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ASSESSING ENVIRONMENTAL COSTS OF ENERGY PROCUREMENT
Ronald G. A ld e r fe r  Harland Bartholomew and A sso cia tes  S t .  L o u is , M issouri

A b stra ctT h is  paper d escribes an e c o lo g ic a l approach to  the assessment o f  environm ental impact and a sso cia te d  co sts  o f a l l  major phases o f  energy procurem ent. The approach is  based on id e n t if ic a t io n  o f  se r v ic e s  performed and b e n e fits  o ffere d  by n a tu ra l and man-modified ecosystems and re q u ires th at energy procurement a c t i v i t i e s  be analyzed in  terms o f  t h e ir  impact on these se rv ic e s  and b e n e fits . A thorough c o st assessment (in clu d in g  q u a n tita tiv e  and q u a lit a t iv e  fa c to r s )  o f a lte r n a te  energy p lans w i l l  aid both the s e le c t io n  o f  the most d e sira b le  a l t e r ­n ate  and the reduction o f  unforeseen co sts and problems during and a f t e r  con­s tr u c t io n  .1. INTRODUCTIONThe current ra te  o f  energy consumption in th is  Country is  s ta g g e r in g ; q u a n tit ie s  used to de­scrib e i t  are almost beyond comprehension (see Table 1) . J u s t  as the tru e  meaning o f  these q u a n titie s  i s  e lu s iv e , so the impact of the vast energy procurement network on n a tu ra l and man- m odified ecosystems is  d i f f i c u l t  to  grasp . M il­lio n s o f  words have been w ritten  in  the form o f environmental impact statem ents (EIS) fo r energy procurement a c t i v i t i e s ,  and many o f them have been u se fu l in  planning and decision-m aking pro­ce sse s. But se rio u s questions remain - Do EISs fo r  energy procurement a c t i v i t i e s  d e a l adequately with the range o f  v i t a l ,  n a tu r a l, ecosystem pro­cesses a ffe c te d ?  Do the EIS review procedures encourage th o u g h tfu l e c o lo g ic a l a n a ly sis  oren cyclop ed ic d ata gatherin g? Who r e a l ly  a ssim ila te s  th e  la rg e  q u a n tit ie s  o f environm ental inform ation norm ally gathered fo r  e n e rg y -re la te d  EIS documents? In p a r t ic u la r , do those p r o fe s ­s io n a ls  re sp o n sib le  fo r  p la n n in g , d e s ig n , con­stru ctio n  and operation understand adequate iy the environm ental im pact o f  the a c t i v i t i e s ?This paper i s  w ritten  in  the b e l i e f  that e c o lo g i­c a l ly  sound y e t  comprehensible environm ental im­p act assessm ents can and must be prepared fo r  energy procurement a c t i v i t i e s .  As the already v a st energy procurement network expands, the need fo r  adequate environm ental assessm ent becomes ever more p r e s s in g . The cost o f  adequate a s s e s s ­ment and plann ing i s  h igh  in some ca se s ; the long-term  c o st o f  e c o lo g ic a l ly  in s e n s it iv e  p la n n in g , on the oth er hand, can be d e v a s ta tin g .

Table 1U .S . Energy Consumption P e t .Year T o t .* Wood Coal N .G . Hydr. Nuc.(%) (%) (%) (%) (%)1860 3.1 83.5 16.4 0. 11880 5.0 57.0 41.1 1.91900 9 .6 21.1 71.3 5 .0 2 .61920 21.3 7.5 72.8 16.1 3 .61940 25.0 5 .3 50.1 40.9 3 .71950 34.0 3.3 36.7 55.9 4.11960 44.6 22.8 73.5 3.71970 67.1 18.9 76.8 4 .0 0 .31975 70.6 18.2 74.6 4 .6 2.61976 74.2 18.6 74.5 4 .2 2.7*T o ta l energy consumption in quads, e q u ivalen t to  one q u a d r illio n  Btu ( B r it is h  thermal u n i t s ) .A quad i s  e q u iv a le n t to th e  amount o f  energy in  172 m illio n  b a r r e ls  o f o i l .Source: F ed eral Energy A d m in istra tio n , 1977.(1)2. PHASES OF ENERGY PROCUREMENTThe energy procurement network c o n s is ts  o f  i n t e r ­connected phases o f  a c t i v i t y ,  each w ith i t s  sep ­a ra te  im pacts and costs-(2)There is  some v a r ia t io n  in  the sequence and number o f p h a ses, depending on the u ltim a te  source o f  energy and mode o f  conversion (see Figure 1 ) . Whereas coal and o i l  in v o lv e  e x te n siv e  e x tr a c t io n , s o la r  and wind req u ire  none. In cases where conversion takes p la ce  c lo se  to  the u ltim a te  energy so u rce , tr a n s ­p o rta tio n  becomes a t r i v i a l  component and tr a n s ­m ission may be very e x te n siv e .
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While th e  lo c a l im pact o f any given phase may be sm all o r r e a d ily  managed, i t  is  im portant to co nsid er each phase in  r e la t io n  to  connected phases. Coal o r o i l  e x tra c tio n  and p ro cessin g  fo r  energy conversion may have manageable impacts when viewed s e p a r a te ly , but t h e ir  combined im­p act in  a given s e t t in g  may be much more seriou s (lowered water ta b le  plus in creased  w ater p o l­lu ta n t d is c h a rg e s , fo r  exam ple).The f i r s t  step in  a ss e s sin g  environm ental costs o f e n e rg y -re la te d  a c t i v i t i e s ,  t h e r e fo r e , i s  to c le a r ly  id e n t ify  the phase or phases o f  energy procurement in v o lved  and i t s  (th e ir)  r e la t io n ­sh ip  to in -p la c e  f a c i l i t i e s  fo r  r e la te d  p hases.F igure 1Flow Ch art o f  Energy Procurement A c t i v i t i e s

3. THE ECOSYSTEM CONCEPTThe second step  in  a ssessin g  environm ental co sts o f  energy procurement i s  to id e n t ify  the n a tu ra l or man-m odified ecosystem components and processes p o t e n t ia lly  a ffe c te d  by the pro­posed a c t i v i t y .  T h is ste p  is  in v a r ia b ly  more d i f f i c u l t  than id e n t ify in g  energy procurement p h a ses , but i t  i s  e q u a lly  im portant.An ecosystem is  d e fin ed  as a s e t  o f  organism s, elem ents o f t h e ir  a b io t ic  ( i . e . ,  n o n -liv in g )  environment and th e  processes which in te r c o n ­nect them. A la k e , a fo r e s t ,  a grasslan d  area are a l l  examples o f  more or le s s  complete eco­system s. An im portant f a c t  about ecosystem s, however, is  th a t they are connected to  each oth er by the movement o f  en ergy , organism s, water and organ ic and in o rg a n ic  m a te r ia ls . The boundaries between ecosystems are sometimes very d i f f i c u l t  to  determ ine. A lake ecosystem , fo r  example, i s  connected by varying degrees to the land ecosystems making up i t s  w atershed.The p r in c ip a l components o f  a l l  ecosystems are m ineral elements ( in c lu d in g  s o i l  and w a te r) ,

s o la r  r a d ia t io n , and sp e cie s  population s (gen­e r a l ly  c la s s i f i e d  as p rod u cers, consumers and decomposers). While th e  r e la t iv e  com position and array o f these components vary g r e a tly  from one ecosystem to  an o th er, a l l  ecosystems have these general components.The p r in c ip a l fu n ctio n s o f ecosystems are photo­sy n th e sis  (or primary production) , tro p h ic  tra n s­fe r  o f  energy, m in e ra liz a tio n  o f organ ic m atter and sto rage  and tran sm ission  o f " b io lo g ic a l  in fo r ­m ation". Each o f  these ecosystem processes i s  expanded more f u l l y  below .3.1 PHOTOSYNTHESIS/PRIMARY PRODUCTIONThis is  perhaps the most v i t a l  ecosystem fu n ction . I t  i s  an energy tra n sd u ctio n  p ro ce s s , namely one in  which energy in  the form o f s o la r  r a d ia t io n  is  converted in to  the form o f chem ical p o t e n t ia l .I t  converts energy from a n o n -sto ra b le  form (ra d ia tio n ) in to  one which i s  not only s to ra b le  but re a d ily  a v a ila b le  to  b io lo g ic a l  organisms and u s e fu l in  meeting a l l  t h e ir  energy needs.Green p lans ( in c lu d in g  algae) are e s s e n t ia lly  the only organisms capable o f p h o to sy n th e sis . Photo­sy n th e sis  (v ia  green p la n ts )  i s the " b io lo g ic a l  dynamo" fo r  a l l  ecosystems and ecosystem  processes. The input to  photosynthesis is  w ater and inorganic compounds; the output i s  h ig h ly  d iv erse  organic compounds. The term "prim ary p rod u ction " is  synonymous with p hotosyn thesis and is  o fte n  used interchan geab ly  with i t .3 .2  TROPHIC TRANSFERTrophic energy tr a n s fe r  is  tr a n s fe r  by " fe e d in g ."  Photosynthesis by green p la n ts  i s  d efin ed  as the f i r s t  tro p h ic  le v e l in  ecosystems , meaning th a t p la n ts  are the f i r s t  le v e l o f  energy "consump­tio n "  in  the system . Organisms which consume p la n ts  are defined as being at the second tro p h ic l e v e l ,  those which consume consumers are at the t h ir d , e t c .  The number o f  tr o p h ic  le v e ls  in  ecosystems is  g e n e ra lly  two to  fo u r .The s t a b i l i t y  and fu n c tio n a l dynamics o f  an eco­system are stro n g ly  in flu e n ce d  by a balanced a v a i l a b i l i t y  and movement o f  tro p h ic  tr a n s fe r  throughout the organism groups com prising an eco­system . S ig n if ic a n t  im balance may lead to  de­s t a b i l iz in g  "boom" and ,fb u st" c y c le s  o f  in d i­v id u a l sp ecies p o p u la tio n s.3 .3  MINERALIZATION OF ORGANIC MATTERM in e ra liz a tio n  i s  the step th a t c lo se s  the loop or re -c y c le d  m a te r ia ls  in  ecosystem s. Decomposer organisms ( fu n g i, b a c te r ia  and o th er lower l i f e  forms in  s o i l  and water) disassem ble o rg a n ic  m a te r ia ls  to  o btain  energy fo r  t h e ir  own purposes and leave water and in o rg a n ic  m a te r ia ls  as th e ir  waste p rod u cts. I t  i s  p r e c is e ly  these "waste p rod u cts" which are inp uts to  the process o f p h o to sy n th e sis . The importance o f  decomposer organisms and the m in e ra liz a tio n  process as a80



whole to ecosystem fu n ction  is  q u ite  obvious.3.4 STORAGE/TRANSMISSION OF "BIOLOGICALINFORMATION"The genetic com position o f sp ecies populations as a group represents a kind o f  memory in the eco­system. The memory is  in the form of g e n e tic a lly  determined c a p a b ility  on the part o f each organism to carry out c e r ta in  fu n ctio n s or f i l l  ce rtain  roles in the ecosystem . C o lle c t iv e ly  the organ­isms comprising an ecosystem represent a " ta le n t  bank" which is  tra n sferre d  from one generation to the next. Removing sp ecies or d estroying h a b i­tats reduces the " ta le n t  bank" o f the ecosystem directly and in d ir e c t ly . I f  h a b ita t conditions in an ecosystem are changed in such a way th at a certain tree sp e cies cannot become re -e s ta b lis h e d , the affected ecosystem loses the " t a le n t "  ca rrie d  by the population o f th at tree  sp ecies for a particular se t o f  fu n c tio n s; i t  may a lso  lose the "talent" o f b ir d s , mammals, in se cts  or other groups which depend stro n g ly  on the tre e  sp ecies removed.I t  is  read ily  apparent to the in te re s te d  observer that natural systems u s u a lly  have considerable redundancy in th e ir  " t a le n t  bank" or se t o f "b io lo gical in fo rm a tio n ". Systems ad ju st to changes o f even the most extreme kind. However, the interested  and tho u gh tfu l observer must a lso  conclude that there is  a lim it  to  the f l e x i b i l i t y  of natural system s. Taking the r e s ilie n c y  o f natural systems for granted may have d isastrou s consequences, as w itnessed by the "dust bowl" era of our Country.4. ECOSYSTEM GOODS/SERVICES/BENEFITSThe ecosystem processes ju s t  described have a large number o f  by-products and consequences which are extrem ely b e n e fic ia l  fo r  the human species, which is  the dominant component o f many ecosystems. Some o f  the b e n e fits  are immediate and d ir e c t; others are o f secondary or in d ire ct b e n e fit , but s ig n if ic a n t  n o n eth eless .
4. 1  MARKETABLE GOODSThis c la ss  o f  b e n e fits  i s  the most d ir e c t . I t  includes a l l  food m a te r ia ls , even though much o f those m a te ria ls  are taken from h ig h ly  m odified ecosystems. I t  a lso  includes timber and n a tu ra l iber p lants as w ell as a large number o f non-renewable m in erals .4-2 GENETIC POTENTIAL FOR CULTIVATED CROPS ANDDOMESTICATED ANIMALS*S 3 1? ss d ire c t  b e n e fit  than marketable goods, but i t  is  v i t a l l y  im portant. A ll p la n ts  ^n animals used fo r  food production are evolu- lonary products o f ecosystems from throughout e world. While the g e n e tic  stock o f  c u lt iv a te d  plants and dom esticated animals is  la r g e , i t  would be fo o l-h ard y  to b e lie v e  that no new,

n a tu r a lly  produced stra in s  are needed to  s a t is fy  world needs or to  cope with p o te n tia lly  s i g n i f i ­cant c lim a tic  changes in years to come. I f  clim ates do change, the need for new stocks may be large indeed.4.3 BUILDING OF SOILSThe ra te  o f  erosion o f  productive s o ils  in th is  Country is  very high in  many areas. Sin ce  s o i ls  are the by-product o f n a tu ra l and man-modified ecosystem events such as w eathering, organic m atters accum ulation and m in e r a liz a tio n , i t  is  v i t a l l y  im portant th a t we not only p ro te ct e x is t in g  s o i l  reserves but th a t we p ro te ct those processes which b u ild  new s o ils  as w e ll .4 .4  BREAKDOWN/MINERALIZATION OF ORGANIC RESIDUESThis process was discussed e a r lie r  as one which is  common and v i t a l  to  a l l  ecosystems and provides the important b e n e fits  o f decomposing v a st quan­t i t i e s  o f  o rganic waste m a teria l in land and water ecosystems and o f re-su p p lyin g  p h o to syn th etic organisms with raw m a te r ia ls .4 .5 NATURAL PURIFICATION OF SURFACE WATER AND GROUND WATER RESOURCESWhile a small m inority  o f streams and waterways look (and sm ell) l ik e  wastewater treatm ent f a c i l ­i t i e s ,  a l l  n atu ral and sem i-natural su rface  waters perform the same water p u r ific a t io n  processes which take p la ce  in a more concentrated fashion in treatm ent f a c i l i t i e s .  Sedim entation , decom­p o s itio n  o f organic residu es and re -a e ra tio n  o f water to  rep lace the oxygen consumed by m icro­organisms in breaking down organic wastes are common to both "n a tu ra l" and "designed" treatm ent. N atural p u r if ic a t io n  proceeds co n sta n tly  and q u ie t ly  in  most streams and waterways, and i t s  b e n e fits  are sometimes not re a lize d  u n t i l  d is t u r ­bance slows the process or v a s tly  in cre a se s the need fo r  p u r if ic a t io n . N atural p u r if ic a t io n  a lso  takes p la ce  in  marshes, lo c a l  depressions and groundwater recharge a r e a s , thereby p ro te ctin g  groundwater q u a lit y .4 .6  ATTENUATION OF AIR POLLUTANTSV eg etatio n  in n a tu ra l and man-modified ecosystems trap s large q u a n tit ie s  o f  a ir  p o llu ta n ts  on le a v e s , stem s, trunks and branches. Local meteoro­lo g ic a l  con d itio n s togeth er with type and d e n sity  o f  v e getatio n  determine th e  e ffe c tiv e n e s s  o f t h is  n a tu ra l f i l t e r i n g  fu n c tio n .4 .7  MODULATION OF HYDROLOGIC CYCLEWell vegetated  ecosystems have a strong m odulating in flu e n c e  on components o f  the h yd ro logic c y c le .The k in e tic  energy o f r a i n f a l l  i t s e l f  is  a tte n ­u a te d , robbing i t  o f  fo rce  capable o f  loosening n e a r-su rfa ce  s o i l  p a r t ic le s  and in i t i a t i n g  e ro sio n . Roots p en etratin g  the s o i l  enhance groundwater
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i n f i l t r a t i o n  during and a ft e r  storm s, thereby reducing ru n o ff and enhancing n a tu ra l stream  r e ­charge between r a i n f a l l  e v en ts .4 .8  AMELIORATION OF NEAR-SURFACE CLIMATE EXTREMESAs everyone knows through e x p e rie n c e , the clim a te  near the ground in  wooded areas i s  p ro te cte d  from hot and dry extremes during summer and from c o ld , d e s ic c a tin g  extremes during w in te r . T his am elio­ra tio n  o f m icro -clim a te  enhances co n d itio n s  fo r  seed germ ination and se e d lin g  establish m en t as w e ll as burrowing, feed in g  and reproduction fo r  i n s e c t s ,  b ir d s , mammals, amphibians and r e p t i l e s .4.9 NATURAL CONTROL OF PEST POPULATIONSEcosystems with a la rg e  v a r ie ty  o f  animal groups are o fte n  le ss  l ik e ly  to  have se rio u s outbreaks o f p est p o p u lation s ( p a r t ic u la r ly  in s e c ts )  than le ss  d iv e r se  ecosystem s. T h is is  thought to  be the r e s u lt  o f increased  number and kind o f  poten­t i a l  pred ators whose p o p u lation s can grow as th e ir  food source grows.4.10 RECREATION AND AESTHETIC ENJOYMENTMany n a tu ra l and n e a r-n a tu ra l ecosystems have p a r t ic u la r  r e c re a tio n a l p o te n tia l  - fo r  h ik in g , f i s h in g , can oein g, s a i l i n g ,  photography, s o l i t a r y  enjoyment o f  open sp a ce , e t c .  B e n e fits  vary g r e a tly  w ith  v e g e ta tio n  ty p e , t e r r a in , land use h is t o r y , p roxim ity  o f s u ita b le  land and water areas and lo c a l demand fo r  r e c r e a tio n .4.11 STUDY AND RESEARCHAlmost any ecosystem o ffe r s  some p o te n tia l fo r  e c o lo g ic a l study and r e s e a r c h , but systems in g re a te st demand fo r  t h i s  purpose are those which have su ffe re d  the le a s t  d istu rb a n ce  from the n atu ral co n d itio n .5. LEVELS OF COST ASSESSMENTThere are numerous le v e ls  at which costs are incurred when energy procurement a f f e c t s  eco ­system p ro ce sse s . Each le v e l  is  a m p lifie d  b r ie f ly  below.5.1 MARKET VALUE OF LAND AND GOODSThe most obvious le v e l at which co st is  incurred  is  in  the value o f s a le a b le  land and goods in  the ecosystem at the time changes are brought about. S a le a b le  goods in clu d e h a rv e sta b le  cro p s, f i s h ,  tim ber, and o res.5 .2 PROJECTED LOSS/REDUCTION IN PRODUCTIVITYEach ecosystem has a ra te  o f  p r o d u c tiv ity  fo r  useable o r d e sira b le  goods. They includ e p r o d u c tiv ity  in  the form o f  cro p s , p a stu re , tim ber, f i s h ,  b ir d s , fu r-b e a r in g  an im als, e t c .

T h e ir valu e is  se t by market co n d itio n s as w ell as a c c e s s , land/water q u a lity  and other s i t e  fa c to r s  a f fe c t in g  p r o d u c tiv ity .5 .3  PROJECTED COST OF SERVICES ON A REPLACEMENT BASISHaving id e n t if ie d  the range o f u s e fu l s e r v ic e s  performed by n atu ral o r m an-modified ecosystems e a r l ie r  in  th is  p ap er, i t  i s  necessary to  d e te r­mine the co st o f  re p la c in g  these se rv ic e s  in  the event o f  ecosystem d is r u p tio n . For example, i f  a swamp o f marshland p u r if ie s  p o llu te d  urban stormwater or a g r ic u lt u r a l  ru n o ff before i t  en ters a w a te r-q u a lity  s e n s it iv e  stream , draining or a lt e r in g  the swamp fo r  energy procurement in cu rs a s u b s ta n tia l c o st in  the form o f  l o s t ,  needed s e r v ic e .5 .4  LOSS OF "NATURAL INSURANCE"The c a p a c ity  o f n a tu ra l and c e r ta in  man-modified ecosystem s to perform the s e r v ic e s  described above i s  o fte n  g re a te r  than the demand placed  on them. T his excess c a p a c ity , however, i s  a very im portant fe a tu re  o f s ta b le  ecosystems in  th a t i t  o ffe r s  a "n a tu ra l in surance" a g a in s t catastrop h e- severe drought, f lo o d in g , outbreak o f d is e a s e , e x te n siv e  f i r e ,  e t c .Changing ecosystems in  such a way that t h is  "n a tu ra l insurance" i s  reduced rep resen ts a co st to  those depending on se rv ic e s  th e  ecosystems p ro v id e; i t  in cre a se s th e ir  r is k  to  n a tu ra l or man-induced ca ta stro p h e .5 .5  LOSS OF UNIQUE SPECIES, COMMUNITIES, OR ECOSYSTEMSThe co st o f  e lim in a tin g  or s e v e re ly  th reaten in g  rare and/or endangered s p e c ie s , n a tu ra l com­m un ities or ecosystems is  very d i f f i c u l t  to  e v alu a te  because i t  i s  alm ost im p ossib le  to assess the r e a l ,  long-range s ig n if ic a n c e  o f the th r e a t­ened e n t i t ie s  to  the ongoing fu n c tio n  o f  the n a tu ra l systems o f which they are a p a r t . In the fa c e  o f  t h is  ig n o ra n ce , i t  i s  not i l l o g i c a l  to  assume the w o rst, nam ely, th a t th e  ro le  o f  the unique e n t ity  is  h ig h ly  s ig n i f ic a n t  u n t i l  c le a r ly  proven o th erw ise . W hile e x t in c t io n  has been ta k in g  p la ce  n a tu r a lly  fo r  thousands o f  y e a r s , the c a p a c ity  we possess f o r  causing u n natu ral e x t in c ­tio n  in  ju s t  ten years is  very g re a t indeed. The co st o f  lo ss  in th is  a re a , th e r e fo r e , must be reckoned as being extrem ely high and avoided i f  at a l l  p o s s ib le .5 .6  LOSS OF AESTHETIC VALUE OR OTHER SOCIAL/ CULTURAL VALUEA e s th e tic  values in r e la t io n  to  n a tu ra l systems are very re a l but re q u ire  s u b je c t iv e  e v a lu a tio n . Replacement co st fo r  the land or water area a ffe c t e d  must be viewed as the minimum co st o f  d istu rb a n c e , w ith a d d itio n a l c o st increments assigned  in  r e la t io n  to  the perceived  su b je c tiv e82



value - whether for reasons o f scen ic q u a lity , h is to r ic  or archaeologic in t e r e s t , s o c ia l value to local communities, e tc .6. BRIEF EVALUATION OF SAMPLE CASEWe have o utlined  the b a sic  considerations required in  assessing environmental cost o f energy pro­curement a c t i v i t i e s .  Each case is  unique and requires the good judgement of p rofessio n als in the fie ld s  o f  ecology, engin eering, geology, economics and others in order to  a rriv e  at the most fa ir  and reasonable cost o f  impact on n atu ral systems.The sample case described below i l lu s t r a t e s  how some o f the b a s ic  considerations are applied.6.1 SAMPLE SITE CONDITIONSThe s ite  is  a 1000-acre land tr a c t  on which severe su rface disruption is  required in order to meet a p a rtic u la r  need in  energy procurement, such as strip -m in in g  fo r  co a l. The land has 600 acres in  fo re s t (secondary growth, o f which 300 acres is  in pine and 300 acres in pine and mixed hardwood). There are 200 acres o f cropland (corn, small g ra in s , soybeans) and 100 acres of p astu re . Streams, ponds and marshes cover 75 acres and building lo t s ,  roadways and vacant land cover 25 acres.6.2 ECOSYSTEM GOODS/SERVICES/BENEFITS AFFECTED6 .2 .1  GoodsThe marketable goods on the s i t e  co n sist o f tim ber, coal and g r a in , each with resp ective market value per board-foot or ton , depending to some degree on q u a lity . The value o f  the coal may be the prime economic fa c to r  o f  the a c t i v i t y ,  with the timber value a s ig n ific a n t  secondary fa c to r .6 .2 .2  P rod u ctivityThe s it e  has productive cap acity  fo r  tim ber, (harvestable stand per 20-50 y e a rs , depending on species type and management p r a c t ic e s ) ; grain (60 bushels per acre per year o f com  and small grain ; 25 bushels per acre per year o f soybeans!; grazing (50 c a t t le  per year on p astu re); and a certain productive cap acity  fo r  w ild l i fe .6 .2 .3  ServicesThe forest la n d , pasture and cropland a l l  have a Sh*’n^ Cant P °*en^ al f ° r s° i l  b u ild in g , with the level o f  y ie ld  stron gly  dependent on manage- ®ent p ra c tice s  in a l l  three areas. The fo re st and pasture o ffe r  s ig n ific a n t  erosion and ru n o ff control year-round; the cropland is  subject to erosion and ru n o ff during a number o f  months o f each year, depending on management p r a c tic e s , bow-lying areas on the s it e  serve as ground- water recharge areas; the recharge i s  h igh ly  s ig n ific a n t to  the flow conditions and year- round water q u a lity  o f the streams and ponds.

The marshes a ls o  serve as s ig n ific a n t  recharge areas and are capable o f removing a large fra ctio n  o f the p o llu ta n ts  carried in  cropland and pasture ru n o ff. The large wooded area and in te rfa ce  areas between wooded and open areas o ffe r  s u i t ­able h ab itat space fo r a v a r ie ty  o f b ird s which serve to  control many p o ten tia l in sect pest p op ulation s. The vegetatio n  cover over most o f the s it e  p rotects the near-surface s o i l  environ­ment from summer and winter clim a tic  extremes and prevents near-surface d e sicc a tio n . The large wooded tr a c ts  serve as e ffe c t iv e  traps fo r  fu g it iv e  dust from unpaved roads and other dust­generating a c t i v i t i e s .6 .2 .4  R ecreation/A esth etic EnjoymentRecreation p o te n tia l is  o ffered  in the forms o f h ik in g , swimming, r id in g , canoeing, f is h in g , photography, s o lita r y  enjoyment o f open space and community and regio nal a e sth e tic  enjoyment o f  the fo rested  areas. The value o f th is  b e n e fit  may be determined on the b a s is  o f present and future v is it o r s  to the s i t e  and the uniqueness o f the s it e  in  the region.6 . 2 . 5  Study/ResearchThe s i t e  o ffe r s  abundant opportunity fo r  in v e s t i­g a tin g  fo re s t and w ild l i fe  management p r a c t ic e s , hydrology, m icro-m eterology, f i e ld  observation o f fo re s t and stream h a b ita t types fo r  non­research students and fo r  study o f natural control o f p e st p op ulation s. Again, the value o f  t h is  b e n e fit  may be determined on the b asis o f present and p rojected  use by students and re ­search workers and by the uniqueness o f the s it e  in  the regio n .This ca se , l ik e  so many o th e rs , has important parameters which are re a d ily  q u a n tifia b le  (marketable goods, p ro d u ctiv ity  e stim ates), important parameters which are only roughly q u a n tifia b le  ( s o il  b u ild in g , erosion and ru n o ff c o n tr o l, water and a ir  p u r if ic a t io n , re cre a tio n a l use) and many equally  important parameters which are e ith e r  un q u an tifiab le  or q u a n tifia b le  only with an excessive amount o f  time and e ffo r t  (the number and kind o f species lik e ly  to be s i g n i f i ­cant in  pest c o n tro l, a e s th e tic  v a lu e , long­term value fo r  study and re search ). A common danger in mixed analyses o f th is  sort is  that they tend to  p lace greater weight on those parameters which are or appear to be q u a n tifia b le . As mentioned e a r lie r  in th is  paper, the only p ro tectio n  ag a in st th is danger is  the good judgement o f  m u lti-d is c ip lin a ry  p ro fessio n als responsible fo r  the decision-m aking process and the clo se  coordination o f  the process with lo c a l c it iz e n s  who can and should be ca lle d  upon to evalu ate  many o f the su b je ctiv e  choices a ffe c t in g  th e ir  environment (time and space do not allow discussion  o f  th is  c r i t i c a l  ro le  o f c it iz e n s ) .
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7 . SUMMARYAdequate assessm ent o f environm ental im pact and a s s o c ia te d  c o st o f  energy procurement a c t i v i t i e s  re q u ire s a c a r e fu l a n a ly s is  o f  th e  goo d s, s e r ­v ic e s  and b e n e fits  which n a tu r a l and man-m odified ecosystem s p ro v id e . We have d escrib ed  th e  kinds o f  b e n e fit s  ecosystem s p ro v id e , th e  v a rio u s le v e ls  a t  which c o sts  may be in cu rred  in  the event o f  s ig n i f ic a n t  d istu rb an ce  and a hypo­t h e t i c a l  case which i l l u s t r a t e s  how the general approach can be a p p lie d .REFERENCES1. F ed eral Energy A d m in is tra tio n . 1977. Energy in  Focus - B a sic  D ata . (Document number FEA/A-77/144) .2. M arion, Je r r y  B . 1974. Energy in  P e r s p e c tiv e . Academic P r e s s , New Y o rk .BIOGRAPHYRonald G . A ld e r fe r , P h . D . ,  i s  C h ie f  E c o lo g is t  and A ss o c ia te  P a rtn er w ith the firm  o f  Harland Bartholomew and A s s o c ia te s . H is exp erience in ­cludes environm ental and e c o lo g ic a l  a n a ly se s in a wide range o f  p lan n in g and en gin eerin g  p r o je c t s . From 1969 to  1975 he was A s s is ta n t  P ro fe sso r o f B io lo gy  a t the U n iv e rs ity  o f C h ica g o , where he developed and c a r r ie d  out research  on e n v iro n ­m ental re g u la tio n  o f  p h o to syn th esis and growth o f  p la n ts  and ta u g h t at both th e  graduate and undergraduate le v e ls .
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