletec!  and p r o j e c t e d  p e r f o r m a n c e ,  > .eet ing s p e c i f i c a c i c n  g o a l s ,  
h a s  been s u b s ~ a n t i a t e d  t h r o ~ g h  sub-compoaent t e s t i n g  and r- rel ling. 
h o t h e r  c:rr:rac:ual a c t i o n ,  s e l e c t i o n  o f  a  k o s t  f o r  i n t eg rz : ion  o f  
t h e  powers!ant i n  a  u t i l i t y  g r i d ,  h a s  been co -p le t ed .  S i t e  p r e p a r -  
a t i o n  w i l l  b e  i n i t i a t e d  s h o r t l y .  I t  i s  e x p e c t e d  t h a t  :he ? r c g r k q  
w i l l  c l o s e l y  . z e e t  s c h e d u l e d  m i l e s t o n e s .  T h i s  w i l l  r e s u l t  i n  
c o n p l e t i o :  o f  ha rdware  c o n s r r u c t i o n  d u r i a g  FY 7 E  and cc;r.pl=:isn o: 
t h e  u t i l i t y  t z s t i n g  +:in3 3 SO. I n p l e n e n t a t i o n  o f  a  ?la.: f o r  a  
c o z x e r c i a l  f e a s i b i l i t y  :rograrr. w i l l  be ' i z i t i a t e d  i n  F?' 79 ;hen ? r > -  
j e c t e d  p e r f o ~ . a n c e  h a s  been a c h i e v e d  t h r c . ~ g t .  u t i l i t y  der .ozs : ra t ion.  
The c o m e r c i a l  f e a s i b i l i t y  3rograrn w i l l  in\.;lve t h e  ir.pri.*:ec :echxc1~g:: 
developme-:, :he c o r r e c t i o n  o f  p e r f o m a n c e  i e  f i c i e n c i e s  d i i c o v e r e i  
d u r i n g  t h e  o p " r a t i o n a 1  t e s t  and t h e  i n i t i a t i o n  o f  a  r . .z?ufaztur ing 
3 e  thods  d e v e l  ?pnen t  p r o g r a n .  

J h o s p h o r i c  Acid S:.-stezs > v z l o p c e n t  

I n  t h e  o n - s i t ? ! i n t e g r a t e d  energ:; s y s t e n s  a r e a ,  e n ~ h a s i s  i s  on t h e  
d e v e l o p z e > t  oT kilo-wa:: s i r e  p c v e r p l a n t s .  Of t h e s e ,  t k e  13 >w 
n o i i : i c a : i > n  a?? Ceveic:r.en: p r o g r a n  is i n  :be x o s t  ;?:.an:z? s t a g e .  
The LO ki. pow?rp lan t  i s  i n  :?,e e n g i n e e t i n ;  e-d de.ielo;rr,cn: p k a s e .  

The 40 ki. p i l o t - p a v e r y l a z t :  was o r l g i n a l L y  deve loped  unde r  jris.lr:i!i!y. . . 
and L'nite? T e c h n o l o g i e s  s p o n s o r s h i p  and -;as t h e  s t a r : i n g  r> :n t  :a: 
t h i s  developr.er.: e f f o r t .  T n i s  p i l o t  ?owerp?az t  h a s  c ~ e r a t ' . '  .li:r 4:ver 

i 0 , 3 0 0  h c c r s .  3 . e  c u r r e n t  program i s  d i r e c t e d  toward c o s t ,  r e I i a 5 i i i t y  
e n l u r a n c e  and ? e r f o m a n i e  i ~ p r o v e m e n c s  o f  t h e  p i  lo: poxer?!ant d e s  i;n 
irr a r d e r  co  d e v e l o p  a  v i a b l e  p r o p e r  f u n c t i c n i z g  LO k ~ .  fie:..' t e s t  
? z ~ x ? r ? l a n t .  

' ?do ma jo r  p o t r n t i a . 1  po~ , - ' e rp l an t  c o s t  r e d u c t i o n  t a s k s  h s v e  '>?en i n i ~ l a t e d  
i n  Fi 1°C. The f i r s t ,  p1a: inun c a t a l y s t  a c : i v i t y  enhance=.ent r e p r e -  
s e n t  arr a i t e r - a t e  t o  h i g h e r  t e a p e r a t u r e  a ~ d  p r e s s u r e  o f  i n l r e a s i n g  
p e r f o r m a n r e .  3 . e  acti.:i:y v i l l  f o c u s  p r i - a r i i . ,  on  t h e  cat::,.de. h e  
;.;cccss c i  th:s ca sk  r;;i! have an i n p o r t a n t  i z ? a c t  upan p t 3 s p h o r i c  
& c i l  i u e i  c e 1 . s  s y s t e r , s  b e i n g  d e v e l o p e d  f s r  OS/IES a p p l i c a ~ i o n s .  i h e  
second  a i c iv i c : :  i n v o l v e s  t h e  d e v e l o p n e n t  o i  a low c o s t  i n : % g r a l  c e l l  
s t a c k  c a z c r p t .  I t  i s  ; - t i c :paced  :hat  t h e  deve iopncnc  e f < : r t  l o r  :h is  
! a t  t e r .  a c c i v i t  wi 11 a i  low _ t ' s  i n c o r p n r a t  ior. i a t o  t h e  LO c v  p o w e r p l a n t s  
u n d e r  d . : : . r i~pnent  f o r  f i e i d  t e s t , i ' ng .  

S e v e r a l  s y s t e n s  s t u d i e s  a r e  underway t h a t  w i l l  b e  comple t ed  d u r i n g  t h e  
y e a r  i d e n t i f y i n g  marke t  L r e g u l a t o r y  r e s t r a i n t s ,  c a p i t a l  r e q u i r e m e n t s ,  
q u a n t i f y i n g  b e n e f i t s  and a s s a c i a t e d  c o s t s .  I n  a d d i t i o n .  a  s t u d y  o f  :he 
f e a s i b i l i t y  o f  a f u e l  c e l l  i n t e g r a t e d  w i t h  an u r b a n ,  i n d u s t r i a l  o r  
a g r i c u l t u r a l  w a s t e  c o n v e r s i o a  s y s t e n  i s  underway and w i l l  be  c o - p l e t e d  
d u r i n g  t h e  y e a r .  T h i s  s t u d y  w i l l  compare t h e  economics  o f  s e v e r a l  f u e l  
c e l l / w a s t e  c o n v e r s i o n  s y s t e m  c o n f i g u r a t i o n s  w i t h  a  c o n v e n t i o n a l  s y s t e n  
c o u p l e d  w i t h  a  w a s t e  c o n v e r s i o n  s y s t e a  a n i  e s t a b l i s h  a  d e v e l o p n e n t a l  
p l a n  f o r  f u e l  c e l l  sys t ems  il t h i s  a p p l i c a t i o n .  An i n d u s t r i a l  c o g e n e r -  
a t i o n  s o l i c i t a t f o n  f o r  p r o p o s a l s  (9FP) u : i l i z i n g  f u e l  c e l l s  w i l l  a l s o  
be l e t .  T h i s ,  SF? w i l l  r e s u l t  i n  a  n y b e r  o f  s i t e  s p r c i i i c  s t u d i e s  
f rom which an i r i t i a l  f i e l d  3 e m o n s t r a t i s n  w i l i  be  se1ec:ed.  

T7e f u e l  c e l l  t echno logy  devclopnen:  f o r  r r a n s ? o r t a t i c n  a p p l < c a t i o n s  
program was i n i t i a t e 2  l a t e  i n  IY 1377.  P r e s e n t  a c t i v i t i e s  i x v o l v e  
r e f i n e m e n t  o f  t h e  prcgrarn p l a n  i n  o r d e r  t o  empk.asi:e c o s t  r e d s c t i o n s ,  
mass  f a b r i c a t i o n ,  f u e l  s e l e c z i o n  and t ech -o logy  r e q u i r e z e n t s  s p e c i f i c  
t o  t h i s  a p p l i c a t i o n .  A l l  o f  t h e s e  i t e z s  r e q u i r e  c e r t a i -  d e v e l o p x n t  
u o r k ,  a n d ,  a l t h c u g h  t h e  b e n e f i t s  a p p e a r  l a r g e  - ? ~ r t i c ~ i a r l : i ,  e f f i c i e n c y ;  
e - v i r o n n e n t a l  p c l l u t i o n  and - ~ e t r o i e u c  depe2dency  r e d u c t i o n  - t h i s  i s  
t h e  f i r s t  f o r m a l i z e d  a t t e m p t  a t  d e v e l o p i n g  f u e l  c e l l s  f o r  t h i s  a p p l i -  
c a t i o n .  

k o l t e n  Carbona te  S y s t e n s  Development 

In o r d e r  t o  R e e t  t h e  r e q u i r e n e n t s  o f  an e l r c t r i c  u t i l i c : :  b a s e l o a d  
s y s t e m ,  t h e  g o a l s  e s t a b l i s h e d  f o r  cbe 3ol:en c a r 5 c n a t e  f c e l  ; e l l  
s t a c k s  a r e  : 

l i f e  o f  40,COl h o u r s  t o  rceet low na in t e r r ance  r e g u i r e = e n t s  , 
7 

c u r r e n t  d e n s i ~ y  o f  150 A/Zt- a: 0 . 6 5  and a  

f i r s t  c o s t  (s:ack e n l y j  o f  S60t'kK a t  c t a  c u r r e n t  d e n s i c y  
and endurance  d e s i g n  p o i n t s .  

S u c c e s s f u l  a c h i e . ~ e m e n t  o f  chcse  g o a l s  vi!: a l l 0 2  f o r  a  s y s t e z  d e s i g n  
o f  50% o v e r a l l  c o n v e r s i o n  e f f i c i e ' k i : :  .it a  c o m p e t i t i v e  c a p i c a l  c o s t .  

C e l l  ?e r fo rmance  i s  r a p i d l y  e p p r o a i h i n g  re.? g o a l  s p e c i f i c a t  i o n ,  and 
n a y  w e l l  exceed  :hat l e v e l  b e f o r e  a:i.er g c a l s  a r e  c e t .  3 2  ? r e s e n t  
c u r r e n t  d e n s i t y  .at 0 .  35 \I i s  !10 r .A/ca2.  :his s p e c i f i c a t i o n  n u s c  be . 
n e t  unde r  s y s t r n  o p e r . a t i n g  c c n d i t i o n s  o f  t e a p e r a t u r c  !, 4 2 3 - S ) . ,  P r e s s c r e  . -  
( ' 10 a t m ) ,  C 0 2  r e c y c l e  ( c u r r , e n t l y  b:: b c r r . e r )  and i n - c c l :  f u e l  u t i l ' i -  
z a t i o n  !currencl :  8 5 9 ) .  
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?he b e s t  c e l l  l i f e  t o  d a t e  is 13.500 hours .  O b v i ~ u s l y ,  the  c e l l  was 
b u i l t  x i r h  vha t  i s  nov  t v o  p e a r  o l d  technology.  S ince  then ,  a p p a r e n t l y  

s a t i s f a c t o r y  s o l u t i o n s  t o  t h e  wet s e a l  c o r r o s i o n  problem vhich vas t h e  
apparent cause of f a i l u r e )  have been devised .  The n e x t  hurd le  appears 
t o  be e l e c t r o l y t e  ranageneni ,  and s e v e r a l  approaches t o  t h i s  problem 
are under s tudy .  

Fuel C e l l  Applied Research 

Techaclogy d e v e l o p e n t  e f f o r t s  have been i n i t i a t e d  t o  i n v e s t i g a t e  
. the a r e a s  o f  e l e c t r o c a t a l y s i s ,  c e l l  m a t e r i a l s  behavior ,  e l e c t r o d e  

p o l a r i z a t i o n ,  a l t e r n a t e  a c i d  e l e c t r a l y t e s ,  and f c e l  p rocess  c o d e l i n g .  
Mvanced concepts  c u r r e n t l y  being eva lua ted  i n c l c d e  s o l i d  oxide f u e l  
c e l l s ,  d i r e c t  c o a l  f u e l  c e l l s ,  d i r e c t  methanol and methane f u e l  c e l l s ,  
a l k a l i n e  fue l  c e l l s ,  and advanced f u e l s  u t i l i z a t i o n  concepts  such a s  

-I 
p a r t i a l  o x i d a t i o n ,  a u t o c h e m a l  reformin8 and advznced steam r e f o m i n g .  

A. P. Fickett 
Electric Power Research Institute 

Palo Alto, CA 94303 

The objective of the EPRI Fuel Cell Program is 'to develop and 
assist the commercial introduction of a fuel cell power plant tech- 
nolcsy that will provide the elec.tric utllity industry with a power 
geceratin? option that is highly efficient, environmentally acceptable, 
and iompstible with available utility fuels while fully realizing the 
eco-snic and operating advantages of an essentially ~cdular power 
gen~rator". 

To accomplish this objective, EPRI's fuel cell projects address 
hot? first-generation (FCG-1) and advanced technoloqies. The first- 
generation efforts concentrate on the early deaonstration and co+;ner- 
cialization of the FCG-1 power plant. The advanced technology efforts 
focas, in the near-term, on mlten carbonaze power plants for dispersed 
applications with increased efficiency an3 operational flexibility. 
In rhe i~termediate tern, the efforts focus on, expanding the molten 
carbonate technology to develop and comercialize a central station 
fuel cell power plant integrated with a coal gasifier. The specific . 
tar-ets of fuel cell development are shown in Table I on the next page. 

Fiacre 1 depicts the projected time line for the E P R I  fuel cell 
activities. 

To achieve'these targets, E P R I  suppor:s a variety of projec-ts 
ran~ing from fundamental research to.major power plant desonstrations. 
The specific projects supported in the 197;-1978 tine ~eriod are tabu- 
lated in Table 11. 

The annual EPRI fuel cell hdget is a??roxirnately S10 million and 
will likely remain at this level over the next few years. About sixty . 
percent of the funds are allocated to the first $eneration related 
.activities with forty percent available for advanced rechnology efforts.: - 
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TABLE I i  

EPRI .PRO;ECTS (1977-1978)  

P u r p o s e  

D e v e l o p  3dvanced  p o v e r  p l a n t  t e c h n o l o g y  

D e f i n e  c o s t / e f f i c i e c c y  o f  n o l t e n  c a r b o n a t e  
F u e l  ce l l  i n t e g r a t e d  w i t h  T e x a c o  c o a l  g a s i f i e r  

R e s e a r c h  n o l t e n  c a r = , o n a t e  a n o d e  s i n t e r i n g  

R e s e a r c h  p h o s p h o r i c  a c i d  c a t h o d e  s i n t e r i n g  

R a s e a r c h  p h o s p h o r i c  . a c i d  c a t h o d e  p e r f o r n a n c e  

D e s i q n  a n 8  f a b r i c a t e  4 . 8  Mk' d e m o n s t r a t o r  

I n s t a l l  ar,d test 4.5..%< demo on  u t i l i t y  s y s t e m  

P r o v i d e  a ~ t o m a c i c  d a t a  a n d  r e c o r d i n g  e q u i p m e n t  
f o r  4 . 5  -W t e s t  

ImproV;e g t . o s p k o r i c  a c i d  t e c h n s l o g y  

A s s e s s  ro:e o f  f u e l  cel ls  i n  snail u t i l i t i e s  

A s s e s s  No. 2 f u e l  p n c e s s i ~ g  c o n c e p t s  

A s s e s s  a d v a n c e d  s t e a m  r e f o r m i n g  p r o c e s s e s  

D e v e l o p  d a t a  on  a u t o t h r m a l  r e f o r n i n g  

E v a l u a t e  h e a t  e x c h a n g e r  m a t e r i a l s  

A s s e s s  c o s t  and  a v a i l a b i l i t y  o f  f u e l  ce l l  f u e l s  

P r o v i d e  m c l t e n  c a r b o i a t e  power  p l a n t  s y s t e m  
r e q u i r e m e n t s  ( o i l  and  c o a l )  

R e s e a r c h  m l t e n  carbor.- . te f u e l  c e l l s  

P . s ses s  d c a l  . e n e r g y  u s e  f u e l  c e l l s  

E v a l u a t e - p h o s p h o r i c  a c i d  c a t h o d e  t e c h n o l o g y  

F :e sea rch  p 5 o s p h o r i c  a c i d  ( c a t h o d e )  c a r b o n  
s u b s t r a t e s  

F .esearch k ~ c i t e  a s  a p h o s p h o r i c  a c i d  c a t h o d e  
s u b s t r a t e  

T e s t  a  2C kW m o l t e n  c a r b o n a t a  s t a c k  

. .... 
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ON-SITE FL'EL CELL POWER PLANTS 

Vincent  8. F i o r e  
Gas Research I n s t i t u t e  
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Over t h e  l a s t  s i x t e e n  y e a r s ,  t h e  g a s  i n d u s t r y  h a s  been s u p p o r t i n g  f u e l  
. c e l l  technolcgy.  I n  1977. t h e  Department of  Energy p laced  heavy emphasis  on 

developing f u e l  c e l l  t echnology .  Within t h e  n e x t  f i v e  t o  seven  y e a r s ,  c c m e r c i a l  
on-site f u e l  c e l l  s y s t e n s , s h o u l d . b e  a  r e a l i t y .  l a r g e l y  due t o  t h e  e f f o r t s  of :he 

, gas t a d u s t r y  and t h e  U. S. Government. 

In  t h e  mid-19601s, t h e  g a s  i n d u s t r y ' s  i n t e r e s t  i n  f u e l  c e l l s  was t o  
develop a  p i e c e  of ha rdvare  t h a t  w u i d  be  one  a n s v e r  t o  t h e  a l l - e l e c t r i c  t h r e a t .  
!t w u l d  alsc .  p r o v i d e  t h e  i n d u s t r y  v i t h  a  new produc t  t h a t  w u l d  be  m r e  e f f i c i e n t  , 

t i and r e q u i r e  l e s s  maintenance than  t o t a l  energy  sys tems  t h a t  v e r e  b e i n g  s o l d .  
:n the e a r l y  1970 ' s .  a  major f i e l d  t e s t  v a s  conducted v i t h  t h e  c o o p e r a t i o n  o f  1 say gas u t i l i t i e s  th roughout  t h e  C n i t e d  S t a t e s .  T h i s  t e s t  proved t h a t  t h e  

OI fue l  c e l l  was a  v i a b l e  concep t  and cou ld  p r o v i d e  a  h o s t  of  added a d v a n t a g e s  
wt  thought of i n i t i a l l y .  The l o u  p o l l u t i o n  c h a r a c t e r i s t i c s  a n d  t h e  f a c t  t h a t  

. the f u e l  c e l l .  cou ld  p r o v i d e ,  i n  a d d i t i o n  t o  t h e  e l e c t r i c a l  n e e d s ,  h o t  wa te r  and 
I space h e a t i n g  through h e a t  r e c o v e r y ,  were tw such  advan tages .  These added 

fea tu res  made t h e  f u e l  c e l l  a  p roduc t  t h a t  cou ld  s i g n i f i c a n t l y  c o n s e r v e  n a t u r a l  
gas. 

James R. Huff 
U.S. Arty X o b i l i t y  Equipment Research and Development Conmand 

F o r t  B e l v o i r ,  VA 22060 
- .  

I n  a d d i l l o n  t o  t h i s  t e s t ,  s e v e r a l  b u s i n e s s  c o n f i g u r a t i o n s  were e v a l u a t e d .  
For the  gas  u t i l i t i e s .  .equipment o ~ n e r s h i p ,  l e a s i n g  and /or  maintenance v e r e  a l l  

' Part of t h i s  e v a l u a t i o n .  C n - s i t e  f u e l  c e l l  energy s e r v i c e  th rough  t h e  u t i l i t i e s  
seered :o o f f e r  t h e  g r e a t e s t  advan tages  t o  t h e  end u s e r ,  bo th  from an economical  
acd p r a c t i c a l  s t a n d p o i n t .  

Today's  e f ' f o r t s  a r e  c o n c e n t r a t i n g  on d e v e l o p i n g  a  L O  kW o n - s i t e  f u e l  c e l l .  
*ich seems t o  be t h e  r i g h t  s i z e  an6  b u i l d i n g  b lock  f o r  coamerc ia l  a p p l i c a t i o n s .  
&has i s  i s  be ing  pldced on making t h i s  pover  p l a n t  economica l ly  f e a s i b l e .  A l l  I 
three components, t h e  re fo rmer ,  ;he c e l l s ,  and t h e  i n v e r t e r ,  a r e  b e i n g  worked 
on and modi f ied  t o  r e a c h  t h i s  o b j e c t i v e .  

. . 

For t h e  immediate f u t u r e .  t h e  Department of Energy and t h e  Gas Research  
I n s t i t u t e  p l a n  t o  f i e l d  t e s t  f i f t y  40 kW pover  p l a n t s .  T h i s  two-year f i e l d  
evaluat ion w l l l  p r o v l d e  t h e  n e c e s s a r y  t e c h n i c a l  i n p u t s  f o r  improving t h e  u n i t ' s  
Perforaance,  and v i l l  document t h e  a c t u a l  c o n s e r v a t i o n  b e n e f i t s  t h a t  cou ld  be 
rea l i zed .  T h i s  t y p e  of i n f o r m a t i o n  v i l l  i n  t u r n  e s t a b l i s h  t h e  b a s i s  f o r  proceed-  
1% v l t h  c o m e r c i a l i z a t i o n .  

Hajor. enphas i s  of  t h e  c u r r e - t  Amy p r o g r a  is f o c u s s e d  on t h e  a p p l i c a t i o n  o f  
phosphor ic  a c i d  tezfinology t o  s a c i s f y  t h e  A m y  requ i rement  f o r  a  f a m i l y  o f  s i l e n t ,  
l i g h m e i g h t  e l e c t r i c  energy  p l a n t s  (SLEEP). T h i s  f a m i l y  is t o  encompass t h e  s i z e  
range from 0.5 t o  5.0 KU, v i t h  t h e  1.5 Kb' merher  t a r g e t e d  f o r  i n i t i a l  development .  
L t  is d e s i r a b l e  f o r  t h e s e  pWer  p l a n t s  t o  have a  m u l t i f u e l  c a p a b i l i t y ;  h w e v e r , t h e  
:echnclogy f o r  proCirction of a  h l d r o g e n  r i c h  f u e l  s t r e a m  from l o g i s t i c  f u e l s  l a g s  
t h e  r e s t  of  tire sys tem.  T c e r e f z r e ,  the  s e l e c t e d  approach f o r  e n t r y  i n t o  e n g i n e e r -  
i n g  development is based on the s t e m  r e f o m i n g  o f  methano l .  At t h e  same t ime ,  
e f f o r t s  a r e  c o n t i z u i n g  t o  Cevelcp o t h e r  p r o c e s s e s  f o r  c o n v e r t i n g  t h e  n o r e  c o q l e x  
l o g i s t i c  f u e l s  (JT-5, d i e s e l ,  =t gasolifle! L?co an a c c e p t a b l e  f u e l  s t r e a m  f o r  
phosphor ic  a c i d  f u e l  c e l l  s y s t e .  These i n v e s t i g a t i o n s  a r e  a i m e d . a t  d e v e l o p i n g  
a s t a b l e  c a t a l y s t  c s n f i g u r a t i o n  f o r  t h e r n o . c a t a l y t i c  c r a c k i n g  of  l o g i s t i c  f u e l s  and  
a t  a c h i e v i n g  h igh  t e a p e r z t u r c  s t e m  r e f o m i n g  of  d i e s e l  f u e l .  Cost  e f f e c t i v e n e s s  
of bo th  t h e  r s t h a n 2 l  and l o g i s t i c  f u e l  s y s t e m  i s  p r e s e n t l y  b e i n g  e v a l u a t e d  and. 

, 

i f  t h e  r e s u l t s  a r e  f a v o r a b l e  f o r  e i t h e r ,  they  v i l l  b e  f i e l d e d  on a  one-for-one 
b a s i s  t o  r e p l a c e  p r e s e n t  g a s o l i r e  e n g i c e  d r i v e n  g e n e r a t o r  s e t s  i n  t h e  0 . 5  t o  5 . 0  
i\?J p w e r  range .  The c o n t r a c t u a l  p r o g r a x s  i n  s u p p o r t  o f  t h e  planned e n t r y  i n t o  
e n g i n e e r i n g  d e v e l o p ~ e n t  w i l l  be  c i s c u s s e d .  PJo o f  t h e s e  a r e  t h e  s u b j e c t  a f  sepa-  
r a t e  p r e s e n t a t i o n s  and t h e r e f o r e  w i l l  be covered on ly  b r i e f l y .  

A secondary a r e a  of  e q h a s i s  f o r  m i l i t a r y  a p p l i c a t i o r .  i s  i n  t h e  range  of  1 t o  
100 w a t t s .  Th i s  a d d r e s s e s  t h e  need f o r  s m a l l e r ,  h igh  energy  d e n s i t y  p w e r  s o u r c e s  
Lo pover  c a c t i c a l  s u r v e i l l a n c e  o r  c o m m u n i c a t i s ~ s  e q u i p n e n t .  The sys tem under  i a -  
. . -est igat ion is base2 upon two de-.relopments. F i r s t ,  a  hydrogen g e n e r a t o r  has  been 
developed which utilizes c a l c i u r  h y d r i d e  and .;ater co produce hydrogen t o  demand 
v i a  d i f f u s i o n  c o n t r s l  p r i n c i p l e s .  Secondly, a  h y d r o g e n / a i r  f u r l  c e l l  u s i n g  a  s o l i d  
polymer e iec ' ro lyce  (SPE) ;-as f c . ~ r d  t o  o p e r a t e  w e l l  a t  lw t e m p e r a t u r e s .  In-house 
and contractual e f f o r t s  on s y s t e z z  combining t h e s e  conponencs w i l l  be  d i s c u s s e d .  

Technology base  e f f c r t s  a r e  des igned  t o  :rovidc an e v a l u a t i o n  of o t h e r  f u e l  
c e l l  components and /or  m a t e r i a l s  t o  a s s e s s  t h e i r  r o l e  i n  v a r i o u s  m i l i t a r y  a p p l i -  
.cat ions and t o  p rov ide  f o r  e v o l u t i o n a r y  develc\?nent o f  t h e s e  c o n p o n e n t s / n a t e r i a l s  
f o r  i n c o r p o r a t i o n  i n t o  f u t u r e  feel c e l l  s y s t e z s .  The major  alternate e l e c t r o l y t e  
rechnolog ies  a r e  t h o s e  based  on s o l i d  p o l p e r s  a!~d advanced o r g a n i c  a c i d s .  The 
former is be ing  c h a r a c t e r i z e d  u r d e r  c o n d i t i o n s  r e p r e s e n t a t i v e  o f  t h o s e  t o  be  ex-  
pec ted  i n  SLEEP f a z i l y  a p p l i c a t i a - s .  -The l a t t e r  is a  c o n t i n u i n g  i n v e s t i g a t i o n  o f  
e l r c t r o l y  t e s  capab le  of s y s t a i n i - g  f a s  t e r  r e a c t i o n  r a t e s  w i t h  more complex f u e l  
s t r e a n s  and an iqproved u n d e r s t a ~ d i n g  0 5  what l e a d s  t o  t h e s e  f a v o r a b l e  k i n e t i c s .  
Emphasis on b a s i c  e lements  of  g e - e r a l  a p p l i c a b i l i t y  l i e s  i n  t h e  ccn t inu?d  reduc-  
t i o n  o f  nob le  m t a l  c a t a l y s t  l o a $ i n g s ,  t h e  f u r t h e r  o p t i m i z a t i o n  of e l e c t r o d e  s t r u c .  
t u r e  t o  improve c a t a l y s t ,  a c t i v i t y  and s t a b i l i t y ,  and t h e  s e a r c h  , f o r  s a t i s f a c t o r y  
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,G-a&le c a t a l y s t s .  Portions of t!iese e f f o r t s  w i l l  be. covered i n  se?ara?e ?res-  
m ~ a ~ i ~ n s .  area of i r . t e r e s t ,  not being fully explored i n  t h i s  prcgran, i s  new 
-eepts and!br n i c e r i a l s  for  z a t r i c e s  and a b e t t e r  understanding. of :heir r o l e  i n  
bcs:eo p e r f o r a n c e .  

This presentation i s  intended t c  convey an understanding of  Amy zeeds and 
~ r m n t  problen areas and our e f f o r t s  i . t  s a t i s f y i n g  the2 ,  as v e l l  as e l i c i t i n g  new 
:&as or approaskes frcr. the p a r t i c i p z c s  and others assoc iated  with the f u e l  c e l l  . . rrr,smi t y . 

Lawrence H .  T h a l l e r  
NASA-Lewis Research  C e n t e r  

C l e v e l a n d .  Ohio 44135 

F u e l  c e l l  sys tems  have  s o p p l i e d  on-board  e l e c t r i c a l  po7ier A x i n g  
a  ember o f  KASa m i s s i o n s .  C u r r e n t  and f u t u r e  m i s s i o n s  x i l i  a l s o  
e i q l o y  c5em a s  p a r t  o f  t h e  o n - b o a r d  e l e c t r i c a l  s u p p l y  s y s t e m .  For  
t h e  Gemini f l i g h t s  ~ f ' ~ h e  m i d - s i x t i e s ,  a n  e a r l y  v a r i a n t  o f  t h e  s o l i d  
poi-er e l e c t r o 1 . y t e  (SPE) o r  a c i d  membrane t e c h n o l o g y  was u s e d .  
These were  fol lc-wed by i s p r ~ v e d  menbranes u s e d  i n  t h e  B i o s a c e l l l t e  
f l i g h t s  o f  t h e  l a t e  s i x t i e s .  The A p o l l o  f l i g h t s  f rom t h e  l a t e  
s i x t i e s  r h r o u g h  t h e  n i d - s e v ~ n r i e s  used  f u e l  c e l l s  w i t h  t r a p p e d  
a l k a l i n e  e l e c t r c l y t s s  o f  a p ? r o s i m a t e l y  852 p o t a s s i u m  h y d r o s i d e .  
F i c s l i y  r h e  Space S h u t t l e . v . i l 1  u s e  t r a p p e a  a l k a l i n e  e l e c t r o l y t e  f u e l  
ce::s of somewhat lower  c o n c e ~ t r a t i o n s  ( a b o u t  35% KOH).  Over t b e  
p a s t  20 y e a r s  both t h e  a c i d  mexbrane t e c h n o l o g y  a s  p roduced  by r h e  
G e n e r a l  E l e c t r i c  Company and t h e  t r a p p e d  a l k a l i n e  e l e c t r o l y t e  t z c h -  
n c l o g y  2s produced by U n i t e d  T e c h n o l o g i e s ,  I n c .  have  e x p e r i e n c e d  
s i s n i f i c a n t  g a i n s  i n  t h e i r  p e r f o r m a - ~ c e  and r e l i a b i l i t y .  I n  tees cf 
hardwars  p a r a n e t e r s ,  c h e s e  improvenencs a r e  r e l a t e d  co i n c r e a s e =  
c u r r e n t  3ens i : i es :  reduced  hardware  w e i g h t s  and l o n g e r  o p e r a t i r ~  
t i r . e s  v l r h i n  s?e.:ified p e r f o r r a n c e  l i m i t s .  Nex c s t a l y s c  for ;? .ciacions,  
neu m a t e r i a l s  o f  c o n s t r u c t i c n ,  i n c r e a s e d  o p e r a z i n g  t e m p e r a t u r e s  and 
i z ? r o v e c  b a s i c  u n d e r s t a n d i n g  o f  t h e  v a r i o u s  d e c a y  n o d e s  have  a l l  
corr:rib~:ed r o  . thc  advances  a c h i e v e d  i n  t h e s e  t x o  c e c h n o l o g i s s .  The 
b s s i c  o b j e c t i v e s  cf t h s s e  t e c h n o l o g y  programs have b e e n  t o :  

1 .  H a i n t a i n  t h e  cechndlogy  r e a d i n e s s  of  t h e  t r a p p s d  a l k a l i n e  
arid a c i d  membrane f u e l  c e l l  c o n c e p t s .  

2 .  E x p l o r e  p o s s i b l e  improvements  , i n  t h e s e  technologies a.n, 
v e r i f y  t h e s e  improvements v i a  l i f e  t e s t s .  

3 .  E x p l o r e  s y s t e m  n o d i E i c a t i o n s  t h a t  p i g h i  be neces.sar:: lo meei 
p r o j e c t e i  f u t u r e  m i s s i o n  r e q u i r e m e n t s  o f  t h e  a g e n c y .  

B e s i d e s  m a i n t a i n i n g  t e c h n o l o g y  programs .  t h e  agency  n u s r  o f  
c o u r s e  f ~ x d  t h e  f l i g h t  hardware  procurements  a s  m i s s i o n s  becoae  
r e z l i t i e s , .  The S h x c t l e  O r b i t e r  i s  t h e  n e x t  major  program c h a t  xi11 
be  - s i n g  f u e l  c e l l s  f o r  on-board  power r e q u i r e a e n t s  . t i n ~ o . x e r e d  
O r b i t e r  f l i g h t s  w i t 5  on-board  f u e l  c e l l s  have  been  g o i n g  on Eor 

' a b o x t  a  y e a r .  A c t u a l  powered f l i g h t s - t o  and from n e a r  e a r t h  o r b i t  
w i l l  no: r a k e  p l a c e  u n t i l  e a r l y  1 9 7 9 .  Thus .  t h e  newes t  f u e l  c e i l s  . .. i n  s p a c e  - d i l l  r e p r e s e n t .  a  five-.year-c7ld t e c k n o l o g ! ~ .  .: . . .  
. . 



T h a l l e r  T h a l l e r  

Numerous space  mi s s ions  t h a t  could  be c a r r i e d  o u t  w i t h  a  space  
tronPportation sys tem based on t h e  S h u t t l e  have been env i s ioned  and - have reached t h e  advanced system s t u d i e s  s t a g e .  These s t u d i e s  
bw pointed up s e v e r a l  somewhat d i v e r g e n t  mi s s ion  t y p e s  f o r  f u e l  
&IS. Although t h e  names o f  t h e s e  p o t e n t i a l  mi s s ions  may change 
from year t o  y e a r ,  t h e  r equ i r emen t s  t end  t o  form two q u i t e  s e p a r a t e  
goupiegs. - 

The miss ion  type  which c u r r e n t l y  appears  l i k e l y  t o  f i n d  a c c e p t -  
mce i s  what i s  r e f e r r e d  t o  a s  a  space  base .  Th i s  would be  a  r a t h e r  
large f a c i l i t y  bu i ldup  i n  low e a r t h  o r b i t  with.power r equ i r emen t s  i n  
:he 100-500 kW range  f o r  d u r a t i o n  of  up t o  f i v e  y e a r s  between r e f u r -  
b t s h e n t s .  T'nese long mis s ion  t imes  sugges t  t h e  u s e  of  s o l a r  a r r a y s  
coupled wi th  energy s t o r a g e  ( f o r  dark- t ime pe r iods )  a s  t h e  most 
suitable combination.  An energy s t o r a g e  system concept  u s i n g  wa te r  
e lec t ro lys is  c e l l s / g a s  s t o r a g e / . f u e l  c e l l s  i s  c u r r e n t l y  viewed a s  t h e  
=st ve igh t  e f f e c t i v e .  In  a  r e c e n t  s tudy  f o r  a  100 kW.pouer sys tem,  

' 
r weight s av ing  of  --65% o r  80.000 pounds was e s t ima ted  f o r  t h e  f u e l  
c e l l / e l e c t r o l y s e r  combinat ion  compared t o  a  more c o n v e n t i o n a l ,  l a r g e  
nickel cadmium b a t t e r y  sys tem.  For t h i s  a p p l i c a t i o n  t h e  major t ech -  
nical requirement would o f  c o u r s e  be  f u e l  c e l l  system l i f e .  Low 

'.system weight would be a  f a c t o r ,  b u t  on ly  i f  mutual ly  c o n s i s t e n t  w i t h  
: extended l i f e t i m e .  

-.I. 

QI ! 

I j The o t h e r  t ype  of  mi s s ion  which has faded somewhat w i t h  t h e  
iemphasis on n e a r  e a r t h  o r b i t a l  a c t i v i t  ha s  been r e f e r r e d  t o  a s  t h e  
/Space Tug aad more r e c e n t l y  a s  t h e  o r i b t a l  T r a n s f e r  Veh ic l e .  T h i s  

hvolves a  r e u s e a b l e  v e h i c l e  f o r  excu r s ions  between t h e  S h u t t l e  i n  
near e a r t h  x b i t  and s,mchronous o r b i t s  f o r  t h e  placemen: 5nd r e -  

, ? a i r  o r  r e t r i e v a l  of s a t e l l i t e s  i n  rilainly g e o s t a t i o n a r y  p o s i t i o n s .  
?he f u e l  c e l l  p r o j e c t e d  f o r  t h i s  type  of  a p p l i c a t i o n  would be one 
chat would s t r e s s  minimum w e i g h t .  S ince  on ly  a  sma l l  nii-ber o f  t o t a l  
missions wotlld be r e q u i r e d  of  any one v e h i c l e ,  long f u e l  c e l l  l i f e  

. ' wuld not  be r e q u i r e d .  High c u r r e n t  d e n s i t y  o p e r a t i o n  u s i n g  l i g h t -  
'deight components and ~ r o p e l l a n t  g rade  hydrogen and oxygen would be  
best s u i t e d  f o r  t h i s  a p p l i c a t i o n .  

' Within t h e  p a s t  few y e a r s  t h e  s t r o n g  p o i n t s  and weak p o i n t s  of  
the ac id  membrane and t h e  t r apped  a l k a l i n e  f u e l  c e l l  t e c h n o l o g i e s  
have become more f u l l y  unders tood . Technology improvement programs 
have been ongoing a t  t h e  Genera l  E l e c t r i c  Company and Uni ted  
Technologies, r e s p e c t i v e l y ,  suppor ted  by NASA. A t  t h e  r i s k  of  o v e r -  
8 ' ~ p l i f i c a t i o n ,  t h e  t r apped  a l k a l i n e  technology has  e x h i b i t e d  good 

per fornance  and t h e  emphasis  has been on ex t end ing  t h e  t imes  
during which t h e  c e l l s  o p e r a t e  a t  an  a c c e p t a b l e  performance l e v e l .  
The ac id  membrane technology on t h e  o t h e r  hand h a s  c o n s i s t e n t l y  ex- 
hibited v e r y  long l i f e t i m e s  and t h e  emphasis has  been on improvements 

' 

Of the e l e c t r i c a l  performance.  F igu re s  1 and 2  i l l u s t r a t e  t h e  t y p i -  
cal evo lu t ion -ove r  t h e  p a s t  5--8 y e a r s  f o r  t h e  a c i d  and a l -ka l ine  

\ 

technologies, r e s p e c t i v e l y . .  Endurance has  n 3 t  y e t  been v e r i f i e d  a t  
:he h ighe r  tempera ture  and cu r r enc  d e n s i t i e s  f o r  SPE, n o r  hiive f u l l  i powerplants  y e t  been construc.ted f o r  e i t h e r  t e c h n o l o g i e s  a t  che I imprcved l e v e l s  of performance.  

The c u r r e n t  t h r u s t  of  t h e  FASA f u e l  c e l l  e f f o r t  i s  t o  draw from 
t h e  t echno logy .Sases  t h a t  have been gene ra t ed  ove r  t h e  y e a r s  and u s e  
them r o  produce s u b s c a l e  and p r e l i m i n a r y  f u l l  s i z e  hardware  t h a t  a r e  

i o p t i n i z e d  f o r  t h e  most probable  f u t u r e  NASA n i s s i o n s .  L i f e  t e s t i n g  
o f  hardware i te r rs  p l u s , c o n c u r r e n t  decay modeling and f a i l u r e  a n a l y s i s  

' w i l l  h e l p  d e t e r s i n e  t h e  r e i a t i v e  s u i t a b i l i t y  o f  t h e s e  t ~ o  c o n p e t i n g  
i r echno log ie s  p r i o r  t o  t h e  s e l e c t i o n  cf t h e  a c t u a l  hardware  s u p p l i e r  i f o r  s p e c i f i c  mi s s ion  u s e .  

The NASA program i n  f u e l  c e l l s  i s  d i r e c t e d  by N.ASA Headqua r tg r s  
and c a r r i e d  o u t . b y  t h e  Lewis Research Cen te r .  Johnson S p a c e c r a f t  
Cen te r  and ? l a r sha l l  Space F l i g h t  Cen te r .  A t  Lewis t h e  e x ? h a s i s  i s  on 
technology and a t  :he o t h e r  c e n t e r s  t h e  emphasis  i s  on sys tems i n t e -  
g r a t i o n  a i d  miss ion  a p p l i c a t i o n .  There i s ,  however, some o v e r l a p .  

The c u r r e n t  c h r u s t  o f  t h e  ~ e w i s  e f f o r t  i s  i n  t h e  t r a p p e d  a l k a -  
l i n e  zechnology a r e a .  Th i s  work i s  i n v e s t i g a t i n g  new and improved 
z a t e r i a l s  t h a t  would f u r t k e r  ex t end  ope ra t in? ,  t imes  a t  h i g k e r  o p e r a -  
t i n g  z e r n p e r a t k e s  and c u r r e n t  d e n s i t y .  The l i f e  t e s t i n g  a c  t h e s e  
more s t r e s s f u l  c o n d i t i o n s  r e p r e s e n t s  a  form of  accelerated t e s c i n g  of  
=he new m a t e r i a l s  of  c o n s t r u c t i o n .  The s p e c i f i c  g o a l s  o f  c h i s  t e c h -  
nolog:: e f f o r t  i s  t o  produce c e l l  hardware t h a t  w i l l  have a  c a p a b i l i t y  
o f  40.000 hours  a t  100 amps pe r  squa re  f o o t  f o r  l o n g  endurance  
a p p l i c a t i o n s  and a  c a p a b i l i t y  of  3 ,000 hours  a t  1000 a n p s ' p e r  s q u a r e  
f o o t  r a i n t a i n i n g  a  c e l l  v o l t a g e  o f  0 . 9 0  v o l t s  f o r  t h e  h igh  c u r r e n t  
d e n s i t y  a p p l i c a t i o n s .  

The Johnson Center  i s  p l ann ing  t o  t e s t  a  comple te  t r a p p e d  
a l k a l i n e  f u e l  c e l l  system. I n  t h i s  t e s t  t h e  hardware would c l o s e l y  
r e s e n j l e  t h a t  a c t u a l l y  t o  be  used i n  S h u t t l e  f l i g h t s  b u t  would t e s t  
t h e  system ove r  a  broader  range  of c o n d i t i o n s  no t  no rma l ly  expec t ed  
i n  S h s t t l e  o p e r a t i o n s .  

The I.!arshail Center  i s  demonst ra t ing  t h e  techno'ioglr r e a d i n e s s  o f  
a  l i g h t e r  weight  a l k a l i n e  technology (20 lbs/kW a s  compared t o  40 
lbs/kW developed f o r  S h u t t l e ) .  This  new l ightweigh:  t echno logy  was 
develcped t o  t h e  s i n g l e  c e l l  l e v e l  p r e v i o u s l y  by Lewis.  

The Johnson Center  i s  funding  a  technology r e a d i n e s s  program on 
rhe  a c i d  membrane type  hardware t o  b r i n g  t o g e t h e r  a  number o f  improve- 
ments t h a t  would enhance o v e r a l l  performance.. I n  a d d i t i o n  Johnson 
and Lewis a r e  now f o m u l a t i n g  a  j o i n c  program t o  deve lop  ~ r c h n o l o  y  
f o r  a  low e a r t h  o r b i t  energy s t o r a g e  system based on t h e  f u e l  c e l f /  
e l e c t r o l y z e r  concep t .  



INPROVEKNTS I N  PE?,FORFIANCE OF A C i 9  SPE F L E L  CELLS 7 

1 1 5  P S I A  

5 MI5 S P E  
. f  I 

I;:PRC'/EI:iENTS 1;; L l  i E  OF L l  GHTWE IGHT ALKALII"IE FUEL CELLS 
1.1 4 

C55L 
..-.,. . . I .  -.. .9  - --. CkL, 4 

*'.-,, -" . -'L - > CZLL 4 2  
CELL 1 5  

CELL 2 CELL 3 5  1976 ' , 
I 

i G  P S I A  

l 8 0 O  F 

NOS-ASBESTOS ( G T R I X  ,) 

EPA FL'EL CELL PROGR4.Y OVERVIEW 

. . - 

Gary L. Johnson 
U.S. Environmental  P r o t e c t i o n  Agency 

I n d u s t r i a l  E w i r o n m e n t a l  Research Labora to ry  
:.esearch T r i ~ l g l e  P a r k ,  North C a r o l i n a  27711 

139 A S ?  

The Environmer.t.al P r o t e c t i o n  Agency's r e s e a r c h  and development a c t i v i : i e s  
p e r t a i n i n g  t o  f u e l  c e l l s  o r i g i n a t e d  w i t h  EPA's m i s s i o n  t o  promote t h e  d e v e l o p s e n t  
of env i ronmenta l ly  c l e a n  energy  sys tems .  During-the y e a r s  p reced ing  t h e  c r e a t i o n  
of t h e  Energy Research and Development Adrc in i s t ra t ion  (ERDA) and nov t h e  Depart-  
w n t  of Energy (DOE),  a  . s i g n i f i c a n t  p o r t i o n  of  Federa l - suppor ted  f u e l  c e l l  
r e s e a r c h  v a s  s p o n s c r e d ' b y  EPA. Yuch of t t i s  r e s e a r c h  e f f o r t  v a s  d e d i c a t e d  :o 
b a s i c  research-  i n  e l e c t r o l y t e s ,  f u e l  a v a i l a b i l i t y ,  sys tems  des ign .  e t c .  V i t h  t h e  
emergence of t h e  S ~ A / D O E  fue'l c e l l  programs,  EPA's r o l e  i n  f u e l  c e l l  RSD has  . 
d e c l i z e d  a s  r a n y  Yrograms funded o r i g i n a l l y  by EPA have s i n c e  been t r a n s f e r r e d  t o  
DOE, and no n e v p r o g r a m s  a r e  fc r thcoming .  During S e s s i o n  11 of t h i s  g a t i o n a l  Fue l  
C e l l  S e n i n a r ,  a  r e ? o r t  v i l l  b e . m d e  on ETA'S l a s t  a c t i v e  f u e l  c e l l  p r o j e c t  -- t h e  
Envircnmental  Assessment o f  R e s i d e n t i a l  Energy Supply Systems Using Fue i  Cel ls . ,  
i ' i t h  t h e  c o c p l e t i o ~  of t h i s  p r c j e c t ,  EPA's a c t i v e  f u e l  c e l l  R6D progran  w i l l  co=e 
t o  a n  end. T h i s  E?;\ Fue l  C e l l  Program Over -~ iew,  t h e n ,  w i l l  b e  a  g e n t l e  reeezbrance  
of p r o j e c t s  p a s t ,  and a  cha l l e r .ge  t o  t h o s e  vho v i l l  c a r r y  on u i t h  che uork .  

C r 1 
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E?A1s f u e l  c e l l  R6D i n t e r e s t s  encompassed bo th  b a s i c  and a p p l i e d  r e s e a r c h .  
The e a r l y  work by SRI I n t e r n a t i o n a l  i n  t h e  d i r e c t  u s e  of c o a l  i n  a f u e l  c e l l  was 
sponsored by EPA. A f e a s i b i l i t y  s t u d y  of t h e  use  of c o a l  anode and a i r  ca thode  
i n  a  c o l t e n - c a r b o n a t e  e l e c t r o l y t e  c e l l  v a s  c o s p l e t e d  by SRI 1 n t e r n a t i o r . a i  i n  1975. 
Work i s  c o n t i n u i n g  i n  t h i s  a r e a ,  a s  v i l l  be r e p o r t e d  i n  a  l a t e r  Sess ion .  under 
ano ther  sponsor .  S t h e r  EPA-sponsored p r o j e c t s  inc luded  a  s t u d y  of f u e l  c e l l  
technology by Burn; 6 Roe, a n  r n v e s t i g a t i o n  of t h e  potential u s e  of n ixed  ox ide  
e l e c t r o l y t e s  i n  f u ? l  c e l l s  by t h e  N a t i o n a l  Bureau of S t a n d a r d s ,  and an e v a l u a t i o n  
of 3 . 0  i 2  f u e l  c e l l  pover  p l a n t  u s i n g  a  s teaa-methyl  a l c o h o l  r e f o r - e r  and a  . 
p h o s p t o r i c  a c l d  e l n i t r o l y t e  by t h e  U.S. Army (XERADCOX). 

EPA made e x t e - s i v e  u s e  of f u e l  c e l l  technology i n  t h e  EPA-Van, a  r e s e a r c h  u n i t  
designed and c o n s t r u c t e d  f o r  EPA by Engelhard I n d u s t r i e s .  The EPA-Yan v a s  des igned  
r o  o p t i n i z e  energy c o n s e r v i n g  f e a t u r e s  and minimize p o l l u t a n t  e x i s s l o n s .  Accord- 
i n g l y ,  t h e  EPA-Van i t i l i z e s  soLar energy c o l l e c t o r  p a c e l s ,  a  h e a t  punp, c a t a l y t i c  
a p p l i a n c e s ,  and tvr, f u e l  c e l l s .  The f u e l  c e l l s  used a r e  Engelhard Uodel 750 u n i t s  
aoun ted  i n  p a r a l l e l .  Each uni: p roduces  800 U nominal a t  28V. The kydrogen f u e l  
i s  produced from a-hydrous ammonia. The SPA-Van has  been used and d i s p i a y e d  
z h r o u g h m t  t h e  couz:ry s i n c e  i z s  comple t ion  i s  1976. 

AS demonstratec by t h e s e  f u e l  c e l l  p r o j e c t s ,  EPA b e l i e v e s  t h a t  f u e l  c e l l s  hold 
v c a t  promise a s  p o l l u t i o n - f r e e  energy  g e n e r a t i o n  sys tems ,  and  EPA w i l l  c o n t l n u e  
to  advise r e s e a r c h e r s  on t h e  env i ronmenta l  i m p l i c a t i o n s  o f  f u t u r e  f u e l  c e l l  energy 
systems . 
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CHAPTER 17 

SITING CRITERIA AND PRELIMINARY SCREENING OF 

COMMUNITIES FOR ALTERNATE ENERGY USE 

I NTRODUCT ION 

The summaries below discuss some o f  the s i t i n g  f a c t o r s  usefu l  i n  

i n t e r p r e t i n g  Table 17-1 a t  the end o f  the  Chapter. Chapters 13 through 16 

prov ide  a d d i t i o n  i n fo rma t ion  which should be considered i n  actual  s i t e  

se lec t i on .  

Three of the f o u r  a l t e r n a t e  energy technologies discussed i n  t h i s  chapter  , 
are  dependent on l o c a l  sources o f  renewable, energy f o r  s i t i n g :  wind 

having an average annual speed o f  10.4 knots (about 12 m i l e s  per hour) f o r  

wind energy conversion systems; water w i t h  an adequate f l ow  and head from 

lakes, streams o r  spr ings f o r  very small hydroel e c t r i c  generators; and 

geothermal spr ings having temperatures up t o  150' C f o r  low temperature 

geothermal home space heat ing  u n i t s .  Fuel c e l l s ,  capable o f  us ing a 

v a r i e t y  o f  f u e l s  (predominant ly nonrenewable hydrocarbons), a re  n o t  

necessa r i l y  dependent on l o c a l  energy sources and cou ld  be loca ted 

e f f e c t i v e l y  almost anywhere as . long as the' e l e c t r i c  demand i s  a d e q u a t e t o  

use the energy produced by the  40 Kw u n i t .  Canmunities w i t h  populat ions 

o f  100 o r  more a re  considered the  poss ib le  candidates f o r  f u e l  c e l l  

e l e c t r i c  power development. Fuel c e l l s  probably won' t  be a v a i l a b l e  

"off- the-she1 f" u n t i l  1986 o r  l a t e r .  

SITING WIND ENERGY CONVERSION SYSTEMS (WECS) 

To date, average y e a r l y  wind speeds a re  known t o  have been measured i n  59 

Alaskan canmunit ies o f  the 365 l i s t e d  i n  Table 17-1. Measurements were 

made predominant ly f o r  a i  r p o r t - r e l a t e d  needs. Not enough i s  known about 

the  wind resource i n  306 o f  t he  p laces l i s t e d  t o  determine whether a wind 

machine would have enough wind t o  re1  i a b l y  produce e l e c t r i c i t y .  I n  o rde r  

t o  develop Alaska's wind resources, the  wind needs t o  be measured w i t h  an 

anemometer over a per iod  o f  t ime ( a t  l e a s t  a year, poss ib l y  longer )  by 

communities cons ider ing  the  use o f  wind as an a1 t e r n a t i v e  energy source. 



, . 

i 

~ o c a l  d i  s f i g u r a t i o n  o f  vegetat ion may a1 so prove usefu l  i n  es t imat ing  

: average annual wind speeds. , 1 .  

When po is ib le ,  most Alaskan communities a re  s i t ua ted  i n  such a manner t h a t  

the  houses and o t h e r  permanent s t ruc tu res  are  protected from the wind 

because l i v i n g  i n  a windy areal i s  considered undesirable. However, many 
places may have a l o c a l  wind energy source a sho r t  d is tance f r a n  the  area 

o f ,  sett lement. A minimum average annual wind speed o f  10.4 knots (12 mph) 

' can' serve as one general i n d i c a t i o n  o f  s i t e  s u i t a b i l i t y .  However, systems 

designed f o r  lower average wihd speeds may be f e a s i b l e  i n  areas w i t h  l e s s  

I l ind  'if the cos t  o f  energy from e x i s t i n g  sources i s  h igh .  ~ a b i e  17-2 

- shows the  wind speids :'and e l e c t r i c a l .  outpu\s f o r  th ree selected wind 
1% I I 

L turbine;. A l l  th ree &gin t o  charge a t  6 t o  8 ~ p h  and reach maximum 
I I 

' e l  ectr. ica1 outputs a t  23 t o  -29 mph. 

I - .  

' o f '  course, average y e a r l y  wind 'speeds are  on ly  one cons idera t ion  i n  

determining whether the  wind i n  a g iven .location i s  adequate f o r  a c e r t a i n  

wirid machine. The e n t i r e  wind regime, i n c l u d i n g  the speed by percent  o f  
I 

t o t a l  time. the wind blows, a'nd the  seasonal i ty o f  the wind, determines the  
1 I '  

, . e x t r a c t a b l e  wind energy. Some o f  t h e  smal l e r w i n d  generators have minimum 
speeds . .be1 ow which the  amount o f  e l e c t r i c i t y  ' produced i s  unacceptable. 

The wind speed genera l l y  increases w i t h  height .  The w ide ly  appl ied 

rule-of-thumb f o r  se lec t i ng  ,a tower he igh t  i s  t h a t  the  tower be 15 t o  25 

f e e t  above obst ruc t ions  w i t h i n  a 300- t o  500-foot  radius. 

The wind resources should genera l ly  be w i t h i n  two mi les  o f  use f o r  l a r g e r  
' .  

systems (serv ing several f a m i l i e s )  f o r  t he  requ i red  power t ransmission 

l i n e s  t o  be cos t  e f f e c t i v e ;  Small (one o r  two fami ly)  systems should 

probably be no f u r t h e r  than about one-quarter o f  a mi le,  from the p o i n t  o f  

use. A longer d is tance would requ i re  a t ransmission system which would 

probably be too c o s t l y  t o  be feas ib le .  

Wind resources adequate t o  j u s t i f y  . s i t i n g  a wind energy c.onversion system 

may o f t e n  be found along r idges; on the  tops o f  i s o l a t e d  h i l l s ,  on c l i f f s ,  

bu t tes  and mountains; i n  val leys,  basins and canyons; and along i s lands  

and unsheltered p o i n t s  along t h e , c o a s t l i n e .  Present ly .only.26 communities 



o f  a t o t a l  o f  365. a re  known t o  have average y e a r l y ,  wind speed's o f  lq .4 

knots o r  moie. A l l  are thought t o  be 1 i ke ly  candidates f o r  a l t e r n a t e  ~ l n d  

energy use. The Arc t i c ,  Northwest and Southeast Regions seem t o  have the  

most wind resources. Not one . I n t e r i o r  Regfon community appears t o  have 

adequate wind energy resources a1 though wind tu rb ines  are  known t o  have 

.been i n s t a l l e d  i n  I n t e r i o r  communities (F igure 15-2 o f  the  wind machine a t  

Eagle). The major cause f o r  d i s s a t i s f a c t i o n  w i t h  wind machines by users, 
, 

has been found t o  be the lack  o f  adequate wind- resources. This problem 

can sometimes be corrected by s i t i n g  the  WECS a t  a d i ' f f e r e n t  l o c a t i o n  

where an adequate source o f  wind i s  ava i lab le .  Cor rec t ive  measures cannot 

.be made when t h e r e  i s  n o t  adequate wind. 

A help.fu1 source o f  WECS s i  t i n g  in format ion  k A Si t ingHandbook f o r  . . 

Small Wind Energy Conversion Systems by Harry L. Wegley, Montie M. O r g i l l  
. .  ' 

and   on L. D rake  prepared f o r  B a t t e l l e  P a c i f i c  Northwei t  Laboratory a t  

Richland, Washington and pub1 ished i n  May, 1978. Unfor tunate ly ,  coasta l  
< ,  

s i t e s  ,are n o t  discussed i n  d e t a i l  i n  the  handbook. 
. . 

SITING VERY SMALL HYDROPOWER GENERATORS 

A1 though numerous studies on Alaska's l a r g e r  hydropower s i t e s  have been: 

prepared by federal  agencies 'over the  past  seventy years o r  so, n o .  

i nven to r ies  have been made o f  t he  smal ler  p o t e n t i a l  hydro s i t e s .  (See 

Appendix 8-A, Alaska ' s Hydroel e c t r i c  Resources Inventory,  Prel  i m i -  

nary  Report.) Whereas the  l a r g e r  waterways can be assessed i n i t ' i a l l y  b y '  

us ing topographic maps, a e r i a l  photos and o ther  o f f i c e  engineering. . . 

techniques, even p re l  iminary s tud ies  o f  s i t e s  under 1.5 MW need t o ,  be 

evaluated i n  the f i e l d  a t  the p o i n t  o f  planned power generat ion. 

O f  course, a small amount o f  water can be harnessed from Alaska's l a r g e r  

water courses t o  produce r e l a t i v e l y  small amounts o f  e l e c t r i c i t y  by very 

. small , hyd roe lec t r i c  generators f o r  i n d i v i d u a l  community use. But, t h e  

s u i t a b i l i t y  (re1 i a b l e  volume o f  water and head) o f  small creeks, lakes  and 



spr ings  f o r ,  year  round use i s  l a r g e l y  unknown and unrecorded, - - and w i l l  

probably '  on ly  be measured on an "as needed" basis. W i l l  iam Delp suggests 

tha t ,  w i t h  the  DC t o  AC approach, power' t ransmission . w i l l  be cos t  
. . 

e f f e c t i v e  f o r  d is tances o f  up t o  th ree mi les.  

The p re l  im inary  eva luat ion  o f  Alaskan communities f o r  the appl i c a b i l  i ty o f  
. . 

very small hydropower development i s  based on the  assumption t h a t  most 

communities i n  Alaska a re  located near waterways. I t  i s  a lso  assumed'that 

i n  the  Southern par.t o f  Alaska there  i s  enough p r e c i p i t a t i o n  and a l  m i l d  
. . 

enough c l ima te  t o  assure a year-round source o f  water; f o r  very small 

h y d r o e l e c t r i c  power app l i ca t i ons .  For t h i s  f i r s t  cu> and p r e l  irninary 

evaluat ion,  the  study team's "best  guess". approach revealed , - t h a t  very 

s i~ra l l  hydro appl l c a t i o n s  a re  considered ., 1 . i ke ly  i n  about one t h i r d ,  o r  115 

s i tes ,  of the 365 i d e n t i f i e d  Alaska ~ e t t l e n e n t s  shown i n  Table 17-1. Most 

o f  the l i k e l y  communities are located i n  the  Southcentral  and Southeast 

Regions and a re  w i t h i n  a m i l e  of a f a i r l y  l a rge  source o f  i n land  water. 

Due t o  the  s c a r c i t y  o f  f l u i d  water dur ing  w i n t e r  months, no p o t e n t i a l  year  

round s i t e s  w i t h i n  approximptely a m i l e  o f  A r c t i c  and Northwest Region 

I set t lements are  thought t o  e x i s t .  More in format ion  i s  needed t o  i d e n t i f y  

and evaluate p o t e n t i a l  s i t e s  i n  the  I n t e r i o r  and Southwest Regions which 

may have p o t e n t i  a1 f o r  development. ! 

. . 

SITING .LOW TEMPERATURE GEOTHERMAL SPACE HEATING SYSTEMS . ,. 

. . 
O f  the  a1 te rna te  energy technologies df  scussed which are  e n t i r e l y  

dependent on l o c a l  sources, . the one having the  most 1 i m i  ted a p p l i c a t i o n  . i n  

Alaska i s  low temperature geothermal. t h i s :  i s  due ' to ' t h e  1 im i ted  

a v a i l a b i l i t y  o f  thermal spr ings near Alaskan sett lements. Present ly  on l y  

about 100 geothermal spr ings are  known i n  A l a ~ k a  and o n l y .  39 o f  these 

appear t o  be c lose  enough t i  areas o f  se t t lement  ( w i t h i n  30 m i les )  t o ' b e ' ,  

useable f o r  space heat ing purposes. More f i e l d  i n fo rma t ion ,  may add as 

many as 29 add i t i ona l  communities t o ,  t h a t  l i s t .  A v a i l a b i l i t y  o f  

geothermal resources w i l l  probably preclude geothermal devel opment. t o ,  

p rov ide  a l t e r n a t i v e  energy f o r  297 o f  t h e '  i d e n t i f i e d  365 Alaskan 

Communities l i s t e d  by region i n  Table 17-1. 



The Northwest, I n t e r i o r  and Southwest Regions have the  l a r g e s t  number' o f  

communi ti es considered 1  i kely  f o r  devel opment o f  l o c a l  geothermal 

resources f o r  r e s i d e n t i a l  space heating. No canmunities i n  the  A r c t i c  

Region seem t o  have t h i s  p o t e n t i a l  because o f  the  s c a r c i t y  o f  surface 

mani fes ta t ions  o f  the  resource. 

SITING FUEL CELLS . , .  

The major c r i t e r i a  f o r  s i t i n g  fue l  c e l l s  as an a l t e r n a t i v e  energy system 

i s  the  s i z e  o f  the community and i t s  associated. power needs. Inasmuch as 

fuel c e l l s  a rb  not  dependent on, a  l o c a l  l y  a v a i l a b l e  fue l  source such as '  i s  
. . 

needed f o r  wind, hydropower and geothe,rmal sys terns, a  l o c a l  f ue l  sourbe 

i s n ' t  a  s i t i n g  cond i t ion .  However, the  community must have the  c a p a b i l i t y  

o f  rece iv ing  and s t o r i n g  napthat, propane o r  whatever f u e l s  are  used i n  the  

fue l  c e l l s .  

I 

I t  i s  assumed f o r  t h i s  p re l im ina ry  eva luat ion  t h a t  Alaskan communities 

must have a  present popu la t ion  o f  a t  l e a s t  100 persons t o  'make the' 40-Kw 

fue l  c e l l  reasonably c o s t .  e f f e c t i v e .  Using t h i s  popu la t ion  s i ze  as a  

guide, over 60 percent o f  the  communities l i s t e d  i n '  Table 17-1 a re  . , 

considered l i k e l y  l oca t ions  t o , u t i l i z e  fue l  c e l l s .  The popu la t ion  i s t o o  

small i n  101 places f o r  f ue l  c e l l s  . t o  be considered e f f e c t i v e  and more. 

i n fo rma t ion  i s  needed f o r  39 communities t o  determine 'whether fue l  c e l l s  

are an appropr ia te  a1 t e r n a t  i v e  energy appl icat i .on.  . ! .  

\ 

Fuel c e l l s  are judged appropr ia te  f o r  use i n  a97 regions in Alaska. At. 
l e a s t  h a l f  o f  the  communities i n  each reg ion l i s t e d  i n  Table 17-1 a re  

considered p o t e n t i a l  places f o r  f u t u r e  use o f  f ue l  c e l l s ,  t h a t  i s ,  beyond 

the year 1986, o r  so, when fue l  c e l l  technology i s  expected t o  be a v a i l  - 
able off- ' the-s he1 f. 

EVALUATION OF SYSTEM APPLICABILITY 

Table 17-1 i s  a  p re l im ina ry  eva luat ion  which l i s t s  the appropriateness o f  

using f o u r  a1 t e r n a t i v e  energy appl i c a t i o n s  f o r  365 Alaskan communities. 

Each canmunity i s  l i s t e d  a lphabe t i ca l l y ,  by Man-in-the-Arct ic Region. The 



a1 t e r n a t i v e  energy appl i c a t i o n s  a re  coded ."H" f o r  very small hydropower 

generators; "G" f o r  low temperature geothermal systems f o r  home space 
t 

heating; "W" f o r  wind energy conversion systems, and "F" f o r  f ue l  c e l l s .  

I 
u s e a b i l i t y  a t  each community s i t e  i s  l i s t e d  a s  e i t h e r  "L" f o r  1 i k e l y  o f  

p o t e n t i a l  f u t u r e  use, "U" f o r  u n l i k e l y  f u t u r e  use, o r  "MI1 f o r  more 

i n fo rmat ion  needed t o  determine use p o t e n t i a l .  ~ h e s e  categor ies a r e  

somewhat vague due t o  the  present  unava i l ab i l  i ty o f  complete and accurate 

i n fo rma t ion  t o  make more p o s i t i v e  judgements.' Theewind f o r  example, i s  

l i s t e d  as an " u n l i k e l y  f u t u r e  useLat  the  v i l  lage . o f  Wainwright i n  the  

A r c t i c  Region. Th is  could be because the  wind speed measurements were no t  
taken a t  the most p r o p i t i o u s  l o c a t i o n  t o  determine whether the - w i n d  

resource i s  indeed adequate f o r  use there. Rather than judge wind energy 

convers ion system use a t  Wainwright uhqual i f i e d l y  " n o t  f o r  f u t u r e  use," 

winds are evaluated as "un l  i kely  f u t u r e  .use." :This leave; roan f o r  more 

informat ion,  bu t  i nd i ca tes  t h i  prospects f o r  us ing wind as an a l t e r n a t e  

energy resource are  n o t  good. The s i t e  'eva luat ions  on Table 17-1 should . . 
be considered as i n d i c a t o r s  o f  appl i c a b i  1 i ty r a t h e r  than the f i n a l  word. 

As more in format ion  becomes, a v a i l a b l e  t h e  Table w i l l  be updated. ' . . 

Future use f o r  f ue l  ce l  l s ,  as .shown on the  Table, i s  thought t o  be bey.ond. 

1986 when i t  i s  a n t i c i p a t e d  t h a t  hardware w i l l  be ava i l ab le  i n , t h e .  

marketplace. Future use f o r  o the r  a l t e r n a t e  energy systems i s  beyond 

1979. 
, I 

2 

A t  the end o f  Table 17-1 are  regional  and statewide summaries o f  the  

usab i l  i ty o f  the  f o u r  a1 t e r n a t i v e  energy systems t o t a l e d  by "1 i kely," 

"unl i ke ly "  and "more in format ion  needed" categor ies.  I n  the A r c t i c  

Northwest, I n t e r i o r  and Southwest Regions the  summaries most o f ten  p o i n t  

ou t  f ue l  c e l l s  as a l i k e l y  a1 t e r n a t i v e  energy. a p p l i c a t i o n  ( o f  the f o u r  

l i s t e d )  f o r  use on a reg iona l  basis. I n  the  Southcentral  and southeast 

Regions, very small hydropower i s  considered t h e  most l i k e l y  f o r  use o f  

the  f o u r  categori'es. The Southwest Region, w i t h  125 o f  t h e  365 communi- 

t i e s  l i s t e d  on the  Table, has the l a r g e s t  t o t a l  number o f  communities and 

the A r c t i c  .Region, w i t h  13 sett lements, has. the fewest. Further,  from 

among the  s i x  regions there  i s  l ess  known about the  p o t e n t i a l  f o r  use o f  



a l t e r n a t e  energy app l i ca t i ons  i n  the  Southwest Region than any o the r  

region. Wind i s  the a1 t e r n a t i v e  energy appl i c a t i o n  where decidedly more 
. . 

i n fo rma t ion  i s  needed i n  every reg ion  except i n  the I n t e r i o r  .where very 

small hydropower needs t o  be i nves t i ga ted  i n  more communi t i e s .  . . 

W i th  225 communities on a s ta tewide basis,  f ue l  c e l l s ,  a re  most o f t e n  

considered 1 i kely  f o r  use. Very small hydropower i s  second most l i k e l y  

w i t h  115 communities. Low temperature geothermal i s  t h i r d  most i i k e l y  

w i t h  39 communities and wind, w i t h  26, i s  considered the  f o u r t h  most 

l i k e l y  a l t e r n a t i v e  energy a p p l i c a t i o n .  Most u n l i k e l y  f o r  use i s  low 

temperature geothermal f o r  home heat ing  w i t h  297 canmunit ies t e n t a t i v e l y  

r u l e d  out;  second most u n l i k e l y  i s  f ue l  c e l l s  w i t h  101 canmunit ies l i s t e d ;  

t h i r d  most u n l i k e l y  i s  wind energy conversion systems w i t h  33 communities 

1 i sted. Wind energy conversion systems have the  l a r g e s t  number o f  

canmunities, w i t h  306, where more i n fo rma t ion  i s  needed t o  determine use 

p o t e n t i a l  ; very smal l  hydropower techno1 ogy has the  second l a r g e s t  number 

o f  communities, w i t h  ,174, where more in fo rmat ion  i s  needed t o  determine 

use;, f ue l  c e l l s ,  w i t h  39 cmmun,i t ies, and geothermal, w i t h  29 communi ties,. 
have the t h i r d  and f o u r t h  l a r g e s t  number o f  communities where more 

i n fo rma t ion  i s  needed t o  determine use. 
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'TABLE 17-1 

ARcrIC REGIDN 

H S Y F  

U  U M L  Anaktur.rk Pass 
, U  U M  L Arc t i c  Yi l lage 

U  H  U  Atkaswc (Ileade River) 
U  8 L  L  Barrow 
U  0 M L  Deadhorse 

.U 0 L L  Kaktovllt [Barter Island) 
U  U  U  M Lonely 
U  L  H  L  ,4uiqsut 
U  L  L  L  Point Hcpe 
U  L ~3 U  Point  b y  
U  Li I 4  L Prudhoe Bay 
U  U  U  H b i a t  
U  U U  L YainnriQt 
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PRELIMINARY EVALUATION OF 365 ALASKAN COmUFiITIES 

FOR SELECTED ALTEWTE ENERGY APPLICATIONS 

KEY 

ALTERNATE ENERGY APPLICATIONS . USEABILITI OF AF'RICATION AT SITE 
H.-Very % a l l  Hydropower L -L ik t l y  fu tu re  use 
6-Low Tenperature Geothermal f o r  Space Heating U-Unlfkely f ~ t u r e  use 
W-Wind Energy Conversfon System (WECS) M-More In fomat ion  needed t o  
F-Fuel Cells deternine me. 

Mote: Future use means beyond 1978 except fuel  c e l l s  fu ture use I s  beymd 1986 ar so. 

NORTMST REGION 

H 65 W F '  
\ .. . a } ,  

U U  H  L  Ambler - 
U  U  H  L  Brevig Mission 
U  U  H  L  Buckland ' 
U U  M  U Candle 
U  U  L U  Cape l i s h r n e  
U  L  H  U  C w n c l l  
U  L  M  L Deering 
u L ~ M  L El im 
U  U  L  L Gamble . . 
U  L  H l  L  Golovln 
U  U  M  L  Igna l i k  ( ~ i w e d e )  
U L  n L Kiana ., 

U  U  . H  L  Kivalfna. 
u n n u K O ~ U ~  

NORTHWEST REGION COMINUED . 

H G Y F  

U  U  L ~ L  
U L ~ L  
U U H L  
U M4L  H  
U U H L  
U ~ H L  
U U H L  
U W L M  
U U M L  
U U M L  
U U H L  
U . U ~ L  

- U U n L  
u n n 2 ~  
u u H  u 
U  U  H  L  
U ~ H L  

'U U  L ~ L  
U  U H 2 L  
u n n n  

Kotzebue 
Koyuk 
L i t t l e  Di,mede Is land 
Moses Point 
Noaek , 

Nocne 
Noorvlk 
Northeast Cape 
St. Michael 
Savoonga 
Selaut k 
Shaktoolfh 
Shishnaref 
Shungnak 
So 1 omon 
Stebbins 
Te l le r  
Unalakleet 
k l e s  
Uhi t e  Mountain 

INTERIOR REGIDN. 

H G W F  

M  L n U  A la tna .  
H  L  M  L Allakaket ' 

H  U. H  L  Anderson . 

H  U  M  H  Aurora 
M  U  I4 M Beaver . 
H  U  n U  Bet t les (Evansvi l le) 
N  U  U ~ L  Big Delta 

INTERIOR REGION CONTIYUED IYTERIOR REGION MHIINUED 

H G W F  H G Y F  

H  U  M U  Birch Creek n L H L Hinto 
W U  H  H  Cantnell I U  H  L  Moose Creek 
M L  H  U  Central H  U  U  L Nenana 
n n u cha1l;yits:k n u n u New ~oyukuk 
n !*m u Ckna H  U  H  L  North Pole 
H  U  H  U  Chicken M  U  U  L  Northway 
M  I.$ H  U  C i r c l e  M  U  H  L  Nulato 
H  LBM U  C i r c l e  Hot, S p r f n g  R  U  N3 M Poonaan 
H U  M U  Clear M  L  I4 U  Rampart 
n u H n college n L M ' L  ~ u b y  

U  H  L  Crooked Creek - . N  U  N  U  S teens  Vi l lage 
H U H  L  Delta Junction t4 U  M  U  Suntrana 
M U  H U  Dot Lake N  U  N2 L  Tanacross 
M U  H3 L  Eagle H  U  U  L..Tanana 
H  H  I4 I 4  Eagle V i l l i g e  H'  U  I4 L  T e t l i n  
H  U  n L Eielson A n  n - u  n L ~ o k  
H  U  H '  L  Ester H  U  H U  Us ibe l l i  
H  U  U  L  Fairbanks M  U  I4 L  Venetie 
M  U  M L f o r t  Greel:, H  U  U  U  Wfseman 
M U  M  L  For t  M a i n r i g h t  
H  U  U  L  For t  Yukon SWlWEST REGIDN 
N  U  U  L  Galena 
N  -H H  H  b a e h l  H G Y F  
H U  H  U  Healy 
N U  H  U  Healy Lake H  I! L  L  Adak 
H u M L h g k s  H  U  M L  Akiachak 
H u n L h s l i a  N  U  H  L  Akiak 
H  U  H ~ L  b l t a g  n IU H  L  A k o l m i t  
H  U  H  L  Koyukok n L H  U  Akutsn 
M  U  H 2 u  Lake Hinchunina U  U  M  L  Alakanuk 
M 5 M' u Livengood M. U-C( L  Aleknagik 
H  L  9 M1 U  Hdnley Hot Springs U  U t4 L  Andreafski 
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SOUHUEST REGION CONTINUED SOUTHWEST REGION CONTINUED . SOUTHWEST REGION CONTINUED SOUTHCENTRAL REGION 

H G Y F  

M U U L  
M U M L  
M L L M  
M U M L  
M L . L  u 
M L M U  
M U L L  
n u n n  
M  U  L  M  
M L L U  
M u n u 
U. U  .M L  
U U M L  
M M M U  
M M M M  
M M M M  
U U M L  
M  U  M  L  
M U M M  
n L L n  
M U M L  
M u M * L  
M U M L  
n u n L  
n u n u  
U U M L  
M  U  M  L  
M L M . ~  
M  L  M ~ U  
M L L M  
M  U  M  L  
M U M L  
M  U  n L  
u u n u  
n u n u  
n u M L  

H G Y F  

Aniak U U M L  
Anvi k U U M L  
Atka M U M U  
Atmautluak M M M L  
A t t u  Is land M L M L  
Be1 kofsky M U  M  L  
Bethel U U M L  
Cape Newenham H U M M  
Cape Romanzof M U M L  
Cape Sarichef M U M L  
Chant 1 i u t  U  U . M  L  
Chefornak M U M L  
Chevak U U M L  
Chignik M U M L  
Chigni k Lagoon M  U  M  U  
Chignik Lake M U M L  
Choolunawlck U  U  n3% 
Chuathbaluk M U U L  
Clarks Point  M U M U  
Cold Bay U U M L  
Crooked Creek U U M L  
Dil l lngham M U U L  
Eek M U M M  
Egegik M U M L  
Ekuk M U M L  
Emoonak M  L  n3u  
E l r h  ~ u n u  
False Pass M U M L  
F l a t  M U M M  
For t  Glen U U M L  
Fortuna Ledge U U M L  
Goodnews Bay (Ikuntrak) M  U  M  M  
Gray 1 i ng M  L'L U  
Hami 1 ton W U H L  
Hol 1 tna M M L M  
~ o l y  Cross u u n L 
Hooper Bay ~ U M M  
Ig tug ig  M  L~~ U  
I l iamna M  u M  u 
Ivanof f  Bay M  U  M  U  

H G Y F  

Kalskag (Lower) . M U M U  
Kalskag (Upper) M U M L  
Kanakanak M U M #  
Kaslqluk U U M L  
King Cove U U M M  
King Salmon M U L U  
Kipnuk M U L U  
Kokhanok (Kakhonak) M  M  f4 U  
Kol iganek M U M #  
Kongtganak M U M L  
K o t l i k  M U M U  
Kwethluk . U U M L  
Kwlg i l l ingok M U M L  
Levelock U U M L  
Lime Vi l lage M U L L  
Manokotak M U M U  
Marshall (Fortuna Ledge)M U  M' L  
McGrath U U M L  
Medf ra' M  U  M  L  
k k o r y u k  M U M U  
Mt. Vi l lage U  U  M  L  
Naknek M U L L  
Napaimlut M U M L  
Napakiak M U M L  
Napaskiak M U M U  
Nelson Lagoon M U M M  
New Knockhock M U M U  
New Stuyahok M u . M  u 
Nethalen M U M L  
Newtok U U M L  
Nightmute M  M  M  L  
N iko la l  M U M L  
Ni  ko lsk l  U  U  M  L  
Nondal ton ' M U M U  
Nunlvak Is land M  u n 3 u  
Ohogaatui t M L M L  
Olgsenskale 
Ophir 
Oscarv i l le  
Paulof f  Harbor 

Pedro Bay 
Per ryv l l  l e  
P i l o t  Point  . 
P i l o t  Stat ion 
Pl tka 's  Polnt 
Platinum 
Por t  Heiden 
Por t  lbl l e r  
Portage Creek 
Qulnhagak 
RedDevi l  . 
Russian Mission 
St. George 
St. Marys 
St. Paul 
Sanak 
Sand Point  
Scanmon Bay 
Shageluk 
Shageluk (Old) 
Sheldon's Polnt 
Shemya AFB 
Sleetnute . 
South Naknek 
Squaw Harbor 
Stony River 
Takotna 
Tel ida 
Togiak 
Toksook Bay 
Tuluksak 
Tuntutul lak 
Tununak 
Twin H i l l s  
Ugashlk . 
Unalsska 

H G Y F  

L U M L  
. L U U L  
L U M L  
U U M L  
L U M L  
L U M L  
L U M L  
L U M U  
L  u M  U  
L  U  n U  
L  U H . L  
L U M U  
L U M M  
L L M L  
L U U L  
L U M L  
L U M U  
L  U  U  L  
L U M L  
L U M U  
L U M L  
L U U L  
M  u M  u 
L U M L  
U U M L  
M L n L  
n n u u  
n u n u .  
L  U  U ~ L  
L . U  n 3 u  
W U M L  
M U M L  
M U M L  
L U M U  
L U U L  
M  U  M  L  

Akhiok 
Anchorage 
Anchor Point  
Basher 
B e l l  F la ts  
B i  rchwood 
Butte 
Cape Chlniak 
Chlstochina 
Chi tna 
Chuglak 
Clam Gulch - 
Cohoe 
Copper Center 

Cordova 
Eagle River 
Eklutna 
Elmendorf AFB 
English Bay 
Eyak 
F i r e  Lake 
For t  Richardson 
Gakona 
Gi rdwood 

.Glen-Alps 
Glennallen 
Gul kana 
Hal ibut  Cove 
Homer 
How 
Houston 
Kachemak 
Karluk 
Kasi l o f  
Kenai 
Kennv Lake 

L  U  M  M  ~ n i k '  
L  u 3 t 4  L  Kodiak 
L  U  U  U  Kodiak Coast Guard S ta t ion  
L  U, M  L  Larson Bay 
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SWTHCENTRAL REGION CONTINUED 

H G W F  

M U M L k a k e r v i l l e  
H U M U k n t a s t a  Lake 
M U ' L U Mlddleton Is land 
L U M. M Moose Pass 
M L I4 U Nebesna 
n n n L Nlkolaeusk 
L U M L N in i l ch ik  
L u M L Old Harbor 
L u M L Ouzinki 
L u ~3 L Pa1.er 
n u nMu Paxson 
L U M L Port  Graham 

.L U M L Por t  Lions 
L U M M Salamatoff 
L U M L Seldovia 
L U M3 L Seward 
M U M2 U Skwentna 
L U M L Soldotna 
L U M3 L Spenard 
L U M L Ster l ing '  
n u n 2 u  s-it 
L U M H Sunrise 
L U I4 U Sutton 
L U U L Talkeetna 
L . U H L T a t i t l e k  

SOUTHCENTRAL REGION CONTINUED 

H G V F  

M M M U Tazlina 
M H L L T i n c i t y  
M M M H Tonsina 
L M M L Tyonek 
L n n u ugmik  
L U U L Valdez 
L U I L Uas l l l a  
L U M L Whi t t ier  
L U H L Willow 
L U H U Moody Is land 
L U U M Vakataga 

SOUTHEAST R€GIO)( 

L U M L  
L U ~ L  
L U M L  
L ~ 3 %  U 
L M M U  
L . U M  L 
L U M L  
L U M U  
L -  U M 'L 

Angoon . 
Annette 
Auke Bay 

.Be l l  Is land R s o r t  
Biorka Is land  
Cape Pole 
Charcoal Point 
Chatham 
Clover Pa-ss 

SWTHEAST REGION CCNTIdLfD 

H G W F  

L U M L Craig 
L U M L Douglas 
L U M L Edna Bqy 
L U M U El f inCove,  
L U M H Excursion I n l e t  
L U M. L F r i t z  Cove 
L U M U 6 l r c i e r  B w  
L U U U Gustavus . 
L. U ~3 L Haines 
L U n L Hamilton B w  
L U M L Ha&. I n l e t  
L U M L Herring Cole 
L u n n ~0111s 
L L M L Hoonah 
L n n L Hydaburg 
L U M U Hyder 
L U u3 L Juneau 
L U M L Kake 
L U M L Kaasan 
L U n1 L Ketchikan 
L U M. L Klawck 
L U M L Klukwan 
L U M U Kupreanof 
L M M L Lamon Creek 
L U M L Lena Beach 

S(YITHWT RE61ON CONTINUED 

H 6 ' W  F 

L U M L Mendenhall 
L U I 4  L Metlakatla 
L U I L Mountain Point 
L L n L MUdBily 
L U M U h e r s  Chuck 
L U M L North Douglas 
L H H L Pelican - 
L U H U Pennock 
L U U L Petersburg 
L U H U Polnt Baker 
L U M U Port  Alexander 
L U M L Port  Chilkoot 
L U M L Refuge Cove 
L U M U St. John 
L U M L Saxman 
L U M L Scow Bay 
L U H U Shakan Bqy 
L L U L Si tka 
L U U L Skagway 
L L ~ %  L Tenakee Springs 
L U M L Thane 
L U I 4  L Thorne Bay 
L U M L Ward Cove 
L U M U West Petersburg 
L M M L' Yrangell 
L U U L Yakutat 

Notes: 
1. Same data have been obtained. For more information. contact Dr. Tunis Wentink. QopLyJical I m t i t u t e ,  Univers i ty  o f  Alaska, 

Fairbanks, Ak. 
2. Sane data have been obtained. For more information. contact James Wise. Climto1ogi:t. Un iven t ty  of Alaska, Arc t i c  Environmental 

I n f o m t i o n  Data Center. Anchorage. Alaska. 
3. Alternate Energy Technol6gy has been or i s  being usrd. 
4. See rpprapr i r te  chapter I n  text. ' 
5. Sea appendix f o r  d e p l l t d  wind data. 

REGIO)(AL I D 1  STATEWIDE S-IES 

-. 
ARCTIC REGIOH - D R I O R  REGION HO?THWEST REGION 

H G W F  H G W F  
L O 0 4 9  

HGMF 
L 0 10 0 29 L 0 6 6 2 6  

U 13 13 3 2 U 0 46 8 22 U 34 21 0 5 
M O O 6 2  - t 4 . 5 8  2 5 0  7 M 0 7 2 8 3  

Tot. 13 13 -13 13 ; Tot. 58 58 58 58 Tot. 34 34 34 34 

SOUTHCENTRAL REGION WUTHEAST-REGION SOOTHHEST REGION . 
H G W ~  H C U . F  H G W F  

L 55 3 2 47 L 60 5 0 43 L 0 15 14 72 
U 2 66 12 23 , U - 0. 50 7. 15 U ' 27 102 3 34 
M 19 7 62 6. _ M  0 5 5 3  2 H 98 8 108 19 

Tot. ' 76 76. 76 76 ' Tot. 60 60 60 60 Tot. 125 125 125 125. 

bl 174 29 306 39 
. Tmt. 365 365 365 365 





CHAPTER 18 

WOOD RESIDUE 

INTRODUCTION 

people have long used wood i n  const ruc t ion ,  f o r  too ls ,  and as f u e l .  Wi th 

increas ing  i n d u s t r i a l i z a t i o n ,  the uses o f  wood have grown, as has t h e  

' quan t i t y  o f  wood. discards.. For tunate ly ,  a corresponding advance i n  

technology has absorbed much o f  t h i s  increase i n  .wood residues. 
\ 

Wi th increas ing  pressure on worl d energy resourc is ,  g rea te r  a t t e n t i o n '  has 

been focused on reducing waste. The u t i l i z a t i o n  o f  a l a r g e r  p o r t i o n  o f  

wood res idue i s  a means o f  bo th  conservat ion and s u b s t i t u t i o n  o f  wood f o r  
I 

nonrenewable f u e l  s. 

Th is  chapter w i l l  p lace  i t s  emphasis on the  wood residues, a l though a 

complete separat ion o f  wood u t i l i z a t i o n  and wood residues i s  impossible. 

The h i s to ry ,  techno1 ogy, appl i c a b i l  i ty t o  Alaska, and envi.romnenta1 impact 

w i l l  be examined. 

The use o f  wood as fue l  was one o f  the  ea r l  i e s t  technological  developments 

o f  humans. Undoubtedly, a p o r t i o n  o f  t h i s  f ue l  was discarded from o.ther 

u t i l i z a t i o n s  o f  wood. As -technology advanced, the  quan' t i ty  o f  wood , . 

'wastes" increased, fo l lowed by new ways o f  us ing these discards. 

Fuel shortages a re  n o t  something new. They were experienced i n  c u l t u r e s  

and areas as d i s t a n t  as England du r ing  t h e  16 th  century  and what i s  now the  
I 

western p a r t  o f  Peru. Each discovered t h a t  the  f o r e s t s  were unable t o  keep 

pace w i t h  growing energy demands and they were forced t o  c u t  back t h e i r  

consumption. With on ly  enough fue l  f o r  cooking, t h e  space heat ing o f  homes 

was abandoned (Nat ional  Science Teachers Associat ion, 1978). 

Wood s t i l l  accounts f o r  90 percent  o f  the  fue l  used i n  developing coun- 

t r i e s .  A poor man's energy c r i s i s  i s  ev ident  i n  many p a r t s  ,o f  t he  wor ld a s  

the  number o f  people dependent on wood f o r  energy ( c u r r e n t l y  1:5 b i l l i o ' n )  



grows and suppl i es dwi nd l  e . Wood suppl i es three- f  i f t h s  o f .  a1 1 energy used 

i n  Af r ica ,  over t w o - f i f t h s  i n  the  Far East (excluding china),  o n e - f i f t h  i n  . 
L a t i n  America, and 14 percent  i n .  the  Nedr . . .  ~ a s t  (wh i t ing ,  1978)." 

. - 4  , . 

Wood s t i l l  suppl ied over 90 percent  o f  t h e  u n i t e d  Sta tes '  energy dur ing  the  

mid-1800's before the  n a t i o n  converted t o  coal . ' The p o s s i b i l  i ty o f  

developing t rees s p e c i f i c a l l y  f o r  fue l  was given considerable a t t e n t i o n  
dur ing  the  1940's (Fowler, John and Kathryn, ND). 

Durlng World Wars I and 11, when gilsoli ' i~ti . . .  shortages . 'o icuked ' in Germany and 
5 .  

France, veh ic les  of a1 1 s o r t s  used wood C r n e i k  i n  t h  r e a r '  o r  i n  t r a i l e r s .  

Wood ch ips  were d i s t i l l e d  t o  make alcohol  vapors t h a t  , ' i i l u d @ d  carbon 
monoxide and hydrogen; there  vapors, woul d d r i v e  t h e  veh ic l  e. I n  1938,9000. 
wood-burni ng cars were used i n  Europe. . "Power a1 coho1 ', (ethanol)  was a1 so 

used , by France and Germany t o  supplement gasol ine suppl ies 'and s t imu la te  

alcohol product ion f o r  a n t i c i p a t e d  use i n  muni t ions product ion (Anderson, 

1976). 

Although "wood wastes" i s  an accepted term f o r  discarded wood, i t  should be ' 

mentioned t h a t  9 t c a r r i e s  c o n t r a d i c t o r y  connotations. Waste i s  useless, 

superf luous, and usual l y  invo lves  a cos t  f o r  i t s  col  l e c t i o n  and disposal . 
Residues, however, a re  what i s  l e f t  a f t e r  p a r t  has been taken away. 

Residues o f t e n  have some p o s i t i v e  value, as i s  the case w i t h  most wood 

discards which, f o r  example, produce b e n e f i t s  when returned t o  the s o i l .  

While these b e n e f i t s  may n o t  warrant  commercial e x p l o i t a t i o n ,  they 

nonetheless requ i  r e  cons i d e r a t i o n  when examining a1 t e r n a t i v e  uses f o r  wbod 

res idues (Fowler, ND). 

Residues can be c l a s s i f i e d  general l y  as logging residue; f o r e s t  reqidue, 

which inc ludes both logg ing res idue and o ther  unused mater ia l  i n  the  woods; 

pr imary m i l  1 residue, such as from sawing o r  veneer peel ing; secondary, 

p l a n t  residue, which o r i g i n a t e s  from manufactur ing operat ions such as m i l l  

i r o r k  and f u r n i t u r e  product ion and i s  " s d a l l j i  dry and bark-free; and urban 

wood res idue . 



National f o res t  residue has been estimated t o  be about 9.6 b i l l i o n  cubic 
feet: 

, I 

i 

Loggi ng Residue 3-6 b i l l i o n  cu. ft. 
Insect, Disease, and 

Fire-damaged Timber 4.5 b i l l i o n  cu. ft. 
Pre-canmercial Thinnings 1.5 b i l l i o n  cu. ft. I 

Total 9.6 b i l l i o n  cu. ft. 

Logging residue i n  the Pac i f i c  Northwest i s  espec ia l ly  high, averaging 57 
dry tons per acre on nat ional  f o res t  timber sale areas i n  the Coastal 
bouglas-f i r  region (material l ess  than 4 Inches i n  diameter and 4 f e e t  i n  
,length was not  included). Figure 18-1 provides a rough breakdown o f  . ,  the I 

par ts  o f  a t r ee  showing those par ts  t h a t  are o f ten  l e f t  as residue, 

The marginal o r  submarginal economic value o f  f o res t  residue severely 
l i m i t s  i t s  recovery. To reduce waste and enviromlental impact, some areas 

requi re  YUM (yarding unu t i l i zed  mater ia l ) ,  a lso known as PUM ( p i l i n g  
u n u t i l  ized material),  t o t a l  yarding, and gross volume yarding. With 
yarding investments already made, the operator i s  required t o  remove a l l  
mater ia l  dawn t o  a spec i f ied s ize  which would probably not  otherwise be 

removed. This provides the opportunity , f o r  the sal vage o f  addi t iona l .  
mater ia l ,  more e f f i c i e n t  burning g f  YUM pi les,  and some o the t  environmental 
advantages (Estep, 1973)- 

The use o f  primary m i l l  residues has increased dramat ica l ly  during the l a s t  
quarter century. Table 18-1 shows 1970 unused residues a t  26 percent, 

This growing usage has been shared across the nation; f o u r - f i f t h s  o f  the 
fuelwood residues were used on the Pac i f i c  Coast. I t  was predicted i n  1974 
t h a t  essential l y  a1 1 coarse softwood residue (slabs, edgings, veneer cores, 
and other p lan t  residues su i tab le  f o r  chipping) and a substant ia l  por t ion  
o f  the hardwood residues w i l l  be u t i l i z e d ,  p r ima r i l y  f o r  pulp and. 
part ic leboard (Estep, 1973) (Figure 18-2). I n  1972, 92 percent o f  the 
primary m i l l  residue was already being used i n  the State o f  Washington 

(Grantham, 1974). 
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Component Proporti  ons o f  Fresh We1 ght o f  Complete Trees and Shrubs 

i 

Source: North Central Forest Experiment Stat ion,  Forest Service - U.S. 
Department of Agriculture,  St .  Paul ,  Minnesota, Forest Residues 
Energy Program, March 1978, p. 114. 



TABLE 18-1 

RESIDUES AT PRIMARY WOOD PROCESSING PLANTS I N  THE U.S. 
USED FOR BY-PRODUCTS AND UNUSED, 1970 (MILLION CUBIC FEET) 

A1 1 Species Softwoods Hardwoods 
I tem Vol ume Percent Vol ume Percent Vol ume Percent 

Used : 
Pul p 1,773 46.6 1,514 49.9 259 33.7 
Fuel 7 76 19.1 5 99 19.7 127 16.5 
Other Products 31 3 8.2 241 - 7.9 7 2 - 9.4 - 
~ o t a l  Used 

+ 
m 
I Unused: 

Cn Coarse 
Fine 

Total Unused 993 26.1 682 22.5 31 1 40.4 

TOTAL RESIDUES 3,806 100.0 3,036 100.0 770 100.0 

Source: Eldon M. Estep, U.S. Forest Service, "Wood Residue--What and Where," Presented a t  
annual meeting o f  Midwest Section o f  Forest Products Research Society, October 9-10, 
1973. 



DIS POSITION OF PLANT RESIDUES- 
1852, 1962, & 1970 

.. - ,. 
Source: Eldon M. Estep, U.S; Forest Service, "Wood Residue - What and 

Where;" Presented a t  annual meeting of Midwest Section of 
Forest Products Research Soci e t y  , October 9-10, 1973. 



While bark represents a substant ia l  p a r t  of the  wood res idue (69 percent i n  

1970), r i s i n g  demand and advancing technology has l e d  t o  i t s  increas ing 

u t i l i z a t i o n  as fue l ,  mulches, l i v e s t o c k  bedding, charcoal,  and i n  p a r t i d l e -  

board. 

Since secondary p lan ts  are  general l y  small and w ide ly  scattered, s t a t i s t i c ?  

on res idual  generat ion are n o t  r e a d i l y  ava i l ab le .  Estimates are t h a t  900 

m i l l i o n  cubic f e e t  o f  secondary p l a n t  res idue are  produced annual ly  i n  the 

Uni ted States. A survey i n  the Midwest reveals t h a t  30 percent i s  used as 

fue l  there  (Estep, 1973). 

The energy o f  wood ,can .a1 so ' be captured, when 'the f i n i s h e d  product '  ' i s  

eventual l y  d i  scarded. Wood compri ses 5 percent  o f  the organic p o r t i o n  .o f  

municipal garbage and paper makes up about h a l f  o f  it. The remaining. .5. 
percent i s  frm p l a s t i c  and 17 percent  f r a n  food' discards. wh i le  

c o n t r i b u t i n g  on ly  h a l f  the weight, paper provides over two-th i rds of .the 

t o t a l  heat value. This i s  n o t  meant t o  suggest t h a t  more energy would be 

saved by burning these wood products than r e c y c l i n g  them. 

Many European c i t i e s  burn garbage t o  produce process steam and steam f o r  

space heating. During recent  years several c i t i e s  i n  the  Uni ted States 

have begun. burning . garbage t o  generate e l e c t r i c i  ty and/or steam (Fowler, 
, 

ND) . The Muncipal i ty o f  Anchorage, Envi ronmental P ro tec t i on  ~gency, .  F o r t  

Richardson, and Elmendorf A i r f o r c e  Base have funded a study t o  determine 

the  f e a s i b i l i t y  o f  burning garbage' from the Anchorage Bowl t o  generate 

e l e c t r i c i t y .  The system would u t i l i z e  a shredder present ly  und& 

cons t ruc t i on  and e x i s t i n g  b o i l e r s  a t  F o r t  ~ i c h a r d s o n  (Brust, 1978). . . 
. . .  

The use o f  wood f o r  heat ing has r e s u l t e d  i n  r a p i d  advances i n  wood-burning 

equipment and methods, e s p e c i a l l y  dur ing  the  l a s t  few decades. While 

ord inary  f i r ep laces  may lose 90 percent o f  the  heat ing  value o f  t he  wood, 

c o r r e c t  ise o f  a chimney damper, proper b u i l d i n g  mater ia ls ,  and e f f i c i e n t  

c i r c u l a t i o n  design w i l l  reduce t h i s  l o s s  s u b s t a n t i a l l y  (Reineke, 1961). By 
canparison, an e f f i c i e n t  wood stove w i l l  l ose  on ly  about. 25 percent  

(Roberts, 1978). E f f i c i e n t ,  slow-combustion stoves have been used f o r  some: 

t ime i n  Europe. Although a few were imported i n  the  l a t e  t h i r t i e s ' ,  

American designers have been . slow t o  adopt the  European innovat ions.  



As .wi th the  home a p p l i c a t i o n  o f  wood combustion, based upon a t i e t te r  

understanding o f  how wood burns, improvements have been made i n  the  desicJh 

o f  i n d u s t r i a l  and municipal furnaces used f o r  heat, steam, and e l e c t r i c a l  

generat ion. Not su rp r i s ing l y ,  advances have most o f t e n  o r ig ina ted  i n  area's 

w i t h  l a r g e  suppl ies o f  wood residues, such as the  P a c i f i c  Northwest. I n  

1924 t h e  P a c i f i c  Northwest was generat ing 175 b i l l i o n  k i l o w a t t  hours of 

e l e c t r i c  power from Douglas-f i r  residue (Reineke, 1961). The Bur l  ington, 

Vermont, E l e c t r i c  Department i s  c u r r e n t l y  (1978) p lanning a 50-MW municipal 

e l e c t r i c  generat ion p l a n t  a f t e r  t h e i r  successful 10-MW demonstration u n i t  

which burned a mix ture  o f  75 percent wood chips and 25 percent  No. 2 f u e l  

o i l  (Cronin, 1978). 

The Un i ted  States c u r r e n t l y  (1978) obta ins about 1% percent o f  i t s  t o t a l  

energy f r a n  wood (Forest  Service, "Energy & Chemicals From Forests," 1978). 

Est imates f o r  some o the r  forested coun t r i es  a re  considerably higher: 

Sweden, 8 percent; Finland, 15 percent; and B r a z i l ,  27 percent (Fowler, 

John and Kathryn, ND). , 

The U.S. Forest  Services est imates t h a t  almost. 500 m i l l i o n  dry tons o f  

f o res t ,  m i l  1, and urban wood residues are  generated annual ly .  I f  t h i s  was 

a1 1 converted, i t  cou ld  supply 11 t o  14 percent  o f  t he  energy consumed. . i n .  

t h e  Uni ted States. While i t  would be uneconomical and even envi ronmental ly  

unsound t o  convert  a1 1 of '  these residues t o  energy, the  Forest Serv ice i s  

mandated t o  promote the  e f f i c i e n t  u t i l i z a t i o n  o f  our f o r e s t  products f o r  

energy and a wide v a r i e t y  o f  products. I 

Planning t o  increase the  annual na t i ona l  wood energy a p p l i c a t i o n  by 

approximately fou r - fo l  d (an add i t i ona l  4 quad r i l l  i o n  Btu 's  o r  the equiva- 

l e n t  o f  650 m i l l  ton b a r r e l s  o f  o i l ) , ,  the Fores t '  Serv ice i s  examining these' 

areas: 

S i t e  s p e c i f i c  data on a v a i l a b i l  i t y  ,and qua1 i ty o f  f o r e s t  residues and ' 

urban waste. 

Development o f  a mobi le . harvester  i n  cooperat ion w i  t h  the Department 
o f  Energy and Indus t ry  f o r  the  processing.of .  residues i n  the  f i e l d  to 

. f a c i l  i t a t e  t ranspor ta t i on .  



Fea.si b i l  i ty demonstration using m i l  1  residues f o r  process steam 'and 
d i r e c t - f i r i n g  d r y  k i l n s .  . . 

. . 
1. , : I .  

Encouragement , .o f  g a s i f i c a t i o n  and pyro l  y s i  s  system devel opmeilt'.' 
. . 

Pr'omotion o f  e f f i c i e n t  appl i c a t i o n  o f  i n d u s t r i a l  and r e s i d e n t i a l  wood 
heating. . .  . . . 

: 

Engineering research t o  improve re fuse combustion. 

Fuel p lan ta t i ons  study. 8 '  

(Fores t  Service, "Energy & Chemical s  from Forest, 1978) 

Various governnent agencies 'and the  p r i v a t e  sec tor  have j o i n t l y  and 

separate ly  been developing new ways i n  which t o  obtain, process, ' and 

u t i l i z e  wood residues. A few examples inc lude stump pu l l e rs ,  mobi le 

chippers, g a s i f i c a t i o n ,  wood alcohol  (Forest  Service, Feb. 1.978) ..and 
. . 

pel l e  t i z e d  fue l  (Forest  Servicd, May; 1978). 

One. o f  the  problems associated w i t h  energy product ion from wood res idue i s  

the  l ack  of assured long-term suppl ies. I n  p a r t  t h i s  i s  because o f  the  

. . 
wide v a r i e t y  o f  o ther  uses . competing f o r  the  residues: animal and p o u l t r y  

bedding , f l o o r  sweeping compounds, par t ic leboard ,  charcoal , 1 i noleum, 

explosives, and p l a s t i c s  (Carpenter, 1977). The Uni ted Nations has 

estimated t h a t  wood demand w i l l  double by the  year 2000 (Galea, 1978). 

Energy p lan ta t i ons  are a r e l a t e d  f i e l d  o f  i nves t i ga t i on .  It has been 

es t imated.  t h a t  6.5 percent'. o f  t h e -  Uni ted States land area could fue l  .,the 

na t ion  i n  1985. Dr .  George Szego ca lcu la tes  t h a t  costs would range from 

8.30 t o  $.45 p e r  m i l l i o n  Btu's,  depending upon growing cond i t ions .  This 

compares t o  1976 coal p r ices  o f  $.75 and o i l  p r i ces  o f  $2.00 per m i l l i o n  
B tu ' s  (Fow!er, John and Kathryn, ND). 

WOOD RESIDUE ENERGY TECHNOLOGY 
! 

. . 

The use of wood and wood residues f o r  the  purpose o f  space; heat ing has be& 

addressed e a r l i e r .  Since d r y  wood has a heat ing  value per pound as g rea t  

as many of the Alaskan coals, i t  i s  no t  s u r p r i s i n g  t h a t  wood, a..renewable 
. . 



resource, has been used even f o r  e l e c t r i c a l  energy product ion. I n  fac t ,  

one quest ion'  which c o n t i n u a l l y  surfaces i s .  . ;"Why i s  wood n o t  used .. , t o  . a 

g rea te r  ex tent  f o r  energy product ion?" As a1 ways, , t he  answer, one way ' o r  

other ,  i s  economics. However, economici o f  the  past  may be q u i t e  d i f f e r e n t  

from economics o f  t he  fu tu re .  

Sane steps involved i n  the use o f  wood and wood res idue f o r  energy are (1) , . 

product ion (growing), (2) recovery ( harves t ing) ,  (3 )  t ranspor ta t i on  and (4 )  

u t i l  i z a t i o n .  

While ongoing research on t r e e  growth i s  very e x c i t i n g ,  t h e  scope o f  t h i s  

r e p o r t  does no t  inc lude any d e t a i l  on t h i s  subject.  Forest  s c i e n t i s t s  do . 

hope. t o  grow "supertrees" :and then harvest  them s i x  t o  e i g h t  years l a t e r  

w i t h  a "sc issors"  type o f  apparatus. The . s tud ies  addressing wood res idue 

assume t h a t  the wood has a1 ready been produced and p a r t  o f  i t  t o  

waste. A t t e p t i o n  has n o t  been given t o  growing and harvest ing.  ". 

I n  Alaska, sources o f  wood res idue may be f l o a t i n g  logs  i n  the Yukon ( o r  . . 
?- 

ocean), c u t t i n g s  from the  c l e a r i n g  o f  land i n  the  Del ta farming reg ion  'o'r 

products from sawmil 1s and the  f o r e s t  products i ndus t ry  a t  Ketchikan an4 

S i  tka.  

SLASH EQUIPMENT 

Wi th  respect  t o  the  technology, equipment and methods f o r  the ' t rea tment  , . .  and . 
. . 

u t i l  i z a t i o n  of slash, Har r ison (1975) covers logging, road construct ion,  and . . ' 

t imber  stand improvement.. s lash treatment. The r e p o r t  describes.: '  th,e 

operat ions w i t h  photographs o f  t he  equipment i n  the  f i e l d  and g ives a 

summary i n  tabu la r  form. A summary o f  the  treatment and u t i l i z a t i o n  o f  

s lash i s  g iven i n  Tables 18-2, 18-3 and 18-4. 

. . 

TRAM SPORTATI ON 

S he' o n l y  area i n  ,,Ala.ska where wood res idue has been 'used successful l y  over 

a per iod  of t ime i s  i n  communities i n  the  Southeast. These m i l l  residues 
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TABLE 18-3 

TREATING AND UTILIZING ROAD CONSTRUCTION SLASH 

hods f o r  Treatment and h i 1  ization. " 



TABLE 18-4 
- .  

TREAT1 NG MR UT 1x1 Z f NG TIMER 3-TAW IMPROVEEIENT SLASH 

- . -2 

- 

d 

S" 
--I 

W 

. - - 7 .  

1 / w w 4 ~ b  p r r - i ~ ~ ~ ~ n a i n ~ m a t ~ ~ ; ~ f i n + y ( p d ~ ~ t s t t r g ~ ~ ~ * ~ d p b n + ~  . . 
~Eiitrck adkue &Z3* - .  - - * . + - 

, ':" 

Source: Rob1 n T. Harrison, Y~quip lent  and ?&hods for Treatment and uti 1 f z a h n .  
U.S. Forest Service, April 1975 



have the advantage of being avai lable a t  a single s i t e  rather than 

scattered as logging residues are. Transportation i s  1 i m i  ted t o  movement 

frd one m i l  1 t o  another o r  one par t  of a m i l  1 t o  another. 

Where possible, logs are usual ly transported by water t o  reduce costs. 

Unfdrtunately, ' raf t ing o f  residues i s  not as practicable. Whether by land 
o r  water, the end r e s u l t  i s  tha t  transportation costs are often t o  high t o  
economical l y  j u s t i f y  the u t i l  i za t i on  o f  logging residues. 

An in te res t ing  p o s s i b i l i t y  i s  the movement o f  wood chips by pipeline. I t  
has wen  been suggested tha t  the Trans-Alaska Pipel ine might someday 

transport  'wood chips from Alaska's i n t e r i o r  forests once the o i l  i s  
exhausted . 
D r .  W i l l i a m  A. Hunt, Professor o f  C i v i l  Engineering and Engineering 
Mechanics a t  Montana State and Rulon B. Gardner o f  the Intermountain 
Stat ion's Forestry Sciences Laboratory, Bozeman , Montana have devel oped the 

technology t o  transport wood chips by hydraulic pipeline. The study shows 
t h a t  the hydraul i c  p i  pel ine  concept has potent ial  f o r  wide appl icat ion.  
And, the energy-eft i c i e n t  character is t ics  of the concept make i t  especial l b  
a t t rac t ive .  - 

Transporting wood chips by hydraul i c  pipel ines can mean substantial 

savings. Par t i cu la r ly  promising applications include moving chips .from 
areas o f  concentrated sawmill and plywood m i l l  operation, where the chips 
are a byproduct, t o  a pul pmi l l  o r  port. Also, chips could be piped from 

sate1 1 i  t e  chipping operations i n  i n t e r i o r  forests where roads are 
inadequate. I n  areas where the chips would be transported by pipe1 ine t o  a 
lower location-a m i l  1 o r  a seaport--the system would operate by grav i ty  
flow, without conventional energy, sources. 

According t o  Gardner's report, the U.S. Pulp Industry consumed 40.8 m i l  l i o n  
tans o f  nood chips i n  1974--most o f  i t  transported by truck. This volume 
i s  expected t o  t r i p l e  by the year 2000. The researchers estimate tha t  i f  
pipel ines r'eplaced trucks f o r  only h a l f  t ha t  volume, over one m i l l i o n  
barrels o f  o i l  could be saved annually. 

t 



Hunt and Gardner p o i n t  t o  o the r  advantages o f  a wood-chip p ipe l i ne ,  

i n c l u d i n g  the  p o t e n t i  a1 t o  reduce m i l  1  i nven to r i es  through continUous 

operat ion;  and e l i m i n a t i o n  o f  l o g  storage, handl ing, and p r o t e c t i o n  a t  the 

pul  pmil  1  . 

Add i t i ona l  i n fo rma t ion  i s  i n c l  uded i n  the  pub1 i c a t i o n ,  "Transport ing Wood- 

chips by Hydrau l ic  Pipel ine,"  by Rulon B. Gardner. S ing le  copies are  

a v a i l a b l e  f r e e  from the Intermounta in S ta t i on ,  507, 25 th  St ree t ,  Ogden, UT 

84401 (Zerbe, 1978). 

UTILIZATION 

F l  u i d  ized Bed Burners I 

I 

The technology t h a t  i s  important  i n  wood waste energy u t i l i z a t i o n  i s  th,e 

method t h a t  i s '  used t o  conver t  wet wood waste t o  us6fu l  energy. The 

. f o l  lowing d e s c r i p t i o n  o f  f l u i d i z e d  bed burner  i s  based upbn a paper by wood 
. . 

t echno log i s t  A1 l e n  Wiley (1978). . .  

A bed o f  p a r t i c l e s '  such as sand i s  supported by a porous metal p la te .  an'd 

enclosed on a1.l s ides. Gas i s  fo rced up through the  holes i n  the  p l a t e  so 

t h a t  i t  f lows upward thr-ough the  p a r t i c l e s  t o  the  space above.' As the  r a t e  

o f  f l o w  increases, the pressure drop across the  bed increases u n t i l  t h e  

f o r c e  on the  p a r t i c l e s  r e s u l t i n g  from t h i s  pressure drop i s  equal t o  the 

weight o f  the  bed. The p a r t i c l e s  w i l l  begin t o  " f l o a t "  o n  the  moving gas 

and the  gas-so l id  medium takes on many c h a r a c t e r i s t i c s  o f  a l iqu id ; , .  f o r  

example, i t  w i l l  have a hyd ros ta t i c  head, and l i g h t  ob jec ts  w i l l  f l o a t  on 

i t s  sur face w h i l e  heavy ones w i l l  s ink.  Thus the  .medium i s  r e f e r r e d  t o  as 

a f l u i d i z e d  bed. 

T h e . f l u i d i z e d  bed may be used t o  enhance the  combustion c h a r a c t e r i s t i c s  o f  

'sol  i d  f u e l s  and the t r a n s f e r  of heat  i n t o  b o i l e r  tubes. Consider one o f  

t he  main problems o f  burning'  sol i d  f u e l  s - - t rans fe r  o f  heat  from the  furnace 

gases t o  the  s o l  i d  p a r t i c l e s .  The f a s t e r  t h i s  can be accomplished, the  

smal l e r  the  f u e l  p i l e  i n  a furnace and the  smal' ler the  requ i red  furnace and 

g ra te  f o r  ,producing a g iven r a t e  o f  heat o r  .steam. Thus, p a r t i c l e s  o f  wood 



1 

o r  coal a re  ground as f i n e l y  as i s  econm' i ca l l y  feas ib le  t o  increase 

sur face area per u n i t  weight. ~ h e b  :a .hot sol  i d  .is b r ~ " ~ h t  . . i n t o  con tac t  

w i t h  a c o l d  sol i d ,  heat  t r a n ~ f e r ' ~ e r  unit:a'+ea i s  much f a s t e r  th,an,whei ' t he  . 

c o l d  o b j e c t  i s  slirrounded by a gas o f  t he  same ' temperature as the  h i t  

sol i d .  Thus, a bed o f  non-combustible p a r t i c l e s  may be f l u i d i z e d  ' w i t h  

combustion a i r ,  t h e  temperature o f  the  p a r t i c l e s  increased by combustion o f  

l i q u i d  o r  gaseous fuels,  and the wood fuel introduced d i r e c t l y  i n t o  the  

f l u i d i z e d  bed t o  provide r a p i d  combustion. 'Once combustion o f  the  w0o.d ' .. 
begins, t he  r e a c t i o n  becomes sel f - s u s t a i n i n g  and i g n i t i o n  burners may be 

turned o f f .  
1 

P a r t i c l e  s i z e  requirements are  l ess  s t r i n g e n t  i n  f l u i d i z e d  bed combu's'tors . 

than i n  conventional furnaces because o f  t he  r a p i d  heat t rans fe r .  F u e l  

p a r t i c l e s  can be l a r g e r  and more var iab le ,  and can a l so  have a h igher  

moisture content  .s ince d ry ing  takes place q u i c k l y  due t o  the r a p i d  heat  

t r a n s f e r .  Because the  t ime requ i red  f o r  combustion i s  lower, l e s s  smoke 

due t o  incomplete combustion normal ly  r e s u l t s .  

~ l u i d i z e d  bed canbustors may be used i n  combination w i t h  an e x i s t i n g  

b o i l e r ,  o r  tubes may be located w i t h i n  the  combustor ( e i t h e r  bur ied  i n  t h e  

bed o r  i n  the  form o f  water w a l l s )  t o  prov ide  e f f i c i e n t  heat t ransfer . , .wi th 

g r e a t l y  reduced surface area, t o  the  b o i l e r  water. They can a1 so be usdd 

t o  prov ide  d i r e c t  heat  f o r  d ry ing  app l i ca t i ons .  6 

I 

The main chponen ts  o f  a f l u i d i z e d  bed combustion system are: 

o a gas d i s t r i b u t o r  p l a t e  f o r  support ing the  bed and, d i s t r i b u t i n g .  
t he  combustion a i r  evenly through t h e  bed, 

o below the  d i s t r i b u t o r  p l a t e  t o  encourage even f low o f  
a i r  through the  d i s t r i b u t o r  p la te ,  

o a blower t o  f o r c e  combustion a i r  through the  bed a t  a r a t e  t h a t  
w i n u l t  i n  f l u i d i z a t i o n ,  

o a bed 'of i n e r t  p a r t i c l e s  t o  be f l u i d i z e d  by the combustion a i r ,  . 

o  a r e a c t o r  shel 1' t o  conf ine  the  process, 

o a feed mechanism, normal ly  located a t  the  top o f  the shel I ,  t o  
in t roduce fue l  t o  the  system, 



o an i g n i t i o n  burner, loca ted  ,somewhere below the  bed f o r  s ta r tup ,  : .  

' , $  . .  
o a $ a r t i c u l a t e  c o l  l e c t i o n  system. 

F inding a s a t i s f a c t o r y  bed ma te r ia l  was a major  obs tac le  i n  the  development 

o f  f l u i d i z e d  bed combustors. The ma te r ia l  must be non-react ive w i t h  ash 

and oxygen a t  temperatures up t o  2,000" F. Sand has been found t o  s lag i n  

combination w i t h  ash a t  such temperatures. Another problem r e s u l t s  ' froh 
f ines  being complete ly  blown from the  system by h igh  gas v e l o c i t i e s .  Th is  

l oss  o f  f i n e s  i s  c a l l e d  e l u t r i a t i o n ' .  Since the p a r t i c l e s  are  c o n s t a n t l y .  , 

impact ing one another, a t t r i t i o n  may r e s u l t  i n  the  fo rmat ion  o f  new f i n e s  

which i n  . t u r n  are e l u t r i a t e d ,  r e s u l t i n g  i n  a steady d im inu t i on  o f  bed 
. . 

m a t e r i a l .  The idea l  bed ma te r ia l  should, there fore ,  be r e s i s t a n t .  t o  

abrasion and thermal f r a c t u r e  such as a r e f r a c t o r y  sand which meets both 

requirements o f  chemical iner tness  and abrasion res i s tance .  

F l u i d i z a t i o n  i s  a system t h a t  i s  i d e a l l y  su i t ed  f o r  combustion o f  ~ o o d  

wastes, p a r t i c u l a r l y  where steam requirements a re  n o t  too  great .  Most o f  

the  u n i t s  i n  product ion range, from 5,000 t o  80,000 pounds o f  steam p@r' 

.hour. F igure  18-3 shows a diagram o f  a f l u i d i z e d  bed burner  t h a t  i s  i n  use. , 

and uses l o g  f u e l  t o  produce usefu l  energy. 

F l u i d i z e d  bed burners a re  designed t o  burn hog f u e l  , w i t h o u t  f i n e  g r i l i d i ng  i 

o r  d ry ing .  The fue l  i s  complete ly  consumed i n  the r e f r a c t o r y  bed and t h e  : 

I 

h o t  e x i t  gases can be used d i r e c t l y  o r  i n d i r e c t l y .  Recent experiments 

fol lowed by several p roduct ion  u n i t s  prove t h a t  wood w i t h  a water content  

as h igh  as 63 percent  can be burned i n  a f l u i d i z e d  bed and a1 so a i r  qua1 i t y  

requirements can be met. 

Microogani sms 

Fran the beginning of h i s  h i s t o r y ,  man has learned how t o  use micro- '  
, 

organisms f o r  h i s  bene f i t .  Today 'many. microoganisms, considered by som'e . , 

j u s t  as undesi rable germs and u s u a l l y  associated w i t h  spoi lage o f  food, 

smelly r o t t e n  matter,  o r  w i t h  var ious  diseases, p lay  an important.  r o l e  i n  

modern-day 1 i v i n g .  They b e n e f i t  mankind dn hundreds o f  ways--they conver t  
. . 

. . 

1'8- 1 7 
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l e s s  des i rab le  raw m a t e r i a l s  i n t o  h i g h l y  des i rab le  products such as bread, 

bu t te r ,  coffee, wine, beer, enzymes, a n t i b i o t i c s ,  j u s t  t o  name a few--'sonic 

can t u r n  s ta rch  i n t o  sugar, sugar i n t o  wine, wine i n t o  vinegar, v inegar 

i n t o  water and carbon d iox ide,  and o thers  s u g a r . i n t o  s tarch;  they even make 

l i f e  poss ib le  on earth. O f  s p e c i f i c  i n t e r e s t  t o  Alaska i s  the u t i l i z a ' t i o n  

o f  the  wood sugar wastes a t  t he  Louis iana P a c i f i c  Paper and Pulp p l a n t '  i n  

Ketchikan f o r  t he  fo rmat ion  o f  p r o t e i n  which can be used as animal o r  human 

food. 

D r .  A. W .  Anderson o f  the Department o f  Mic rob io logy  a t  Oregon S ta te  

U n i v e r s i t y  i n  Corval.1 i s ,  Oregon v i s i t e d  t h e  Ketch i  kan f a c i l  i ty and f o l  lowed 

up w i t h  a t r i p  t o  Russia and Fin land.  Excerpts' o f  h i s  t r i p  r e p o r t  

(Anderson, 1977) a r e  given below: 

The next  morning, Dr. Forss met me and took me out  t o  the F inn i sh  
Pulp and Paper Research I n s t i t u t e .  I was e s p e c i a l l y  i n t e r e s t e d  i n  a 
new process t h a t  D r .  Forss had developed a t  the I n s t i t u t e  known as 
the  P e k i l o  Process. The i n i t i a l  i n v e s t i g a t i o n s  were sponsored by a 
F i n n i s h  i n d u s t r i a l  group and a F i n n i s h  hammermill group. The 
research was c a r r i e d  ou t  a t  the F inn i sh  Pulp and Paper Research 
I n s t i t u t e ,  w i t h  the main o b j e c t i v e  t o  f i n d  a compet i t i ve  method f o r  
the product ion o f  p r o t e i n  f r a n  carbohydrate-conta in ing so l  utio'ns. 
Th i s  work resu l ted  i n  the development o f  the  P e k i l o  Process, where 
micro- fungi  are con t i nous l y  c u l t i v a t e d  i n  a submerged c u l t u r e .  In ,  
1963, research work t o  produce p r o t e i n  begin a t  the  F inn i sh  Pulp and 
Paper Research I n s t i t u t e  by a working group headed by  Dr. Kaj Forss. 
It was soon discovered t h a t  extensive cooperat ion was necessary due. 
t o  the s i z e  o f  the  p ro jec t .  A development group was formed f o r  
s tudy ing  SCP from s u l f i d e  l i q u o r .  The r e s u l t s  o f  the development 
work i s  a method based on ' the  c u l t i v a t i o n  o f  mic ro fung i  i n  spent 
l i q u o r  o f  a s u l f i d e  pu lp ing  operat ion.  About one t h i r d  o f  the  
d isso lved organic ma te r i a l  o f  s u l f i d e  l i q u o r  i s  made up of 
monosaccharide, polysaccharide, carbohydrate de r i va t i ves ,  and ace t i c ,  
ac id;  most o f  them u t i l i z a b l e  i n  t h e  P e k i l o  Process. According t o  
t h e i r  l abo ra to ry  tes ts ,  t h i s  process can a l so  be u t i l i z e d  i n  waste 
1 iquor  from sugar, po ta to  i n d u s t r i e s ,  pressboard i n d u s t r i e s  and o t h e r  
waste manufactur ing processes c h a r a c t e r i s t i c  o f  the many i n d u s t r i e s  
of the Northwest. The mic ro fung i  r e s u l t i n g  f r u n  the fe rmenta t ion  
process cons iderab ly  l ess  expensive than the  usual process us ing  
Candida u t i l i s .  The s u l f i d e  pulp m i l l ,  based on ac id  and ca lc ium 
b i s u l f a t e  and has an annual p roduct ion  o f  100,000 tons, can produce 
approximately 10,000 t o  15,000 tons o f  P e k i l o  P r o t e i n  a year. The 
P e k i l o  Process i s  i n s t a l  l e d  between the  cooking department and the  
evaporat ion p l a n t  o f  the pulp m i l l ,  The method reduces the e f f l u e n t  
load i n  a pu lp  m i l l  w i t h  e x i s t i n g  recovery o f  some l i q u o r ,  as the 
fung i  u t i l  i zes t he  organic ac ids  which are  otherwise discharged 
together  the  evaporator  condensates. 



The process i s  a closed system w i t h  a1 1 t h e  water recycled r e s u l t i n g  
i n  no p o l l u t i o n ,  thus i t  con t r i bu tes  maximum p ro tec t i on  o f  environ- 
ment. This was my main reason f o r  v i s i t i n g  the  p lant ,  t o  observe a !  . . 

process which appears t o  have p o s s i b i l  i t i e s  i n  the  Northwest. 
a .  

, . .  

Before major a p p l i c a t i o n  can be 'made of t h e  P e k i l o  Process, o r  any s i m i l a r  
. . 

process, i t  i s  necessary t o  complete t e s t s  requ i red  by the  Federal Food and 
Drug Admin is t ra t i on  t o  assure sa fe ty  f o r  humans and animals. 

For  home use the re  i s  considerable i n t e r e s t  i n  Alaska i n  stoves. The 

Alas a Northwest Pub1 i s h i n g  Company r e c e n t l y  publ ished (1977) a book 

WoodStoves: How toMake andUseThem by Ole Wik. Th is  book cb;ers 

design, e f f i c i e n c y ,  safety,  and even the  pe rsona l i t y  o f  wood stoves and 

g i ves  a l i s t  o f  manufacturers o f  wood stoves and. r e l a t e d  equipment. 

. . Mobi i  e Gas Producers 

The u t i l i z a t i o n  o f  wood to '  su.pply the  energy t o  propel autos and t r a c t o r s  

has been o f  i n t e r e s t  . in Alaska. Therefore, in format ion  was obtained f r a n  

t h e  Volvo Car Market ing D i v i s i o n  i n  Sweden. A photo o f  the u n i t  and 

techn ica l  i n fo rma t ion  are  presented i n  Appendix 18. Note t h a t  t h e  

manufacturer s ta tes  t h a t  " t h e  \lo1 vo program f o r .  these [wood] gas producers . 

i s  intended f o r  per iods o f  c r i s i s ,  e.g. an energy c r i s i s ,  and i s  n o t  

compe t i t i ve  under o the r  circumstances." . . .... . 

APPL ICABILITY TO ALASKA 

Na t i ve  and e a r l y  'Alaskans were o f t e n  dependent on wood . f o r  f ue l  , shel.ter, 

and too ls ,  as are  many o f  those who. main ta in  subsistence l i f e s t y l e s  today. 

Wi th  the  d iscovery of gold, thousands of cords of wood were cu t  t o  fue l  

steamers and t o  thaw gold-bearing gravels. The set t lement  and development 
. . 

o f  t he  I n t e r i o r  depended h e a v i l y  upon f o r e s t  resources up u n t i l  World War 

I 1  (Braathe, 1977). . , 



Sixteen percent  o f  the f o r e s t  lands of the Uni ted Sta tes  a re  loca ted i n  

Alaska. O f  these 119 m i l l i o n  acres, 28.2 m i l l i o n  acres are  c ~ n s i & , ~ ~ d  

commercial, i .e., capable o f  a minimum annual p roduct ion  o f  20 cubicl,,.feet 

o f  i n d u s t r i a l  wood per  acre (Hutchison, 1967). . While the p o t e n t i a l  

sustained annual t imber y i e l d  o f  I n t e r i o r  Alaska i s  est imated t o  be 'abbut 

360 m i l l i o n  cubic f e e t  on a 100-year r o t a t i o n  bas is  (Braathe, 1977) ,'much 

o f  the . f o r e s t  land w i l l  be con t ro l  l e d  by the  Nat ive  corpora t ions  (Brady., 
. -. 

1978). Although Nat ives have long made use o f  f o r e s t  products, l a r g e  sca le  

e x p l o i t a t i o n s  of f o r e s t  resources may conf  1 i c t  w i  t h  t h e i r  soc ia l  and 

re1  i g ious  views (.Nelson, 1977). 

A1 though much of t h i s  resource i s  loca ted  i n  remote areas t h a t  make l ogg ing  
. . 

uneconomic, t he  f o r e s t  i n d u s t r i e s  a re  s t  ill very important  t o  Alas.ka.,. 
. . 

e s p e c i a l l y  i n  the  Southeast. The S t a t e ' s  pu lp  and paper i n d u s t r y  i s ' a b l e  

t o  absorb a l a r g e  p o r t i o n  o f  the wood res idue generated. L o u i s i a n a  i c  

Corporat ion i n  Ketchikan generates power from i t s  own wood residues and 

a l so  those f rom Ketchi  kan Spruce and Annette Hemlock. I n  Wrangell, Al'aska 

Lumber and Pulp and Alaska Wood Products, Inc .  (Wrangel 1 Lumber Company and . . 

Alaska Wood Products) use t h e i r  res idues f o r  power generat ion. Alaska Wood 

Products se l l ' s  excess e l e c t r i c i t y  t o  t he  town o f  Wrangell .' 

Estimated logg ing  res idue i n  1970 i n  coas ta l  Alaska was, 39 m i l l i o n  cubic 

f e e t  from growing stock and 27 m i l l i o n  cubic f e e t  from othe r  sourcesl 

These f i g u r e s  do n o t  imply t h a t  a l l  o f  t he  m a t e r i a l s  were. a v a i l a b l e  a t ,  a 

reasonable p r i c e .  Unused pr imary manufactur ing resid.ue (exc lud ing  bark)  

f o r  the  same pe r iod  was est imated t o  be 8 m i l i i o n  cubic f e e t  (Granthi&, 

1974) (Table 18-5). 

An important  source o f  wood res idue i s  t h a t  .which washes up on the  coasta l  

shores o f ,  Alaska. While much o f  t h i s  occurs n a t u r a l l y ,  logs  l o s t  du r ing  

r i v e r  t r a n s p o r t a t i o n  a re  a l so  ,a major c o n t r i b u t o r .  It has been est imated 

t h a t ,  as much as 200 m i l l i o n  board f e e t  may be a v a i l a b l e  i n  Southeast 

Alaska. The quest ion o f  lega l  ownership of some o f  the  logs  i s  one o f '  the  

b a r r i e r s  p revent ing  ' e x p l o i t a t i o n  o f  t h i s  wood residue. 



TABLE 18-5 I 

. - 
ESTIMATED LOGGING RESIDUE AND FOREST PRODUCTS MANUFACTURING 

RESIDUE I N  THE UNITED STATES, 1970 
.. . .I' -L. - 

Unused ' Primary 
Logging Residue Manufacturing Residue Unused 

From From Wood Bark Secondary 
Growing Other Manufacturing 

Reg i on Stock Sources Residue 

(M i l  1 ions o f  Cubic Feet*) 

Coastal A1 as ka .39 27 - . 8 -- - - . . . . 
Douglas- f i r  Subregion 347 247 133 -- - - 
Ponderosa p ine 

subregion 34 45 46 -- - - 
- .  Ca1,ifornia and 
CO ' 

I Hawai i 106 268 152 -- - - 
N 

- 
N 

Pac i f i c  Coast Subtotal 526 587 339 21 3 . 30 

Northern Rocky 
Mountain 

Southern Rocky 
Mountain 

South 
North 

TOTAL U. S. 

3 * To convert t o  bone-dry tons, assume an. a era e weight  o f  30 l b / f t  and m u l t i p l y  the above- . . . . 
. . f igures by 0.015; e.g., 1,595 m i l l i o n  ftY = 923.9 m i l l i o n A  tons. - .  . - 

Source: John B...Grantham .and Thomas H.,.. E l  1 is-,,. "Potent ia l  s o f  Wood f o r  Producing Energy," 
. . .. .. . . 

.# .- . . . Journ'al o f  Forestry, September', '1974, p. 554 . ,. . - ' .  ?.. , . '-a,-. ; . r  . .* -. - 



A l a rge  quan t i t y  o f  wood t h a t  has fa1 l e n  n a t u r a l l y  i n t o  the waters o f  the 

Yukon and Kuskokwim Rivers i s  c a r r i e d  out  t o  sea.. A l a r g e r  p o r t i o n .  o f  

these logs  was once used .by those l i v i n g  along the  r i v e r  f o r  subsist,ence . . 

needs. The d e c l i n i n g  use o f  wood by the   region,'^ . res idents  i s  perhaps: due 

i n  p a r t  t o  a  b e l i e f  t h a t  fuel o i l  i s  a  more modern source o f  energy  had^, 
1978). I n  cont ras t ,  expensive new homes even i n  the  c i t i e s  are almost.  sure 

t o  have a  wood-burning f i rep lace.  Proper ly  managed use o f  f o r e s t  resources .. ,. 

can provide a  renewable s u b s t i t u t e  f o r  a  p a r t  o f  the f o s s i l  fuels .now being 
consumed .' 

John Galea of the  U.S. Fores t  Serv ice has suggested the  increased use o f  

wood for  fuel i n  the  Alaskan bush. Most r u r a l  communities use expensive. 

d iese l  f ue l  even when they l i v ,e  i n  fo res ted areas. A p i l o t  p r o j e c t  could 

subsid ize the conversion t o  wood and cover any costs over normal d iese l  

expenses. Residents could gather and process the wood, p rov id ing  l oca l  

empl oiment and g rea te r  con t ro l  over fue l  suppl i e s  (Galea, 1978). 

However, l a r g e  scale use o f  wood f o r  energy may n o t  be p r a c t i c a l  . . Richard 

S e i f e r t  est imates t h a t  an annual t imber harves t  o f  about 16,000 acres '  would 

be requ i red  t o  m e t  on ly  one-ha1 f o f  the  home heat ing '  requirements o f  the 

Fairbanks ' ~ o r t h  Star  Borough's present popu la t ion  o f  42,000 c i v i l  ians. 

High grade t imber covers approxima'tely 800,000 acres o f  the  Borough, b u t  i t  

i s  doubt fu l  t h a t  such, a  h'igh y i e l d  cou ld  be sustained ( S e i f e r t ,  1977)'. 

. . 
A c u r r e n t  example o f  the  wood res idue problem i s  seen i n  the  De l ta  area 

. .  . 

southeast o f  Fairbanks. The Sta te  has agreed t o  c l e a r  50,000 acres o f  ,iarid' ' . 

r e c e n t l y  so ld  f o r  a g r i c u l t u r a l  purposes. I t  i s  est imated t h a t  a  minimum of ,  

1.5 m i l l i o n  board f e e t  o f  t rees  and stems as we l l  as an a d d i t i o n a l  10 ton; 

pe r  acre o f  non-sawable organic mater ia l  cou ld  be recovered. Removal o f  

t h i s  mater ia l  would take w i t h  i t  about $180 t o  $300 worth o f  n u t r i e n t s  per  
acre. But even igno r ing  t h i s  cost,  t h i s  f a l l ' s  2000-acre t e s t  suggests 

t h a t  the  res idue w i l l  s imply be burned due t o  h igh  removal cos ts  (Linn, 



S i m i l a r l y ,  logs  a r e  being burned on Unalaska I s l a n d  a f t e r  c l e a r i n g  ' r i v e r  
> ' 

channels of l o g  jams. F l o a t i n g  from Southeastern Alaska and Canada,' t h e  
' 

logs  c log  the  r i v e r s  of the  Alaska Peninsula and b lock  the  m ig ra t i on  o f  

salmon. The S t a t e  D i v i s i o n  o f  F i she r ies  R e h a b i l i t a t i o n ,  Enhancement, and 

Development f e e l s  i t  w i l l  r e q u i r e  a t  l e a s t  f o u r  years t o  canplete the 

c l e a r i n g  p r o j e c t  ("Streams Cleared f o r  M i g r a t i n g  Salmon ," 1978). 

' 5 

Table 18-6 l i s t s  some o f  the  p o t e n t i a l  wood res idue sources i n  the State.  

ENVIRONMENTAL ISSUES 

LOGGING RESIDUE 

Viewed immediately a f t e r  l o g g i  ng , residues a re  ' t he  l e f t o v e r - - t h a t  ma te r i a l  

w i thou t  enough commercial value t o  j u s t i f y  i t s  removal. Th is  mater ia l  i s '  

organic and can have a profound e f f e c t  on the  ecosystein. B r i e f  
. t 

desc r ip t i ons  o f  t he  most important  environmental issues fd l l ow .  
i. 

\; 
-1 
C - .  

3 " 

A major  concern i s  t h a t  o f .  f i r e  con t ro l  . Substant ia l  resource losses each 

year  r e s u l t  . f r a n  w i l d f i r e s  . i n  commercial t imber  stands. Logging res idues 

have a dual e f f e c t  when f i r e  i s  a cons idera t ion .  F i r s t l y ;  the  dead, d r y  

wood c reates  a ma,jor f i r e ,  hazard, s p i a l y  i f  the re  a re  huntcrs OP 

campers i n  the  area. Secondly, suppression o f  w i l d f i r e s  can be aggravated 

by accumulations o f  s lash  i n  the  f i r e  area. 

Another cons ide ra t i on  i n  t he  accumul a t i o n  of l ogg ing  res idues i s  i t s  e f f e c t .  

on s o i l  composit ion. Removing the  canopy i n  an old-growth f o r e s t  al.lows 

increased s o l a r  r a d i a t i o n  t o  penet ra te  and warm the  s o i l .  The r e s u l t  i s  a .  
p r o l i f e r a t i o n  o f  r a p i d l y  gpowing forbs, shrubs and t r e e  seedl ings. I n  

add i t i on ,  the  increased s o l a r  pene t ra t i on  w i l l  ,cause the res idue t o  

decompose a t  a f a s t e r  r a t e  . leading t o  a temporary r i s e  i n  s o i l  n u t r i e n t s ,  

p a r t i c u l a r l y  n i t rogen.  ~ o g g i n g  f u r t h e r  a f f e c t s  t h e  s o i l  by canpact ing o r  

mix ing  the  d u f f  (o rgan ic  humus). This  has . t he  . e f f e c t  of a l t e r i n g  t h e  

supply o f  a v a i l a b l e  p l a n t  n u t r i e n t s  wh ich .  i n  t u r n  a f f e c t s  s o i l .  

p r o d u c t i v i t y .  , Compaction w i l l  a1 so decrease the  s u r v i v a l  o f  germinating: 

vege ta t i ve  seeds. 



. (. . 
UOOO RESIDUE - POTENTIAL SOURCE LOCATIONS 

Vegetati ve Types 
Land Ownershie Pro ject  Name Acreage And Sizes Operator 

SOA 

. Carments 

Varying quanti t i e s  o f  biomass 
per acre ai-e avai lab le w i th  a 
minimum o f  a m i l l i o n  and a h a l f  
board feet; 10 tons per acre 
o f  brush stems and 20-25 tons 
per acre i n  vegetative matter. 
Future c lear ing potent ia l  o f  
30-75.000 acres wi 11 be avai l- 
able as agr i cu l tu ra l  a c t i v i t y  
permits. Debris must be re- 
moved o r  burned t o  al low f o r  

. fanning. 

SOA Agr icu l tura l  Delta Barley 2.00 - (kt '78 Mostly Jack Spruce 
leases Clearing 58,000 - Spring '79 estimated 200 acres 

are economically 
salable 

Perenosa Timber 
Sale (Afognak 
Island) 

Sf tka Spruce. 
23" average 
OBH 

Kodiak Lumber m i l l s  

USG Chugach 
National Forest 

Rocky Top 
(Esther Passage 
Prince Wil l iam 
Sound -- Seward 
D-3) 

Spruce and 
Hemlock; 
20" DBH 

Two Brothers Llrmber . 
Caopany 

US6 Chu ach 
~at iona!  Forest 

Esther Bay 
(Near Esther Passage) 

Spruce and 
Hemlock. 23" 
average DBH 

Two Brothers Lunber 
Crmpany 

,USG Chugach 
National Forest 

Hanning Bay 12 
(l?ntague Is land 
Prince H i  1 l iam Sound) 

Spruce and Hemlock, 
26" average DBH 

Kenai Lunber 

US6 Chugach 
National Forest 

Sinkhole ( 1  112) 
miles north o f  3ear 
Lake) 

Spruce and 
Hemlock, 21" 
averag?? DBH 

Kenai Lumber 

USG Chu ath 
Natibnag Forest 

La Touche 
(La Touche Islaad) 

Spruce and Hemlock 
22" DBH 

Kenai Lumber 

USG Chugach . 
National Forest 

Macleod Harbor 
(Montague Island) 

Spruce 6 Hemlock. 
24" DBH 

Kenai Lumber 

Yestside (kn tayue  
Is land)  

USG Chugach 
National Forest 

Spruce 6 Hemlock 
24" DBH 

Southcentral 
Timber Developnent 

USG Chugach 
National Forest 

Moose Range ProJect 21.699 
(304 Oct '78) 

Yhi t e  Spruce , 

Paper Birch 
U.S. Forest Service From 1978 - 1988 the U.S. Forest 

Service w i l l  systematical ly burn 
21.699 acres t o  provide bet ter  
pastures f o r  moose; see s m r y  
o f  annual prescribed burn acres 
and cost (Table 18-7) and prescribed 
burnsite acres by area (Table 18-8). 

U.S. Fish 6 The U.S. Dept. o f  Fish and Wild- 
W i l d l i f e  l i f e  . i n i t i a t e d  a prograa t o  

burn o f f  3.000 acres &year to 
- .  create moose browse range. I n  - 

addl t ion, l 'n 1978 F i  sh and Gasle .; . . 
. . issued 368 cu t t ing  penni ts f o r  - . 

cabin logs and firewood. 

USG Federal 
Game Preserve 

Moose Range 
(Kenal) 

Semi - C l  imax mature 
Spruce, Aspen, B i  rch 
and some Cottonwood . . .  

. :  
. . 

. . .. . . . 

I n f o w a t l o n  not ' Residues avai lab le include log- 
received by date ging residue, th inning waste, and 
o f  publ icat ion waverick. logs and unmerchantable 

material on beaches. 

USG Tongass Info,nnntion not 
recei ved by d a p  , ' ' . 
o f  publ tcat ion 

55.653 acres  cut^ 
: 1974-1977, 

Hemlock, Spruce 6 Alder 



TABLE 18-6 ( tont . )  
. . 

WOOD RESIDUE - PMENTIAL SOURCE LOCP.TIOHS 

. . Vegetative Types 
Land Ownership Pro ject  Name Acreage And Sizes .Operator Cannents 

State o f  Alaska Tal keetna 5,000 Cottonwood Kenai Lbr. Co. . 

State o f  Alaska Cape ~ a k a t i g a  13.7ob' Spruce, 'Hemlock SC Tiinber 

State o f  Alaska 

State o f  Alaska 

State o f  Alaska 

State o f  klaska 

State o f  Alaska 

State o f  Alaska 

State o f  Alaska 

State o f  Alaska 

State o f  Alaska 

State o f  Alaska 

.. State o f  Alaska 

State o f  Alaska 

State o f  Alaska 

State o f  Alaska 

State o f  Alaska 

State o f  Alaska . 

State o f  Alaska ' 

State o f  Alaska 

State o f  Alaska 

State o f  Alaska 

State o f  Alaska 

State o f  Alaska 

State of Alaska 

State 'of Alaska 

State o f  Alaska 

State o f  Alaska , 

State o f  Alaska . 

Tyonek 210.000 

Sward 122 

Nln i l ch ik  , 40 . 

Kenai ,200 

N ln f l ch lk  . 60 

N in i l ch l k  00 

N l n i l c h i k  

Homer 

Anchor Point  

Anchor Point  

Tal keetna 

Tal keetna 

Sward  

Fai rbanks 

Fairbanks 

Fat rbanks 

Dei ta  

Fai rbanks 

Tok 

Fairbanks 

Fairbanks 

Fairbanks 

Delta 

Fairbanks 

Fairbanks 

Tok - . .  

Yakatat 

Spruce. Hardwoods 

Spruce. Hemlock 

Spruce 

Spruce, Hardwoods 

Spruce 

Spru ce 

Spruce 

Spruce 

Spruce 

Spruce 

C o t t o m o d  

Spruce 

Spruce 

Spruce 

Spruce, Hardwood 

. Spruce 

..' ~ p r u c i  

Spruce 

Spruce 

Spruce 

Spruce 

Spruce 

Spruce ' 

Spruce 

Spruce 

Spruce. Hemlock 

Kodiak Lhr. M i l l s  

Kenal Lbr. to. 

Kenal Samnil 1 

Kenal Samnill 

Kenai S a a i  11 

Anchor Fcrest Pdct 

Doug Gamma 

Tan .Sinncns 

Brothers Enterprises 

Kenai Sauni l l  .-. 

Paul IkLzughl in  

Raymond Erandel 

Delmar Bnanson 

O.K. Lbr. Co. 

Northlanc Wood Products 

Olson Lbr. to. 

Dry Creel Enterprises 

Northland M o d  Products 

Anchor F o m t  Pdt . 
Four Star Lbr. Co. 

Jerry  Gus taf son 

Leroy Holland 

Dry Creep Enterpr'ses 

Northwood Products 

Four Stan Lbr. Co. 

George Pine . . 



TABLE 18-7 

SUMMARY OF ANNUAL PRESCRIBED BURN ACRES AND COST 

Y ea-r - 
1977 
1978 
1979 
1980 
1981 

. 1982 
1983 
1984 
1985 
1986 

TOTALS 

No. 
S i t e s  - Acres Cost $ 

TABLE 18-8 

PRESCRIBED BURN SI,TE ACRES BY AREA 
8 %  

Highest  
Area - - Acres P r i o r i t i e s  

Canyon C r .  918 
Chickaloon R. 2136 5 
Cooper-Kena i L . 21 35 4 
Cooper C r .  41 0 
E. Fork C r .  2364 8 
Grant L. 659 
Ind ian  Creek 430 
Juneau C r .  2800 1 

2 73 3 Kenai R. 
Ptarmigan L. 247 
Quar tz  C r .  2982 2 
Resurrect ion C r .  3067 6 
S ix  M i l e  C r .  874 
T r a i l  R. 471 7 
T r a i l  C r .  1743 

Source: USDA Fores t  Service. Environmental Statement, Chugach Moose- 
F i r e  Management Program, 1978. / 



Insec t ,  and disease management i s  a1 so a  ma t te r  o f  considerat ion.  ~ o g g i n ~  
operat ions usua l l y  do n o t  i nc lude  t rees  which are  diseased o r  i n fes ted  Mtti 

insec ts .  As a  r e s u l t ,  res idue has a  tendency t o  become a  breeding ground; 

i n  ~ l & k a  t h i s  i s  e s p e c i a l l y  t r u e  o f  t h e  S i t k a  spruce bee t le  (Dendroctonus 

obesos) . 

Logging res idue can a1 so have a  profound e f fec t  on w i l d l i f e  management. 
1 

With d e s t r u c t i o n  of . the old-growth forest ,  there  i s  a  change i n  t h e  
. . 

underbrush e c o s y s t h .  I f  there  are  no standing trees, many species o f  I 

b i r d s  w i l l  n o t  nes t  i n  t h e  area. I f  s o i l  eros ion i s  a  poss ib le  fac to r ,  

smal le r  chunks of res idue such as bark, wood chips, twigs and needles, can 
damage f i s h  h a b i t a t s  i n  spawning and rea r ing  streams. Larger  accumulations . , 

f r a n  logg ing res idue can choke streams ' and h inder  o r  even b lock the .. , 

< .  
. ., 

m ig ra t i on  o f  f i s h .  . . 

. . 

Yet  another canponent o f  logg ing res idues i s  i t s  e f f e c t  on es thet ics . '  

Although p u b l i c  reac t ions  t o  t imber harves t ing  usua l l y  focuses more on the  I 

' l o s s  o f  t he  cover than on logg ing debr is ,  t he  presence o f  l a rge  amounts o f  

logg ing debr i s  ( s lash )  i s  cons idered by many people a s  evidence o f  f o r e s t  

devasta t ion  and a  waste o f  wood f i b e r .  Fishermen as we l l  as campers 

complain o f  streams made murky by logg ing operat ions and concomitant i 
I 

dumping of s lash coupled w i t h  s o i l  eros ion.  With the  increased 

rec rea t iona l  use o f  t he  fo res t ,  d i s t a n t  views o f  denuded h i l l s i d e s  l i t t e r e d  , 

1 

w i t h  s lash  c reate  a  poor p u b l i c  image. I 

The environmental issues* i n v o l  ved i n  t h e  proper d i s p o s i t i o n  o f  1  ogging 

res idue  have y e t  t o  be resolved. A c u r r e n t  proposal i s  t o  drag o f f  the 

res idue f o r  use i n  energy r e l a t e d  enter.prises. Slash could be burned i n  

p lace  o f  o i l  o r  na tura l  gas f o r  t he  generat inn of power. Large scale 

market ing o f  smal l e i  diameter 1  imbs and diseased t runks f o r  hbme f i r e p l a c e s  

cou ld  be i n i t i a t e d .  Even the  chipping wastes could be. c o l l k c t e d  f o r  sale 

as an e s t h e t i c  ground cover f o r  yards and gardens. ~ n e v i t a b l y  t h e  problem 

o f  logg ing d e b r i s  must be resolved, . if n o t  1" the  i n t e r e s t  of 'ecology, then 

i n  recogn i t i on  o f  t he  importance o f  energy conservat ion. 
: 



PRIMARY MILL RESIDUE 

As i s  the case w i t h  logging residue, environmental problems r e s u l t i n g  +ran 

m i l l  res idue are  recognized, bu t  have gone unmonitored i n  the past. Most 

m i l l s  used teepee burners t o  dispose o f  wood residues u n t i l  s t r i c t e r  

environmental c o n t r o l s  came i n t o  e f f e c t .  While teepee burners are n o t  

e x p l i c i t l y  p roh ib i ted ,  they are unable t o  meet ' p a r t i c u l a t e  emission 

standards and a re  the re fo re  e f f e c t i v e l y  precluded (Sturdevant 1979),. 

I n  1972, when the  s t r i c t e r  standards went i n t o  e f f e c t ,  those f i rms  

operat ing the approximately one dozen teepee burners were obl iged t o  apply 
5 .  

f o r  a var iance t o  continue. The g ran t ing  o f  the  var iance was dependent 

upon the submission o f  an a l t e r n a t i v e  p lan  f o r  res idue d isposal .  

A1 t e r n a t i v e s  have included sale t o  o the r  f i rms  able t o  u t i l  i z e  the  

residues, land o r  i n t e r t i d a l  f i l l s ,  reduct ion  o f  residue, and power 

product ion.  There are  c u r r e n t l y  no teepee burners operat ing i n  the  State. 

A m i l l  i n  Seldovia has a variance a1 lowing the use o f  a teepee burner u n t i l  

fa1 1 , 1980, b u t  i t  has a1 ready e l  iminated i t s  res idue by expor t ing  logs  i n  

the round r a t h e r  than cants (Hanna, 1980). 
. .  . 

F i l l i n g  w i t h  res idue has a p o t e n t i a l l y  damaging impact on f r e s h  water o r  

poor ly  f l u s h i n g  i n t e r t i d a l  zones. L ignins,  t an ins  and t o x i c  leachates a& 

released from the  wood and the  COD (chemical-oxygen demand) i s  high. Also, 

decmpos i t i on i s  sotnet imes accmpanc i e d  by a f o u l  odor (Sturdevant 1979;). 

Wood res idue discharges by Alaska Wood Products and Alaska Lumber and Pul'p 

Company i n  Wrangle and by Louis iana P a c i f i c  Corporat ion i n  Ketch i  kan have 

been permi t ted i n t o  i n t e r t i d a l  zones. These discharges however, have on ly  

been a1 1 owed on a temporary basis u n t i l  more envi ronmental ly  acceptable 

f a c i l i t i e s  could be pu t  i n  place. I n  bo th  cases a d i ke  was required and 

a lso a cap t o  cover the  completed f i l l .  The Wrangell s i t e ,  which i s  s t i l l  

being f i l  led,  w i l l  prov ide a surface area f o r  mater ia l  which would have 

been handled i n  the  water otherwise (Lamureaux, 1979). 



The Alaska Department o f  Environmental . Conserva . .  t i o n  (DEC) inspects m i l  1 s a t  

l e a s t  annual ly.  More f requent  morii t o r i n g -  i s  conducted ' if' there  have been 

problems w i  t h  compl i a n i e  t o  standards o r  approved modi f i c a t i o n  schedules 

r e q u i r e  it. While c i t a t i o n s  have been issued and operat ions a t  one m i l l  

were'even suspended, env i  rormental qual i t y  has been improved substant ia l  ly. 
. . 

DEC has a c t i v e l y  encouraged the use o f  res idue f o r  power, p r o v i d i n g  ,. , 

economic and techn ica l  assis tance i n  some cases. Although there are.  . ,  .. 

emissions from these b o i l e r  systems, t h e i r  o v e r a l l  impact has been 

b e n e f i c i a l .  As described above, t h e  impact o f  both teepee burning and land 

f ill i n g  has sometimes been s i g n i f i c a n t .  E l e c t r i c a l  generat ion f r a n  wood 

res idue has no t  on l y  diminished environmental impact, bu t  a l so  helped t o  

supp'ly both p lan ts  and communities w i t h  power. L j  

A1 so, i t  i s  noteworthy t h a t  a number o f  households have r e c e n t l y  c'onverted 

t o  wood f o r  space heating. I n  t h e  Juneau area, where perhaps 30 'percent 

now burn wood, there  .has been a v i s i b l e  d e t e r i o r a t i o n  i n  a i r  q u a l i t y .  

~ h i l i  a i r  q u a l i t y  standards are f o r  p a r t i c u l a t e s  n o t  being v io la ted ,  the  
- . .  

d i f f e r e n c e  i s  measurable ( ~ a n n a ,  1980). 

I 

RECOMMENDATIONS :: . , . , . . 

I . . 

( 1 )  Determine the  quan t i t y ,  qual i ty, and . l o c a t i o n  o f  wood resources. and, 
res idues i n  Alaska. Special a t t e n t i o n  should be g iven t o  an assess,-. 

ment o f  the a v a i l a b i l i t y  o f  wood energy t o  r u r a l  communities. 

. . ., 

( 2 )  Encourage t h e  u t i l i z a t i o n  o f  d r i f twood  along the  coast  and r i v e r s . :  

. . 

( 3 )  $Begin a p i l o t  p r o j e c t  i n  several communities along the Yukon R ive r  t o  

conver t  re; ideqts  from imported fue l  o i l  t o  d r i f twood  suppl i e d  . by 

. loca l  labor .  



( 4 )  I n v e s t i g a t e  the  possi b i l  i ty o f  us ing .. microorganisms (Pek i l  a .' type 

process)  t o  c o n v e r t  wood waste sugars t o  use fu l .  prote ins.  Begin e a r l y  

t e s t i n g  o f  product safety t o  m e t  ~ e d e r a l  Food and Drug Admin is t ra t ion  
. . 

standards. 

(5 )  Develop a prototype f l u i d i z e d  bed burner f o r  small v i l l a g e  and. 
8 . '  

househol d use. 
.. . ,, ' : 

SUMMARY 

While wood residues o f t e n  present a s i t u a t i o n  c a l l i n g  f o r  c o s t l y  disposal . . 
. . 

o f  mater ia ls ,  they simultaneously o f f e r  an oppor tun i ty  f o r  more e f f i c i e n t  . . . . 

use o f  our  na tura l  resources. 
, ,  . , . 

The f e a s i  b i l  i ty o f  col l e c t i n g  scat te red res idues and those o f  marginal 

value i s  unstable. , Supply i s  changing w i t h  new logging and processing 
techniques as we l l  as l ega l  and envirorment'al .considerat ions.  Demahd 

cont inues t o  r i s e  as t r a d i t i o n a l  fue l  p r i ces  c l imb and technological  

advances prov ide new products and increased e f f i c i e n c y .  

I n  ,add i t i on  t o  i n d u s t r i a l  uses o f  residues, the  u t i l i z a t i o n  o f  wood i,n 

r u r a l ,  fo res ted areas o f  Alaska t h a t  a re  p resen t l y  dependent on imported 

d iesel  may prove t o  be economical l y  and soc i  a1 l y  advantageous. 
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APPENDIX 18-A 

Figure 18-A-1 

VOLVO MOBILE GAS PRODUCER 

Source: Vol vo, Car Division,  5-405 08 Goteborg , Sweden, Correspondence. 
to  DEPD, Apri 1 5 ,. 1 978. 



Figure  18-A-2 

BASIC DIAGRAM OF A PRODUCER GAS UNIT 

TECHNICAL CONDITIONS 

Fundamental P r i n c i p l e  

I n  order  t o  make producer gas s u i t a b l e  f o r  the  d r i v i n g  o f  an engine a 
producer gas u n i t  i s  required, the  main components of which a r e  a gas 
generator, p r u i f i e r ,  r a d i a t o r  and mixer.  

Producer gas i s  formed i n  the generator. The gas passes f i r s t l y  through 
the  p u r i f i e r  where soot and dust  i s  removed, then through the  r a d i a t o r  
where a drop i n  temperature takes place and l a s t l y  through the  mixer where 

' . t h e  gas i s  mixed w i t h  a s u i t a b l e  volume of a i r  from the a i r  c leaner. The 
as then passes the t h r o t t l e  shu t te r  before being drawn i n t o  the engine. , 

?The s t a r t  fan i s  on l y  used, dur ing v e n t i l a t i o n  of the generator when the 
engine i s  c u t  o f f  and the  stop shu t te r  closed). 



Figure  18-A-3 

INTERNAL PROCESS IN  A GENERATOR USING WOOD CHIPS AS FUEL 

. . . .  . ... . 

E x t r a c t  i o n  o f  producer-gas 

Producer gas i s  formed by the  combustion o f  s o l i d  f ue l  i n  a gas generator.  
The terms "wood gas" and "coal  gas" are a1 so used dependent upon whether 
wood o r  charcoal i s  used as f u e l .  

U i t t e r i n g  frm combustion i n  general,  which takes place w i t h  an excess o f  
a i r ,  producer gas i s  formed w i t h  a shortage o f  a i r  i .e. the  process i s  
equ iva len t  t o  a ca rbu ra t i on  o f  the  f u e l .  The F igure  shows how producer 
gas i s  formed according t o  the p r i n c i p l e  o f  downward combustfon. 

Dry ing and carbon iza t ion .  A i r  i s  fed t o  the  generator through the 
a i r - j e t s ,  i n s i d e  which the  combustion zone i s  formed. Heat from t h i s  
source d r i e s  and carbonizes above wood ch ips  which a re  gradual l y  fed down 
through the  bo t tan  p a r t  o f  the  fue l  jacket .  Much o f  the water found i n .  
t he  wood ch ips  w i l l  be vaporized upwgrds between the  ou ts ide  o f  the fue l  
j c k e t  and the i n s i d e  o f  the fue l  con ta ine r  where condensation takes 
pPace. 





. . . . 

CHAPTER 19 

WASTE HEAT 

Heat a1 ways seeks an equ i l  i brium temperature. U n t i l  i t  , reaches t h a t  

e q u ' i l i  br,ium, i t  i s  capable o f  doing work. Once the  energy has beg! 
. . 

released, the concern becanes how much work can be obtained before. 

e q u i l i b r i u m  i s .  a t ta ined .  . . . . . 
. . 

The machines we use ,are' not., 100 percent  e f f t c i e n t ;  most o f  t he  i n e f f i -  

c ienc ies  o f  .conversion appear i n '  the  Corm o f  'heat.  Thus, any machine 

which does n o t  convert  a l l  o f  the  f u e l  i t :  consumes i n t o  usefu l  energy, 

su.ch as heat, e1 ,ec t r ic i  ty, o r  motive power, .can be cons,idered as a ,source 
... ( 

. . ' .  . . . . .  . of waste heat,. ' . ,  
. . . . . . 

. . I ' 

. . 

Heat recovery i h c l  udss a wide : . range o f '  technol ogles, beginning perhaps 

w i t h  a simple. s i t u a t i o n  such as d ry ing  c lo thes  next  t o  a cooking' f i r e .  . . 

~ d v a n c i n g  technol ogy, increas ing f u e l  costs, . envi rormental , 1 imi , tat ions,  

and conser&ti ,& concerns  . have, . 1 ed t o  g r e a t e r  irkerest a n d  sophi . . s t i c i . t i o $  
. .. . . . .  . 

i n  heat ~~'.re'co,very techniques.-' . ~ h e , s e  . .  a r e  o f  specia l  i n t e r e s t  t o  Alaska, 

wheri?'e"&gj co@&bpt ion  . a n d  . t o s t i  a re  excep t iona l l y  high. 
. . .  . . 

. . 
. . .  . . .  

. . 
The simple use o f  wa,ste heat, perhaps more approp r ia te l y  tenned res idua l  

heat, i s  ' very old. ' An example would be the  heat ing  o f  a home w i t h  the  ' 

. .  . 
hea t  escaping f r a n  a cooking' f i r e .  : , .. 

The development o f  more, soph is t ica ted heat  recovery. methods para1 l e l  ed the 

i n d u s t r i a l ' r e v o l u t i o n  and increas ing u t i l i z a t i o n  o f  heat. ' B o i l e r s  were 

used dur ing  the ' l a s t  c e n t u r y  t o  recover  h e a t  from hot  wrought- iron 

i n d u s t r y  gases. Despite e a r l y  f a i l u r e s  o f  waste heat b o i l e r s  i n  t h e  s tee l  

- industry,  b y  the e a r l y  p a r t  o f  t h i s  century 190 open hear th  furnaces had 

been f i t t e d  . w i t h  waste heat b o i l e r s  ' i n  the.'Un'i ted  States alone.. Gas was 

another . i n d u s t r y  t h a t  met m o s t  o f  i t s  . steam requirements y i t h  hedt 
recovery, . . . . 

. , 

. . 

, . 



. . . . .  * . . .  .. .' 
As techno1 ogy advanced, bo f 1 e rs  were Improved, no tab ly  t'he mu1 t i  tubu la r  .' ., . . 

. . 
~ . .  . . . 

s h e l l  type developed about 1921. Re to r t  s e t t i n g s  o f  the gas indus t ry  and 
open hearth furnaces were s i m i l a r l y  replaced by modern methods. However, 

s tee l  reheat ing furnaces, d iese l  -powered ships, garbage inc ine ra t i on ,  and . . 
. .. . * o the r  new oppor tun i t i es  f o r  heat recovery have appeared. (Gunn, ' 1976). . .  . . . 

. . 
. .  . . . . . 

Cogeneration represents a l a rge  f r a c t i o n  of the  t o t a l  e l e c t r i c i t y  produced ..: ,' . . . . . . .  . . 
i n  Western Europe and Scandanavia. I n  the  United States, however, 

cogeneration has decl ined from 22 percent o f  t o t a l  e l e c t r i c  sa les .  i n  1920 

. to  18 percent  i n  1940, 9 .percent i n  1960,. and. t o  a low o f  4 percent  . i n  .: . . 
. . 

.I976 (Harding, 1978). The development o f  t he  technology using a v a r i e t y  . . ; . . . .  . 
. . .  > .  . . .  . 

( ...' , . -  . 
of working f l u i d s  o the r  than water has be.en important  i n  heat u t i l i z a t i o n .  :. - 

. 
. . .. . .  .. . ,. 

The thermodynamic proper t ies  o f  these f l u  i ds  permi t  g reater  heat recovery 

p o t e n t i a l  over  a wider  range o f  temperatures. 

While res idua l  heat  can sometimes be used f o r  process steam o r  e l e c t r i k a l :  , ' ,  

. 
. . 

. . 

. . _  ,. . . generation, temperatures are general l y  too low f o r  these .appl icat ions. ' .  :' , . . .'. . .7. 

. .  . . ' .  
U t i l i z a t i o n  o f  low grade heat cont inues t o  expand, now sometimes . . 

i n t e g r a t i n g  a se r ies  o f  uses, each r e q u i r i n g  a lower temperature i n p u t  

than the preceding operat ion. Examples of 1 ow grade ' heat appl i c a t i o n s  

inc lude space and water heating, d ry ing  operat ions, preheat ing o f  process: ' . .  , . . ' . 
. .. 

. . _ : .  . . , .  . ,  
. . . .. 

a i r  and f l u ids ,  sidewalk snow mel t ing,  warming of sewage l i nes ,  and.. , ,  . . . ~ . . .. 

heat ing of greenhouses, s o i l ,  and water f o r  increased a g r i c u l t u r a l  and" , .,.. 

aquacul tura l  product ion.  

WASTE HEAT TECHNOLOGY , . . . .  . 
' I .  

. . 
.. .. . ~ .  . . , 

Waste heat, e s p e c i a l l y  from i n d u s t r i a l  processes, i s  u s u a l l y  i n  the form. . . . . . .  . . 
. ' S  

o f  B tu ' s  i n  a l i q u i d  ( f r e q u e n t l y  water) o r  gas (usua l l y .  a i r ) .  . The h o t  

coo lant  f r a n  an engine o r  i n d u s t r i a l  process can be piped d i r e c t l y  o r  v i a  

. a  heat exchanger t o  r a d i a t o r s  i n  the space t o  be used. S i m i l a r l y ,  s tack . 
gas o r  f l u e  gas from canbust ion processes can be piped e i t h e r  d i r e c t l y  o r  . 
v i a  heat exchangers t o  heat space o r  processes. 



* I n  general , the cos t  o f  moving low grade waste energy from the  p o i n t  o f  

a v a i l a b i l i t y  t o  some p o i n t  o f  use is .  high. For comparison, the trans-; 

p o r t a t i o n  cos ts  of moving o i l  f r a n  the  Kenai t o  Anchorage v i a  p i p e l i n e  

runs about one cent  p e r  m i l e  per b a r r e l  o f  o i l  wh ich  i s  equ iva len t  t o  5.8' 

'MMBtu. The c o s t  o f  moving waste heat cou ld  be 50 t o  200 t imes greater  

than the  above o i l  t r a n s p o r t a t i o n  cost .  

WASTE ENERGY I N  WATER--COST OF TRANSPORTATION 

I n s t a l  l ed  p ipe  cos ts  i n  r u r a l  Alaska a r e  est imated by Robert W. Rether fo rd  

Associates i n  Table 19-1. The f i g u r e s  a re  based on est lmated 1978 

ma te r ia l s  and l a b o r  cos ts  us ing v i l l a g e  l abo re rs  w i t h  a  p lumber 'and 

superv isor  fra ou ts ide  the  v i l  lage. 

- An a n a l y s i s  o f  t he  ,cost-.of low. temperature (LTW), medium temperature (MTW) 

and h igh  temperature water (HTW) p i p e l  ines  has been made, by John Beebee 

(1 978). The tempe'ratu r e  range, pressure, and ma te r ia l  s  o f  cons t ruc t i on  . 
* 1 

a r e  given i n  ,Table 19-2. Using c o s t  data from many sources (converted t o  

1976 U.S. do1 l a r s  us ing  c u r r e n t  exchange r a t e s  and the p i p e l i n e  

.. c o n s t r u c t i o n  c o s t  i n d e x ) ,  the phys i ' ca l  p rope r t i es  o f  water (vapor 

pressure, ~ t u / f t ~ ,  etc.) , an annual c o s t  o f  the  pi pel i n e  a t  15 percent  o f  

t he  t o t a l  cost,  and a  load f a c t o r  o f  0.5, Beebee develops Figure 19-1'. 

which shows the  c o s t  o f  moving heat  energy as a  f u n c t i o n  o f  p ipe diameter' 

f o r  1  ow and h i g h .  temperature water. I n  o rder  t o  make a  comparison w i t h  , 
. . 

o t h e r  energy t r a n s p o r t a t i o n  costs pub1 i shed i n  these pro jec ts ,  the cent  

per  m i l e  per  b a r r e l  o f  o i l  (energy equ iva len t )  has been added t o  ~ i g u r e  

19-1, recogniz ing t h a t  the numbers a r e  very approximate. C lear ly ,  the. 

c o s t  o f  moving the  B t u ' s .  i n  water i s  expensive; the  use o f ,  the waste 

energy must be near  the  source. 

A study by Charles' 'Meyer shows t h a t  the  c o s t  o f .  t r anspor t i ng  

high-temperature water i s  h igher  than f o r  na tu ra l  gas - o r  o i l  bu t  i s  . 
comparable t o  the  c o s t  o f  overhead h igh-vol tage t ransmiss ion and s ign i -  

f i c a n t l y  lower than f o r  underground h igh-vo l  thge t ransmiss ion (F igure  

19-2). M e y e r w g $ e s t s  t h a t  t h e  l a t t e r  comparison i s  a  f a i r  one s ince  ho t  . 

' 



. . . . .  
.. . . . . .  .. . . . . . . .  -' - _ - .  

. . .  4 ' .  TABLE 19-1 . . ... . . .  

Estimated I n s t a l l e d  Cost Per  Foot* For  Pipe i n  Rural Alaska 
Various Types and Sizes I 

(1 978) 

. . .  .... 
. , 

. . . . . . .  . , p ipe Size . .  ., _ ... . . I n t e r e s t  
. . . . . . . . .  . . . . . . . .  -.Rate..--. 

-" 

. Mater ia l  , ' (percent)  4 . i n ~ h - ~ d  i nch  .-..8.jr&h... .. ._ 

Asbestos 

F iberg lass  
..... 

D u c t i l e  . I r on  

Carbon. s tee l  . 7  70 99 125 
. . 9  8 5  119 , . 150 

12 108 ,152-' . ^ 193 

Insu la ted  7  94 111 . * : ' 1 4 9 .  
F iberg lass  9  11 3  '134 " 1 7 9  . 

12 145 ' .' 171 ' 230 

Insu la ted  7  121 152 209 
D u c t i l e  I r o n  9  146 1  82 251 

12 187 234 322 

Insu la ted  
Carbon Steel 

*Median cos t  f o r  coas ta l  l oca t i ons ,  us ing  v i l l a g e  labor .  -- . - 

. - 

Source: Robert W. Rethford Associates, Waste Heat Capture Study, June '1978. 



Source: John Beebee, p r i va te  communiration t o  Gene Rutledge, November 2, 1978. 

L 

TABLE 19-2 
Types o f  Pipe1 ine 

* 

UTILITY 

D i s t r i b u t i o n  (smal l  
p ipe s i  zes)or one- 
way transmission. 

I 

D i s t r i b u t i o n  o r  
transmission from 
dual purpose power 
p lant .  

Transmi s s i on o r  
d i s t r i b u t i o n .  

- - 

CONSTRUCTION 

New Technology- 
copper, p l as t i c ,  concrete, polymer 
concrete, asbestos concrete pipe, 
urethane insu la t ion ,  a1 1 p l a s t i c  
p ipe- in-pipe system. Possibly un- 
t rea ted  water and s ingle-pipe sys- 
tem. 

Pipe-in-Pipe system, s tee l  ca r r i e r  
pipe, urethane insu la t iop,  p l a s t i c  
casing; d i r e c t  ~ u r i a l  Ma) be same 
as f o r  HTW below. Treateo water 
' (c losed 1 oop) . 

I 

I 

I 

d 

a 
I 
Ln 

1 

WORKING 
PRESSURE 

10 BAR 
(14E p s i )  

15 BAR 
(215; p s i )  

C . 

TYPE 

LW 

4 

MTW 

l b  

SENDOUT 
TEMPERATURE 

RANGE 
(Typ ica l  AT) 

140-212" F 
(0T=50 F O )  

. 

I * 

176-266°F 
( h ~ = 1 1 ? ~  

HW 

> 

248-400 " F 
(AT=l8C F!) 

25 BAR 
(363 p s i )  

Steel  c a r r i e r  p ipe (sched 40), 
mineral .wool o r  calcium s i l i c a t e  
i n s u l a t i o n  i n  covered concrete 
canal, rock tunnsl or poured -con- 
c re te  envelo e. Treated water 
(c losed loop !i . , 



Do1 lars 
Per M i  1 e 
Per Barrel 
O f  O i l  
Equivalent* 



280 MW 2800 MW 
FLOW GJ/HR 

- a Figure 19-2 

Ener-w Transport Costs i n  1975 Dollars 

Source: Charles F. Meyer, "Status Report on Heat Storage Me1 ls , "  
Water Resources B,ul l e t i n ,  Apr i l  1976, p. 245. 



water f o r  d i s t r i c t  heating would be car r ied  through urbanized areas where 
construct ion o f  overhead high-vol tage .transmission meets such s t i f f  

opposi t ion tha t  the 1 ines are o f ten  forced underground (Meyer, 1976). . . 

ENERGY FROM FURNACE STACKS . . .  . . . . .  . . 

I 

The movement o f  the energy i n  exhaust gas i s  a lso expensive. Gas i s  
2 ,  

d i f f i c u l t  t o  pump any distance unless high pressures are maintained. 

~ x h a u s t '  gas i s  normal l y  of r e l a t i v e l y  low pressure because engines and 
turbines lose e f f i c i e n c y  rap id l y  as exhaust pressure indreases. Since , 

five-ounces per square inch i s  a p rac t i ca l  l i m i t ,  d i r e c t  heat ing by 

exhaust gas i s  1 imi ted by back pressure. Also, gas leaks i n  a d i r e c t  

gas-to-ai r  exchanger can be dangerous. 

Stack temperatures necessary for  economic heat recovery a re .  determined . ; t : .  
l a rge l y  by the cost  o f  heat recovery equipment versus fue l  pr ice,  When ' 

fuel  costs were i n  the order o f  40 cents per m i l l i o n  Btu, 'stack tenpera- 

tures of about 700-750°F were acceptable. Today, w i t h  fue l  costs as high 
as $2.00 per m i l l i o n  Btu, much lower temperatures are acceptable f o r  
proper energy conservation and e f f  lc iency.  

Reed notes t ha t  f o r  a "heater requ i r ing  absorption o f  50 MM/BTU/Hr.,. the . 
savings can amount t o  approximately $58,000 per year by reducing the 
temperature from 700 t o  500°F. Obviously, the cost  o f  add i t iona l  co,ils 

fo r  heat recovery o r  use o f  extended surface tubes, etc., can be r e a d i l y  
evaluated against such savings (Reed, 1976). 

- r 

A1 so, SO3 fo nnation and condensation necessi t a t e  designs t h a t  avoid sul- 
f u r i c  corrosion. 

. s 

HEAT PUMPS 
. . 

Waste heat recovery could involve such hardware as the heat pump, heat 
pipe and the heat wheel ( o r  Rotary Regenerator), The heat pump i s  very 

canmn, the most fami l  i a r  app l i ca t ion  being the r e f r i g e r a t o r  found i n  most 
American kitchens. A more de ta i led  descr ip t ion  o f  the heat pump i s  



presented i n  Chapter 14, Geothennal . The h i s t o r y .  o f  the  use o f  heat 

pumps,.-.a d e s c r i p t i o n  o f  the  operat ion, a c o s t  comparison f o r  n ine  titles 
and a l i s t  o f  manufacturers i s  g iven i n  the September 1976 i s s u e  o f  

. . 

Popular science. 

HEAT PIPES 

A number of recent  techn ica l  & r t i c l e s  address the  use, ma te r ia l s  o f  

const ruc t ion ,  and advantages o f  the  heat p ipe  f o r  waste heat recovery 

(Bas iu l  i s ,  1975; Ruch,. 1975; Reay, 1977).  Heat pipes are a lso  known as 
. . 

f r o s t  tubes, thermal p i l e s  and Long p i l e s  a f t e r  t h e i r  inventor ,  ~ d w i n  

Long. A h e a t  p ipe  i s  a tube which has been fab r i ca ted  w i t h  a cap i l l a ry  

wick s t ruc tu re ,  f i l l e d  w i th  a r e f r i g e r a n t ,  and permanently.  sealed. ;.The 

wick conta ins the  heat pipe working f l u i d ,  which i s  t h e  heat t ranspor t  . 

medium. 

Thermal energy app l ied  t o  e i t h e r  end o f  the  p ipe causes the  r e f r i g e r a n t  a t  . 

t h a t  end t o  -vaporize. The r e f r i g e r a n t  vapor then t r a v e l s  t o  the o the r  end 
... . 

of t he  p ipe where t h e  removal o f .  t h e m a l  energy causes the  vapor t o  

condense i n t o  l i q u i d  again, thus g i v i n g  up t h e '  l a t e n t  h e a t .  of! 

condensation. . The condensed l i q u i d  then f lows back t o  the  evaporator  

sec t ion  ( e . ,  the  ho t  end) t o  be reused, thus completing the cycle, 

Basical  l.y, then, the  heat  p ipe  operates on a closed loop condensation/ 
, -  . .. _ .' , 

evaporat ion c y c l e  which-....is. .continuous as long as there  i s  a temperature 
. ... . _  - . L _ ,  

. . 
d i f f e r e n c e  t o  d r i v e  the  process. . _ .  

' . .-.. .. .' - . .  . . . .' 
, . 

A pump i s  no t  requ i red  f o r  the heat  pipe. However, g r a v i t y  can be 

u t i l  ized t o  a s s i s t  the  c a p i l l a r y  a c t i o n  i n  r e t u r n i n g  the  condensate t o  the  

, evaporator sec t ion  b.y opera t ing  the heat, p ipe nn a s lope  w i t h  the.  h o t  end'. 
below ho r i zon ta l  .. Conversely, by p lac ing  the heat p ipe  on a slope w i t h '  

t he  h o t  end above ho r i zon ta l  , g r a v i t y  re ta rds  the  condensate f low.  Thus, 

changing the  slope o f  a heat  p ipe  o f f e r s  a means o f  c o n t r o l l i n g  the  amount 

o f  heat t o  be t ransfered.  This fea tu re  can be u t i l  i zed  t o  regu la te  the  

performance o f  a heat  p i p e , h e a t  exchanger. 



A nwnber o f  f l u i d s  can be' used i n  a heat  p ipe and the  choice depends upon 

the temperature range o f  the  app l i ca t i on .  Some o f  these f l u i d s ,  w i t h  

use.fu1 temperature range, a re  g iven '  i n  Table 19-3. ' . . . .  . .. 

-. .. 

HEAT PIPE HEAT EXCHANGERS , 

A heat p ipe heat exchanger cons i s t s  o f  a bundle o f  e x t e r n a l l y  f inned heat 

pipes of, the type j u s t  described. The heat  p ipe  evaporation/condensation 

cycle e f f e c t s  the  t r a n s f e r  o f  heat  from the  ''.evaporat'orsu a r e  loca ted i n  

the duc t  c a r r y i n g  the  counter -cur ren t  gas streah, from which heat i s  t o  be 

recovered, t o  t he  "condensers" i n  the  adjacent  duc t  c a r r y i n g  the  a i r  which 

i s  t o  be preheated. 

As mentioned i n  the previous sect ion,  heat  pipes a r e  in f luenced i n  t h e i r  

performance by the a n g l e . o f  operat ion. I n  the  heat p ipe  heat exchanger, 

t he  tube bundle may be ho r i zon ta l  o r  v e r t i c a l  w i t h  the  evaporator sect ions 

below the condensers. Because o f  t h i s  s e n s i t i v i t y ,  the angle o f  the heat  

p ipes may be adjusted as. a means o f  co.ntrol1 i n g  t t ie heat  t ranspor t .  

. . 

Features o f  heat pipe'  heat exchangers which a re  a t t r a c t i v e  i n  ind"st r ia1: .  

heat  recovery appl i c a t i o n s  are: 

No moving parts--Each exchanger i s  complete1 y sel f - con ta i  ned . 

and each heat p ipe i s  permanently sealed. Thus, there  are  no .' 

.nuisance f a i l u r e s  o r  system breakdowns. 

Lon 1 i fe- -Since the thermai-  reGv6r.y u n i t s  have no.. cont inu-  P ous y moving p a r t s  and each heat  p ipe  i s  peman'ent ly sealed, . - '  ,'. 

. they operate i n d e f i n i t e l y  w i t h i n  the  des ign  temperature range. 

No cross-contami nat ion--A seal ed p a r t i  t i o n  separates the two ' ,, 

c o u n t e r f l  ow a i  rstreams prevent ing contaminat ion o f  one a i r -  
s!ream by the  other ;  o n l y  energy i s  t rans fer red .  

- - . -  
Systen f l e x i b i l i  ty--A wide r a n g e 3 f  s izes  are  a v a i l a b l e  t h a t  
can be i n s t a l l e d  i n d i v i d u a l l y  ' o r  together  i n  modules'-"to'match .-. . . 
the  a i r f l o w  of a1mos.t any system. The a v a i l a b i l i t y  o f  a wide . 
v a r i e t y  of row and f i n  spacings a1 lows s e l e c t i o n  o f  any system . ' 

which n o t  o n l y .  has the des i red  recovery performance, bu t  a l so  
i s  we1 1 su i ted  f o r  c leanab i l  i ty considerat, ions. 
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Source.: David A. Reaz, "The Heat  Pipe Exchanger: A Technique f o r  Wasze Heat Recovery," 
The Heat ing and V e n t i l a t i o n  Engineer, January 1977. - - 
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. . .  .. . 

Compactness--The u n i t s  a r e  general l y  no more than 15 inches 
deep i n  the d i r e c t i o n  o f  f low. Th is  compact design n o t  o n l y  . 
a l lows more space f o r  o t h e r  equipment, b u t  a l so  ,reduces 
i n s t a l l a t i o n  costs. 

Reversi  b i 1  i ty--The heat  p ipe heat  exchanger i s  f u l l y  rever-  
s i b l e - - i  .e., heat  can be t r a n s f e r r e d  i n  e i t h e r  d i r e c t i o n .  

.: 

The a p p l i c a t i o n s  o f  these devices fa1 1 i n t o  th ree  categor ies.  

(1 ) Heat recovery i n  a i r - c o n d i t i o n i n g  systems, normal l y  i nvo l  v i ng  
comparat ive ly  low temperatures and du t i es .  

( 2 )  Recovery o f  heat  from a process exhaust stream t o  preheat a i r  
f o r  space heat ing.  

( 3 )  Recovery o f  waste heat from processes f o r  reuse i n  the  process, . . 

e.g., preheat ing o f  combustion a i r .  This  area o f  . a p p l i c a t i o n  
can i n v o l v e  a wid'e range o f  temperatures and du t i es .  

There a re  a.  l a r g e  number o f  techniquqs f o r  recover ing heat from exhaust 

a i r  o r  gas streams. Commercially a v a i l a b l e  systems f a l l  i n t o  two 

categor ies-- recuperators and regenera to rs .  The recuperator ,  o f  which the 
heat p ipe  heat  exchanger i s  one p a r t i c u l a r  type, func t ions  i n  such a way 

t h a t  the  heat f lows s t e a d i l y  and cont inuous ly  from one f l u i d  t o  another 

through a con ta in ing  wa l l .  A regenerator,  however, i n v o l  ves the i n t e r -  

m i t t e n t  f l ow  o f  heat, and i s  t y p i f i e d  by the  r o t a t i n g  regenerator  o r  

"thermal wheel." I n  t h i s  u n i t ,  a  ma t r i x  o f  metal comes i n t o  con tac t  

a1 t e r n a t e l y  w i t h  the  h o t  and c o l d  f l u i d ,  f i r s t  absorbing heat  and then 

r e j e c t i n g  it. 

Recent ly  the "Rotary Regenerator" has been popular ized by the  var ious 

automotive gas t u r b i n e  attempts. It. i s  an o l d  device which, wh i l e  very  

e f f i c i e n t -  and. canpact, has a h igh  contaminat ion f a c t o r .  The basic 

p r i n i c i p l e  o f  operat ion i s  q u i t e  simple. A wheel w i t h  good heat (and 

poss ib l y  humid i ty )  absorbing c a p a b i l i t y  i s  cont inuoos ly  ro ta ted  with -one - .  . 

h a l f  o f  t h e d i a m e t e r  enclosed i n  t h e ' " h o t U  a i r  and the o t h e r  h a l f  i n  the. 



"heated" a i r .  The wheel .absorbs heat and poss ib l y  humidi ty  from the 

exhaust' o r  "hot" p o r t i o n  o f  the system and t rans fe rs  i t  t o  t h e  incoming 

a i r  o'r "heated!' po r t i on .  . Used t o  t r a n s f e r  heat i n  a heater, i t  w i l l '  be 

near idea l  i n  conserving heat and humidi ty  and a lso  near p e r f e c t  . i r i  

r e t u r n i n g  everyone's exhaled breath  and pe rsp i ra t i on .  Such devic.es are  

r e c e i v i n g  increas ing a t ten t . ion  i n  .app l i ca t i ons  , f o r  commercial bu i l d ings .  

BOTTOM1 NG CYCLES 

I n  a bottoming cycle, waste, heat i s  d i ve r ted  t o  a vapor izer  (heat  

exchanger) -where ..it . heats t h e  f l u i d  t h a t  d r i v e s  add i t i ona l  generat ing 

equipment (F igure  19-3). 1n tk res t  i,n these c y c l e s  i s  growing as fue l  costs 

r i s e .  They are ava i lab le ,  simple, r e l a t i v e l y  inexpens fve-, and devoid o f  

new techn ica l  problems. Bottoming cyc les  us ing 1 i qu ids  o ther  than water 

do, however, in t roduce new operat ional  problems.. Leaks may be f i r e .  

hazards, t o x i c  hazards, o r  cor ros ion  hazards besides being expensive. 

(Water c o s t s  thousand gal lons, bottoming cyc le  f l u  ids  may 
cos ts  do1 l a r s  pe r  gal l o i . ) "  ~ o t t o r n i n ~ " '  cyc les  are  n o t  ,. y e t  . .. (1978) - 'a .. 
commercial r e a l  i t y  f o r  d iese l  engine heat  recovery but  &e f o r . ,  ,, ... .. 

mu1 ti-megawatt. gas tu rb ines .  

One company.,..- Ri ley-Beaird, 'Inc., P.O. Box. 1115, Shreveport, Louisiana,. ii. 
A ,, .. ... 

, . . ,- 
i n t e r e s t e d  i n  i n s t a l  l i n g  heat ' . recovery . exhaust . .  -. s i l ence rs  on engines a,s. 

smal l  as 1-2 HP i f  a market ex is ts .  They now make 'and sell-.exhaust,--,.,- . .. . . 
b o i l e r s  f o r  automotive s ized d iese ls .  Even these small exhaust b o i l e r s  

s : 

need p e r i o d i c  se rv i ce  t o  remain operat ional  and e f f i c i e n t .  Should they be: 

ignored . .. . f o r  days a t  a t ime they w i l l  soot up, run cold, and put back 

pressure on the  engine, lower ing  e f f i c i e n c y  and burning valves. . . 

I n  Volume I, Phase 1 o f  t h i s  p r o j e c t  repor t ,  t he  use o f  the b ina ry   power^' 
c y c l e  f o r  geothermal wa'ter-domi na ted  sys tern i n  . t he  150°C temperature range 

i s  addressed (McConkey, 1978). The technology f o r  recovery o f  energy f r a n  

waste h o t  water and waters can b e  very s i m i l  i a r .  
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APPLICABILITY TO ALASKA 
. . 

Residual heat u t i l  i z a t i o n  i n  Alaska has become . q u i t e  common, among munici-  

pal and p r i v a t e  ' e l e c t r i c  power generators i n  the s t a t e  and regional '  

popu la t ion  centers. Barrow, Kotzebue, , Nome, Bethel,  Fairbanks, and 

Anchorage a l l  use o r  p lan  t o  use res idua l  heat. Smal l e r  communities, such 

as . Copper Val l ey ,  Naknek, Ruby, and Unalakleet  a1 so have waste ,heat 

recovery  system^ ' (~ushe11 , ..1978)'... -. 
. . .. . 

. - 

Recovery methods and u t i l  i z a t i o n  range from heat ing the  Naknek school w i t h  , 

j a c k e t  water heat  t o  t h e  more soph is t i ca ted  system of Chugach E l e c t r i c  . . , . 

Associat ion,  Inc.  i n  Anchorage. Chugach E l e c t r i c  Assoc ia t ion  has a 5 5 - M W  

. and ,a 65-MW n a t u r a l  . . gas  . e l e c t r i c  generator ' t h a t  a re  regenerat ive, 

recyc l  i n g  exhaust gas t o  preheat 'hthe-  generator'.s.. incoming a i r  and thereby 

improving combustion e f f i c i e n c y .  I t  i s  est imated t h a t  i n  1977 these u n i t s .  , . . . . 

saved a t o t a l  o f  2.70 m i l l i o n  mcf o f  na tura l  gas. To be canpleted next 
year  (1979) i s  a 66-MW generator t h a t  w i l l  be powered by the  exhaust gases 

o f  two ... 6'8-MWgenerators and i s  expected t o  conserve 6.0 m i l  l i o n  mcf o f  
.... t , _ .  

na tu ra l  gas ( ~ a r k l e ~ ,  1978)'. - ~ab1.e; 19-4 . . .  and '19-5 l i s t  the  major waste . 

heat  u t i l i z a t i o n  and pro jec ted u t i l  i z a t i o n  i n  -the S t a t e .  I n  a d d i t j o n .  t o  
. , .% _ 

' . I.._ ._ , ...- 
e l e c t r i c a l  generation, . space heating, and some process ;team genera t ion ,  

res idua l  heat i s  o f t e n  used i n  Alaska t o  heat municipal water supplies.' '  
. . 

. I 

~ h e . . l a r g e  number; o f  Alaskan v i l  lages using d iese l  e l e c t r i c  generators have 

t h e  p o t e n t i a l  o f  u t i l i z i n g  the  waste heat. The g rea tes t  c o n s t r a i n t  w i l l i  
be the  economic' f a c t o r  determined l a r g e l y  by the  proximi  t i  o f  the space or, 

water  t o  be heated. Proper design and opera t ion  can minimize 

disadvantages such as noise, f ue l  odor, and f i r e  danger.. The Waste Heat 

Capture Study (Robert W .  Retherford Associates, 1978) 1 i s t s  poss ih le  waste'  
.s *., .,..---- 
heat  appl i c a t i o n s  fo r  18 Alaska V i l  lage E l e c t r i c  Cooperative (AVEC) 

v i l l a g e s  (Table 19-6). The study suggests t h a t  a fue l  savings o f  as much 

as 25 percent could r e s u l t  from designing and l o c a t i n g  f a c i l i t i e s  t o  take 
1 

advanzage o f  p resen t l y  wasted heat. 



' TABLE 19-4 

. . 
. a  

UTILIZATION OF WASTE HEAT IN ALASKA 

LOCATION '. OWNER)OPERATOR PROJECT DESCRIPTION ..:I 
. . 

Fai rbanks  airb banks ~ u n i c i p a l  Ut . i l  i t y  For many .years Fairbanks has provided 
System (FWUS) Heating Steam i n  the  downtown area as a 

by-product o f  e l e c t r i c a l  generation. 

: Fairbanks .Un ive rs i t y  o f  Alaska UAF has i n s t a l l e d  e l e c t r i c  and heat co- , 
ge.neration f a c i l i t i e s .  

Fairbanks ~ i e l b o n  A i r  Force base Eie lson AFB and Golden Val ley E l e c t r i c  
. , 
.. . - . Association, Inc .  (GVEA) mainta in an i 

energy interchange agreement. 

Anchorage 
! 

UAA has i n s t a l l e d  e l e c t r i c  and heat co- i 

generat ion f a c i l i t i e s .  UAA i s  a l so  i n  the : 
process o f  devel oping an energy interchange! 

: agreement w i t h  Anchorage Muncipal L i g h t  and,! 
. Power (ML&P). 

Anchorage Elmendorf A i r  FO&& Base 
. . .  

Anchorage ~t iugach E l e c t r i c  Associat ion, CEA has so ld  stedm from i t s  Kn ik  A h  
- Inc.  (CEA) Power P lant  since 1959. 

Bernice Lake CEA Sale o f  steam t o  Standard O i l .  . . 

: .  
KO tzebue kotzebue E lec t r i c . '  Associat ion KEA i n s t a l  l e d  exhaust si.1 encerlwaste heat  

( KEA.) b o i l e r s  on two o f  i t s  generators i n  1969. 
. . . . Presently,  KEA has these b o i l e r s  on f o u r  ;of 

i t s  generators. Three o f  these u n i t s  he ip  
i provide the  heat f o r  the c i t y l , s  water system. 
! . - ? : .  

~a knek ."Naknek E l e c t r i c  As.sociation, NEA has suppl ied waste heat t o  the  . ~ a k n e k  
A - .., . ... . . - * .  .;.Inc..,(N,EA.) .-.. . :  -..... . . .  . ,  ... . . * .  Elementary School s..sinca. 1968. Exhaust iheat 

. ' i . . . . 
. ." ! 

s i l ence r {bo i l e rs  were o r i g i n a l l y  used b u t  now 
. . . ! . . .  NEA uses on ly  j a c k e t  water heat. 

Source: Robert W. Rether ford Associates, Waste Heat Capture Study, f o r  the  Sta te  of Alaska, D i v i s i o n  
o f  Energy and Power Development, June, 1918. 



Anchor age. 

North Pole. 

TABLE 19-5 

DROJECTED' WASTE HEAT UTILIZATION 

CEA 
, . 

North 'S l  ope Borough 

Golden .Val Tey E l e c t r i c  
Associat ion (GdEA) 

;ML & P 1 . a ~  a combined cyc le  steam turb ine 
': under c o n s t r u c t i ~ n  which uses high qua1 i t y  

steam fran a waste heat bo i le r .  : 

CEA expects t o  complete a combined cyc le  
.: tu rb ine i n s t a l l a t i o n  a t  the Beluga p l an t  i n  

1979. 

: The North Slope ~ o r o u ~ h '  plans t o  i n s t a l  1 a - 

: waste heat bo i?e r  on a new gas ' tu rb ine i n  
, Barrow. 

=' 
GVEA has i nstd l  1 ed two "regenerative cycl  em 

:' gas turbines. 

Source: . Robert W. Retherford Ass~c ia tes ,  Waste Heat Capture Study,. f o r  the State o f  Alaska, D iv i s ion  
. , . o f  Energy and Power Development, June 1978. : 



TABLE 19-6 

. . 

V i l l a g e  Heat Load(s) Use' 
- .  Comments 

Chevak School Space Heating ' - - 
El i m . - .  . . . .. Armory o r  School Space Heating Long t ransmiss ion 

... , 
- . . . .  

.- . -- .- .. _. 
d i s tance  

Emmona k School Space Heating 'School .has 3. bui1,dings . . .  

! I 

Goodnews Bay School Space Heating Power p l a n t  may b e  too  
small 

K i  ana 
. .  . ' 

Lower Kalskag 

K i v i l  i n a  

~ u n a p i  tchuk 

Quinhagak 

Primary School 

PHs Pump House 

Community Hal 1 

School 

Heal th C l i n i c  

Space Heating -- 
Water Heating - - 
Space Heating - - 
Space Heating Power p l a n t  may be t o o  

small 

Space Heating Power p l a n t  may be too  . . 

' smal l  
. . .  

Scammon Bay Community H a l l  and Space ' Heat ing P0we.r p l a n t  may. be' too  
Hea l th  C l  i n i c  smal l  , . .  . . .  . . 

Sel awi k Primary school and Space Heating Poss i b l  e, w i  t h  adequate 
. . 

Heal t h  C l  i ni.c 
. .  . 

l oad  fac ' io r  
. . 

Shageluk, PHs Pump House and Space and - - 
Community Hal 1 Water Heating . . 

Shi s hmaref PHs Pump House and Space and Next door t o  pump house, ' , 

H igh School WaterHeat ing  . f a i r l y c l o s e t o s c h o o l  

Shungnak . . .  . .  . S tore  and Warehouse Space Heating cons t ruc t i on  camp, 
-.. . . 

- - .  a p o s s i b i l i t y :  

S t .  Mary's PHs Pump House Water Heating Power p l a n t  . is01 ated . 

, S t .  Michael 's  PHs Pump House and Water and -- 
Community H a l l  Space Heating 

. , 
Toksook. Bay, ... . . Pr imary School Space Heat ing - - 

. . 
._ . . .  

Wales PHs Pump House - "  - - .--Spat-. and, , , . , Power p l a n t  may be too  
and Post Of f ice Water Heating '.' smal 1'. . . - - ... . 

.-,  .., - .. . 

Source: Robert W. Rether ford Associates, Waste Heat Capture Study, f o r  t he  S ta te  o f  , . 

Alaska, D i v i s i o n  o f  Energy and Power Development, June. 1978. 



- - 

Stack robbers a r e  o f t e n  used i n  Alaskan homes. A heat  cap tu r i ng  box 

equipped w i t h  a f a n  i s  at tached t o  the  e x t e r i o r  o f  a smokestack. A b~ tsh  

a p p l i c a t i o n  o f  heat  recovery technology i s  the double Yukon stove. 

Attached t o  the smokestack above the  f i r s t  ho r i zon ta l  converted o i l  ' drum 

i s  .a second, which can be used as an oven. 
. .. . - ..,. 

- . .. . 

RECOMMENDATIONS 

(1)  The S t a t e  should cooperate w i t h  federa l  agencies and p r i v a t e  groups 

t o  encourage awareness and implementation o f  waste heat recovery i n  

bo th  new and . e x i s t i n g  s t ruc tures .  - .  
. . .-_ , _ , 

. . . .  . . 

(2) The economic f e a s i b i l i t y  ' o f  the u t i l  i r a t i o n  of ' h e a t  wasted , a t  . -.. . 

e x i s t i n g  and planned power i n s t a l  l a t i o n s  should be examined. 

Usual ly ,  a t  l e a s t  p l a n t  shops and o f f i c e s  can be heated. I n  some 

cases, moving the  present  f a c i l i t i e s  may be j u s t i f i e d  t o  lower heat 
.. ... . ,... , .  . 

&anspor ta t ion  cos ts .  

( 3 )  Appl i c a t i o n  o f  heat recovery need n o t  be l i m i t e d  t o  space heat ing. 

Oppor tun i t ies  such as greenhouse, acquacul ture, dry ing,  s idewal k 

c l e a r i n g ,  s o i l  . . warming, f i s h  hatcher ies,  and o t h e r  i nnova t i ve  uses o f  
1 ow. temperature heat  should-'be examined. . 

.. . . .  

( 4 )  Special  a t t e n t i o n  should be g iven t o  waste heat  u t i l i z a t i o n  i n  Wil low 

and o the r  l oca t i ons .  where new f a c i l i t i e s  a re  being planned. 

( 5 )  ~overnmenta l  .permi.tt.ing. processes should be mod i f ied  t o  incorpora te  

the ' i d e n t i f i c a t i o n  o f  p o t e n t i a l  users o f  waste heat from l a r g e  and 

smal l  p ro jec ts .  

( 6 )  The development o f  more e f f e c t i v e  exhaust s i le 'ncers i s  needed t o  

reduce re luc tance . . . . .  t o  1 i v e  o r  work near power p lan ts .  
7 .  ..... .. - . .  .. * . . ,.. . .. -. . ,. . 

(7) Heat storage tanks shoul d be considered as a ,  means..of provid.iag a 

steady heat source regardless o f  engine load. 

' .  . 



. . . . . .  . . .  . . . . .  S UMMARY 
. . . ': ' 

. . , ': 

. . , ,\ 

. . 
Heat can be recovered a t  almost any l e v e l  , from the campfire, home, o r  

l a rge  scale i n d u s t r i a l  u t i l i z a t i o n .  Alaskans do take advantage. o f  re -  
. . .  . - .  . ,' . . . .  

, .  . . a , ,  . .  covered heat i n  a v a r i e t y  o f  ways, bu t ' :  t h e '  p o t e n t i a l  ' f o r  much ..-.:: : .  ,;.. ,:, 
. . . " - I  . . 

usage o f  t h i s  energy source remains. 

1 

The primary r e s t r a i n t  i s  usua l l y  the  econanics o f  t h e  recovery mechanisms 

as they compare t o  the b e n e f i t s  der ived from the res idua l  heat 
. . : .  u t i l i z a t i o n .  While r e t r o f i t t i n g  i s  o f t e n  worthwhile, specia l  a t t e n t i o n " . '  . . . . : .,. . . .  . . . 

. . . .  . . i : 
. . . . . . . . . . .  . . . ,. 

. . . . . . .  
should be given t o  i nco rpo ra t i ng  h e a t  recovery methods ' i n t o  t h e d e s  ign  o f  : '. - .  . . .  ... 

. . 
. , ... . new systems. Estimates o f  f ue l  consumption reduct ions o f  25 percent  have :. . , 

. . . .  
been made f o r  some v i l  1 ages using d iese l  e le . c t r i c  generators. 

. . .  Heat recpvery i s  b e n e f i c i a l  n o t  on l y  t o  the  p a r t y  u t i l i z i n g  the  energy, . . .  
. . . . 

. . . .  . . ,  . 
) '  . . . . . . . . .  :.:. . . . . . . .  

: 
but  i s  a1 so important as a .means o f c o n s e r v i n g  non-renewable re .sou rces~~ . ' .  . . .': . . . .. . . . . . . . .  . . . 

. . . - . , .  . . ,. . . . . . .  ' ,  , . :  : . . . . .  , . 
. . . . .  

Envi ronmental impact i s usual l y '  m i  t i g a t e d  by heat. recovery. . . 
. '.. '.' 

. .  : '  . : ' .  . '., . . . . . . . .  .b  
. . . .  . , 

I . . . .  , ;, ..;. '?: , 
. . . . .  The Waste Heat Capture Study prepared b y  Robert W.  etherfor ford ~ s s o c i a t e s  . ' . 

i s  recommended as a source o f  add i t i ona l  i n fo rma t ion  concerning waste heat- ' . . . . .  . . . .  . .  . .  . ... . '. 
... and Alaska. 

, . .  : . 
...... . . . .  . . :__  

. . .  . . . . . .  . . . .  . ; !  
. . . . . . . .  :.. ..: . . . * . , . ,  - ...... . . . . . . . .  ', . . . . .  . . . . . . . . .  -. !'.: , 
. . . . .  . . . . . . . .  , .  , 

. . .  .. , 
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. . 



KEY CONTACTS 
. .  . . . . . . ... . 

-. '.. .. , _  . -  ... . . .  . . ' .  . _ .  , . . .. 

John C. Beebee 
Energy Systems, Inc .  
P.O. Box 3075 
Anchorage, Alaska 9 k 1 0  
(907) 243-1942 

. --  ... , 

. Dr. :~ohn:P.  Howe - . .  ,.. , ,  

Professor  . o f  Wood U t i l  i z a t i o n  
-.. - _., . - . . . .,. .. .. .. -.: .. . . _, . . . . ,  

Col lege o f  Forestry ,  W i l  d l  i fe, and Range Sciences 
U n i v e r s i t y  o f  Idaho 
Moscow, Idaho 83843 
(208) 885-6126 

Lawrence D. Markley 
Manager--.df Environmental .Systems 
Chugach E l e c t r i c  Associat ion,  Inc .  
731 :Gambell 
Anchorage, Alaska 99501 
(907) 276-3500 

Chi-Wu Wang 
Col 1 ege o f  Fo.res t ry 
Un i ve . r s i  ty o f  Idaho 

. .. Moscow, Idaho 83843 . . 
( 208) 885-6444 



REFERENCES 

Beebee, John, Energy Systems, Inc.  P r i v a t e  communication t o  ~ e n e  Rut - .  , 

. .. .... ledge, DEPD, November 2, 1978. . . .  . . . . 
. . . . . . . . . . . .  . . . . .  . . . . .  . . .  : . _ .. : . . : . . . . . . . . . .  . . - . . : . . , L .  . . . . . . .  . . . . . . . .  . . . .  Bas iu l i s ,  A., and M. P los t .  "Waste Heat U t i l i z a t i o n  Through the  Use o f " '  " ... . . . . _ . . .  . ._;.. 

Heat Pipes ." The American Society  'o f  Mechanical Engineers, 75- , - ; . ,; ,:', .' c,;r.f 

. . ' .  . . 
WA/HT-48. For p resenta t ion  a t '  the  Winter '  Annual Meeting, Houston, , . . . . , . 

. . 
. . .  

Texas, November 30-December 4, 1975. . . 
I .  : 

Gunn, D. C. "Waste heat  'recovery i n  bo i l e rs , "  Energy World. February , ' 

. . 

. . * .  . : , 
1976 pp. 2-6. . . . , . . i '  . 

- .. ., . . . . . . .  .I . . . . . .  . , :.:'.;.,. . .'.; , .',! ,;:. 
. . . . . .  ~ a r ' d i n g ,  Jim. "Hot p.rospects f o r  Reusing  eat, . . Steam," -- Not Man Aba'rt. ' %  . . . . . . . . . . . . . . . . . .  . . . . . . .  . . .  

. . . . . . . . . .  Mid-September/October '1978, pp. 20-21. ' , . . . . . . .  . . . . . . . .  . 
. . . . .  ,,. :.. " 

. . 

Markley, Lawrence D., Manager o f  ~nv i ronmer i t h l  Systems, chugach ~ l e c t r i c  
, .  . . 

. . .  Associat ion,  Inc., Telecon t o  Greg Edblan, October 13, 1978. . ,  . . 

. . . . 
. . . .  . . . . . . . . "  , Manager o f  Envi rormental ~ystems, '  Chugach E l e c t r i c  Associa-. . . 

. . . .  . . . . . . .  . _ . . 
;.' 

. . . . .  t i on ,  Inc., Telecon t20 Kyle Weaver, October 20, 1978. . . .- __ _ .. . . . . . : , d , .  . 
., : , . . ,.,. ' 

- .. ....... . . .  . . 
. %  . . . .  . . . . . . . . . . . . . . .  . . . . . . .  . . . ,..;.:,.. '. . . .  ... . . i . .  . . . . .  . . . . . . .  . .  ' 

I. .... , . . . . . . . .  ::- McConkey, W;, D. Lane, C. guinlan: M. ..Rahm, a n d  6 .  Rutledge. Alaska ....... .:. ,,,,';;! :.> ......,. .: 
. . .  Regional Enerqy Resources Plann i 'ng P.ro ject--Phase I. . .  ,Alaska.'s . %, . . ' , .  . . .  . . .  I . . 

Energy Resources--Findi ngs . and Analysis.  Anchorage,. A1 as ka': : . :I: 
, . Alaska D i v i s i o n  of Energy and Power ~eve lopmen t ,  October; 1977. . . . . . . .  ,:., . .  

. . .  . ( .  '. ._ . . 

. . Meyer, Char1 es F. "Status Report on  eat We1 1 s," Water .Resources . . .  :I: . '; . r .  ............... 

Bul l e t i n .  American Water Resources Associat ion;  A p r i l ,  1976,. pp.: . .,;: . ' . ' :~? '.:.',!',:;.:-.:#: 
237-252. . . . . . .  . .i. . .  ;. . 

, .,. Z . '. . 
. . . . . . . . . .  . . ,  .. , , .. :',> : 

. ,* . . .  . . . . . . . .  . . . . .  . ' . . . . .  . . . . . .  . . 
. . . .  Reay, David A. "The heat  p ipe heat  exchanger: a .technique.. f o r '  waste' . " , .  . . .  " j .., 
. . heat  recovery," Engineer. January,".". . .. .  . . .  . 

1977. . & 

. . .  . . 
9 .  ... Reed, Robert D. "Recover energy from furnace stacks," Hydrocarbon', :'.',- 1, . .; : .:.  ,, . . 

. .  ; .. .r , , .  . . . . . .  Processing. January, ,1976, pp. 127-128. . . .  L .. .,>. . . . . . . . . . . . .  .... . . . . . .  .., ...... .. . . .  ... . . . .  . :  .,% .;; 
. . .  ........ . , i I 

, , ;. i..'.' .' . .!. : .- 1 . ..... ... 
. . . . . . .  Retherford, Robert W. Associates. ~ a s ' t e  Heat Capture Study. prepared ., . . . . . . .  ..,..a . . 

. . . . . .  f o r  D i v i s i o n  o f  Energy and .Power Development, S ta te  o f  Alaska. . . . .  I . . . .  
. . . . 

June, 1978. . . .  
. . . . . .  

. . . . . . 

Ruch, Michael A. "Heat Pipe Thermal Recovery Units,"  IECEC '75  Record; . . 
. . .  1975, pp. 1507-1510. . . . . .  . . . . 

, , . < .  :, ;* '. : ' . 
' I  

. .  , . .  '., ;.. 
. ' , , . i t ' . - .  , .<. , . . i '  . .  ... ... Rusnell , Dale W., Chief o f  Power ~ e v e l  opment, D: iv is ion o f  ~ . . ~ n e r ~ ~  and ' . . - . ., .:. ,. .:,:.,a , ,.,.... '!, . . 
. . . . . . . . .  Power Devel opment, Department o f  Commerce and Economi,~ ~ e v e l  opment,', ., . . .  . . .  : ,  , . .  
. . .  S ta te  of Alaska, October 13, 1978. . . . . 

. , . . 
U .S. Energy Research and Development Admin is t ra t ion .  "Waste  eat ,. . . , 

Recovery: More Power Fran Fuel s.." . EDM-1020R. Washington, D.C. . . .  : 
ERDA, May, 1977, . . . .  

.. ,: 

. . . i .  ...... . . .  . - .... _ . . . . . .  . ': . . . .  , 
. . . . ::. :: , 

. . . . . . . . . . . . . . . . . . . .  .... . . . . .  ' ;,. f.: 
..... . . . .  : . :  .:. 

. . . . .  . . . . ,  
'. ,.". , ..:; .,.',. . . .  . . -19-22 . . j .  . . . . . .  . . 



. . . . . .  ALASKA REGIONAL ENE~GY RESOURCES 

' PLANNING, PROJECT 

. . . PHASE I I 

. . . . .  . . . . .  
. . 

. . . . . . . . . . . . .  .. . ... ,. . . . . . . . . . . . . . . . .  :. ;>: .::.::: : ;':I ;: ,; ...;., .... ",! . . . . .  ,. ,::,: . .. . . ....I . , .  . . . . . . . . .  .;: , . .  :.,<:, ?.?!.;;::.;')...:: . . . . . . . . . . .  :. . ...<.... ...'..,? . . . .  . . .  .......... ;'. .,.; " ' . " "  
. . . . . . .  . . d - ;  

. . .  . <,, ., : . . I., .. . . . . . . .  . . . .  . . . .  , , , - .' . . :.," .: ' ' 
. . . . . . .  . . 

I d e n t i f  i ' c a t i o n  and  Assesstne,nt Progrmb:.. . . . ' 





CHAPTER 20 

IDENTIFICATION AND ASSESSMENT PROGRAMS 

INTRODUCTION 

Federal and State agencies, consul t a n t  and businesses are cont inu ing 
I 

exp lora t ion ,  eva luat ion  and assessment . a c t i v i t i e s  t o  examine the  

l oca t ions ,  ex ten t  and c h a r a c t e r i s t i c s  o f  t he  Alaskan energy resources. A I 

l e t t e r  o f  i nqu i r y ,  sent  by the  Sta te  D i v i s i o n  o f  Energy and 1 , Devel optnent, resu l ted  i n  p o s i t i v e  responses from e l  even agencies and 

organ iza t ions  ( l i s t e d  a t  the  end o f  t t i i s  sec t ion)  respons ib le  f o r  

conduct ing surveys o r  inventory  a c t i v i t i e s  r e l a t i n g  t o  o i l  , natura l  gas, 

coal,  hydropower, uranium, ' geothermal, . wind, and wood resources. 

Desc r ip t i ons  o f  t h e i r  programs appear i n  Table 20-1. The r e s u l t s  o f  these" , 
. . 

a c t i v i i i e s  w i l l  c o n t r i b u t e  t o  the  cont inu ing expansion and .updating o f  

i n f o m i a t i o n  6n A1 aska ' s potent , ia l  l y  recoverable energy resources. 

." 
Many o the r  o f f i c e s  are a c t i v e l y  - engaged i n  eva luat ing  . o r  conduct ing ' 

i n v e n i o r i e s  o f  o the r  mineral resources, o r  energy resources n o t  w i t h i n  the. 0 --- 
purview o f  t h i s  repor t .  Numerous agencies are  involved i n  secondary o r  

per iphera l  tasks associated w i  t h  inventory  assessment. The programs o f  

these groups have n o t  been inc luded i n  the  table;  however, as t h e i r ,  

e f f o r t s  a re  re la ted  t o  the  cont inu ing c a t a l o g i n g  o f  resources, b r i e f  

desc r ip t i ons  o f  some o f  these programs a re  g iven below: 

(1) The Sta te  o f  Alaska, Department o f  Natural Resources, Planning 
, and Research Sect ion mainta ins a computerized resource ' 

assessment system. f o r  the  major resources o f  t he  State. Th is  i s  ' 
c o n t i n u a l l y  updated on a statewide basis. I n  the summer of ,( 
1978, the  system was being rev ised f o r  use as an o b j e c t i v e  

i i nventory  t o o l  o r  .as' an assessment t o o l  r e q u i r i n g  sub jec t i ve  
judgement. 

(2 )  B a t t e l l e  P a c i f i c  Northwest Laboratory (PNL) has been working on 
a Nat ional  Coal U t i l  i r a t i o n  Assessment program which inc ludes ' 
est imates o f  ' the  environnental , heal th, sa fe ty  and economic 
impacts o f  var ious hypothet ica l  coal development scenarios. I n  
F isca l  Year 1979, PNL i s  planning t o  lead a nat iona l  assessment 
o f  o i l ,  gas and o i l  shale technologies w i t h  an emphasis on o i l  
shale. A d d i t i o n a l l y ,  they w i l l  p a r t i c i p a t e  i n  na t iona l  
assessments o f  s o l a r  and conservat ion techno1 ogies. 



( 3 )  The National Oceanic and Atmospheric Admini s t r a t i o n  o f  the 
Department o f  'Commerce i s  conduct ing a  s o l a r  r a d i a t i o n  program 

. w i t h  the  Nat ional  Weather .Serv ice  mon i to r ing  s o l a r  r a d i a t i o n  f o r  
energy .po ten t ia l .  The basic  program i s  70 years old, bu t  
specia l  data qua1 i t y  con t ro l  was begun i n  1977 w i t h  he1 p by' the .  
U. S. Department o'f Energy. The moni to r ing  network, serves many 
users i n c l  uding the  s o l a r  energy. community and hydro1 o g i s t s  and 
w i l l  u l t i m a t e l y  be p a r t  o f  a  mon i to r ing  and fo recas t i ng  program 
t h a t  a ids coa l ,  o i l  and natura l  gas supp l i e rs  and p u b l i c  
u t i ' l i t i e s  t o  p lan  f o r  energy requirements. 
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ENERGY RESOURCE IDENTIFICATION AND ASSESSMENT PROGRAMS 

Resource 

Mineral  Resources 

Agency Program Desc r ip t i on  Product 

U.S. Department o f  the  , , ~ l a s k a  Mineral  desource Assessment Program Reports and maps 
I n t e r i o r ,  Geol cagical (AMRAP) : . appraisal  o f  mineral resources ( a t  1: 1,000,000) 

-Survey (U.S.G.S.) through geologic mapping, geophysical and 
geochemical analyses, and i n t e r p r e t a t i o n  
o f  Landsat imagery. AMRAP assessment 

. .areas: Ambler River, P h i l  i p  Smith Moun-. 
ta ins ,  Survey Pass, Chandal ar, Goodnews 
and Hagemeister Is land,  Chignik-Sutwi k 
Is land,  Lake Clark, Seward-Blying Sound, 
Val dez, Ketc9ikan-Prince Rupert and Brad- 
f i e l d  .Canal. 

Other regional  mineral -resource assessment 
areas: Yu kon-Tanana, f4ount Hayes, Peters- 
burg and Juneau . G ~ o l  og i c rnappi ng , geo- 
c h m i r a l  .'sampl ing, ~ e o p h y s i c a l  survey. 
1978. 

Mineral  Resources & USGS cooperat ive Mineral resource assessment study of Report 
Coal w i t h  Bureau o f  Land National Petroleum Reserve i n  Alaska 

Management (BhH) (NPR-A) f o r :  (1)  determinat ion o f  t h e  
and Bureau o f  Hines d i s t r i b u t i o n ,  character,  and s t r a t i g r a p h i c  

and s t r u c t u r a l  r e l a t i o n  o f  rocks t h a t  
a r e  p o t e n t i a l  l y  mineral bearing; (2) 
systematic sampl ing-of  rocks and s o i l s  
i n  areas o f  mineral po ten t ia l  i n  order  - 
t o  determine t h e i r  ceoc hemis try; and 
( 3 )  determinat ion o f  t he  types-and - 
values o f  mineral ccmod i  t i e s  present. 
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ENERGY RESOURCE IDENTIFICATION AND ASSESSMENT PROGRAMS 

Resource Agency Proqram Descr ipt ion Product 

For coal assessments the fo l lowing ac t i v -  
i t i e s  have been conducted: (1) examin- 
a t i on  o f  the method o f  determining the 
d i s t r i b u t i o n  and thickness o f  coal beds, 
and (2)  reconnai ssancel geologic mapping 
o f  coal -bearing rocks. 

. . 

Mineral Resources U.S. ~ e ~ a r t m e n t  o f  Evaluation o f  mineral potent ia l ,  inc lud ing Open-f i le 
( inc lud ing  o i l  shale I n t e r i o r ,  Bureau o f  energy producing mineral s, o f  NPR-A, d-2 Reports 
and Uranium) Mines lands and Native lands a t  Elim, where 

there i s  a poss ib i l  i ty of uranium po ten t ia l  , 
and Annette. Final  repor t  i s  i n  preparation 
on o i l  shale f i e l d  y r k  on Venetie lands, i n  
northeastern A1 as ka. 

Mineral Resources 

O i l  

O i l  .& Gas 

C.C. Hawley and 
Associates 

'State D iv i s ion  o f  
Geological & Geo- 
physical Surveys 
(DGGS) 

State D iv i s ion  o f  
Mineral s . and Energy 
Management 

App'rai sal o f  McKi n l  ey , ' Tal keetna, Lime ' Report t o  
H i l l s ,  and Tyonek areas, DOE cont ract  cont ract ing 
(through Bendix) . 1978 agency. 

Mapping, geochemical sampl ing and pe t ro l  eum open-f i l e  
studies o f  the yo r th  Sound area, inc lud ing report .  

-Nunivak Island. Photo-interpretat ion, 
looking f o r  construct ion mater ia l  s and 
conducting o i l - r e l a ted  geologic studies o f  
the coast1 i ne  o f  qlorton Sound. Cooperative 
e f f o r t  w i t h  USGS. 

Producing deta i led 'analysis o f  Prudhoe 
Bay/Beaufort Sea area reserves over the 
next  year plus some wyrk i n  the Cook I n l e t  
and 01 der reservoirs.  
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Resource 

O i l  

O i l  

. O i l  & Gas 

Gas 

Agency Program .Descr ip t ion  Product 

USGS O f f i c e  o f  North Slope Petroleum Program. Appraisal 
Energy Res~urces o f  petroleum p o t e n t i a l  by means o f  sur face 
Branch o f  O i l  8 Gas and subsurface geological  , geophysical, and 
Resources geochenical s y d i e s .  cooperat ive w i t h  

ONPR-A. 1978 

USGS. ONPR-A . , Geophysical exp lo ra t i on  o f  t he  Na.tiona1 
Petroleum Reserve i n  Alaska t o  acqu i re  and 
i n t e r p r e t  common depth p o i n t  seismic, g r a v i t y  
and a e r a a g n e t i c  data f o r  use i n  l o c a t i n g  

. . d r i l l  i n g  s i t e s  f o r  explorator-y w e l l s  and t o  
a i d  i n  assessine the petroleum p o t e n t i a l  o f  

. . NPR-A. 1977-78 

USGS coopera t ive ly  Assessment o f  petroleum r e s e r v o i r  and S ta te  o f  Alaska 
w i t h  S ta te  DGGS source rock p o t e n t i a l  and determine the  Open-f i 1 e Pub1 i- 

hydroctrbon maturat ion l e v e l  w i t h i n  the  c a t i o n  ser ies.  
basin. 

USGS Branch o f  Development o f  pre-nomination repor t s  on areas 
O i l '  & Gas Resourzes i n  the  Beaufor t  Sea and the  Northern G u l f  

- Resource Appraj sal o f  Alaska f o r  the BLM f o r  OCS lease sales; 
- Group review o f  Department o f  I n t e r i o r ' s  assess- 

ment work on NPR-A; and planning f o r  
rev i s ion ,  updat ing and expanding o f  USGS 
C i r c u l a r  725, Geological Estimates o f  
Undiscovered Recovera?l:e Oil ---  sources 
i n  the  Un i ted  States. -- 
Development and operat ion o f  gas f i e l d s  i n  
the  P o i n t  Barrow area; t o  explore the  
Barrow area, t o  d e t e n i n e  presence o f  hydro- 
carbon accumulations, espec ia l l y  - gas, t o  

USGS ONPR-A 



Resource 

Gas cont. 

Coal 

Coal 

Coal 
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ENEKY RESOURCE I DENTI FICATION AND ASSESSMENT PROGRAMS 

Agency Proqram Descr ipt ion Product 

USGS OPIPR-A determine reserves o f  known and discov- 
ered f i e 1  ds and t o  devel OF and maintain 
such f i e l ds .  Continuing. 

USGS O f f  i c e  ' o f  Coal resource assessment, statewide: 
Energy Resources (1 ) t o  evaluate coal resources i n  the 
Branch o f  Coal. NPR-A and AMRAP areas o f  Alaska by 
Resources geologic mapping, d r i l l  core data and 

geophysical methods; (2)  t o  provide 
resource estimates by area and bed; 
and (3) t o  assess coal qua l i t y  by use . . 

o f  Btu values, s u l f u r  and ash content, 
and major-, minty-, and trace-element 
concentrations. 

USGS Conservation 
D i v i s i ~ n ,  O f f i ce  o f  
the Area Geologist 

DGGS 

DGGS 

Prel  iminary invest igat ions o f  coal 
occurrences.on the nor th  f lank o f  the 
Alaska Range i n  the v i c i n i t y  o f  Fare- 
we1 1 ; sampl i ng o f  cof l  beds ; resource 
assessment. 1977-78 

Reconnaissance geology o f  thg west side 
o f  the Susi tna basin. 1978. Recon- . 
naissance mapping o f  d iscre te  coal areas 
i n  western por t ion o f  the Susitna f i e l d  
and nor th '  o f  Chui tna-Capps Glacier. 
Beluga area. Measuring o f  coal seams 
and y t i l i z a t i o n  o f c o r e  hole data. 1978- 

,1979. 

Inspect ion of Beluga Coal .F ie ld w i t h  
emphasis o n  hydro1 ogy. Tooperative 
program w j t h  USGS. 1978 

Open-f i le 
r epo r t  .. 

Maps, cross 
sections, corre-  
l a  t ions,  resource 
estimates. . , 

Base1 i n e  data f o r  
f u t u r e  develop- 
ment. 
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Resource 

Coal 

Coal 

. . 
Coal 

ru 
o Uran i inn 
I 
V 

Uran i um 

Uran i um 

ENERGY RESOURCE . IDENTIFICATION AND ASSESSHENT PROGRAMS 

Agency 

DGGS 

DGGS 

Program Descr ip t ion  

I n v e s t i g a t i o n  o f  Gal$nbUnalakleet  
area f o r  coal . 1978 

Product 

I n v e s t i g a t i o n  o f  Yukon R i v e r  area $near 
Gal ena-Unal a k l  e e t )  f o r  coal  . 1978 

DGGS - . Reconnaissance mapping . o f  se lected areas Reconnaissance 
a t  Herendeen Bay and Chignik Bay coal maps, sel ec ted 
f i e 1  fs  t o  e s t a b l i s h  rerource va lues .  cross sect ions, 
1978 est imates o f  coal 

resources. 

USGS O f f i c e  o f  ' S t r a t i g r a p h i c  s tud ies  and geochemical 
Energy Resources ana lys is  o f  uranium p o t e n t i a l  o f  t e r t i a r y  
Branch o f  Uranium & basins, statewide, with present emphasis 
Thorium Resources i n  Cook I n l e t ,  Susitna lowlandst Matanuska 

Valley, and Copper R iver  basin; recon- 
n a i  ssance and petrol logic s tud ies  o f  g ran i tes  
i n  east-west be1 t across center  o f  t h e  
State; examination o f  u r a n i m  p o t e n t i a l  o f  
sedimentary rocks or p a ~ t  o f  t h e  North 
Slope; continuiritg f i e l d  work a t  Bokan 
Mountain. 1978 

DGGS ; l n v e s t  i g a t i o n  o f  tgr Galena-Unal a k l  e e t  area 
f o r  uranium. 1978 . , 

i 

DGGS . .  . V i s i t  mining d i s t r i c t s  of southeastern 
p a r t i c u l a r l y  Q u a r t z  H i l ' l  , B ~ t a n  Mountain, 

. and Admi r a l  t y  Is lanc  . 1978 



Resource Agency 

Uranium DGGS 
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ENEXY RESOURCE IDENTIFICATION AND ASSESSMENT PROGRAMS 

Uranium 

' . Geothermal 

IU 
-0 

I .  
.a Geothermal 

Geothe rmal 

Geothermal 

DGGS 

USGS Off ice o f  
Mineral Resources 
Branch o f  Alaskan 
Geol ogy, 1209 Orca 
St., Anchorage, AK 

USGS-Geologic D i v i s i on  
. O f f  i ce  o f  Earthquake 

' Studies Tectonophysics 
. . Branch 

345 Midd le f ie ld  Road 
Menlo Park, CA 94025 

Un iverc i t y  o f  Alaska 
Geophy'sical ' I n s t i t u t e  

: - 

Program Descr ipt ion Product 

I n  Tal keetna (D5) quad examine a Open-f il e 
small p l  uton and surrounding arpa reports, 1978. 
f o r  uranium potent ia l .  1977-78 

Uranium and thorium analyses on 2,000 Results t o  be 
strean sedimenfs samples. DOE published. 
cont ro l  . 1978 

Reconnai-ssance o f  I n t e r i o r  Alaska, Reports i n  pre- 
Aleut ian Islands, Alaska Peninsula and paration. 
Wrangell Mountains ; Geologic mapping, 
pet ro log ic  studies. 1978 

Thermal gradient  measurements i n  bore- 
holes and co l l ec t i on  o f  samples, statewide, 
t o  determine the regional d i s t r i b u t i o n  o f  
heat f low and i t s  r e l a t i o n  t o  tec ton ic  
processes i n  Alaska and t o  determine the 
re l a t i ons  among the thermal regime o f  
permafrost, shore1 ine  movements, and 
Pleistocene c l  i y t i c  h i s t o r y  i n  the A r c t i c  
coastal regions. 

F i e l d  work a t  Mr .  Wrangel; summarization Speci a1 repor t  
o f  ava i lab le  informat ion on glacier-volcano i n  1979. 
interact ions;  est imatjon o f  fu tu re  a c t i v i t y  
and hazard potent ia l  . 
~ssessment o f  1 ow and moderate temperature 
geothermal energy, .resources, i n c l  uding 
study. and v e r i f i c a t i o n  o f  prjmary water 
we1 1 data, eval ua t i o n  of: 0i.l we1 1 tmpera- 
data and a geochronologic study o f  young 
vol canic f i e l  ds . 1978 DOE cont ro l  . 

Pub1 i shed repor t  
design& f o r  use 
o f  energy planner, 
energy companies 
and potent i a1 
users o f  non-elec- 
t r i c  geothermal 
energy. 
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Resource 

Wind 

ENERGY RESOURCE IDENTIFICATION AND ASSESSMENT PROGRAMS 

Hydro 

Wood Waste 

Agency 

Un ive rs i t y  o f  Alaska 
Geophysical I n s t i t u t e  

USGS cooperat ive w i  t h  
Alaska Power Admini- 
s t r a t i o n ,  USAF, Corps 
o f  Engineers, 
U.S. Forest  Service; 
S ta te  Department o f  
F i s h  and Game, S ta te  
Department o f  Highways, 
Department o f  Natural 
Resources, Munic ipal  i ty 
o f  Anchorage, Kenai 
Peninsula Borough. 

Program Desc r ip t i on  

De ta i l ed  ana lys i s  c f  wind regime. a t  
Alaskan s i tes ,  w j  t b  p0wr.r p red ic t ions .  
1978 cont inu ing.  

Moni to r ing  a network o f  stream, l ake  
and estuary gaging s ta t ions .  'Statewjde 
sur face water s ta t ions .  Continuing. 

U.S. Deparbnent of Assessment o f  t imber val umes y i  t h i n  . t h e  
Agriculture-, '  Forest  " Sta te  o f  A1 as ka. Continuing. 
Service. 

Product 

Reports 

Source: 1. L e t t e r  f r a n  agency. See l i s t  o f  respondents a t  end o f  chis  sect ion.  
2. U.S. Geological Survey C i r c u l a r  772-A, The United States G ~ o l o g i c a l  Survey - i n  

Alaska: Organizat ion and Status of Programs i n  1978. 
3. State  o f  Alaska, Department o f  N a b r a l  Resources, D i v i s i o n  o f  Geological and 

Geophysical Studies, "Mines and  geology Bu l l e t i n , "  Volume P X V I I  No. 2, June, 1978. 

Data publ ished 
annua l ly  i n  "Water 
Resources Data f o r  
Al.as ka . " 



KEY CONTACTS 

Uni t ed  States Department o f  t h e  I n t e r i o r  
* 

Geological Survey 
O f f i c e  o f  Energy Resources . 
Branch o f  Uranium and ~ h o r i u m  Resources 
Terry W. O f f i e l d ,  Ch ie f  
Box 25'046 
Denver Federal Center 
Denver, Col orado 80225 

U.S. Department o f  I n t e r i o r  
Geological Survey 
Conservation D i v i  s i on  
O f f i ce  o f  the Area Geo log is t  
J. E. Cal lahan 
P.O. Box 259 
Anchorage, Alaska 99510 . 

U.S. Department o f  I n t e r i o r  
Geol og i c a1 Su rvey 
Branch .o f  Alaskan Geology 
A. T. Ovenshine, Ch ie f  . , 

345 Middl e f  i e l  d Road 
Menlo Park, C a l i f o r n i a  94025 

U.S. Pepartment o f  I n t e r i o r  : 
Geological Survey 
O f f i c e  o f  Energy Resources . : . 

Resource Appraisal  Group 
D r .  B e t t y  M. M i l  l e r ,  Programi'Chief 
Box 25046 .MS 971 . . ,  

Denver Federal Center 
Denver, Colorado 80225 . . 

U.S. Department o f  I n t e r i o r  
Geol og i c a1 Survey 
O f f  i c e  o f  Nat iona l  Petroleum 
Rese,rve i n  Alaska 
A r thu r  I. Bowsher, Chief,  
345 M i d d l e f i e l d  Road 
Menlo Park, C a l i f o r n i a  94025 

Sta te  o f  Alaska 
Department o f  Natura l  Resources 
D i v i s i o n  o f  Geological & 
Geophysical Surveys 
Ross G. Schaff  
S ta te  Geo log is t  
3001 Porcupine Dr i ve .  
Anchorage, Alaska 99501 

S ta te  o f  Alaska 
Department of Natural  Resources 
D. iv is ion o f  Minera ls  & 
Energy Management 
P a t r i c k  Dobey, Petroleum Manager 
323 E. 4 t h  Ave. 
Anchorage, A1 as ka 99501 

S ta te  o f  Alaska 
Department. o f  Natura l  Resources 
Planning & Research 
Bob K l e i n  
Deputy Chief  
323 E. 4 th  Ave. 
Anchorage, Alaska 99501 . ,  

U n i v e r s i t y  o f  Alaska 
Geophysical I n s t i t u t e  
D,onald L. Turner 
Associate Professor  o f  Geol o t y '  
Fairbanks, Alaska 99701, 

Univ 'ersi  ty. o f  Alaska 
Geophysical I n s t i t u t e  
Tunis Wentink, J r .  
~ r o f e s s o r  
Fairbanks, Alaska 99701 ., . *  

I 

U. S. Department. o f  Commerce' 
Nat iona l  Oceanic and Atmospheric 
Admin i s t ra t i on  
Nat ional  Weather Serv ice  - ~ l a s  ka 

Reg i on 
S t u a r t  G.'. B i g l e r ,  D i r e c t o r  
632 W. 6 t h  Ave. 
Anchorage, A1 as ka 99501 

C.C. Hawley and Associates, 1 .n~ .  
5109 Shaun C i r c l e  
Anchorage, A1 as ka 99507 

Bate1 l e  P a c i f i c  Northwest 
Labora tor ies  
Envi ronmental Pol i c y  Analys is  
Dar ry l  L. Hessel, Manager 
B a t t e l  l e  Boul e v a ~ d  
Rich1 and, Washington 99352 




