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TO: Report recipients 

FROM: Professors David Firmage, Russell Cole and Herbert Wilson 

RE: Class report on the Horse Point Esker and Great Bog 

DA TE: May 28, 1991 

This report is the work of sri.ldents in the Problems in Environmental Science course (Biology 493) 
taught at Colby College during the fall semester of 1990. The course is taken by seniors who are 
majoring in Biology with a concentration in Environmental Science. The students are treated as though 
they were an environmental consulting firm. The object of the course is to teach the students how to 
approach a problem, how to outline a workplan and what is necessary to carry the plan out 
successfully. As pan of this learning process the students use methods and tools they have learned 
about in other courses and are introduced to new methodology as needed. Standard methods of 
analysis are used as well as up-to-date instrumentation for any of the original analysis done. However, 
there are time constraints involved in the study as all requirements for the course must be completed 
within the fall semester. These constraints mean that new data can only be gathered during the months 
of September through early November and typically that extensive analysis can not be done. Also, in 
order to teach various techniques and to have the students consider a problem from a number of angles, 
the project is expanded to more areas than a group might normally take on for a short term project. This 
means that in some areas we sacrifice some depth for more breadth. 

We make this report available in the hope that the work contained herein may be of interest or help to 
others interested in the problem addressed. We realize that each area of the study could and perhaps 
should be expanded. We feel confident of the quality of the work done. and only wish the time had 
been available so that the students could fulfill their desire to conduct a more comprehensive study. 
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INTRODUCTION 

In M ay o f  1 99 0 ,  T i lco n -Ma ine ,  I nc. subm itted an app l icat ion  to m ine  
g ravel on the east s i de  of Ho rse Po int Road o n  Horse Po int i n  the  Town o f  
Be lg rade .  The p roject s ite  covers 46  acres and the proposed excavat ion 
covers 1 6  acres .  An est i mated 740 ,000  cub ic  yards o f  m ate ri al wi l l  be  
removed over  a pe r i od  of  s i x  o r  seven years ( P f i ste r ,  pe rs .  co m m . ) .  
Acco rd ing t o  T i  I con (T i mson et al., 1 990)  the  max i m u m  depth of t h e  p it 

, w i ll be  78 feet and the  bottom of the  p it wi l l  be a m i n i m u m  of 6 feet 
above the  water tab le .  At the present t ime the appl icat io n is  on ho ld unt i l  
T i l con redes ig nates t he  buffe r zones  adjacent to H o rse  Po i nt Road and 
m akes othe r  necessary changes.  T i lcon can then resubm it t he i r  app l icat ion  
fo r app roval . 1 

Ou r  pu rpose was to comp lete a backg rou nd study of  the  Ho rse Po int 
a rea  and  an  overv iew of  th e d rai nag e bas i n  i n  o rd e r  t h at seve ra l  
s ignif icant b io log ical  and geo log ical issues co u ld  be co ns idered .  The most' 
i m po rtant of  these co ncerns are the  fo l lowing : 

• Poss ib le  effects o n  the water  qua l ity 
-of G reat Bog 
-of the H o rse Po int aqu ifer 
-of G reat P ond 

• P oss ible  deg radat ion of a reg ional ly  s ig n if icant esker co mp lex 
• Poss ib le  effects on a signif icant wet land 
• Poss ib le  effects on rare species 
• Poss ib le  effects of increased road use by g rave l  t rucks on Ho rse Po int 

and l oca l  co m m u n it i es 
• Poss ib le  non-comp l iance of pro posed m in ing with exist ing 

federa l , state ,  and local reg ulat ions 

Although m any of  these co ncerns are not p resent ly  suppo rted w ith 
d ef in it i ve  ev idence , s o m e  h ave de layed th e acce ptance o f  T i l con's 
app l icat ion.  Th i s  h as al lowed t ime fo r o u r  stud ies and invest igat i ons .  I t  

1 At the time this manuscript was written, Tilcon-Maine, Inc. was i n  the process of revising 
their first application. Since then, the second application has been submitted, and necessary 
changes (given the time available) within this text have been made accordingly. · 
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I I 

i s  h o ped th at th ese  stud i e s  w i l l  h e l p  to de te r m in e  i f  the p rev i o u s ly 
m ent ioned concerns are in fact va l id .  We a lso hope  that th e info rmation 
g ath e red  and p resented in th is  re p o rt w i l l  p ro v i d e  t h e  backg ro und 
necessary to he l p  o thers reach decis ions on the iss ues .  F ina l ly ,  based on 
th e ev idence we have g ath e red in th i s  rep o rt ,  we w i l l  make s o m e  
reco m m endat ions abo ut the proposed m in ing p roject and th e area o f  G reat 
Bog . 
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BACKGROUND 

Geologic History of Maine Overview 
M o st o f  M ai n e  bedrock i s  composed of rock that h as been  rep eated ly 

m eta m o rp ho se d  t h ro u g h o ut t h e  h i sto ry of t h e  reg i o n  (Gu i do tt i , 1 98 8) .  
M uch  o f  t he  p resent bedro ck can b e  t raced back to t h e  S i l u ro - D evo n ian 
metamorphos is  w h ich  affected most of Ma i ne .  The n o rth  and east parts of 
t he  state a re fo rmed of a low g rade metam o rp h i c  rock w h i l e  the s o uth is  
ma in ly com posed of h i g h  g rade metamorph ic  rock. 

T h e  bed rock of the N o rr idg ewock q u ad rang l e ,  wh ich  co nta i ns  G reat 
P o n d  a n d  Great  Bo g ,  c o n s i sts  of D evo n i an  a n d  S i l u r i a n  l i g h t l y  
metamorpho sed sed i mentary rock (Ano n . ,  1 978) bu t  the  bed rock u nderlyi ng  
Great Pond  i s  a g ran it ic ig neous  i ntru s io n ,  the Rome  P l uto n .  I t  was  formed 
in  the D evo n i an p e riod ,  403 m i l l i on  years ago (Caldwe l l  et al. ,  1 988) . 

Th e m o re recent eve nts that d rastica l ly changed th e s u rface g e o logy 
o f  M ai n e  were  the p e ri ods  of  g lac iat i o n  d u r i ng  t h e  Late P l e i stoce n e .  
Gl ac iat i o n  h as h ad a s i g n i f icant  effect o n  th e s u rf i c i a l g eo l ogy  a n d  
to p og ra p h y  o n  t h i s a rea .  W e ath e r i n g  a n d  e ro s i o n  by g l ac i e rs h a s  
co ntr ibuted to the fo rmat ion  o f  most o f  M ai n e's lakes ,  s u c h  a s  Great Po n d ,  
w h i c h  was fo rmed by g lacia l  sco u ri n g  o f  the  R o m e  P l u to n  (Ca ldwe l l  et  al., 

1 9 8 8 ) . 
T h e re h ave  been  seve ral p e r iods  o f  g lac i at io n  and  d eg l ac iat io n .  I n  

M ai n e ,  t he  o n ly re ma in i ng ev idence of g l ac iat ion  is  that o f  t he  last p e r iod 
of  g l ac iat ion  in  the  Late Wiscons i n  of  the  P l e istoce ne .  Th e Lau re nt ide I ce  
S he et moved  i n  a sou th-southeaste rly d i rectio n  across M a i n e  and  stop ped 
its f o rward movem e n t  app ro x i m ately 2 0 , 0 0 0  years ag o (Ca ldwe l l ,  1 9 82) . 
At its g re atest extent ,  t he  ice sheet  reached across a l l  o f  M ai n e  and  o u t  
o nto t h e  con ti n e nta l  s h e lf .  T h e  th ickness o f  t h e  s h e et i s  est i mated to 
h ave  been  at least o n e  k i lo mete r. Th e we ight  of th i s  ice sh eet dep ressed 
the c rust 40 m eters or more (Bloo m ,  1 960)  and s ince m uch  of t he  earth 's  
water was t ied u p  in  the g l ac ie r ,  sea  leve l  was lowe red by at least 1 00 
m eters . Sea  l eve l  reb o u nded wi th  t he  m el t i ng  of  the  ice s h eet  betwee n  
1 3 , 300  and 1 2 ,700  years ago (Ca ldwe l l ,  1 982) . 
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Til Is 
As t h e  g lac ie r  moved over  the land i t  p icked u p  so i l  and rock and 

carr ied i t  wi th i n  the  ice .  As the ice sh eet  retreated ,  i t  l eft beh i nd the 
e ro d ed m ate r ia l  t hat i t  had carr ied i n  the fo rm o f  t i l l  o f  two vari eti es . 
Both  types of  t i l l  have com m o n  character istics of  be ing  p o o rly so rted c lay 
to b o u lde r  s ized sed i ments wh ich b lanket larg e areas. Basal till is formed 
beneath the ice,  espec ia l ly i n  stag nant co nd i ti ons .  I t  i s  a compact - layer o f  
f i n e  g ra i n e d ,  c l ay-s ized sed i m ents m i x ed wi th  cobb l es a n d  b o u ld e rs .  
C o nseque nt ly ,  t he  po ros i ty, wh ich i s  a m eas u re of  the i nte rst i t ia l  space 

/ b etween  g ra ins  is extreme ly l ow.  Permeab i l ity, the resistance to f low i n  
the  i ntersti t ia l  spaces betwee n  g ra ins ,  is  a lso  extre m e ly l ow .  Th is  is  
espec ia l ly true i n  co mparison  to that of g rave l  depos its . Ablation till o n  
t h e  o ther  hand  i s  less compact. Tho u g h  its sed iments a re o f  the same 
o rig i n  and d eg re e  of  so rt i ng , ab lat ion  ti l l  i s  deposited as the ice m el ts .  
Sed iments i n  the  ice are s imp ly left beh i nd as  the  ice thaws . Th is k ind o f  
t i l l  i s  n ot compacted under  a k i l o meter o r  more o f  i ce  as  i t  is  depos ited, . 

so the pe rmeab i l i ty and po ros i ty are gen eral ly  h i ghe r  than basal t i l l .  

S t r ati f i e d  D r i ft 

Oth e r  rem nants of  g lac iati o n  i nc l ude  strati f ied d r ift depos its wh ich 
are eskers ,  de ltas ,  and kames. S uch fo rmations  are often depos ited as an 
ice  sheet stop s  mov ing , stag nates ,  and m elts.  Th e sed i m e nt- laden me lt 
wate rs depos i t  t he i r  sed iments i n  a characte rist ic manner .  Grai n s ize i n  
deposits is  a funct ion of  t h e  e nergy i n  th e depos it ing f l u i d  med i u m .  That 
i s ,  i n  s lower m ov ing  condi ti ons ,  the g ra in 
in  faster ,  h i g h e r  e n e rgy env i ro n m ents. 
d r i ft depo s i t  fo l l ows .  

s izes depos ited are smal le r  than 
A d iscuss i o n of each strat if ied 

Esk e rs are depos its o f  we l l - ro u nded g rave l  wh ich  are assoc iated 
w ith  stag nant  ice  s heets . Eskers are s i n uous ,  strat i f ied d ri ft depos its, 
o ften known loca l ly  as horsebacks or whalebacks ( Fi g .  1 ) .  S uch sand and 
g rave l  depos its te nd to be l o ng , tho u g h  they can be d i sconti n u o u s  fo r 
h u nd reds o f  k i l o meters ;  and narrow, rare ly w id e r  than 400-700 meters 
( E mb leto n and K i ng , 1 968) . They have steep s l opes ,  appro x imately 30° 
( Ke h o e ,  1 982) and rare ly exceed 40 - 50 meters in h e ig ht (Emb leto n and 

K i n g ,  1 968) . 
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Fig u re 1 .  The o r ig i n  of g lacia l  deposits . A .  D u ri ng g laciation  B .  Afte r 
g lac iation  (From Fl int, 1 971 ) .  
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E s k e rs o r i g i n ate v i a  s e d i m en tary d e p o s i t i o n  f ro m s u b g l ac i a l  
me l twate r streams .  A s  a n  ice sheet stag nates a n d  beg i n s  m e lt i n g ,  m uch 
sed i m e nt r ich ru noff is  produced.  Some of th is  ends u p  f lowi ng  under  th e 
g l ac i e r  w i th i n  i ce  t u n n e l s .  Sed iments i n  these t u n ne l s  acc u m u late and  
h ave character ist ics i n  the i r  beddi ng of  any stream ch anne l  deposi t .  The  
tu n n e l  m ig rates over  t ime  u pward in  the ice ;  th is  i s  the  reason  fo r the  
r idg e- l i ke d e pos i t  rathe r  than the  i n f i l l i ng  of  a val l ey  stream chan ne l  i n  
n o rma l  te rrestr ia l  syste ms .  Eskers g e n era l l y  fol l ow the  d i recti o n  of  i ce  

, movement  eve n tho ugh  they are  depos ited u nder  stag nant  i ce  co nd it i ons .  
l The po ros i ty o f  esker  d epos i ts i s  g e n era l l y  h i g h ,  app ro x i mate ly  20% 

( C aswe l l ,  1 979 ) ,  bu t  i s  a b i t  var iab l e  due  to  t he  deg re e  of  so rt i n g .  
Pe rmeab i l i ty i s  exceed i ng l y  h i g h ,  rang i ng fro m 200-5 , 00 0  g al l o n s  per  day 
p e r  sq uare fo ot  (Tho mpso n ,  1 978) . This h i g h  pe rmeab i l ity is  due  to the 
l a rg e ,  we l l - ro u nded n atu re of  the  gra ins  co mb i ned  wi th  the  gene ra l l y  
moderate ly  so rted nature of the depos i ts .  

D u ri n g  th i s  deg laciat io n  p rocess, a r ise i n  sea  leve l  caused by  the 
re l ease of water t ied up  in the ice sheet a lso i nf l uenced the local  geo logy .  
As i t  rose i t  depo s ited a mari n e  c lay named the P resu m pscot Fo rmat ion 
over  much of so uthern Mai ne .  The fo rmatio n  is  characterized as a sheet of 
g ray , s i l ty c lay co n ta i n i ng m ar i ne foss i ls ( B l o o m ,  1 960) . There is  ev i
de nce of  th i s  fo rmati on  extend ing  no rth to B ing ham ( Fig . 2) . As the sea 
leve l advanced , i t  kept pace w ith the retreat ing  g lac ie r  as ev idenced by 
th e ex iste nce  of g lac io -mari n e  de l tas . Fast-mov i ng  m e ltwater streams 
f l ow ing  off the g lac ie r  ente red the s low-mov ing sea water and deposi ted 
m ater ia ls i n  the fo rm of  de ltas. Where streams,  such as those wh ich form 
eskers ,  ex i t  t h e  ice sh eet ,  a n u m be r  of  d i ffe re nt  depos i ts m ay resu lt .  
Glac ia l  o u twash fo rms when the stream ente rs a te rrestr ia l  e nv i ronme nt .  
Ou twash is  c haracte ristical ly  poor ly  so rted and s loped away from the ice 
s he et term i n us .  Where subg lacial  me l twaters e nte r aquat ic env i ro nments , 
de l tas and kames are fo rmed . 
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Fig u re 2. Exte nt of  g lacio-mar i ne  depos its ( P resu mpscot Fo rmation )  
(From Timpson ,  1 989) . 
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Glacial esker deltas are m uch the same as any  de lta.  As the water 
s l o w s  d ow n, i t  i s  l eft w i th  f i n e r  and  f i n e r  s e d i m e n ts s i nce  heav i e r  
part ic les sett l e  o ut .  There i s  a l i near transg ress io n  o f  la rg e  t o  s m al l  g ra i n  
s i ze  fro m the  to pset t o  t he  foreset and  botto mset beds .  ( Fig . 3 ) .  Wi th i n  
each bed , t h e  sed i m e nt i s  we l l -so rted .  P o ros ity a n d  permeab i l ity ·i n esker 
d e l tas  are s i m i l a r  to t h at o f  eskers . B oth are  fa i r l y  h i g h ,  but  q u it e  
v a r i a b l e .  

Lend TOP SET Ocean 

FORESET 

........ ��::����T. . . . .. 

Fi gure 3 . A schemet i c representet i on of e del te wi th 
water flowi ng from 1 eft to ri ght. Note the fi ni ng of 
sedi ment toward the ocean i n  the Topset-Foreset-
Bot tomset beddi ng sequence. (1 i nes represent beddi ng 

pl en es end dots rel et i ve sedi ment si zes.) 

Karne s are a b it more co mp lex than de ltas i n  that the i r  o rig i n  is l ess 
stra ig htfo rward . I n  gen eral , kames are rather amorp h o u s  depo sits ru n n i ng  
perpend icu la r  to  a n  i ce  sheet marg i n  (Emb leton and  K i ng ,  1 968) . Wh i l e  
the y  a r e  o ften fo rmed a s  m i n i-de ltas i n  p rog lac ia l  l akes,  t h e y  are a lso  
o fte n fo rmed on or  with i n  g lacia l  ice ( Fi g .  1 ) .  Karnes a lso  show sort i ng  
a n d  strat i f icat io n  s im i la r  to  de l tas, though to  a lesser degre e .  

Kettles are depress ions fo und in  a l l  of  the above d epos its assoc iated 
with stag n ant ice sheets . Kettl es range in s ize f ro m  o n e  to tens of meters 
deep  and u p  to 1 3  k i l o meters i n  d iameter .  Most kett les have no  su rface 
d ra i nage ,  and as a resu lt ,  many have stand ing water in the i r  bases.  Others 
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may have  bogs  wh ere the base has been i n f i l l ed with sed i m e nts o r  
hydrophy l i c  vegetati o n .  Stag nant ice serves a s  the o r igi n of  kettl es .  As 
the ice sheet beg i ns mel t i ng ,  some large p ieces of ice are broken o ff and 
covered or s u rro unded by g lac ia l  depos i ts .  These s u rrou nd i ng depos its 
s e rve as i n s u lat i o n  w h i c h  fu rt h e r  retards the m e l t i n g  o f  t h e  ice , 
fac i l itat ing g reate r su rro u nd ing deposit i o n .  As the covered ice does me l t ,  
the support for  the overly i ng  sed iments is  lost and co l l apse fo l l ows i nto 
the ice vo id .  

The end o f  the effects of glaciati on  occu rred about  8 ,000 years ago 
when the ice s heet had co mplete ly retreated fro m Mai ne .  A th in  veneer of 
the Presu mpscot formatio n was left as a resu l t of the i ncreased sea level  
at th is t ime .  The subseq uent re-emergence of  the crust caused the sea 
leve l to retreat to it's present level (B loo m ,  1 960) . 

The Horse Point Eske r/Delta Sys tem 

The Be lgrade esker/de lta comp lex is  a port io n of  a la rge esker  
comp lex that extends fro m Bi ngham in the north to  Augusta i n  - the south ,  a 
d i stance of  approx i mate ly  1 0 0 k i l ometers .  Th i s  co m p l ex i s  compri sed 
predo m inant ly  o f  a l arge esker and associated de lta and kame d epos its 
(Kehoe ,  1 982) . M uch of the co mp lex may be under la i n by basal t i l l  o r  
overlai n b y  ab lat ion ti l l .  Most segments have some coverage b y  the marine  
c lay of the Presumpscot Fo rmation . Th is is an  excepti onal examp le  of an  
esker de l ta co mp lex for  i t  conta ins  g lac io-mari ne  de l tas wh ich are  fo u nd 
i n  no other state in  the Un ited States (Timson and P ickart, 1 989) . I n  areas 
furthe r  so uth the sea l evel  was wel l  be low the term i nus as the ice sheet 
melted and no de ltas were fo rmed . The correspond ing format ions so uth of 
Maine are g lacial outwash depos its . In Ma ine ,  however ,  the sea level had 
r isen to such an extent th at the te rm i nus  o f  the ice sh eet was ofte n 
with i n  the ocea n ,  a necessary co nd i t ion  fo r the fo rmat ion  o f  g l ac io 
mar i ne  de l tas.  These de l tas are  demarcati ons  of per iods  wh ere g laci a l  
ab lation  paused fo r some amount of time .  

The Ho rse Po i nt esker/de l ta system is  o n l y a sma l l  part o f  th is  
Belg rade esker/de lta complex .  The Horse Po int esker/d e lta system cove rs 
approx imate ly  3 ,645 hectares ,  and has depos its wh ich are characte ri stic 
of the process of  deg lac iati on  (F ig . 4) . Horse Po in t  i s  compri sed of an 
esker  system ru n n i ng n o rth -so uth a long  the ax is  of the  po i nt .  It i s  
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approxi m ate ly 600 mete rs wide and 42 meters h ig h .  A d e l ta i s  p resent  i n  
t h e  cen tra l  p o rt i o n  o f  t h e  p o i n t ,  a n d  i m med iate l y  s o uth t he re i s  kame 
depos i t .  O n  the  h i l l  j u st n o rth o f  t he  de lta d e po s i t t he re i s  a secti o n  
over la i n by ab lati o n  t i l l .  Th is  t i l l  i s  a lso exposed a long  the esker  south of 
the kame d e pos i ts .  S eve n kett l e  h o l e s  a re scatte red th ro ug h o ut t he  
depo s i ts , l ocated o n  t he  west and  east s i des  o f  t he  de l ta and  kame 
depos its .  Th e area su rro u nd i ng the esker  t o  the east i s  covered by  t he  
Pre s u mpscot Fo rmat i o n .  To  t he  west ,  t he  existe nce of  th e P res u mpscot 
Fo rmati o n  is  less evid ent .  The H o rse Po int  area then  rep rese nts not j u st 
o n e ,  bu t  at l east s ix  d iffe rent  featu res caused by the  Laurent ide Ice Sh eet. 
The  H o rse Po i n t  sectio n o f  the Be lg rade Esker co mp lex is  s ig n if icant due  
to  t h e  l a rg e n u m be rs o f  we l l -fo rm ed de ltas a l ong  t h e  eastern centra l  
po rti ons  of the po i nt (Ano n ,  1 978) . 

The H o rse Po in t  esker de l ta system conta i ns  an exce l len t  example 
of  an esker, so  m uch so that Kehoe ( 1 982) , after an i nvento ry of  the eskers 
of  Ma ine, reco m mended it to th e state to be cons idered as a c ri t ical  area .  
Th e reasons  for  th is  reco mmendat io n  i nc l ude  the wel l -def i n ed m o rp h o logy 
of  the esker  and the  u n iq u e  co mp lex o f  de ltas, kames ,  and kettl es .  · Th is  
esker  syste m p rov ides  a particu la r l y  l uc id  reco rd of  .. the deg l ac iat io n  
process and i s  an extremely  va l uab l e  educat iona l  and research s i te .  

The seven kett les  on H o rse  Po i n t  have been  reco m mended to the 
Cr i t ica l  A reas P rog ram fo r c lass i f icati o n  as cr i t ica l · . a reas (T i mson  and  
P ickart ,  1 989) . Several  of these kettl es possess a peat bog cover ing the  
base ,  w h i l e  o th e rs are d ry .  Th e seve n take n  togethe r  : rep resent  a 
s ig n i f icant ly  d iverse  spectru m of  d ry to wetland covered kett l e botto ms 
with o ut areas of open  water (T imso n and P ickart, 1 989) . Kett les are not 
u n iq u e  to t h i s  system though  the o n es i n  the H o rse  P o i nt esker  de l ta 
system are some  of  the best known i n  Ma ine  (Ti m s o n  and P ickart, 1 989) . 
Th e H o rse P o i n t  sect i on  o f  the Be l g rad e Esker  Co m p lex i s  es pecia l ly 
s ign if icant because o f  its g reat var iety o f  g lacia l  g e o l og ic depos its . 
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MAP LEGEND 

Swamp deposits 

Presumpscot formation 

Delta deposits 

Kame and ablation till deposits 

Esker covered by other surficial deposits 

Gravel pits 

igure 4. Surficial geology map of the 

lorse Point asker system (Anon, 1978). 
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Aqu i f e r  Hyd rology 

An aqu ifer is def ined as an undergro und wate r so u rce s ignif icant to 
human co nsumption  and can be fo und i n  sand , gravel  de posits ,  o r  bedrock 
formati ons  (Caswe l l ,  1 9 87) . There are geo logica l  fo rmati o n s  that ho ld  
large  amou nts of  wate r ,  but do not y ie ld t he  wate r to we l ls ;  these are not 
co ns idered to be aqu ifers . G rave l  aq u i fers are usua l l y  co mmon whe rever 
there has been extens ive gl ac ia l  act iv i ty .  Unconso l i dated mate ria l ,  such 
as gravel  and sand ,  is h igh ly permeab le  (Kazman n ,  1 988) . Water f l ows 
th ro ugh easi l y ,  a l though i n  general , coarse gravel  is m o re productive than 
f i n e  grave l and sands (Kazman n ,  1 9 88) . With i n  Ma i ne ,  eskers (u nso rted 
grave l  depos i ts )  are typ ical ly the h igh est y ie ld i ng gravel aq u i fers , and are 
the s ites of many home and commercia l  we l ls  (Caswel l ,  1 987) . 

Conso l idated mater ial aqu ifers, such as those i n  bedrock and bed rock 

fractu res ,  a re fo u nd th ro ugh out  the Un ited States .  Aq u i fers that fo rm i n  

sand and  l imesto ne bed rock are h igh ly  p roductive . N o n -metam orpho sed 

bed rock is pe rmeab le eno ugh to al low the wate r to be retr ieved , and 

l i m esto ne bedrock often co ns ists of  water f i l l ed cav i t ies  fo rmed by the 
d isso lv ing act ion of wate r on the l i mesto ne .  Most other  bed rock , such as 
gran ite , sha le ,  schist and quartz, i s  h igh ly impermeab le .  The o n ly way an 
aq u i fe r  can fo rm i n  t hese  is by water  co l l ect i ng  in t h e  fractu res 
(Kazmann ,  1 988) .  

Several i tems must b e  considered when look ing at aq u i fer  dynam ics.  
To begi n with , wate r moves through aqu ifers natura l ly  and is a lso removed 
by h u mans .  For  an aqu i fer to  re main a so u rce o f  wate r, i t  must be  
rep len ished ; th is  resto rat ion  is  known as  recharge . The re are usua l ly 
seve ra l  recha rge ave n ues  fo r an aq u i fe r ,  o n e  o f  wh ich  i s  d i rect 
prec ip itation .  Ra in o r  snow fa l l i ng d i rect ly  onto the area above an aq u ife r 
can i n fi l trate the many layers of mate r ia l  and trick le down i nto it ( Fig.  5) . 
P rec ip itatio n  w i l l  ru n t h rough a h igh ly permeab le  topso i l ,  but i n  th e case 
of somewhat i m permeab le  topso i l  (such as c l ay) , t h e  wate r w i l l  r un  
th ro ug h  a t  a m uch s l ower rate . The  rate of  in f i l trat io n not  o n ly depends 
on the pe rmeab i l i ty o f  th e to pso i l ,  but  a lso  on the layer  of  mater ia l  
between the topso i l  and the aq u ifer .  The grai n s ize of  the gravel i n  th is  
layer  co ntro ls  the rate and amo u nt of  f low into the  aq u i fer ( Kazma n n ,  
1 9 8 8 ) .  
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Fig u re 5 .  Grou ndwater Dynamics I n  a G rave l  
System (Caswe l l ,  1 987) .  

The other  recharge  avenue  of an aqu ifer is su rface water. Lakes or 
streams n ear an aqu ifer  often co ntr ibute to the wate r leve l  i f  they are at 
a h ig her  e l evatio n  than the aq u ifer .  I f  th e body of water is i m med iate ly 
adjacent to th e aq u i fe r , then the l eve l  o f  the water tab l e  w i l l  be  at o r  
above t he  level  o f  t he  lake .  

Rega rd l ess  o f  h u m an · w i thd rawal o f  g ro u n dwate r ,  the recha rg e  
ente r i ng  an  aq u i fer  w i l l  a l so move o ut ,  a p rocess k n own a s  d i sch arg e  
(Caswe l l ,  1 987 ) . Th i s  m a y  occ u r  i n  t h e  fo rm of  streams  that are 
downs lope fro m  the aq u i fer and run  o ut o n  the su rface ,  or  i n  the fo rm of  
und erg ro u nd seepage i ntq, a body of water that has a l ower e levat ion  than 
the aq u i fer ( Fig . 5) (Caswel l ,  1 987) . 

Withdrawe l  of wate r by h u mans has an important effect o n  aqu ifers .  
As l ong  as  t he  rate at which water is be ing removed is  not  faster-. than the 
rate of recharg e ,  then the ove ra l l  water leve l w i l l  remai n the same with 
the addit io n  of  s l ig ht depress ions  around  any wel l s .  Howeve r, i f  water i s  
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be ing  re moved too qu ick ly ,  then  the leve l  of  the  aq u i fer  wi l l  d ro p .  One 
cons id erat i o n  is a l so  the fact that  most wel l s  are o n ly u s ed d u r i n g  
day l i gh t  hou rs ,  a n d  have t ime to recharge at n i g h t  (Caswe l l ,  1 9 87) . 

I t  i s  i mportant to no�e that g rave l  o r  sand ove r ly i ng  aqu ifers ofte n 
acts as a n atu ra l f i l t rati on  system that removes many wate r i m purit i es .  
Suspended part ic les and s i l t  a re  removed fro m the water as i t  trave ls 
th ro u g h  the sand and g rave l above and with i n  an aquife r .  The pote nt ia l  
overa l l  resu l t  may be  that the water supp l i ed by aq u i fers is  fa i r ly  c lean , 
and needs l i tt l e  o r  no f i lter i ng once removed fro m the g round .  I n  l ook ing  
at  t he  d o l l a r cost  o f  wate r use ,  the amount  of f i l t e r i ng  ne eded is  
important to pay ing  co nsu mers .  Fi l trati on  syste ms can be  ve ry expe ns ive ,  
depend ing  on  the type of  f i l trati on  to be used and the amo unt necessary . 
The less f i l trat ion  i s  i nvo lved , the less the consumer  must pay for a clean 
wate r s u pp ly .  

When  l ook ing  at t he  econom ic aspect as we l l  as the natu ral reso u rce 
aspect of aq u ife rs , i t  i s  i mportant to u nderstand the u n iqueness of th is  
reso u rce . Water ,  as  l o ng as i t  is  careful l y  manag ed ,  i s  a re newab le  
resou rce .  Th i s  i s  espec ia l l y  ev ident  i n  aqu ifers ; th e water removed fo r 
co n s u m pt i on  i s  be i ng  co nstant ly recharg ed . I n  gene ra l , th e n ,  aq u i fers 
fu nct ion  i n  three ways : as f i l ter i ng systems ,  as p ipe l i nes that move water 
fro m o n e  p lace to another , and as u nderg ro u nd reservo i rs (Kazmann ,  1 988) . 
I n  the aq u i fer  i n  quest i on  (Fig . 5) , the fu nction  i s  pr imar i ly  as a f i l t rat ion  
device and as a reservo i r  for  the d r i nki ng water of the peop le  who l ive o n  
Horse P o i nt ,  a s  we l l  as a f i l ter  f o r  some o f  t h e  wate r that moves i n to 
Great Pond and Great Bog. 

Th e Effects of Sedim entat i on and E ros i on on Aquat i c  
E cosys t em s  

Sand and g rave l m i n i ng  is  a s ig n i f icant co ntr i bu to r to sed i mentation  
and eros i o n  ( De partment  o f  Env i ro n menta l  P ro tect i o n ,  1 9 75) . Th i s  is  
especia l l y  t rue in  Mai n e ,  where the most numero u s  and s i gn if icant m i n i ng  
type is  that o f  g rave l and  sand (Department o f  E nviro nmental P rotect ion , 
1 975) . There are over th ree tho usand grave l  and sand pits i n  Ma ine .  These 
p its are the most s ig n i f icant cause of  wate r q ua l ity deg radatio n  amo ng a l l  
m i n i ng types i n  Ma ine  ( Department  o f  E nv i ro n mental Protect i o n ,  1 975) . 
M i n i ng sand and g rave l  co mp lete ly removes vegetat ion  fro m  an area and 
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creates a s te e p  s l ope  and i n creased potent ia l  fo r  n ut r i en t  leac h i n g  and  
e ro s i o n .  

Ru n o  f f  

Rainfall Intensity and Soil Characteristics 
S u rface ru n off i s  gene rated wh en  e i t he r  ra i n fa l l  i n te n s i ty exceeds 

the rate at wh ich the so i l  absorbs water ,  or  when so i l i s  water-satu rated .  
I n  an  u nd i s tu rbed a rea ,  water  can l eave the s o i l  t h ro ug h  s u b s u rface 
move ment ,  evapo rati o n ,  o r  tran sp i rati on .  Once th e trees are cut, however,  
transp i ratio n  dec l i nes , and a majo r l i n k  in the hydro logic cycle d i sappears.  
Wh en  th i s  l i n k  i s  removed , so i l  i nf i l tration  decreases (due  to a decrease i n  
root  uptake) a n d  so i l  satu rat io n is  more l i ke ly . T h e  resu l t i s  an i ncrease 
in over land f low,  w h ich contr i bu tes to an i ncrease in t h e  rate of e ros i o n  
(S tatha m ,  1 977) . 

Vegetati o na l  cover  i s  p ro bab ly  the most i mpo rtant  facto r g overn i ng  
ru noff ,  a nd s h eet o r  l am inar  e ros i o n .  T h e  vo l u m e  o f  ove rl and  f low is  
i ncreased , as exp la i ned abov e .  The so i l ' s  ab i l i ty to res is t  e ros i on  a l so 
dec l i n es d u e  to the  l oss of roots wh ich  ho ld  the  so i l  pa rtic les  tog ether .  I n  
a natu ra l  fo rest ,  trees and dead leaf l i tter both serve as  a physical  barri er  
wh i ch  s h i e l ds  so i l  f ro m d i rect ra i n fa l l .  With o u t  t h i s  s h i e l d ,  ra i nsp l ash 
l oosens  sed i m e nt  part ic l es f ro m th e su b st rate , w h i l e  s hee t  water  f l ow 
ent ra i n s  these  part ic l es . The  sed i ment  l oad i n  wate r  f l ow i s ,  i n  tu rn ,  
i ncreased b y  t u rb u lence caused b y  ra i nsp las h .  The co m b i n at io n o f  a l l  o f  
t hese  facto rs ge n e ra l l y  l eads to more f low,  a h i g h e r  sed i ment  l oad i n  
r uno ff ,  h igh e r  f l ow ve l oc i ty ,  and ,  therefo re,  i ncreased e ros i on  (Statha m ,  
19 7 7 ) . 

Nutr ient and Sedi ment Composition of Runoff 

The c o m pos i tio n o f  the sed imen t  l o ad of  r u n o ff ,  wh i ch  g e n era l ly 
inc l udes  n itroge n ,  phospho ru s ,  hydro n i u m  i o n s ,  meta l l ic i o n s ,  and  oth e r  
i o n s  leached fro m the  so i l , i s  affected by remov i ng  vegetati o n .  P l an t  
n u tri en t  u ptake decreases ,  leav i ng h igher  n u t r ient  concent rati o ns  i n  so i l .  
These n utr ien ts are then leached o u t  by runoff .  I t  has been shown that the 
amoun t  of  mate r ia l  that can be  removed from the so i l  i s  re lated d i rect l y  
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to th e veg etat io n of  the area ( F ig . 6) ( H e n ders o n-Se l l e rs and M ark land ,  
1 987) . 
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Fig u re 6 .  The re lati onsh ip  between estimated over land f low as an i ndirect 
i nd icato r of  e ros io n ,  rai n fa l l  i n te ns ity g iven  by  ro = mean rain per  day ;  ( i i )  
veg i tati o n  cove r; i n d icated by re stotage capacity fo r each day's ra i n fal l 
(Henderso n-Se l l ers and Mark lan d ,  1 987) . 

N i tro g e n , wh ich i s  so m et i mes  a l i m i t i ng  n u tr i en t  o f  aq u atic p l ant  
g rowth , is  l eached out  o f  th e s o i l  i n  s ig n i f icant amo u n ts (B rewer ,  1 988) . 
With o ut th e shade  o f  tree s ,  s o i l  tempe ratu re i nc reases a n d  therefo re th e 
act iv i ty o f  n i t r i fy i ng  bacte r ia i ncreases . A redu cti o n  o f  co m petiti o n  w ith 
tree roots fo r ammo n i u m  co ntr i bu tes to a r ise in n i tr i f i cati o n  by b acte r ia .  
N i trate ions wh ich wou ld n o rma l ly  be take n up i n  p lant b i omass o r  re ma in  
b o u n d  to  the  su bstrate becom e  read i l y  avai l ab l e  to be l eac h ed fro m th e 
so i l  (Henderson-Se l le rs and Mark land , 1 987) . 

The l each i n g  of  n i trate and hydrogen  i o n s  may a l so  res u l t  i n  the 
rel ease o f  many cati ons  fro m the so i l .  Cati o ns  wh ich are no rmal ly  b o u nd 
to so i l  partic l es  a lso b i nd  to n i trate i ons .  Therefo re , as n i trate i o ns  l eave 

the s o i l ,  they tend to carry many cati ons  with th e m .  Th e res u l t i s  a net 
i ncrease o f  the i ons  leavi ng the ecosystem (L ikens et al., 1 9 7 0 ) . 

Phosphorus ,  the nu tr ient  wh ich l i m its p lant and a lgal g rowth i n  most 
l ake syste m s, i s  l eached fro m so i l s  th ro u g h  ru no ff an d e ro s i o n  ( Hynes ,  
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1 9 63) . A l th o u g h  p h o s p h o ru s  te n d s  to fo rm  i n s o l u b l e  c o m p l exes w i th  
cati o n s  i n  t he  so i l ,  i t  can  st i l l  l e ave the ecosyste m e i th e r  i n  i t s  i n o rg a n ic 
so l u b le fo rm, o r  b o u nd to s o i l  l o ad of su rface ru noff. Over l o ng p er iods of  
t i m e, p h o sp h o ru s  l o s s  C3.rl be s i g n i f ic a n t  ( S tev e n s o n ,  1 9 8 6 ) .  T h e  

p h o s pho ru s  l o ad o f  s u rface r un off i s  re lated to d e g ree  o f  s l o pe, s o i l  typ e, 

ru noff ve l oc ity a n d  i n te n s ity of ra i nfa l l  (Stevenso n ,  1 9 86) . 
The  p r i nc i p l es exp la i ned  above have been  exa m i n e d  i n  an  exten s ive 

stu dy  co n d u cted  at H u b b a rd B ro o k  Fo rest  ( L i k e n s  et a l., 1 970) . Afte r 
fo rest h a rvest i n g ,  a ne t  l o ss of a l l  i o n s  i n  t he  s o i l  was fo u n d, wi th t h e  
except i o n  o f  amm o n i u m, su l fate , a n d  b icarb o n ate.  The  g ross  i o n  o utpu ts of 
st re a m s  i n  t h e  s tudy  s i te i n c reased d ra m at ica l l y  o n l y o n e  yea r  afte r  
cu tt i n g .  The  tota l  g ross  expo rt of  sed i m e n t  ch a n g ed fro m 1 3 . 9  m etr ic  
t o n s/ k m2 b efo re c u tt i n g  to 75  m etr ic ton s/km 2  afte r  cu tt i n g .  The wate r 
becam e ac id i c, ( p H  4 . 3 ) ,  e n r ic h ed i n  m eta l l i c  i o n s  a n d  s i l i ca ,  and  t he  
n it rate co ncent rat i o n  was  d o u b l e  t he  reco m m en d ed d r i n k i n g  water  l eve l s  
( L i kens  e t  al., 1 9 7 0 ) . 

T h e  sed i m e nts, n ut ri e n ts ,  a n d  i o n s  car r ied  by  s�rface r u n off a re 
u l t i m at e l y  d ra i n ed i n t o  aq u at i c  eco syste m s  w h e re t h e y  can  ca u s e  
s i g n i f i c a n t  d a m ag e .  Lake s  a n d  r e s e rv o i rs a re g e n e r a l l y  t h e  . �o st  
s u scepti b l e  ecosystems  ( N ovotny a n d  Ch esters,  1 9 89 ) . Th i s  is  p robab l y  
b ecause p o l l u ti o n d i spers.al i s  l i m i ted i n  l ake  system s  and  because  lakes 
h ave lower tu rnover  rates than streams and r ive rs . 

- .. 

T h e  Effects  o f. In c reas e d  N u t r i e n t  an d Se d i m e n t  Load s in R u n o ff 

o n  Aquatic E c o syst e m s  

I n  g e n e ra l ,  t h e  effects o f  i nc reased n utr ie nt  l eve ls  i n  a l ake l ead to 
acce l e rated e u t ro p h i cati o n .  T h e  p rocess b eg i n s  w h e n  l i m i t i ng  n u tr i e n ts ,  
s uch  as p h o s p h o ro u s  and n i tro g en ,  en te r the system .  P lan t  and a lg a l  
g rowth are n o  l o n g e r  k e p t  i n  check a n d  p r i m a ry p ro d u ct i o n  f lbu r i s hes .  
I n i t i a l l y , t h e  a m o u n t o f  d i s s o l ved  o xy g e n  i s  i n c r e a s e d  b ec a u s e  
p h oto synth es is  exceeds resp i rati o n .  Howeve r, a s  p lant  a n d  a lg a l  b i o mass 
accu m u lates , the po o l  o f  dead p l ant and a l ga l  m atter  a lso acc u m u late s .  
B acte r i a l  d e co m p o s i t i o n  of  t h i s  o rg a n i c  m atte r  i n c reases ,  c reat i ng  a n  
oxyg e n  s i n k  i n  t he  hypo l i m n io n . A s  dead o rg an ic matte r accu m u lates and 
beg in s  to  fi l l  i n  th e lake bas i n , the hypo l i m n i o n  beco mes  m o re s ha l l ow and 
i ncreas i n g l y  a n oxic .  Fau n a l  l i fe t he re i s  l i m i ted to spec ies  wh ich  a re 
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to l e ran t  o f  low leve ls  of  oxyg e n .  Because a lga l  b l ooms  a lso  decrease the  
penetratio n  of  l i g h t  to deeper  parts of  the l ake ,  s u bmerg en t  veg etati o n  i s  
a l so  damaged ( Brewer, 1 9 88) . 

The I mpact of Suspended Sol ids 
I n e rt s u s pe nded so l ids  are a lso depos i ted i n  aq u at ic  ecosyste ms 

t h ro u g h  s u rface ru n o ff ( H y n e s ,  1 9 63 ). T h e i r  e f fec ts  on  a q u at ic  
ecosystems  can be d iv ided in to categor ies based on  part ic le  s i ze .  Sma l l ,  
l i g ht part ic les ,  s u ch as  c lay m i n e  s l u rr ies , re ma in  su spended i n  t he  wate r 
co l u m n  fo r lo ng pe riods  of  t ime , affecti ng fl o ra and fau n a  th ro u g h o u t  t he  
wate r co l u m n .  Larger, he av ie r  parti c les  tend to  settl e on  t h e  lake  o r  
stream bed, chang i ng i t  fro m  a non -s i l ted to  a s i l ted env i ro n ment ,  th ereby 
affecti ng  botto m fau n a  and fl o ra .  

Th e suspens ion  of smal l ,  l i g h t  partic les in the wate r co l u m n  causes 
the water to b ecome opaque .  Th i s  opac ity has both i m m ed i ate and l o ng 
term effects o n  t h e  aq u at ic syste m .  P lant  and a lgal g rowth dec l i nes ,  d u e  
t o  t h e  decreased ava i lab i l i ty o f  l ight fo r ph otosynthes is .  Th is decrease i n  
p l ant  and  a lga l  mate ria l ,  i n  tu rn , damag es the next l i n k  i n  t he  food chai n -
f i sh  w h ich depend o n  p ri mary producti on  as a food so u rce .  Because the  
p lan t  co m m u n ity req u i res  t ime to  recover ,  l ack of  food  con t i n u es to  affect 
f ish  p o p u l at io n s  beyo nd  the t i m e  sed imentati on  ceases .  F ish  popu lat i o ns 
t hat d ep e n d  o n  v i s u al c u es fo r food captu re are d i rect ly  affected by  
red uced v is i b i l i ty due  to su spended part ic les  because  t h e  p ro bab i l i ty o f  
see ing  and  successfu l l y  capt�r ing prey are d im i n i shed (Hynes ,  1 9 63) . 

Larg e and heavy partic l es ,  such  as s i l t  and  sand ,  sett l e  o n  t he  
b otto m o f  th e wate r body ,  espec ia l l y  i f  t h ere i s  a l ack o f  cu rre n t .  
D e p o s i ted  s e d i m e n t  s m o t h e rs a l ga l  g rowt h , k i l l s  ro o ted  p l a n ts  a n d  
moss es, a n d  a l te rs th e su bstratum .  For examp le ,  m i n e  g ri t  decreases t h e  
n u mber  o f  weed beds ( H y n e s ,  1 963 ) .  S i l t- l i ke m ater ia ls , eve n i n  s m a l l  
amo u nts , can destroy veg etat i o n .  An a lterat ion  i n  th e makeup o f  t h e  f l o ra l  
com m u n i ty resu lts, chang ing  fro m a co mmun ity of p lan ts adapted to a non
s i l ted env i ro n ment  to o n e  adapted to s i l t (Hynes, 1 963) . 

Th e fauna l  co m m u n i ty i s  a lso altered by sed iment  s ett l i ng  on  a lake 
or stream botto m .  Sed i ment f i l l s  up  cracks and crevices in  the stream o r  
l ake bed,  th e reby  destroy i ng p laces o f  h i d i n g  fo r crypt ic  a n i m a ls .  T h e  
ho l d -fast mech an i sms  of  l i mpets, cadd isf ly larvae , s n ai l s  a n d  o t h e r  sto ne 
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fau n a  are ren d e red i neffective if sedim ent  cove rs t he  sto n e  bed . Th us, the 

fau n a  o f  a p r i s tine  n at u ra l  co m m u nity are g rad u a l ly rep l aced b y  b u rrowi n g  

and t u b e- b ui ld i n g  o rg an is m s, which are bette r adapted t o  s i l ted c o nd i ti o n s  
(Hynes ,  1 9 63) .  

S ev e ra l  f i s h  s pec ies, such  a s  min n o ws, w h i te p e rc h ,  y e l l o w  p e rc h ,  
c h ain  p icke re l ,  rain b o w  t ro u t ,  l ake  tro u t, a n d  s a l m o n  s pawn n e a r  l ake  
s h o re l i n e s  a n d  can  s u ff e r  s e v e re d a mag e t h ro u g h  t h e e ffects  o f  
sed i m e n tat io n  on  spawning g ro u nds ( Bo u rq u e, p e rs .  co m m. ) .  S i l t  i s  m ost 

l ike l y  to  beco m e  d e p osited in  the s a m e  typ e s  o f  a reas  as c h o s e n  fo r 
s p aw n i n g  sites .  T h e refo re, o n ly  a s ma l l  a m o u nt o f  s i l t  i s  n ecessary to 
h ave  an adve rse e ffect o n  fis h rep rod uctio n .  Silt fro m m i n e  r u n -off i s  a 
co m mo n  so u rce of  th is  p rob lem (Hyn es, 1 963) .  

I n  co nc l u sio n ,  g rave l  and sand mining can b e  expected to res u l t i n  
i nc reased ove r l and  f l ow  and  i n c reased n u t r i e n t  and i n e rt s o l id l oad  i n  
ru n off .  C ha racte r i st ics  o f  t he  active m i n i n g  p i t  wo u l d  i n c l u d e  co m p l ete 
remova l  of  veg etati o n  and c reati o n  o f  an a lmost  ve rtical s l o p e .  In the p it ,  
over land f low and n ut rient and sed i m e nt l oad in ru n off can be  expected to 
i ncrease beca u s e  p l a n t  u ptake of n u tr ie nts and w ate r n o  l o n g e r  occ u rs ,  
roots n o  l o n g e r  se rve  to  ho ld sed i men t  part ic les  tog eth e r, a n d  th e phys ica l  
rain - s h i e l d  o f  l e af l i t te r  and t rees i s  absent .  T h e  a rt i f ic i a l ly steep s l o p e  
a l s o  co nt r i b u tes  t o  i n c reased over l and  f l o w .  P it ru n o ff s h o u l d  d ra i n i n to  
the  center  of  the  p it, a n d  pe rco _late thro u g h  severa l  feet o f  sand  and g rave l  
befo re reach i n g  g ro u n dwate r .  Whi le ru n off p e rco l atio n t h ro ug h sand  a n d  
g rave l  m ay f i l te r  o u t  s o m e  s u s p e n d ed s o l id s  a n d  i ns o l u b l e  p h o sp h o ru s, 
d isso lved c o m p o u n d s  can b e  expected to en te r  t he  g ro u ndwater .  Th e 
effects of  these co m p o u n ds o n  the aq uat ic  system i n to wh ich g ro u ndwater 
f lows may l ead to e utrop hicati on  and damage to lake fl o ra and fau n a. 

The Effect  o f  Adjacent  Wetlan d s  o n  Lake Water Q ua l ity 

Deg radatio n of  l ake water  q ua l ity can be d eterred w h e n  a wet land 
bo rd e rs its s ho re .  Th e ru noff wate r which  ente rs the wet land f i rst befo re 
reaching the lake is s l owed, a l l ow ing  some  sed i m e n ts to fa l l o ut and be 
depos ited befo re reachin g  th e l ake (Zo rac h ,  1 979) . The wet land  is  a lso  
ab l e  to abso rb n u trie n ts which wo u l d  n o rm a l l y  b e  depo s i ted d i rect ly  i nto 
t h e  l ake  i f  th e we t l a n d  b u ffe r  was n o t  p re s e n t . S ev e ra l  o f  t hese  
n u t rie n t s ,  e s p e cia l l y nit ro g e n  a n d  p h o s p h o r u s ,  a re i m p o rtan t l i m i t i n g  
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facto rs to both system s .  These may l ead to lake eutro p h icati on  i f  added i n  

excess .  T h e  s o i l ,  espec ia l ly  wetland peat ,  as w e l l  a s  th e root syste ms o f  
p lants i n  t h e  wetland , are impo rtant i n  the u ptake o f  wate r a n d  nu tri ents .  
T h e  o n ly s i t uat i o n  i n  wh ich t h e  wetl and  may no t  be  ab l e  t o  abso rb 
n utr i e n ts is when  the re i s  excess ive r un off ,  caus i ng a sudden  i n f l ux of 

nutr ie nts which can not be taken up at a rapid enough  rate . Usual ly the net 
ove r land expo rt of water is l ess than the net i n p ut because t he  b i ota is 
adapted fo r a larg e range  of  water and n u tr i ent  leve l s ,  and a lso  a la rg e  
amou nt  o f  the water  i s  l ost th ro u g h  evapotrans p i rat i o n .  Wet lands  have 
bee n used fo r waste treatm ent and it has been successfu l i n  the  s h o rt
te rm (Zo rac h ,  1 979 ) .  H oweve r ,  when  n ut r ient  l eve l s  are excess ive , t he  
bacte r ia  wh ich  are essen t ia l  fo r p lan t  n u tr i en t  u ptake a re n o t  ab le  to 
process effective ly , and adjacent wate r bod ies a re deg raded . P roper  use 
of bu ffe r  str i ps  o r  p rotect io n  zones aro u nd a wet land are i mp o rtant fo r  
wetland p rotecti o n  (Zo rach , 1 979) . 

M uch of  t he  n u t r i en ts wh ich  en te r  t he  wetl and  are " transfo rm ed 
th ro u g h  s o rp t i o n , c o p re c i p i tat i o n ,  act ive  u p tak e ,  n i tr i f i cat i o n  a n d  
den i t r i f icat i o n "  (Zo rach , 1 979) , a n d  the refo re beco m e  an i n teg ra l part o f  
the p lant l i f e  and substrate with i n  th e syste m ,  l i m it i ng  the  amo u nt wh ich  
eve ntua l ly reache-s th e o p en wate r .  N i t rogen  and p hosphorus ,  wh ich a re 
i mpo rtant l i m i t i ng  facto rs f o r  p lant  g rowth , a re usua l l y  taken  u p  by t h e  
substrate a n d  b i ota of  th e wet land .  Oth er  n utr ie nts wh ich  a r e  impo rtant 
to water q u a l i ty w i l l  be d i scussed l ate r i n  t h e  text w h e re tests a re 
d iscussed i n  deta i l .  Usua l l y  these nu tr i ents,  when  not  i n  excess , pro mote 
d ive rs ity and  p roduct iv ity of p l ant  spec ies .  N i tro g e n  is taken  u p  m o re 
read i l y  than phospho ru s  and i s  eas i ly  f i xed i n  the  wetland co m m u n i ty , but 
when e ith er  is i n  excess o r  wate r f low rates are i ncreased , wh ich  happens 
when there is  a larg e amo u nt o f  run off ,  p lant and so i l  so rpti o n  i s  reduced 
( R ichardson  and Marsha l ,  1 986). This a l lows m o re n utr ie nts to reach the 
lake .  

N i trogen  i s  q u i ck ly  l ost th ro u g h  den itr i f icat i on  a t  a faste r rate than 
the uptake of  n itrogen  (Reddy et al., 1 989 ) ,  the refo re add ing  more n itrogen  
to  the  atmosph e re and  leav ing  l ess  fo r  th e b iota . Because n i trog en is an 
essent ia l  e l ement i n  p lan t  g rowth the wet land beco mes  a n i tro g e n  s i n k ,  
taki n g  u p  as m uch n i trog en a s  i t  can hand le .  The  u ptake of  n i trogen  i s  
dependent o n  th e oxygen  supply fro m the  atmosph ere and  the N H4+ s u p p l y  
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f ro m  n i t rog e n  m i n e ra l i zat i o n  o r  exte r n a l i n p u ts o f  n i t rog e n .  T h e re fo re ,  
t he re m ust b e  a g o o d  su pp l y  of  oxyg e n  ava i lab l e  to the  rL1o ts a n d  stem s  o f  
the  p l a n ts w i t h i n  th e wet land  syste m so  that n i tro g e n  w i l l b e  tak e n  o ut o f  
t he  s u r ro u nd i n g  water .  

P h o s p h o r u s  r e mova l  i s  var iab le  fro m wet l and  to wet l a n d ,  a n d  fro m 
seaso n to  seaso n .  M ost p h o s p h o r u s  i s  take n o ut o f  t h e  avai l ab l e  water  
d u r i n g  the g ro w i n g  seaso n s ,  but  p h o s p h o rus  so rpt i o n  i s  l owest  d u r i ng 
per iods  o f  h i g h  water  o r  f l ood i ng  (R ichardson  and Marsha l , 1 986) . Once  i t  
i s  i n co rp o rated i n to  the  eco system th e s to rag e o f  t h e p h os p h o ru s  is · 

depend e nt o n  deco m po s i t i o n  and m i n era l izat i o n  rates of  d ead o rg an ics a n d  
the  i nco rpo rati o n  o f  o rg an i c  p h o s p h o rus  i nto th e so i l  and  th e rem oval  f rom 
wate r b y  s o i l  adso rpt io n .  When th e re i s  i nc re ased dead o rg an i c  m atte r 
mo re p h os p h o rus  retu r n s  to t he  wate r ,  a l tho u g h t h e  s o i l  c o m p artmen t  i s  
t he  ma i n p h o s p h o ru s  s i n k. R ich ardson  and M ars ha l  ( 1 9 86 )  s h owed that 
near ly 3 5°/o o f  the a n n u al above g ro u nd  phosph o rus  u ptake was retu rned to 
the  s o i l  of t h e  M ich i gan  fen  ecosystem th ro u g h  stand i ng  d ead o rg an ics and 
l i tte rfa l l .  I n  the s o i l ,  t h e  p h o s p h o ru s  i s  m o re p ro n e  to l o ss f ro m th e 
ecosystem th ro u g h  l each i n g .  Not  o n ly does much  o f  t h e  p hospho ru s  wh ich  
i s  add ed  to  a sys tem ret u r n  to the  so i l ,  b u t  m ic ro o rg a n is ms in  t h e  
l i tte rfa l l  a r e  o n ly a b l e  t o  take u p  l ow add i ti o n s  o f  p h o sp h o ru s ,  a n d  t h e  
amou nt  wh ich  th ey c a n  h o ld decreases over  t i m e  (R ichardson  and  M arshal , 
1 9 8 6 ) . 

Land Us e Patt e rns 

Land u s e  fo r c ro p l a n d ,  p astu re , forest ,  roadways , a n d  co m me rc ia l  
deve l o pm ent  i s  o f  g reat co ncern . A l l  may caus e  e ros i o n ,  u n favo rab l e  so i l  
co nd i t i o n s ,  a n d  a re s o u rces  o f  p h o sp h o ro u s  a n d  s ed i m e n t  d e p o s i t i o n .  
P h o s p h o ro u s  ru n o ff i s  ca r r i ed  i n to l akes  o v e r  t h e  g ro u n d's s u rface 
f o l l ow i ng  ra i n fa l l  o r  s n o w me l t .  Th is  r un off a n d  d e po s i t i o n ,  w h ic h  f i nds  
its way  i n to n earby wate r syste m s ,  enco u rag es l ake  e u tro p h icat i o n .  T h e  
amo u nt of  p h o spho ro us wh ich  is  carr ied fro m a part icu la r  p i e c e  o f  l a n d  b y  
surface r unoff i s  la rge ly  d ependent  on  h ow the land i s  be i ng  u sed . 

Fo rested land  acco u nts fo r relat ive ly l i tt l e  p h o s p h o ro us r u n o ff when  
com pared to  o the r  land uses .  T h e  vo l u me of  wate r wh ich r uns  off fo rested 
land is  l ess  t han  that o f  most o the r  land uses .  The  l eaf cano py o f  t he  
t rees  i n te rce p ts s o m e  o f  t he  p rec i p i tat i o n  a n d  s to res  i t  u n t i l  i t  
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evapo rates ,  a n d  m uch  of  t he  phospho ro u s  i s  take n u p  i n to the  fo rest 
b i o m as s  v i a  t h e  ex te n s i v e  roo t  syste m s  p re s e n t .  F i n a l l y ,  n at u ra l  
i rreg u lar i t i es  o f  t h e  fo rest f l o o r  p rov ide  many s m a l l  d e p ress i o n s  wh i ch  
can  tem p o rar i l y  sto re water w h ich wou ld  oth erwi se ru n off .  

The amo u nt of land used fo r agr icu l ture and pastu re has conti n ued to 
decrease iri t h e  state of  M a. i n e  s i nce 1 9 64 , a l th o u g h  t he re is st i l l  a 
s i g n i f icant  a m o u n t  of phosphorous  ru noff co m i ng f ro m  ag r icu ltu ral areas . 
T h e  ru n off  i s  att r i b u ted to i n adeq uate and p o o r l y  m a n ag ed p l ow i ng  
tech n i ques  as  we l l  as n u tr i en t  b u i l d -up  f ro m  fe rt i l i ze rs .  Fert i l i ze r  s h o u l d  
n ot b e  app l i ed  d u r i ng wet pe r iods when i t  w i l l  ru noff a lmost i m m ed iate ly , 
and th e amo u n t  of  fert i l i zer app l ied sho u ld be l i m ited . I n adequate man u re 
sto rag e a lso co ntr ib utes to the phosphorous  load i n g .  

R e s id e n t i a l  d eve l o p m e nt ( i . e .  wh e n  fo rest  l a n d  i s  conve rted to 
res iden t ia l  use ) , res u lts i n  both the  vo l u me and q u a l i ty o f  th e s u rface 
ru noff to ch ange .  S u rface sto rag e area is  f lattened fo r lawns and g ardens ,  
wh i l e  h o u ses are p laced over  p rev io us ly  permeab le so i l .  These  changes 
com b i n e  to  i nc rease the  amount  of  water leav i ng  the s i te i n  the  su rface 
runoff , someti mes  by as much as 50%. The i ncreased load of phosphorous  
m ay be  i n  t h e  fo rm o f  d ry atm osphe re fa l l  o ut ( dust) , s o i l  part i c l es ,  
d eterg e nts ,  fe rt i l i z e rs ,  fau l ty sept ic  syste m run off , o r  decay i n g  g rass 
c l i p p i n g s .  S h o re l i n e  res idences are o f  parti cu la r  i n te rest  as they may 
have a d i rect i mpact o n  the water system .  Non-sho re l i ne  res idences have 
the sar:ne i n p uts a l tho ug h there is not always a d i rect route to the water 
syste m .  

M i n i n g  act iv ity a l l ows fo r e ro s i o n  and  s u b seq u e n t p h o s p h o ro u s 
ru noff. The u ncovered landscape creates passag eways fo r g reat quant it ies 
of  sed i m ent. Lakes and r ivers exper ie nce · i n creased tu rb i d i ty o fte n 
render i ng  th e m  i n h ab itab l e .  

Lan d  des ig nated fo r  road use  is  s ig n if icant, as  t he  presence of roads 
fac i l i tates su rface ru noff .  Roads a l l ow fo r the water to be d i rected i nto 
d i tch es , w h i l e  natu ral d rai n ag e  ways are d iverted o r  e l i m i nated . The 
su rface runoff fro m paved roads cons ists mai n ly o f  res ide nt ia l  ru noff and 
serves as a passag eway fo r sed i ments and n utr ien ts b o u nd fo r r ivers and 
lake s .  
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Wetland Types and Ecological Significance 

Wetland Types and Ve g etat i o n  
A wetland i s  d ef ined as land whe re t he  wate r table  i s  at ,  nea r  o r  

above the  s u rface long eno ug h to p ro m ote the  fo rmat ion o f  hyd r ic s o ils  o r  
to p ro mote t h e  g rowth o f  hydrop hytes . Th e re are a var ie ty o f  f reshwate r 
wetland s p re sent in M a ine .  T h e s e  ecosyste m s  a re e s s ent i al n atu ral 
h ab i tats f o r  wildl i fe , ·  and possess  ed ucati onal and recreat i o n al val u e  fo r 
h u m a n  b e ing s .  T h e y  may  also p e rfo rm i m p o rtant flo o d  p ro tect i on and 
poll u t i o n control funct ions . An increas ing number  of  d istu rbances ,  s uch as 
d evelo p m ent and m in ing , adjacent to wetlands h as intens i f i ed  aware n ess 
t h at m o re research needs to be cond ucted concern i ng  t h e i m p o rtance of 
t hese  eco syste m s .  P r i o r  to d iscuss ing th e i r  ecolog ical  s i gn i f icance ,  i t  is 
i m p o rtant to  b e co m e  f a m il i a r w i t h  ty p e s  of w etlan d s  and wetland 
vegetat i on .  F o u r  g eneral types  of  fres hwate r wetlands can be recog n i zed ,  
each  w ith  a cha racte r ist ic  veg etat ion d ive rs i ty (Table 1 ). 

Boos: O m b ro tro p h ic peatlands with th e water table at o r  near  t he  
s u rface .  I n  o m b rotroph i c  peatlands ,  the bog s u rface ,  wh ich  m ay be  ra ised 
or  level , i s  u n affected by  g ro undwater f ro m th e s u r ro u nd ing ter ra i n  and 
d ep ends  e nt i rely u po n  p rec i p i tat i on and d ry atmo s p h e ri c  fall ou t  fo r  th e i r  
nu tr i ent inp ut .  The refo re ,  i t  i s  gene rally acid ic  and low i n  n utr ients . Bogs 
a re d o m i nated by  sphagnu m  m osses ,  er icaceous  s h rubs ,  and may be treed 
o r  treeless .  

Fens: M inerotro p h ic peatlands with the  wate r table  at o r  above the 
s u rfac e .  M in e r o tr o p h ic p e atlands rece ive  n u t r i ent i n p u t  f ro m b o th 
su rro und ing g ro undwater and p rec ip itat ion .  The  mov ing waters result in a 
m o re nutr ient- r ich area ,  possess ing a more  d iverse flo ra than bogs .  The  
p e at i s  o ften well -deco m p o s ed and the  d o m inant veg etat i o n  i ncl u d es 
sedg es ,  g rasses ,  reeds ,  and sphagnum mosses. 

Mars h es: Wetlands that  h ave well-d eco m p o s e d  p eat and a re 
p e r i o d ically in und ated by  stand ing o r  slowly m ov ing , m ine ral-enr i ched  
wate r .  Th e vegetat i on cons is ts p red o m inantly o f  e m e rg ent s e d g e s ,  
g rasses ,  r ushes ,  and reeds wh ich  bo rder  g rass and sedg e m e ad ows with 
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s u rro u n d i n g  b an d s  o f  s h ru b s  and  trees . W h e re o p e n  wate r occ u rs ,  
submerg e nt and  f loat i ng  veg etat ion  th r ive . 

S w amps :  Wet l ands  ch aracter ized by trees  and s h r u b s ,  u s u a lly  
with o ut abundan t  peat .  The veg etati o n  types i nclude  dec i d u o u s  s h ru bs ,  
everg reens ,  a n d  a variety of  soft and hardwood trees .  

Tab le  1 .  Eco syste m types found  with i n  the fo u r  g e n e ra l  categ o ri es o f  
freshwate r  wetl ands .  Each ecosyste m co ntai ns  a d ivers i ty of  veg etati on  
co m m u n i t i e s . *  

fulg 
Raised bog 
Lakeside bog 
K ett l e - h o l e  bog 
Mari t i me  bog  
S ubal p i n e/alp i n e  bog  

M a r s h  

S ha l l ow e m e rg e n t  
Deep emerg ent. 
Sedg e meadow 
Beaver f l owag e and meadow 
Tida l  fresh marsh and f lats 

Fen 

Rich fe n 
Patte rned r ich fen 
U n patte rn ed r ich fen 
Poor  fen 
Patte rn ed poor  fen  

S w a m p 
Co ni fero u s  seepage fo rest 
Outwash seepag e fo rest 
Hardwood f l ood p la i n  fo rest 
Sh ru b  swamp 
Tu pe lo  swamp 

* M a i n e  Eco syte m C lass i f i cati o n ,  J u n e  28 , 1 9 9 0 .  Ma i ne  C r i t ica l  Areas 
P ro g ra m .  

Ev a l u at i o n  o f  Wet la n ds a s  a Natu ra l  Area 

Eva l uat i o n  of  th e eco log ica l  s i gn if icance of wetlands is  an area o pen  
fo r study .  P resent ly , th e re i s  no  comprehen s ive syste m fo r d ete rm i n i ng 
the impo rtance o f  such ecosystems.  However ,  there has been a study by 
M a i n e ' s  C r i t i ca l  A reas P ro g ram ( C A P )  w h ich atte m pted to eva l u ate 
peat lands  w i th reg ard to its s i g n i f icance as a natu ral a rea .  T h e  C A P  
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deve l o ped a mea n s  o f  c o m par i so n a m o n g  wet lands .  T hey d i d  th is  i n  a 

q u a n ti tat ive way by  con structi n g  an  i n dex . The pa ramete rs u sed i n  the  

i n dex  we re o u t l i ned i n  te rms  o f  rar i ty o f  na tu ra l  featu re s ;  o u tsta n d i n g  
rep re se ntat ive q u a l i ty o f  n o.tu ra l  featu res ; a n d  c u l t u ra l  s i g n if i cance ( Fi g . 
7 ) .  O n ce the i n dex va l ue o f  a wet land  i s  estab l i s hed , i t  can  t h e n  be 

co m pa red to other wetl ands .  The h ig he r  the i n dex va l ue ,  the g reater the 
i m p o rtance as a natu ra l  area.  The total sco res for each peatland  w he re 

g ro u ped i n to f ive p ro tect i o n  p r i o r i ty c l asses ,  ran g i n g f ro m except i o n a l l y  
s ig n i f icant  (c lass 1 )  t o  u nexcept i ona l  (c lass 5) . T he cr i te r i a  e m p has ized 
n atu ra l  ( 80°/o) over cu l t u ra l  va l ues (20°/o) . A m o n g  the n atu ra l  facto rs ,  
rar i ty rece ived the  g reatest i mp o rtance f o l l owed by  

.
q u a l i ty o f  type a n d  

d i vers i ty .  C u l tu ra l  va l ues i nc l u d i n g  recreati o n ,  educat io n ,  a n d  aesthet ic 
beauty we re a lso  g iven s i g n i f icant weig ht .  The p u rpose of  study ing  these 
paramete rs was to dete rm i ne whether the n atu ral  features o f  a peat land 
were o f  such h i g h  sc ie n t i f ic  and cu l tu ra l  va l ue t hat co n s iderat io n s h o u ld 
be g iven to protect the a rea fro m m i n i n g  o r  develo p ment .  

Stockwe l l  and H u n te r  ( 1 9 85 )  have comp leted a t h ree year study on 
the d i st r i b u t i o n and ab u ndance o f  b i rd s ,  rept i les ,  a m p h i b ia n s  and s m a l l  
m a m m a l s  i n  peatlands of  central M ai ne a n d  h ave u sed m a n y  of  the criter ia  
fo u nd in  M ai ne's C ri t ica l  A reas eval uati o n  scheme . They e m p has ized the 
paramete rs fo u nd u n der  n atu ra l  va l ues , such  as geo m o rp h o lo g ica l  types 
(d i ve rs i ty ) , s i ze , vegetat i o n t y pe s , a n d  wi I d  I i f  e t y pe s  ( ra r i t y  o f  
components) . W he n  asked w h at p a ra meters they wo u ld u se t o  set u p  a 
syste m  fo r eva l u at i ng  peatl ands , the i r  s u g gesti o n s  fo l l owed th ose i n  the 
C r i t ica l  A reas eval u at i o n  (Stockwe l l ,  pers.  co m m . ) .  G o let and Larson  h ave 
a lso  l i sted cr i te r ia  by  w h ich  a wet land can be eva l u ated as an a rea fo r 
p rese rvat io n (Zo rach , 1 979 ) . They i nc l u ded rar i ty as a p r i m ary cri te r ia ,  
fo l l owed by  p ro x i m i ty o f  wet l and  types , b reed i n g  h ab i tat fo r d u cks ,  · 

m i g rat i o n  a reas  fo r b i rd s  a n d  waterfo w l , p re se n ce o f  u n co m m o
·
n 

geo m o rp h o l o g ica l  fea tu res i n ,  o r  assoc i ated w i th , a wet land  s u ch as 
eskers ,  and wetl ands  l i n ked with wate rways .  The C r i t ica l  Areas system 
h as ide nt i f ied the maj o r  aspects o f  a wet land 's  i nvento ry .  T h i s  type o f  
i nve n to ry i s  necess a ry to  dete rm i ne re l at ive i m p o rtan ce o f  d i ffe re nt  
wet lands a n d  to  j u st ify the  protecti o n  of appro p r i ate ecosyste m s .  
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S i g n i f i c a n ce o f  Wet l a n d s  

Freshwate r wetlands have a var i ety o f  s ig n i f icance exte nd ing  fro m 
natural to cu l tu ra l  val ues .  

II Rarity 

s Exemplary Quality 

5 0 %  El . S i z e  

0 Diversity 

• P r istine C h a n d e r  

D Hy drology 

P a r t  A .  N a t u r a l  v a l u e s  

II Historical  F e atures 

ill R e search A c tivities 

II Education 

Q Recreation 

[] . Ae s'thetic  

P a r t  B.  Cultu ral  values 

Fi g .  7. S h o'w's t h e p a r a mete rs used i n  
e st a bl i s h i ng a n  i n dex i n  o rd e r  t o  c r eate a 
m e a n s  o f  co m p a ri s o n  a m o ng 'w'etl a nd 3 .  

T hi s  c ri te ri a  e m p h a s i ze s  n a t u ral ove r 

c ul t u ral val ues 8 0 %  t o  2 0 %  res p ecti vel y .  
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B ecause  wet lands  are assoc iated wi th  wate r ,  peop l e  a re d rawn to t hem 
fo r recreat io n a l uses . H u man uses  may i nc l ude  cam p i n g ,  wate rspo rts and 
n atu re wa lks . Wet lands are a lso i m po rtant natu ral bu ffers . C o m m e rc ia l l y ,  
t he  peat ch a racte r ized by  peat lands  i s  ut i l i zed  fo r  f u e l  and  ag r icu l t u ra l  
f e r t i l i z e r  ( S t o c kwe l l  a n d  H u n t e r ,  1 9 8 5 ) . F u rt h e r m o r e ,  w e t l a n d s ,  
pa rt i c u l a r l y  peat l ands , are  p ro v i n g  to b e  va l u a b l e  hab i tats fo r w i l d l i fe 
( S tockwe l l  and H u n te r ,  1 9 85) . The d ivers i ty of  w i ld l i fe and veg etat i on  
types no t  o n ly p rov ides ed ucati o n al va l u e ,  bu t  p roduces a u n iq u e ,  n atu ra l  
area co m pr ised of abu ndant l i fe . 

Wet l ands  may p rov ide  i m p o rtan t  s o u rces  o f  foo d ,  s h e l te r ,  and  
p ro tect i o n  f ro m p redato rs fo r w i l d l i fe .  Facto rs affect i n g  su i tab i l i ty o f  
f res hwate r wet l a n d s  as w i l d l i f e  h ab i tats a re  s h o w n  i n  Ta b l e  2 .  
S t ructu ra l  c o m p l ex i ty o f  wet l ands  i s  a maj o r  de te rm i n an t  o f  wi l d l i fe 
d iv e rs i ty . Wet l and  s i z e ,  typ e ,  h eterog e n e i ty ,  and d ive rs i ty o f  adjacent  
u p l and  and s u rro u n d i n g  hab i tats , e n h a nces the v a l u e  o f  the wet land 
e nv i ro n men t  fo r  many w i l d l i fe spec ies (Zorach , 1 979) . 

Tab le  2 .  C rite r ia  fo r t he  eval u at io n  o f  wet lands as a w i l d l i fe hab i tat* 

F a ct o r s  

C lass richness 

Size 

D ivers ity of  
wetland types 

Adjacent habitat 

Veg etation cover  
type 

* Zo rac h ,  1 979 .  M a i n e  C r i t ical  Areas Prog ram . 
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I m po rt a n c e 

Two or more wetlands 
en hance the number of plant and 
animal species within a system.  

Smal l  wetlands are important for 
i nd iv idual  breedi ng  pairs wh i le  
larger  wetlands are  important for 
statewide populations and f locks. 

Valuable to dive rsity of species. 

M ixed h abitat types (f ie lds,  
woodlands, ponds) promote body, 
g reater d ivers i ty , and , product iv i ty . 

I n creases d ivers i ty  fo r wi ld l i fe .  



We_t l a n d  veg etat i o n  is  i m po rtant  and offers food  so u rces  fo r  
wate rfow l  and  m ig rato ry b i rds .  G reat Bog  was rated m o d e rate fo r 
wate rfowl hab itat i n  the late 1 960's and 1 970's by the Ma ine  De partment 
of  I n la n d  F i s h e ri e s  and W i l d l i fe ( R i tch i e ,  1 9 9 0 ) . D u r i n g  th e 1 9 60 's  . 
eval uat i o n ,  seve ra l  wet land types i nc lud ing a sha l low fresh mars h ,  a deep 
fresh marsh , and a wooded swamp we re fo u nd with in  the wetl and co mplex 
wh ich i nc l uded G reat Bog . Th is  dive rsity of wetland types wh ich fu rther  
accentuates veg etati o n  d iversity ,  enh ances the importance of the area as 
nesti n g ,  b reed i n g ,  and mig ratio n  hab itat fo r wate rfowl . Species expected 
to frequent  th e G reat Bog area i nc lude : the Ame rican B lack Duck,  Ma l lard , 
Wood-D uck, Green-wi nged and B lue-winged Teal , R ing-necked Duck , Hooded 
Merganser and the Common Loo n (Be lgrade Comprehensive Land Use P lan , 
1 987) . Loo n s  can be fo u nd th roug hou t  Mai ne  and reco rds s h ow that 
betwee n  1 9 83 and 1 99 0 ,  twenty to fo rty-seven  ad u l ts were co u n ted 
duri ng  the ann ua l  loon co unt  on Great Pond (Maine  Audubon Society, 1 990) . 
Also , between one  and fo u r  n ests were d iscove red each year d u r i ng the 
last fou r  years of the co u nt .  

F u rt he rmore ,  a var i ety o f  ga me spec ies may i n hab i t  wet lands 
although  they are not  restricted to them.  Deer may use wet lands as trave l 
co rr ido rs to reach food s o u rces o r  for  she l te r d u r i ng extreme weather  
co nd i t i o ns .  H owever ,  acco rd i ng to  records of  the Ma ine  Department  o f  
I n land  F isher ies  and W i l d l i fe ,  t he re have been no  i nd icati o n s o f  the 
presence of any deer wi nteri ng areas at  Great Bog (R itch ie ,  1 990) . Moose 
may a lso v is i t  wet land ponds to feed on  aquat ic p lants .  Othe r  wi l d l i fe 
known to use wetlands are beavers ,  muskrats, otters, and m i nks ( Belg rade 
Comprehens ive Land Use P lan , 1 987) . Extensive tracks and bedd ing s ites 
seen d u ri ng  o u r  f ie ld work have co nfi rmed the presence of large mammals 
such as moose and deer at the Great Bog , and we feel that this evidence 
warran ts f u rth e r  study .  

There is  a p rofo u nd lack of i n formatio n  o n  the w i ld l i fe of  peat lands . 
I n  o n e  of  the few wi l d l ife stud ies ,  Stockwe l l  and H u nter  ( 1 985) showed 
that s pec ies fo u n d  i n  n i ne  peat lands were not n ece ssar i ly  u n ique  o r  
u n usua l ,  but t he  fact that such a wide variety of  species was fo und  i n  a 
smal l  area is s ign ificant .  That i s ,  each peat land studied revealed a much 
h i ghe r  spec ies r ich ness , especia l l y of  b i rds ,  t han  any oth er  hab i tat i n  
Ma ine .  From ou r  on  site surveys , we have fo und G reat Bog  to be a un ique 
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eco syste m w i th  the  potent ia l  to have h ig h  s pec ies r ic h n ess as we l l  as 
p rov id i n g  a hab itat fo r  rare and  endang ered spec ies . I t  i s  reco m me nded 
that t he  Department  of  I n land F isher ies and  W i ld l i fe co nst ruct an i n  depth 
study of  t he  f l o ra and fau n 2  in th is area .  

I f  wet l a n d s  a re m i su sed fo r any  reaso n ,  these " l ast  and  l a rg est 
re l at ive l y  u n d i stu rbed ecosyste ms"  (S tockwe l l ,  1 9 85 )  can be d i s r u pted . 
W i l d l i fe spec ies  may be  fo rced to re l ocate , and the  asse m b lag e  of  those 
spec ies  may n eve r  be fo u nd w it h i n  the same ecosystem aga i n . Some 
d i stu rbances may i nc l ude ;  recreat iona l  use of wet lands by  snow mac h i n es 
and  a l l -te rra i n veh ic l es  th ereby d i s ru pt i ng  th e behav i o ra l  patte rn s o f  t he  
i n h ab i tan ts ; i l l e g a l  h u n t i ng  and  t rapp i ng  creat i ng  u n n atu ra l  st resses on  
t h e  fau n a ;  i l l e g a l  co l l ecti o n  o f  rare spec ies  o f  w i l d f l owers ,  espec ia l l y  
o rc h id s ,  l ead i ng t o  l oca l ized spec ies  ext inct i o n ;  v i s i tat i o n  o f  wet lands  by 
c lasses ,  sc i e n t i sts , and  to u r ists ; and the  co n st ruct i o n  of  roadways and 
ra i l ways and m i n i n g  across or  adjacent  to wet l ands  g reat ly  d i s rup t i ng  
t he i r  water  movement  and nat u ra l  ba lance .  Freshwate r wet lands a re  vital 
ecosyste m s  f o r  w i l d l i f e ,  pa rti c u l a r ly  wate rfowl  (Zo rac h ,  1 979) , to a l l ow 
the m  to d i m i n i s h .  To ma in ta i n  the i r  d ivers i ty and e n h ance the i r  u se as a 
wi ld l i fe hab i tat , as we l l  as preserv ing  the i r  beauty fo r  t he  h u man soc iety , 
past manag e ment  p ractices m ust be  reco ns idered . 

Acco rd i n g  to We l l e r  (Zo rach , 1 979) , manag em ent  d ec is io ns  s h o u ld 
c o m p l e m e n t  th e n at u ra l  f u nc t i o n s  o f  a wet l a n d ,  a l l owi n g  n atu ra l  
p rocesses to occu r .  Facto rs wh ich  t e n d  to d i st u rb the  st ructu re o r  
f unct ion  o f  a wet land s h o u ld be kept t o  a m i n i m u m .  T h e  o n ly method of 
eff i c i en t l y  d eterm i n i ng how to manag e wetl ands is  by us i ng  an effective 
eva l uati o n  l ike the one  o ut l i ned by the Ma ine  C rit ical Areas P rog ram.  Th is 
c r i te r i a ,  h o w eve r ,  o n l y reco g n i z e s  wet l a n d s  f o r  t h e i r  eco l o g ica l  
impo rtance and d isreg ards the i r econom ic importance.  Eco n o m ics s uch as 
peat resou rces and fo rest p roducts are a facto r in manag ement  and sho u ld 
be cons ide red . Once a wetland can be eval uated , the decis i on  whether  to 
keep the a rea off l im its to excess d istu rbances can be made .  

W e t l a n d  C l a s s i f i c a t i o n  
Of a l l  wetland  types i n  ex istence,  the two that a re most impo rtant to 

the scope of th is study a re bogs and fens .  Each wi l l  be  d iscussed in  tu rn . 
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B o g s  

There are g e ne ra l ly th ree majo r  bog types : kettl e -ho le  bogs ,  raised 
bog s ,  and l akes ide bog s .  The geo l og ica l  and hydro log ica l  act iv i ty that 
takes p lace d u r i ng  the fo rmati on  of  the peat determ ines  the type of bog 
that i s  fo rmed.  

Kett l e - h o l e b o g s  

Kettl e- h o l e  bogs  were i n i t i a l l y  fo rmed when  la rg e po rt i o n s  o f  the 
reced ing g lac iers were broken off and depos ited i n  depress ions  carved i n  
the rock . Th is  stag nant  ice was then  su rro u nded o r  cove red by  g lacial 
depos i ts that f u rther  h i ndered the melt i ng  of the ice . As the covered ice 
f i na l ly me l ted , steep , water  fi l l ed bas i ns  resu lted . These basi ns  then  
went th rough  a process cal led quaki ng bog successio n ,  the  end resu lt be ing 
a kett le ho le bog . 

Quaki ng bog success i o n  occurs when sed iment beg i ns to f i l l  i n  the 
s ides of  a lake ,  pond or  water f i l l ed depress ion  usua l ly  due to the effects 
of eutroph icati o n .  As it does ,  marsh and bog p lants g row i n  th is sediment 
and exte nd beyo nd i t ,  out toward the ce nter of the lake .  Th i s  forms a 
f loat i ng  mat of  p lants,  typ ica l ly mosses.  As the mat g rows , the mosses 
and bog p l a n ts d i e ,  and fo rm peat . Th i s  resu l ts i n  a m o re ac id ic  
envi ronment  wh ich i n  turn  p romotes the  g rowth of more bog p lants .  Th is 
process conti n ues u nt i l  the entire bog has been fi l l ed i n .  

Bogs fo rmed i n  th i s  manner  typica l l y  have seve re l y  restr icted water 
flow and are termed o mbrotroph ic peat lands .  These are peatl ands that 
rece ive a l l  water i n p uts fro m p recip i tat i on  and runoff .  Bogs of th is  type 
typica l l y  have open  wate r in t he i r  ce nters and a su rro u nd i ng  fr i nge  of 
veg etatio n  that makes up the mat .  These d i ffer fro m raised bogs i n  th is 
respect and m o re often refe r to the  kett l e - ho l e  b o g s .  Quak i ng  bog 
success i o n  a l m o st a lways res u l ts in  the fo rmat i o n  o f  o m b ro t ro p h ic 
peat lands and kettl e-ho le  bog s (Jo h nso n ,  1 985) . 

Raised Bogs  

Ra i sed bogs  a l so  beg i n  as  sma l l lake s ,  ponds  o r  wate r f i l l ed  
depress ions bu t  the process wh ich  creates them i s  s l i g ht ly d i fferent and 
resu l ts i n  a s l i g ht ly d iffe ren t  type of bog . Raised bogs occu r where there 
was p rev io us ly  a co nt i n uo us f low of  wate r th rough  a lake o r  pond bas in . 
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T h e  p rocess wh ich  res u l ts i n  t h i s  bog  fo r mat i o n  i s  te rmed f l ow-th ro u g h  
s u ccess i o n .  

F l ow-t h ro u g h  s u ccess i o n  o ften  occ u rs i n  a l ake b a s i n  t h at has  a 
co n t i n u o u s  i n f l ow a n d  o u tf l ow o f  wate r .  The  f l ow o f  water de pos i ts 
sed i m ent  i n  t he  m idd le  of  the lake caus i ng  a b u i l d  up  of  mater ia l .  M ars h 
and bog  p lan ts co l on ize  th is n ew " land " ,  stab i l i ze i t ,  and as a res u l t add to 
its accu m u l at i o n  by t rapp i n g  m o re sed i m e nt f rom t h e  f l ow i ng  wate r .  
Ove rti m e ,  t h e  p l ants d ie , s i n k  t o  bottom a n d  i nc rease t he  o rgan ic n ut r ient  
s u p p ly .  As t h is o rg a n ic depos i t  g rows , i t  beg i n s  to  d i v e rt t he  f low of  
wate r a ro u nd i t .  Th is g rad ua l  accu m u lati on  of  peat resu l ts i n  a ra ised bog . 
Eve n tua l l y ,  t he  ra ised bog  w i l l  acc u m u late e n o ug h sed i men t  to b r i ng  the 
bog i nto co ntact wi th a f i rme r  land mass and th us  rem ove a l l  wate r f low 
fro m aro u n d  it (Jo h n so n ,  1 985) . 

R aised bogs  are c lassed as m i ne rotroph ic peatlands .  These peatlands 
rece ive wate r t hat h as f i rst passed t h ro u g h  so i l  before seep i ng  i n to the 
bog or  from d i rect p reci p itati o n .  Becau se of  th i s ,  m i n e rot ro p h ic peat lands 
usua l ly  h ave a h ig h g ro u n d  wate r leve l  and occupy a low g eog raph ic po i nt ,  
thus a rai sed bog appears as a dome ris ing  over the su bstrate and the o n ly 
wate r i s  aro u nd the f r i nges (Jo hn so n ,  1 985) . 

Lake s i d e  B o g s  

Lakes ide bogs  beg i n  not  with a depress ion that fi l l s  i n  but  wi th a lake 
th at ove rf l ows . Th i s  p rocess  is  ca l l ed  p a l u d i f i cat i o n .  P a l u d i f icat i o n  
resu lts when  t he  boundar ies of  a lake o r  bog  are f looded d u e  t o  c l imate o r  
g e o l o g ic chan g e .  T h e  wate r causes t h e  s o i l  o r  peat t o  co m p ress and 
beco me impermeab l e  to  f low.  Thus ,  the water receives ve ry l i tt l e  m ix i ng  
o r  rep l en i s h i n g ,  resu lt i ng  i n  wet, acid ic cond i t i ons .  M osses and  bog p lants 
g row i n  t h i s  e n v i ro n m e nt and  the  wet land  i s  fo rmed . Lakes ide  bogs  
typ ica l l y  exte nd  o u t  fro m the  sho re o f  the lake and  trans�o rm f rom m o re 
so l id , stab l e ,  d ry land  to spongy ,  wet land  c loser  to t he  l ake (Jo h n so n ,  
1 9 8 5 ) . 

Lakes ide bogs  a re termed tran s i t io na l  peat lands because they a re a 
trans i t i on  zo n e  between th e d ry land ecosyste m and the  lake .  Trans it io na l  
peatlands  are o ften i n termed iates between  the two oth e r  c lasses of  bogs 
descr ibed  p rev i o u s l y  as we l l .  They rece ive wate r and n ut r ie n ts fro m 
s ev e ra l  so u rc e s  i n c l u d i n g  p rec i p i tat i o n ,  a n d  so m e  f l ow f ro m t h e  
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su rro u nd i ng  area. Once a trans it i ona l peatland is formed,  it can receive 
n ut r i en ts fro m the so i l  but i s  not co ns idered m i n e rot rop h i c  beca use i t  
a lso rece ives o rgan ic i n puts from the other area it borders ,  such as a lake 
or another  bog (Jo h nson , 1 985) . 

F e n s  

Fe ns  d i ffe r fro m bogs  i n  that a l o n g  w i th  p rec ip i tat i o n ,  i ts  maj o r  
so u rces of  n u tr i ent  i n p ut  are fro m g ro u ndwater  movement a n d  over land 
wate r f low.  I n  bogs ,  g ro u ndwater movement  i s  m i n i m al at best  and 
over land f l ow i n pu t  on ly  occu rs du r i ng  sto rm eve n ts .  Fens a re st i l l  
co mposed o f  peat b t the peat and the wate r he ld by the peat is not as 
ac id i c .  

Because o f  the wate r f low i n  fens ,  p H  and n utri en t  levels are typ ica l ly  
h ig her . The conti n uous  flow removes the waste products that accu mu late 
i n  a t rue bog and l ead to the acid ic  env i ron ment  wh i l e  rep l en i sh i ng  the 
n utr ien t  supp ly  (J oh nson , 1 985) . 

Fens are fo rmed by many of the same processes that fo rm othe r  bogs 
and in some cases,  were once bogs. The d i ffe rences ar ise because fens 
usua l l y  form over  a su bstrate that is  i mperm eab le  to water  (bed rock o r  
c lay) , fens  a re a lso s i tuated o n  s lopes and t h u s  a re often much more 
sha l low. T h i s  resu lts i n  the co nt i n u ous  f low of  water character i st ic of 
feris . 

Eco l og i ca l  Funct i o n i n g  of  B o g s  and  Fens  

Bogs  a n d  fe n s  s e rve seve ra l  e q u a l l y  i m p o rtan t  e n v i ro n m e n ta l  
fu nct io ns .  F i rst ,  bogs and fens are separate and d i st i nct ecosystems 
which provide hab itat fo r a variety of f lo ra and fau na ,  some of which can 
be fou nd in no other  p lace but a bog or  fen .  Bogs and fens also act as 
bu ffe r  syste ms to lakes from the  s u rro u nd i n g  l a n d .  C h e m ica l s  and 
compo unds  that are  added to  the so i l  accumu late i n  the r unoff o f  water 
from sto rms and flow down s l opes toward the  lake .  I f  u n to uched , th is  
water f lows d i rect ly i nto the lake and as i n  the case of  phosphorous ,  leads 
to a lga l  b l ooms and an i nc reased rate of eu troph icat io n .  I f  a bog is 
present ,  th is  water f lows i nto it and the bog acts as a spo nge  and fi l ter ,  
ho ld ing  the n utr ients and decreas i ng the net f low i nto the lake .  

As  wel l as be ing cr i t ical hab itats for  f lo ra and fau na  and  act ing as  a 

3 2  



b u ffe r  fo r l akes  to n u tri e nts ,  bogs  are a l so p r imary s o u rces of  peat .  P e at 
has  a c o m m e rci a l  va l u e  fo r f ue l  and  the  h arvest i ng  of  peat  f ro m bogs  has 
some  eco n o m ic va l u e  (Stockwe l l  and H u n ter ,  1 985) . 

I t  i s  c l e a r t h a t b o g s  s e rv e  s ev e ra l  e n v i ro n m e n ta l l y  i m p o rta n t  
fu ncti o n s .  I t  i s  c lea re r st i l l  t ha t  bogs  are ve ry s e ns i t ive ecosystems and  
o n l y  b y  u n d e rs tand i n g  a l l a s p ects o f  t h e  b o g s  i n te ract i o n  w i th  t h e  
e nv i ro n m ent  can b o g s  be  managed cor rect ly and eff ic i en t l y .  

R a re a n d  En d a ngered Species 
M a i n e  p e at l a n d s  p ro v i d e a h a b i tat fo r seve ra l  t h reate n e d  a n d  

e n d ang ered s peci es . Th ese speci e s ,  by  def i n it i o n ,  are c lass i f ied a s  rare . 
R a r i ty  res u l t s  f r o m a n y  o f  t h r e e  c h a ract e r i s t i cs : n a r r ow  h ab i ta t  
req u i re men ts ,  l o w  p o p u lat i o n  s i ze ,  and  narrow g e o g raph ic rang e ;  each  o f  
t h e s e  c h a racte r is t ics  i s  i n d e p e n d e n t o f  the  o t h e rs ( Ra b i n ow i tz ,  1 9 86) . 
T h e  rarest spec ies  d e m o n strate a l l  th ree cha racter ist ics . 

R a re s p e c i e s  a re  e s p e c i a l l y  s u scept i b l e  to ex t i n ct i o n .  Rece n t  
d i s t r i b u t i o n  d ata  ( F i g . 8 )  s u p p o rt h ab i ta t  a l t e rat i o n  as  t h e  m o s t  
s ig n i f icant  effect ( E n g e r , e t  a l . ,  1 9 90) . The  rate o f  spec ies ext i nct io n  has 
i nc reased ove r  t h e  l ast 1 00 years i n  p ro p o rt i o n  to t h e  rate o f  h ab itat 
a l t e rat i o n .  W i t h  t h e g ro w i n g  h u m an p o p u la t i o n ,  h a b i tat  a l te rat i o n  i s  
r i s i n g  a t  a t re mendo u s  rate . Th i s ,  i n  tu rn , is  d r iv i n g  the ext i n ct i o n  rate to 
l eve ls  h i g h e r t h an at any  o the r  ti me  in h i sto ry .  T h e refo re ,  t he  effect o f  
hab itat a l te rati o n  s h o u ld be a maj o r  co ns ide rat i o n  when  p lans  fo r  m i n i ng  
o r  d eve lopment  i nvo lve an area that rare spec ies may i n hab it .  

The conse rvati o n  and  p ro tectio n  o f  rare and  endang e red spec ies is  
encou raged at both t he  state and federal  l eve l .  Fede ra l l y ,  th e Endang ered  
S p ec ies  Act o f  1 973 was wr i tten t o  p ro tect rare a n d  endange red spec ies . 
A m e n d m ents h av e  been  mad e  th ro u g h  1 9 88 .  Those  made i n  1 9 88 we re 
add ed becau se  of seve ral C o n g ress i o n a l f i nd i n g s .  O n e  of t hes e  

-
was as 

fo l l ows : "The  C o n g ress  f i nds  a n d  dec l ares t h at var i o us  s pec ies  of f i s h ,  
w i l d l i f e ,  a n d  p l a n ts i n  t h e  U . S .  h av e  b e e n  re n d e red  ext i nct  a s  a 
co nsequ ence o f  eco n o mic  g rowth and econ omic  deve lopment  u nte mpered by 
adeq u ate co ncern  and co nse rvati o n . "  U nfo rtu n ate l y ,  the standard s  of  the 
Act do  n ot p ro tect s pec ies that  h ave n ot a l ready been  o ff ic ia l l y  c lass i f ied 
as endange red o r  t h reate n e d .  C o n seq u e nt l y ,  a reas w h e re such  spec ies  
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s u rv ive may be  destroyed o r  a l te red befo re t he i r  s i g n i f icance i s  kn'own . 
The conservatio n  of p lants and an imals · a lso depends o n  he l p  at the state 
l eve l .  The  State P l an n i ng Office of Ma i ne ,  th ro u g h  t he  C r i t ica l  Areas 

Prog ram ,  enco u rag es th i s  co nservat io n .  The pro g ram was estab l is h ed to 
i de n t i fy areas "w h i c h  co nta i n n atu ra l  feat u res of state s i g n i f i cance " 
(Ty le r ,  pers .  co m m . ) .  Th is  p rog ram ident i f ies and reg isters areas that a re 
co ns ide red to have u n ique  natu ral hab itats . These hab itats may co nta in  
ra re  p l a n t  o r  an i m a l  s p e c i e s ,  d i s t i nct g e o l o g i c  fo r m a t i o n s ,  o r  
extrao rd i nary sce n ic landscapes .  A l thoug h the C r it ical Areas P ro g ram can 
reco g n i z e  t h e s e  reg i o n s  and  atte mpt  to g a i n  th e c o o p e rat i o n  of 
landowners ,  i t  has no leg i s lative power to protect these a reas .  

Fo r reg u lato ry p u rposes,  rare species are c lass i f ied as th reate ned o r  
endang ered . Th reate ned species "are l i ke ly t o  move i n to th e e ndangered 
categ o ry i n  t h e  n e a r  fu tu re if t he  causa l  facto rs keep  o p e rat i n g "  
(Th o rn back and Jenk i ns ,  1 982) , wh i le  endang ered species are " i n  danger  of 
ext i nct i o n  and whose su rv iva l  is u n l ike ly i f  the  causa l  facto rs co n t i n u e  
ope rat i n g "  (Tho rn back  a n d  J e n k i n s ,  1 9 82) . M a i n e ' s  E n d an g e red and 
T h reate n ed P l an ts L is t  was co mp i l ed by the C r i t ica l  Areas P ro g ram to 
e nco u rag e the  p rotect i o n  of Ma i ne's  rare species . Th i s  l i st i n cl udes two 
spec ies that p refe r peatlands as the i r  hab itat that are no t  o n ly l i sted at 
the state leve l ,  but  at the federal level as wel l .  The U . S .  F ish and Wi ld l ife 
S e rv ice has  c lass i f i ed  the P ra i r i e  Wh i te-fr i n g ed O rch id ( P I a ta n th e ra 

le ucopha ea) as th reate ned (endangered at the state leve l )  and the  Smal l  
Wh o r l ed P o g o n i a  ( lso tria medeoloides) as endangered (a lso at  the state 
l eve l ) . The  th reate n ed P ra i r ie  Wh i te-fr i nged Orc h id has not  been  seen 
s i n ce 1 9 85 . I t  i s  th re ate n ed by co l l ecto rs and  by  hab i tat d estruct i on  
( C row,  1 9 82) . A l th o u g h  th i s  speci es has not been  seen  f o r  al most s ix 
years , s peci es  a re no t  cons idered ext i nct u n less they are " no t  def i n i te ly 
located in the w i ld  d u r i ng  the past f i fty years" (Th o rn back and J e n k i n s ,  
1 982) . T h e  endang ered Smal l  Who rled Pogon ia i s  one  o f  the rarest o rch ids 
i n  the cou ntry. There are 49 popu lations  of th is  o rch id  known to ex ist  and 
alth o ug h i t  is  d i str i b uted th ro ug h o ut the No rth east ,  over 80% of  i ts tota l 
popu lat i on  i s  located i n  Ma ine  and New Hampsh i re .  The pr i mary th reat to 
th is  p lant  is  a lso hab itat destructio n  (Campbe l l  and Rooney ,  pers .  co m m . ) .  

Hab itat a l te rat i o n  i s  t h e  most s i gn i f icant  co nt r i b uto r  to t h e  r i s i ng  
leve ls  o f  spec ies rari ty , and  even ext i nctio n  (Fig . 8 ) . Therefo re , the  most 
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ef fect i v e  way  to  e n s u re t h e  s u rv i v a l  o f  d e c l i n i n g s p e c i e s  i s  n o t  
n ecessar i l y  t o  p ro tect t h e  i nd iv id u a l ,  b u t  t o  p rotect t h e  h ab itat . 

' ' / / / / ' ' ' ' / / / / / ' ' ' ' ' ' / / / / / / / ' ' ' ' ' ' ' / / ; / / / / , , , , , , ,  .... / / / / / / / / ' ' ' ' ' ' ' ' / / / / / / / / / ' ' ' ' ' ' ' ' / / / / / / / / / ' ' ' ' ' ' ' ' ' / / / / / / / / / ' ' ' ' ' ' ' ' ' / / / / / / / / / ' ' ' ' ' ' ' ' ' ' / / / / / / /  ' ' ' ' ' ' 
/ / / / ' ' ' / 

[] H abitat A l terat i o n  

� Commerc ial H u nt ing 

[ill Comp�t i t ion 

� Sport H u nt ing 

� Pest Co ntrol 

II H unting for Food 

� Captu red for Pets 

[ill K i l led d ue to s u pe rst i t ion 

� P o l l u t i o n  

Fig .8 M ajor  Factors Contr ibut ing to Species Ext i nct ion 
(mod i fi e d  fro m  Enger et  a l . ,  1 990)  
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A P P LI CA B L E  R EG ULATI O N S  

R eg u l a tory L ev e l s  

Fede ra l a n d  s tate l aws a re co n s u l ted  w h e n  a p p l i cat i o n s  fo r 
deve lopment near wetlands and Great Pond are subm itted to the state .  The 
app l i cati o n  is  reviewed by the state and mu st be approved befo re any 
excavati o n  beg i ns .  Both state and loca l  perm i ts a re needed befo re any 
co nstruct i o n  can beg i n .  The  fede ral , state , and l oca l  l aws a lso ou t l i ne  
e nfo rcement  p o l ic ies o n ce the  deve lopmen t  co m m e nce s .  Ti lco n ,  when 
s u b m itt i n g  t h e i r  app l icat i o n  must  wo rk wi th i n  t he  l i m i ts o f  the laws 
re lat i ng to g rave l  m '. n ing  and env i ro n mental p rotect io n .  

Govern ment  i nst i tut i ons  have set u p  a h ie rarchy o f  laws to a l l ow the 
smal l e r  ag e nc ies to pass laws m o re specif ic to t he i r  sett i n g .  Federal  
laws are the most g e ne ral , estab l i sh i ng  nat ionwide standards .  I t  i s  then  
u p  to  the  states and loca l  g overnme nts to  fo rm str icte r vers i o n s  of the 
fede ra l  reg u lat io n s .  The  states must adopt th e fede ral l aws , bu t  often  
impose str icte r reg u lati o n s  to  s u it th e needs o f  the i nd iv id u al state . To 
do t h i s ,  each  state m u st  co n s i d e r  i ts u n i q u e  c h a racte r i s t ics : i ts 
i nd u st r i e s ,  g eo g rap h y ,  to po g ra p h y  and ecosy ste ms . Town s h i p s  and  
m u n ic ipa l i t ies  may pass reg u l at i ons  and  o rd i n ances that co nfo rm to  t he  
spec i f ic  n eeds o f  t he  peop le  with i n  th e i r  loca l i t i es .  The  c i t i zens  o f  t he  
town s h i ps and  m u n ic i pa l i t i es  t hat ad op t  th ese reg u l at i o n s  o fte n can 
impose str icte r ru les  than state laws.  The state laws w i l l  take effect i f  
no  l ocal laws or o rd i nance ex ists . 

Fe d e r a l  

The  fo l l owi ng  i s  a descr i pt i o n  o f  potent ia l l y  re levant fed era l  laws . 
T h e  m aj o r i ty  o f  t h e  wet land  reg u l at i o n s  a re c o n c e r n e d  w i th  t h e  
p reservat i o n  o f  t he  ecosystem a n d  the  p rotect i o n  of  t h e  w i l d l i fe  wh ich 
use these ecosystems .  

The Wa ter Bank Program for Wetlands Preserva tion Act  states th at 
the wet lands of the nati on  are be ing  reduced and those that re ma in  are a 

natu ral reso u rce that s h o u ld be mai n tai ned .  The  wo rd ' reso u rce' refers to 
the idea that t h i s  area is  of  some val u e  i n  i ts nat u ral state . I t  declares 
"to p reserve , resto re , and imp rove wet lands of  t he  nat i o n . . .  to red uce 
runoff and so i l  and wind e ros ion "  I t  g ives the Secretary of  Ag r icu ltu re the 
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res p o n s i b i l i ty to des i g n and  carry o ut a p ro g ram to p reve n t  se r i o us  l o ss of  
wet lan d s  and  to  p reserv e ,  resto re and  i m p rove th ese areas . 

T h e  Migratory Bird Trea ty Act i s  an  ag ree ment  a m o n g  U . S .  M ex ica n ,  

J apanese  and  B ri ti s h  g ove r:im ents ,  dec la ri ng  t hat th e h arass i n g  o r  h arm i ng  
- - i n  a n y  way  - - o f  m ig rato ry b i rd s  l i sted i n  t h i s act , u n l awfu l .  Th e Act 
req u i res  t h e  p ro tect i o n o f  t h e  wet l a n d s  u s ed by t h e s e  b i rd s  f o r  t h e  
p u rpose  of  b reed i ng , n esti ng , o r  m ig rati o n  ( E LR Stat. O UT 1 29 ) .  

T h e  North American Wetlands Conservation A ct p ro tects , e n h ances ,  
resto res  a n d  m a n ag e s  t h e  d iv e rs i ty o f  wet l a n d  eco s yste ms a n d  o t h e r  
h a b i tats  fo r m i g ra to ry b i rd s  a n d  w i l d l i f e  i n  N o rt h  A m e r ica . T h e  
u nd e r l i n i n g  pu rpose o f  t h i s  Act i s  t o  assu re t hat n o ng am e  m ig rato ry b i rds 
do not  reach the p o i nt at w h ich measu res of  t he  Enda ngered Species Act  

are necessary ( U . S .  Code C h 1 6 § 440 1 ) .  
T h e  Endangered Species Act  declares t hat harm i n g  any  endange red 

spec ies  w i l d l i fe  is u n lawfu l .  It is u n lawf u l  to d amage a n y  oth e r  area " i n  
k n owi n g  v i o l at i o n  o f  state l aw any  endang ered p lan t  speci es . "  P rog rams 
des i g n e d  f o r  t h e co n s e rvat i o n  of t h ese spec ies  a n d  that  t h e  fede ra l  
g o ve rn m e nt w i l l  coo pe rate w i th  state and  l oca l  ag e n c i es to co n s e rve 
th ese endan g e red  spec ies . F i na l l y ,  i t  avows t h e  f i nanc ia l  means  whe reby 
the ecosyste ms o n  w h ic h  e nd an g e red spec ies and th reaten ed spec ies a re 
dependent  may be conserved . ( ELR  Stat. ESA 0 1 1 )  

N ote  t h at t h e s e  r e g u l at i o n s  w i l l  n o t b e  a p p l i c a b l e  u n l ess  a n  
endang e red o r  t h reate n ed spec ies o r  a l i sted m i g rato ry b i rd is  fo u nd t o  b e  
dependent  o n  G reat Bog . Even t hen  it m ust be p roven that the excavat io n 
has a n egat ive impact o n  t he  p r imary wetland .  

Sta te  of  M a i n e  

I n  o rd e r  to ga i n  approval to m i n e  o n  the Be lg rade esker ,  T i lco n m ust 
co m p ly wi th state of  M ai n e  and  loca l  l aws , as we l l  as federa l  l aws.  The  
pro posed s i te o f  Ti lco n ' s  g rave l p i t i s  c lose to  a peatland . Thus ,  a l arg e 
majo r i ty o f  t h e  l aws rev iewed w i l l  p e rta i n  to s u rface m i n i n g  a n d  water 
q u a l i ty .  

T h e  a p p l icat i o n  p roced u re fo r obtai n i n g  a pe rm i t  to m i n e ,  and  the 
reg u lat i o n s  that  deem a p e rm it necessary to  m i n e ,  wi l l  b e  d i scussed i n  
g reat d eta i l .  U s u a l l y two state l aws are co n s u l ted by  t h e  state w h e n  
review ing  an app l icati o n  l i ke T i lco n ' s :  th e Na tural Resource Protection Act 
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(NRPA) , and the Site Location and Development Act. I n  add i t io n ,  Ti lco n has 
to comp ly  with o n e  l ocal o rd i nance , The Shore/and Zoning Ordinance fro m 
the Town o f  Be lg rad e ,  Ma i ne .  Th is law, which i nc l udes str ict wet l ands 
reg u lat i o n s ,  co u l d  have the larg est impact o n  the dec is io n as to whether  

T i lcon i s  permitted to m i ne  a g rave l p it of  the proposed s ize o n  the Ho rse 
Po i nt esker .  

P e rt i nent R egula t i ons R ega rd ing M ining P ropo sals 

Fe d e r a l  

Min i ng as a land use 
The Wa tershed Pro tection and Flood Pre ven tion Act i s  the o n l y 

federal l aw abo ut  m i n i n g ,  app l icab le  to the T i lco n s i tuat io n .  For  the most 
part ,  the Act says that any eros ion  o r  sed iment  damag es i n  a watershed 
" resu l t i ng  i n  the loss o f  l i fe and damag e  to p roperty const i tute a menace 
to the n at i ona l  we lfare . "  The federa l  govern ment  wi l l  coo perate with the 
state and local  ag enc ies in co nservi ng  and ut i l i z i ng the land  to p reserve , 
p rotect and improve th e natio n 's l and and water reso u rces ( U . S .  Code Tit le 
1 6  Ch . 1 8 § 1 00 1 ) .  

Water Qual ity 

The Federal Wa ter Pollution Control Act, i s  better  known as the 

'C lean Water Act' . I t  g ives nati ona l  qua l i ty standards fo r a l l  so u rces of  
wate r .  H oweve r ,  in  o n e  s ect i o n  i t  spec i f i ca l l y  d i sc l o s e s  how t h e  
E n v i ro n m e n ta l  P ro t ect i o n  Ag e n cy ove rsees  p ro g ra m s  w i t h  o t h e r  
govern ment  ag encies to reg u late m i n i ng procedu res . I t  mandates that a l l  
m i n i ng  ope rati o n s  must be ab le  to co ntro l water po l l u t io n that w i l l  effect 
water  q u a l i ty i n  any  part of  a watershed ,  i n c l u d i ng s i l tat i o n  fro m the  

m i n e  s u rface . 

State o f  M a i n e  

The Site Loca tion and Development A c t  i s  used t o  i n s u re that 
deve lopments wi th i n  the State w i l l  have a m in imal adverse i mpact o n  the 

env i ro n m e nt ,  w i th i n  and  adj acent to the l ocati o n  to be deve loped , as we l l  
as protect i n g  the  g e n era l  hea l th o f  th e peop le  i n  the s u rro u nd i n g  area 
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( M a i n e  State C od e ,  T i t le  38  § 48 1  ) .  T h is Act a l so  descr ibes w h ich  pe rm i ts 
a re  n e e d e d  to o p e rate a s i te . S i nce  T i l c o n  w i l l  b e  excavat i n g  a n d  
tra n s p o rt i n g  g rave l ,  o n l y  t h e  pert i n en t  parts o f  t he  Act w i l l  b e  exp la i ned .  

T i lco n ,  t h e  pa rty s u b m i tt i n g  t he  app l i cat i o n ,  m u st p rove  t hat t hey  
a re f i nanc ia l l y  capab le  o f  ru n n i n g  t he  s i te wi th m i n i m al  s i d e  effects . I n  
a l l  cases t h i s  means  p rod uc i n g  an  accu rate a n d  co m p lete l i st o f  est i mated 
co sts  a n d  a l e tte r  f ro m a n  i n ves t i n g  f i n a n c i a l  i n st i tu t i o n  to p rove  
f i n a n c ia l  b ack i n g .  P ro o f  of  t he i r  cap a b i l i ty to  m eet t h e  p o l l u t i o n  con tro l 
stan dards i s  req u i red (T i t le  38  C h .  373§ 1 (A) ) .  M uch of  th e mac h i ne ry that 
co n tro l s  th e a m o u nt o f  p o l l u t i o n re l eased i s  u s u a l l y  i n sta l l ed  towards the  
e:td o f  deve l o p m e nt .  I f  t he  company  i s  co m i n g  to  t he  f i na l  stretch of  
co n st ruct i o n  and i t  does  n ot h ave s u ff i c i en t  f u nds  to i n sta l l  and  o perate 
th e m ach i n e ry ,  it m ay fo resta l l  t h i s  ph ase a l to g eth e r  (T i t l e 3 8  C h .  3 73 
§ 1  ( B ) ) . To  keep  t rack o f  how comp l i an t  th e var io u s  deve lo pe rs are ,  t h e  
Bo ard asks each deve l ope r  t o  s ub m it a record o f  h is/he r  p r i o r  o pe rat i o n s  
(Tit l e 3 8  C h .  373§ 2 (A& B) ) . 
C h apter 375 of  t he  Site Loca tion and Development Act  i s  te rmed the No  
Adverse  E n vi ro n m en ta l  Effect Standards .  

"To  d eterm i n e  w h et h e r  t he  d e v e l o p e r  h a s  m ad e  adeq u ate 
p rov i s i o n  for f i t t i n g  the deve l o p m e n t  h a r m o n i o u s l y  i n to t h e  
ex i st i n g  n atu ral e nv i ro n ment  a n d  that th e deve lo pm e nt w i l l  no t  
adve rse l y  affect e x i st i n g  u ses . "  
(T i tl e 3 8  C h .  375)  
T h e  fo l l ow i ng  s eg me nts descr ibe the standard s  that m u st be met by 

a deve loper .  

No Unreasonable Adverse Effect On A i r  Qual ity. 
"Th e B o a rd reco g n i zes  n o n - p o i n t  so u rce  e m i s s i o n s  d e r ived f ro m 

i n d u stry can  e ffect t h e  a i r" ( C h .  3 7 5  § 1  (A) ) .  T h e  i n c reased  t raff i c  
g e n e rated s h o u ld n ot d ramat ica l l y  affect t he  a m b i e n t  a i r  q u a l i ty ( § 1  (C ) ) . 

E rosion and Sed i mentation Control . 

D u r i n g  and  after  deve l o p m e nt e ros i o n and  sed i me ntat i o n ,  espec ia l l y  
o f  top  s o i l ,  s h o u l d  b e  con tro l l ed .  I t  i s  i m p o rta n t  to do  th i s  i n  o rde r  to  
p rotect water  q u a l i ty and  wi l d l i fe hab i tats (§ 5 (A) ) .  The  Board req u i res 
ev idence to s h ow :  1 )  Any  sed i ment  fro m eros i o n  w i l l  be removed from the 
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ru no ff water befo re i t  leaves th e s i te (§ 5 (A. 2 ) ) . 2) A perman ent e ros ion  
cont ro l  syste m w i l l  be  i n sta l l ed on  the  s l opes wi t h i n  f i ftee n  days after  
the f i na l  g rad i ng has been co mp leted . I f  t h i s  i s  not  poss i b l e  t hen  
"tempo rary m eas u res w i l l  be  imp lemented " (§ 5 (A .3) ) .  I f  veg etat ion  i s  
used as  contro l measu re ,  mu lch and the app ro priate p l ant  species w i l l  be  
used (§  5 (A.5 .  a & b) ) .  

No Un reasonable Adverse Effect on Surface Water Qual ity. 
Gro u nd wate r is frequ ent ly  used by Mai n e 's c i t izens as a sou rce of 

d r i n k i n g  and bath i ng wate r ,  t he refo re the q u a l i ty of  t he  g ro u nd wate r 
sho u ld be mai ntai n ed .  Th is  secti on  states that it i s  u n lawfu l  to decrease 
the ph ys ical , b i o l og ical  and chem ical l eve ls be low the level speci f ied by 
the State D r i nk i ng  Wate r reg u l at io ns  (§ 7 (A & B . 1  ) ) .  The  d i ese l  fue l  
sto red on the s i te can n ot be a l l owed to  seep i n to th e g ro u nd wate r (§7 
(C) ) . A p ro posed " p lan of  act i o n ,  and a l ternat ives , (are] to be fo l l owed in  
t h e  e v e n t  t h e  p ro p o s ed  d e ve l o p m e n t  res u l ts  i n  g ro u n d wat e r  
co n tam i n at io n . "  (§ 7 (D . 5) ) .  

Buffer Str ips. 
N at u ra l  b u ffer  s t r i ps  p rotect t he  q u a l i ty of wate r  and  w i l d l i fe 

hab itat. Buffe r str ips can serve as v isua l  screen s ,  h id i ng  undes i rab le  land 
uses (§ 9 (A) ) . A nat u ral bu ffe r st r ip  between the deve l op ment  and a 
water body w i l l  be left , to p rotect the water body fro m sed ime ntati o n  and 
sto rm wate r ru noff (§ 9 ( B . 1 ) ) .  The width o f  the bu ffer str ip  w i l l  be la rg e  
e n o u g h  to al l ow fo r t h e  movement  o f  wi ld l i fe ( §  9 (B . 2) ) .  Excavat ion s ites 
wi l l  reta in  a m i n i m u m  buffe r str ip of 1 50 feet fro m a l l  p roperty l i n es ,  to 
s h i e l d  i t  f rom p u b l i c  v iew.  If wr i t ten pe rm iss i on  is o btai ned f ro m a 
ne ig hbor ,  a m i n i m u m  25 foot wide buffer stri p is a l l owed (§ 9 (3 .a) ) .  

Control of Noise. 
M i n i mu m  s o u nd leve l  l i m its are declared with i n  th i s  secti o n .  At the 

prope rty l i ne o f  the deve lopment  the no ise leve l  may n ot exceed 75 dBA 
(dec ibe l  ampheres) at  any ti me of the day .  When a proposed deve lo pment 

i s  to be l ocated wi th i n  a res ident ia l  area,  "where t he  p re-deve l opment 
ambient  h o u r ly  s o u nd level  i s  equal  o r  be low 45 dBA and/or the n igh t  t ime 
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a m b i e nt h o u r l y  s o u nd l eve l  i s  equ a l to be low 35 d BA" ,  t he  so u n d  l eve l  w i l l  
n ot exceed 55  d BA between ?am and  ?pm (§  1 0  (C . l .v . ) ) . 

The Na tura l Reso ur�es Pro tection A ct ( N R PA)  states th e a reas 
wi t h i n  M ai n e  t h at a re o f  eco n o m ic o r  aesthet ic  va l u e  to t he  State a n d  its 
peop l e  s h o u ld be p ro tected . As t he  name  i m p l i es ,  th e Act co ns ide rs n atu ral 
a reas , espec ia l l y  u n i q u e  areas to be o f  extreme  va l u e .  To make s u re 
deve l o p e rs recog n i z e  th i s ,  N R PA req u i re s  t h e  deve l o p e r  to app l y  f o r  
a n o t h e r  p e rm i t .  

T h i s  A c t  p ro h i b i ts a n y  act i v i ty to b e  p e rfo rmed o r  cau s e  t o  be  
pe rfo r m e d  i f  t he  act iv i ty  i s  on  l and  adjacent  to &. f res h wate r wet l and  
g reater  t han  1 0  acres i n  s i ze .  S p ec i f ica l l y ,  t he  T icon  o p e rat i o n  may no t  
cau s e  the  e ros i o n  o f  so i l  o r  mater ia l  i n to the seco ndary wetl and ,  i f  afte r  
fu rth e r  s tud y  i t  i s  fo u nd to b e  co n t i n o u s  wi th  G reat Bog . To o p e rate , a 
pe rm i t  m ust  f i rst be  o btai n i n g  f rom t he  Board o f  E nv i ro n menta l  P ro tect i on  
(T i t le  3 8  M . R . S .A .  § 480-C) . T h e  excavat i on  o f  g rave l  q ua l i f i es  as  o ne 
th ese activ i t i es .  T h e  Bo ard w i l l  t hen  g rant  t he  p e rm it i f ,  and  o n ly i f ,  i t  
fee l s  t h e  a p p l icat i o n  i s  comp lete .  Terms and co nd i ti o ns  m ay be added i f  
the Board d e e m s  t hem n ecessary to p revent  any u nsu i tab l e  h arm.  In  o rder  
fo r t h e  app l icat i o n  to be  co m p l ete it m u st m eet th e fo l low i n g  standards : 

1 )  T h e  act iv i ty w i l l  n o t  u n reas o n a b l y  i n te rfe re  w i th  ex i st i n g  scen ic 
o r  aesth et ic uses .  

2 )  N o  u n reas o n ab l e  e ro s i o n  o f  so i l  o r  sed i m e nt ,  f ro m the  te rrestr ia l  
to t h e  f reshwater  e nv i ro n ment ,  w i l l b e  caused . 

3 )  N o  u n reaso nab le  ha rm w i l l  co m e  to any  s ig n i f icant  w i ld l i fe 
h a b itat ,  f reshwate r wet land  p l an t  hab itat , aq u at ic  hab i tat, 
travel co rr ido r, fres hwater o r  o ther  aq uatic l i fe .  The Board 
co ns i de rs p roposed actio n s  taken  to avo id ,  red uce , o r  e l i m i nate 
any  potent ia l  adverse effect, to dete r m i n e  wh eth e r  o r  n ot 
th ere  i s  a n y  u n reaso nab le  harm to s i g n i f icant  wi l d l i fe  h ab i tat. 

4)  No u n reas o n ab l e  i nte rfe re nce with t he  natu ral f l ow of water ,  
e i t he r  s u rface o r  subsu rface . 

5 )  The  q ua l i ty of  the water  w i l l  n ot fa l l  be low the standard g ive n by 
th e state water q u a l i ty l aw (§ 480-D ) . 

T h e  Wet l a n d  P ro tect i o n  R u les  o f  t he  N R P A  states i f  a p roposed 
m i n e ra l  excavat i on  i s  l ocated in  a wet lan d ,  th e app l icants m ust su b m it an  
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a l te rnat ive l ocat i o n to  excavate .  I f  n o  oth e r  p ract i ca l  l ocat i o n  i s  

avai lab le  then  the app l icati o n  may be co ns idered on ly  i f  th e app l icant can 
demonstrate there wi l l  be no mean i ng fu l loss of  the wetland (Tit le 38 C h  
3 1 0 § E) . 

Reclai matio n  of the si te by vegetat ion is  aided by the deve loper .  The 
p roced u re fo r recl amat ion  fal ls  u nder  ch apte r 365 of  T i t le 38 ,  Standards 

for Establ ish i ng Vegetation on Lands Adjacent to Ponds Under Great Ponds 

A lteration Statue. T h is reg u lati o n  p reve nts exposed m i n e ra l  so i l  fro m 
be i ng e roded by s u rface r un off .  Any d i stu rbed land  m u st be m u lched 
i m med iately with hay ,  straw o r  some other  su i tab le mate r ia l  at a rate of  
1 ba le/500 sq . ft . Th is w i l l  be  done as soo n as weather  perm its -- afte r 
May 1 .  The  a rea wi l l  be  l i med , 1 lb/ 1  O sq .  ft, and ferti l i zed with 1 0-20-
1 O ferti l i zer  or the equ iva lent at the rate of  no more than 1 O l bs/425 sq .  
f t .  Seed used w i l l  be  th e standard mixture or  the  eq u iva lent  g iven i n  the 
Ma ine  Env i ro n mental Qua l ity Handbook,  spread at the rate of  1 l b/1 000 sq. 
ft .  After seed i ng  hay or straw wi l l  be app l ied ,  1 ba le/500 sq . ft. When th e 
g rass has g rown it may n ot be cut any smal le r  than 2 . 5  i nches h ig h  (Tit le 
38 M . R .S .A. C h .  365) . 

L o c a l  

The state of  Ma ine  has a g u ide l i ne  fo r m u n ic ipa l  Shore/and Zoning 

Ordinances u nder  06-096 Department of Env i ronmental P rotectio n  Chapter 
1 00 0 .  The  m u n ic ipa l i t ies must fo l l ow the  g u id e l i nes when  estab l i s h i ng 
str icter  setbacks and d istr icts with i n  t he i r  own " s h o re land  zone" . The  

Mandato ry S h o re land Z o n i n g  Act, t i t l e  38  M . S . R . A .  sect i o n s  43 5-449 , 
req u i res a l l m u n ic ipa l i t ies  to adopt ,  ad m i n iste r ,  and  en fo rce o rd i n ances 
which reg u late land use activit i es and wh ich app ly to al l  land areas with i n  
250 feet, ho r izo ntal d istance ,  o f  the  no rmal h igh  water mark of  any g reat 
po nd ; wi th i n  250 feet ,  h o r izo nta l  d i stance , of th e u p la n d  edg e of a 
f res hwate r wet l and ; a n d  wi th i n  75  feet ,  h o r i zo nta l  d i sta nce ,  o f  t he  
no rmal h ig h -wate r l i n e  of  a stream.  

M i neral Exploration and Extraction . 

Under  the g u ide l i nes ,  any extract ion site m ust ab ide by the fo l l owi ng 

r u l e s :  
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1 )  A rec l a m at i o n  p l a n  s h a l l  b e  f i l ed w i t h  a n d  a pp roved  by t h e  

P l a n n i ng B o a rd b efo re a pe rm i t  i s  g ranted . S uch p l a n  s h a l l  descr ibe  i n  
d e ta i l  p ro ce d u re s  to  b e  u n d e rtake n to  f u l f i l l  t h e  req u i re m e n ts o f  
parag rap h  4 be low .  

2)  U n l es s  a u th o r ized  p e rs u ant  to the  Natu ra l  R eso u rces P rotect i o n  
Act, T i t le  3 8 ,  M . R .S . A . ,  secti o n  480-C n o  part o f  a n y  ex tracti o n  ope rat i o n ,  
i nc l u d i n g  d ra i n a g e  a n d  r u n off  co ntro l feat u res  s h a l l  b e  p e rm i tted w i th i n  
1 00 feet o f  t h e  n o rmal  h i g h  water  l i n e  o f  a g reat pond  c lass i fied G PA o r  a 

r ive r f lowi n g  to  a g reat p o nd c l ass i f i ed G P A  a n d  w i th i n  75  feet  o f  t he  
n o rma l  h i g h -wate r l i n e  o f  a n y  o the r  water  body , tr i b utary stream ,  o r  th e 
u p l a n d  edge  o f  a wet l and . Ex t ract i o n  ope rat i o n s  s h a l l  n ot b e  pe rm itted 
w i t h i n  75 fee t  of a n y  p ro p e rty l i n e  w i th o u t wr i tt en  p e r m i ss i o n of t h e  
own e r  o f  s u c h  adjace nt  p rope rty . 

3 )  Deve l o p e rs o f  n ew g rave l  p i ts a l o n g  s i g n i f i cant  r ive r seg m e n ts 
s h a l l  d e m o n st rate t h at n o  reas o n ab l e  m i n i ng s i te o u ts ide  t h e  s h o re l a nd 
zo n e  ex ists.  W h e n  g rave l p i ts  m ust be  located with i n  th e zone ,  th ey sha l l  
be  set  b ack as  fa r  as  p racticab l e  fro m th e no rma l  h ig h -water  l i ne  and  n o  
less t h a n  75 feet and  screened f ro m  t h e  rive r by  ex i st i n g  veg etati o n .  

4 )  W i t h i n  1 2  m o n t h s  f o l l o w i n g  th e c o m p l e t i o n  o f  ex t ract i o n  
o p e rat i o n s  a t  a n y  ex tract i o n  s i te , w h i c h  o p e rat io n s  s h a l l  b e  d e e m e d  
co m p lete wh e n  l e s s  t h a n  1 00 c ub ic  yards of  m ater ia ls  a re removed i n  a n y  
co n s e cu t i ve  1 2  m o n t h  p e r i o d ,  g ro u n d l eve l s  a n d  g ra d e s  s h a l l  b e  
estab l i s h ed i n  acco rdance with t he  fo l lowi ng : 

a .  A l l  d e b ri s ,  stu mps ,  and  s i m i la r  mate r ia l  s h a l l  be  re moved fo r  
d i sposal  i n  an  approved l ocat ion ,  o r  sha l l  be b u ri ed on  s ite . O n ly mate r ia ls 
g e n e rated o n -s ite m ay be  b u ried  o r  covered o n -s ite . 

The Shoreland Zon i ng Ordi nance for the Town of Belorade. 
The  c u rre n t  ve rs i o n  of t h e  Town of Be l g rade ' s  S h o re/a n d  Zon ing 

O rdin a n c e ,  adopted M a rch 3 ,  1 989 ,  app l i es to a l l  l and  a reas with i n  250 
feet ,  h o r izo n ta l  d i stance ,  o f  th e n o rm a l  h i g h  wate r m a rk o f  any p o n d ,  
r ive r ,  stream ,  lake o r  fres hwater  wetlands . Wetlands  are defi n ed as a reas 
e n c l o sed by t h e  n o rma l  h ig h  water  mark o f  i n l a n d  waters a n d  a reas 
o the rwise ide nt i f ied on the bas i s  of  s o i l s ,  veg etat i o n ,  o r  o the r  cr i te r ia as 
i n l a n d  wet l a n d  i nc l u d i n g  but  n ot l i m i ted to swa m p s ,  marshes or  bogs  

(Parag raph G § 1 3) .  
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Section  1 .  Purposes 
The pu rposes of these ord i nances are to further the mai ntenance 

o f  safe and  h ea l th fu l co nd i t i o n s ;  p revent  and  co nt ro l  wate r p o l l u t io n ;  
p ro tect s p awn i n g  g ro u nd s ,  f i s h ,  aq uat ic  l i fe , b i rd a n d  o th e r  w i l d l i fe 
hab i tat ;  co ntro l b u i l d i n g  s i te s ,  p l acement as we l l  as actu a l  p o i nts of  
access to i n land wate rs and natura l  beauty. 

Sectio n  1 0 . Land Uses 
25 .  Commercia l  G rave l  Extractio n and process ing  

a .  P roh i b ited i n  Resource Pro tecti o n  Distr icts 
b .  P roh i b i ted in l i m i ted Res ident i al/R ecreat i o na l  a reas 
c .  P ro h ib i ted i n  General Deve lopment areas 

The Town of  Be lg rade must e i ther adopt the new amendment  i n  the 
state o rd i nance wh ich  conti n u es "and with i n  75 feet,  ho r izo n ta l  d i stance , 
of  t he  n o rma l  h i g h -wate r l i n e  of a stream" to be th e i r  own , o r  adopt 
str icte r ru les ,  by  Dece mber  3 1 , 1 9 9 1 . The Town of  Be lg rad e P l an n i ng  
Board m i n utes fro m N ovember 1 ,  1 990 ,  i nd icate th e town w i l l  d iscuss the  
1 989 state amendments to  the S ho re land Zo n i ng Ord i n ance a t  the Town 
Meeti ng  in March of 1 99 1 . 

R elevant i s s u es 

T i lco n states i n  t he  o r i g i na l  app l i cati o n  t h at th e b u ffe r s t r ip  
adjacent to  the road wi l l  be 25 feet. T i l con  was g iven permiss i on  to  have 
th is  width by th e Town of Belg rade,  however, D E P  over ru led th i s  decis i o n .  
Th e i r  reaso n f o r  ove r ru l i ng Belg rade i s  t h e  H o rse Po i nt road fa l l s  u nder 
the  d ef i n it i on  o f  a road speci f ied by the  S i te Locati o n  and Deve lopment  
Act. Fo r th is reaso n ,  DEP mandates the width o f  the bu ffer stri p ,  adjacent 
to the  road s h o u ld be 1 50 feet .  Acco rd i ng to the app l icati o n ,  a long the 
eastern edg e ,  between  the pit edge and the bog a 1 70 foot  buffer str ip of  
u nd istu rbed land wi l l  be  mai nta ined . 1  To the so uth is B lue Rock I ndustr ies 

(Append ix  I l l ) .  These two g rave l  compan ies  h ave ag reed to a l low each 
other  to m i ne  to the 25 foot mark fro m the i r  co mmo n property l i n e .  On  
t h i s  edg e  no  b uffe r str ip i s  p lanned .  Th ese bu ffe r str i ps ,  a l ong  with the 

p l ace m e n t  o f  h ay b a l e s ,  s h o u l d  e l i m i n ate a l l  poss i b l e  e ro s i o n and 

1 This buffer zone has since been reduced to 1 00 feet i n  Tilco n-Maine's second appl ication . 
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s ed i m e ntat i o n  p ro b l e m s  (T i l co n a p p l i cat i o n , E x h i b i t # 1 8 ) . I t  i s  u p  to  

B e lg rade to e nfo rce these  b uffe r str i p width s ,  i f  t hey  d o n ' t  then the State 
is resp o n s i b l e  fo r e n fo rcemen t .  

The  State states t hat each  town h as th e l ega l  a u t h o r i ty t o  reg u late 
t h e  m i n i n g  o p e rati o n s  w i th i n  th e i r res pect ive tow n l i n es .  Acco rd i n g  to th e 

State , a l l  o f  t he  towns  m u st h ave  the i r  S h o re land  Ove r lay D i str icts zo n ed 
b y  D ece m b e r  3 1 , 1 9 9 1 . T h i s  w i l l  p ro tect a l l  a reas  w i t h i n  2 5 0  feet ,  _ 

h o r izo nta l  m e as u re m e nt ,  o f  a Reso u rce P rotect io n D is t r ict ( R P O) .  A R P O  
i s  a n  i n l a n d  wet l a n d  t h at may adve rse ly  b e  effected b y  d eve l o p m e n t .  
Be l g rade h as y e t  t o  zo n e  o u t  t he  p rotected d i st r icts . When  Be lg rade does 
f i n i s h  z o n i n g  t h e  G reat Bog a rea ,  t h e re are two p o s s i b l e  resu lts . O n e ,  
T i l c o n h as rece ived t h e  p e r m i t befo re B e l g rade h as f i n i s h ed zo n i ng , 
fo rci n g  t he  Town o f  Be l g rad e to l et Ti lco n fa l l  u nd e r  a g randfath e r  c lause .  
O r  seco n d ,  Be l g rade f i n i s hes  zon i ng  d u r i n g  t h e  app l icat i o n  rev iew pe r i od ,  
T i l c o n m a y  f i n d  i ts e l f  fo rced to red u ce t h e  s i z e  o f  t he  g rave l  p i t ,  
depend i ng on  h ow l o n g  t he i r  p e rm it h as been  unde r  rev iew (Wr ig h t ,  pe rs .  
co m m . ) .  

Traff i c  l ev e l s  w i l l  f l u ctu ate d e pe n d i n g  o n  t h e  a m o u n t  o f  g rave l 
n eeded by  T i l con  t h ro ug hou t  the year .  T i lco n p lans  to o pe rate ten h o u rs a 
day ,  f ive days a week d u r i n g  custo mary d e m an d  sched u les  (Wrig ht ,  pe rs .  
co m m . ) .  N evert he l ess ,  T i lco n h as rese rved t he  op t i on  t o  w o rk a 1 2  h o u r  
d a y ,  s i x  d ays  a week sched u le ( P h iste r ,  pe rs .  co m m . ) .  Fo r th is  reas o n , 
t ra ff i c  l eve l s  w i l l  u s u a l ly b e  l ower  th a n  t h e  t raff ic  l eve l stated i n  t he  
p ro posa l . The  road was i n s p ected by  t he  Departm e nt o f  Tran spo rtati o n  
( DOT) and fo u n d  i t  to be  i n  adequate co nd it io n a n d  safe e n o u g h  to hand le  
th e i n creased  t raff ic ( see  T i l co n app l icat io n ) . DOT s u g g ested that T i lco n 
m o ve t h e  e n t ra n ce way 200 feet  n o rth , to i ncrease t h e  v i s i b i l i ty  t i m e .  
T i l con  ag reed a n d  moved th e e ntrance to t h e  suggested l ocat i on  ( P h ister ,  
pe rs .  co m m . ) .  

T o  p reven t  contami nat i o n  o f  t h e  g ro u ndwate r f rom t he  sto red d iese l 
fu e l ,  T i l co n w i l l  b u i l d a re i nfo rced concrete d i ke .  T h e  f ue l  ta nk w i l l  h o ld  
1 0 , 000  g a l l o n s ,  b ut w i l l  be  des ig ned to h o ld 1 1 , 00 0  g a l l o n s .  The  h oses 
l e ad i n g  to the p u m p  w i l l  go over the d i ke wal l  i n stead  of  th ro u g h  i t ,  
t he reby leav i n g  the wal l  u n broken ( P h i ste r ,  pe rs .  co m m . ) . T h e  mach i ne ry 
w i l l  be  refue led o n  paved su rface to p revent any  sp i l l ed  f ue l  f rom seep i ng 
i nto th e g ro u nd .  Sp i l l s  of  20 ga l l o ns  o r  less w i l l  be  c leaned us i ng so rben t  
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pads .  Any la rg e r  sp i l l s  and  sp i l l s  ou ts ide  the co n ta i n ment  structu re w i l l  
be  i m med i ate ly  repo rted to the p rope r  auth o r i t ies . T h ese p reve n t ive 
measu res are i n  comp l iance with the S ite Locat ion  and Deve lopment Act , 
specif ica l l y  t he  N o  U n reasa nab le  Adverse Effect o n  G ro u ndwater Qua l ity 
sectio n  (Ti Ico n app l i catio n ,  Exh i b it # 1 7) .  

A i r  q u a l i ty w i l l  be  cont ro l l ed with meth ods i n  ag ree ment  with the 
S i te Locati o n  and Deve lopment  Act . A i r  em iss io ns  fo r the rock cru s her  
h ave a l ready been l i cen sed by D E P  " to pe rm i t  e m i ss i o n s  th at are  
characte r ized by l ess than  5% opacity (T i lco n  app l i cat i o n , Exh ib i t  #9) . "  
Dust created b y  the excavatio n wi l l  b e  knocked down b y  a co nt i nuous  spray 
of m ist ,  t hat wi l l  be s p rayed f rom nozz les p l aced o n  the f ro n t  of th e 
crusher .  To reduce th e amount  of  d ust and d i rt o n  the pub l ic roads the 
e ntrance way wi l l  be paved , with the expectati o n  be ing  that t he  d i rt and 
dust wi l l  fa l l off the t rucks before they reach the main ro ad . Loaded 
trucks wi l l  use tarps to reduce g rave l  and sand fro m sp i l l i n g  on to the 
ro ad . Dust o n  the roads w i l l  be knocked down by per iod ic  spray i ngs  of  
wate r ( P h iste r ,  pe rs .  co m m . ) .  These sp rayi ngs  w i l l  e n s u re th e v i s ib le  
emiss ions  do no t  exceed 5% opacity (Ti lco n app l icat i o n ,  Ex h ib i t  #9) . 

No ise l eve ls w i l l  be n eg l ig i b l e  fro m the road ( P h ister ,  pe rs . co m m . ) .  
T h e  S ite Locat ion and Deve lopment  Act states the no i se  l eve l w i l l  n ot g o  
above 5 5  dec ibe l  amperes (d BA) fro m ?am to ? p m .  P otent ia l  sou rces of 
no ise  i nc l udes  two fro n t  e nd l oaders ,  transpo rtat io n trucks , rock crusher ,  
and  a rock screen i ng p lant .  The l o udest sou rces are th e screen i ng p lant 
and the rock crushe r, each hav ing  a " no ise baff le  type h o us i ng "  to reduce 
the amount  of  no ise produced by the d iesel  eng ines .  Together th ey produce 
a no ise level  of 84 .6  dBA at a d istance of 50 feet. The no ise produced is 
l ouder than th e standards a l lowed by law.  T i lco n  fee ls the depth of th e pit 
and the natu ral b uffer str i ps wi l l  red uce the dec ibe l  l eve l  suff ic ie nt ly  to 
co me w i th i n  l e g a l  sta n d a rds  at t h e  n e arest  p r o p e rty l i n e  (T i l co n 
app l icat io n ,  E x h ib i t  # 1 9) . Rec lamatio n  of  the g rave l p it w i l l  be done  1 n  
phases ,  fo l l ow ing  the seq u ence o f  excavat io n .  "The p h ased approach to 
rec lamati o n  is used so that t he  area of d istu rbed g ro u n d exposed to 
p rec ip itat i o n  at any o n e  t ime  is m i n i m ized (T i l con  app l icat i o n , E x h i b i t 
# 1 3 ) . "  The l aw says that reclamati on  sha l l  be d o n e  as soon  as poss ib le  

(Standards fo r Estab l i s h i ng  Veg etat i o n ) .  Accord i ng to  the appl icat i o n ,  the 

rec lamat ion  p rocess wi l l  take s ix  years .  As the  excavati o n  p roceeds the 
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top so i l  w i l l  b e  stockp i l ed i n  a n other  sect io n o f  t h e  p ro po sed  s i te . When  
T i l co n dec ides  to rec la i m a p o rt i o n  o f  t he  p i t ,  i t  w i l l  re u se th e to pso i l  i t  

h as stockp i l ed to cove r  t he  p i t .  T h e  p i t  w i l l  b e  s ee d ed , fe rt i l i z e d ,  l imed  
and  m u lc h ed to p reve n t  e ros io n ,  afte r i t  h as been  g raded . T h e  rates fo r 
seed a n d  m u lch  are bo th  above the  leve ls  stated i n  ch apte r 365  o f  Tit l e 
38 , b u t  t h i s  w i l l  n o t  h ave  an y i m pact whatso ever  o n  t he  wate r c h e m istry .  
U p o n co m p l et i o n o f  t h e  s i te a l l  f i na l  s l o pes  w i l l  h ave  a s l o p e  o f  a t  t he  
most  3 : 1  ( h o r i zo n ta l : vert ica l )  (T i lco n app l icat io n ,  E x h i b i t  # 1 3 ) . T i l co n i s  
co n s i d e r i ng p l o w i n g  over  t h e  r id g e  o n  t he  easte rn  s ide  o f  t h e  s i te to  
create t h i s  s l ope  ( P h iste r ,  pers .  com m . ) . I f  th is  were to be done  t he re wi l l  
be th e l oss o f  part o f  a u n iq u e  g eo l og ical featu re , t he  esker .  Th i s  w i l l  i n  
t u r n  h ave a d ramat ic  effect o n  the  water f low wit h i n  t he  m icrowate rs h ed .  
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ANALYTI C A L  P R O C EDUR ES A N D  FI NDI N G S  

G reat  P o n d  D ra i n age B as i n  

R at i o n a l e  

To u nderstand l oca l i zed prob lems with i n  a g iven area of a d rai nage 
system ,  a g ene ral  overv iew o f  the ent i re system m ust be com pleted .  I n  
th i s  case ,  the Great Pond drai nage bas in  was stud ied to quantify land use 
patterns  with i n  the area.  Ag r icu l tu re ,  m i n i n g ,  res ide n t ia l , road , wet l and 
and fo rest areas were each determ i ned . Data o btai n ed i n d icate re lat ive 
effects o f  l and  use on the water q ua l i ty of  G reat P o n d  part i cu l ar ly  i n  
reg a rd to p h ospho rus  l oad i n g . U l t imate l y ,  t h i s  an a lys is  w i l l  p rov ide  a 
co n text for  i nterp reti n g  the  importance of t he  H o rse P o i nt wetlands  and 
esker  comp lex , as wel l  as  poss ib le  effects of Ti lco n 's p roposed m i n i ng on  
Ho rse Po i nt .  

Met h o d s  

The dra i nag e  bas i n  aro u nd G reat P o nd , estab l is h ed by D E P ,  was 
traced o n to 7 1 /2 m i n ute to pog ra p h ica l  maps ( R eadf i e ld ,  Be l g rad e ,  
Be lg rade Lakes ,  R o m e ,  a n d  Mercer) . A la rg e  co mpos i te map was then  
co nstructed . The  d ra i nag e  bas i n  was broken down i n to fo u r  secti o n s ,  
based o n  d ra i n a g e  patte r ns  estab l i s h ed by  e levat i o n  a n d  n at u ra l  
bou ndar ies .  These quadrants were co ns idered sub-d ra inage  bas ins ,  and are 
therefo re no t  u n ifo rm i n  area. By trac ing and p h oto reduc ing , the b o u ndary 
of the watersh ed and quadrants were transfe rred o n  to a 8 1 /2 X 1 1  i nch  
my lar  overhead sheet.  

A set o f  t h e  most  recent  U S D A aer ia l  p h o to g raphs  taken o n  
September  9 ,  1 9 80 were obta i ned from the Agr icu l tu ra l Stab i l izat i on  and 
Conservatio n Serv ice . These photos were mou n ted o nto a seco nd larg e 
board , and covered by a s ing le  sheet of mylar. The drai nag e bas in  boundry 
fro m the  mylar overhead sh eet was then projected and copied o nto the set 
of  photos . After th e l i n es had been d raw n ,  these  l i n e s  were man ua l l y  
co rrected fo r i ncreased accu racy . Bou ndar ies were se t  to  fo l l ow r idge 

l i nes based on v isual  cues ,  such as roads .  
Lan d  use types with i n  t he  G reat Pond d ra i nage  bas i n  we re th en  

exam i n ed .  Wet lands ,  open  water ,  i s l ands ,  ag r icu l tu re ,  and  m i n i n g  areas 
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with i n  e ac h  q ua d ra n t  were iso l ated by  trac i n g .  Th e cate g o ry o f  wetl ands 
i n c l u d e d  a l l  ty p e s  o f  aq u at i c  l a n d  excep t  fo r t h e  G rea t  P o n d i tse l f .  
Ag r i c u l t u re was  a ls o  a g e n e ra l  g ro u p i n g ,  e n c o m pass i n g  p a st u res ,  h ay 

f i e l d s , c o r n f i e l d s , a n d  o t h e r  c u l t i v ated f a r m l a n d s .  T h e  o t h e r  th re e  
cate g o ries  were spec i f ic  i n  n at u re . I f  t here was a q u esti o n  as to the land 
u s e  typ e ,  a d i ssect i n g  m ic rosco p e  was u sed to  i d e n t i fy  c h a racte r is t ic  

featu res o f  the  land u se type . The tota l  area o f  the q u ad ra n ts wi th i n  t he  
d ra i n ag e  bas i n ,  as  we l l  as  t he  above categ o ri es were t h e n  q u ant i f ied us i ng  
Z i d as d i g i t i z e r ,  i n  h ectares . Res id e n t i a l  a rea  was  d e te rm i n ed i n  each 
q ua d ran t  by co u nt i ng  th e n u m b e r  of h o m es fro m the topog rap h ic map, a lso 
1 98 0 .  These  n u m be rs were t h e n  m u l t i p l i ed by  th e D E P  ave rag e o f  0 . 2  
h ectares pe r  res idence .  A lso , t he  n u mber  o f  s h o re l i n e  ho mes was co un ted 
i n  each q u ad rant ,  and th e sho re l i n e  was measu red u s i n g  a "map whee l , "  to 
estab l i s h  t h e i r  r e l at ive a b u n d a n c e .  Tota l  road a rea  was estab l i shed  by 
t rac i n g  both s tate/m u n ic i pa l  and p r ivate ro ads on t h e  to p o g rap h ic maps 
with i n  each q u ad ran t  u s i n g  a " map whee l . "  The a rea was the n  sca led ,  and 
m u l t i p l i ed by 1 5 . 24 m eters fo r state/m u n ic ipa l  roads and 7 . 62  meters fo r 
pr ivate ro ads ( D E P ) . Th i s  f ig u re was t hen  converted i nto h ecta res .  The 
d ata fo r e ach type  o f  l a nd use  was then total l ed ,  and  s ubtracted fro m the 
to ta l  l a n d  a re a  to o bta i n fo rest  a rea .  U n fo rt u n ate l y ,  l og g i n g  area was 
u n d ete rm i n a b l e  w i t h i n  t h e  fo res t l an d ,  as a res u l t o f  d i ff i c u l ty to see  
patte rns  fro m the  a i r ,  a n d  t he  i na b i l ity to g ro u nd truth the 1 9 80 data.  I n  
add i t i o n  to t he  q u ant i f icat i o n  o f  l and  types ,  i n l ets and  o u t l ets to G reat 
P o nd were determ i n ed b ased o n  the topog raph ic maps.  

As a c h eck  o n  the accu racy o f  d i g i t i z i n g ,  the a reas o f  the i s lands 
we re s u b tracted f ro m t h e  area o f  t h e  pond  bas i n ,  and  t h i s  area was 
co m pared to t he  estab l i sh ed area of t he  lake . 

I t  s h o u ld a l so  be  n oted t hat 1 99 0  So i l  C o nse rvat i o n  S e rv ice (SCS)  
p h otog raph s  were  exa m i n ed to acerta i n  any pote nt ia l  changes i n  land  use  
s i nce  the  1 9 80  U S D A  p h oto g raphs  were take n .  As a res u l t o f . t hese  
co m p ar iso n s ,  i t  was conc l uded t hat ve ry few changes i n  land  use patte rns 
have occcu red in the past ten years .  

D a t a  

T h e  7 1 /2 m i n u te base m a p  s h ows t h e  d ete r m i n ed q u ad ra nts . 
Quadrant  I is  located i n  the n o rthwest corner  o f  t he  map ; q uadrant  I I  i n  the 
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n o rtheast ; q u adrant  1 1 1  i n  th e sou theast;  and quadrant  IV  i n  the so uthwest .  
The s i zes o f  th e q uadrants were far fro m be ing  u n ifo rm .  Quad rant I was 
determ i ned to b e  2833 .4 ha ,  q uadrant I I  was 2549 .5  hecta res ,  q uad rant  I l l  
was 855 .9 h ectares,  and quadrant IV  was 21 24 . 9  hectares. The total land 
area with i n  the d ra inag e  bas in  was 8363 .6  hectares (Table 3) . The area of  
G reat Pond was calcu lated to be 3282.6 hectares. Wh en  o u r  calcu lated 
area of G reat P o n d  was compared with th e estab l is h ed area by t he  
Department o f  E nv i ro n m e ntal P rotecti on 's  f ig u re o f  331 3 . 0  hectares ,  th e re 
was o n ly 0 . 9°/o d i ffe re n c e .  The refo re , th i s  d i g i t i z i n g  d ata can  be 
cons idered to  be accu rate. By add ing the areas of land and water,  the total 
a rea of the G reat Pond  d ra i nag e  bas i n  was determ i n ed to be 1 1 646 .3  
h ecta res . 

Tab l e  3 :  Land area (ha) by quadrat of the Great Pond d ra i nag e bas i n .  

Q U AD RAT AREA J.HAl 

I 28 3 3 . 4 

1 1  2549 . 5  

1 1 1  8 5 5 . 9  . 

I V  2 1 2 4 . 9  

T o t a l 8 3 6 3 . 7  

Tab l e  4 :  Land use patte rns i n  Great Pond d ra inage  bas in ,  b y  a rea and 
p e rcentage .  

LAN D PATTERN TYPE AREA _{_HAl PERCENT O F  TOTAL 

Fo res t  6 8 8 5 . 2  8 2 . 3  
W et l a n d s  5 1 9 .  7 6 . 2  

A_g_r i c u  l t u  r e  5 1 9 . 2 6 . 2  
R e s i d e n t i a l  243 . 4  2 . 9  

Roads 1 64 . 9  2 . 0  
M i n i n_g_ 3 1 . 4  0 . 4 
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Fig u re 9. L a n d  type patte rns by q u ad rant  i n  G reat B o g  d ra i n age  
b a s i n  
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Fig u re 1 0. Land  use patterns i n  G reat Pon d  d ra i nage  bas in  

w it h i n  each  q u ad rant .  

T h e  l arg est o f  a l l  the  land  patterns  with i n  the  watershed was 
clear ly that of fo rested area,  with 82 .3°/o (688 5 . 2  h a) .  I n  q u ad rant I ,  
fo rested land made u p  9 0 . 1  % of the tota l land area. Quad rant 1 1 1  had 83 .8%, 
quad rant IV  had 79 .5%,  and quad rant I I  had 74. 5% fo rested land. (Table 3 ,  
Fig . 9) . U nfo rtunate ly ,  as stated befo re , logg i ng  areas with i n  the d ra inag e  
bas in  were unq uantif iab le ,  thoug h th is  activ ity d i d  i ndeed ex ist. From the 
1 980 photog raphs ,  some s igns of  co m m e rc ia l  log g i ng co u l d  be seen in  
quad rants I and I I .  The rest of th i s  land m u st be assumed  to be 

und istu rbed fo rest land .  
Wetlands were another  maj o r  land  pattern with i n  the d ra inage bas i n ,  

ho ld ing  6 .2°/o (5 1 9 .7  ha) o f  the land (Tab le  4) . Quad rant I I  had the largest 
land area percent of the fou r  quad rants , with 1 2 . 1 °/o . I t  is a lso important 
to note that the la rgest wetland with i n  the d ra inag e  bas i n  was located i n  
th i s  q u ad rant ,  i n  the N o rth Bay reg i on  o f  th e p o n d ,  sp l i tt i ng  i t  i n  ha l f .  
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Q u ad ra n t  I V  h ad t h e  seco n d  l a rg e st wet l a n d  p e rce ntag e w i t h  7 . 6°/o , 
fo l lowed by  q u ad rant  I ,  1 .4°/o , and q u ad rant 1 1 1 ,  0 .9°/o ( Fig . 9 ) .  

Ag r icu l t u re was th e t h i rd m ost c o m m o n  l a n d  p atte rn i n  t h e  d ra i n ag e  
bas i n ,  e nco m pass ing  5 1 9 .2 h ectares (6 .2°/o) o f  t h e  land  with i n  th e bas i n .  Of 

th e d i ff e re n t  m a n ag ed l a n d  u s e  p atte r n s , a g r i c u l t u re was t h e  m o st 
co m m o n  typ e  ( F i g .  1 0 ) .  Ag ricu l t u re was m o st p reva l en t  i n  q u ad ran t  1 1 ,  
with 9 . 1 °/o o f  t h e  l and  be i n g  u sed for  t h i s  p u rpose .  T h is was fo l l owed by 
q uadrant  I V  with  7 .4°/o , q u ad ran t  I l l  with 4 . 1  % ,  a n d  q u ad ran t  I w ith 3 . 3°/o 
( Fig . 9 ) . 

B e h i nd ag r icu l t u re ,  res ident ia l  l and  use  mad e  u p  2 .9°/o (243 .4  h a) o f  
t he  tota l  l and  patterns  (Tab le  4) . Qu adrant I l l  had t h e  h ig h e st p e rce ntag e ,  
with 7 . 1 °/o o f  th e land  b e i ng used  by  residences .  Th i s  was fo l l owed by 2 .9°/o 
i n  q u ad rant  IV ,  2 .3°/o i n  I ,  and 2 .2°/o i n  I I  ( Fi g  9 .  and Fig . 1 0 ) .  

T h e  tota l s h o re l i n e  d i stance  aro u nd G re a t  P o nd was approx i mate ly  
3 3 . 5  m i l e s .  The  d e n s i ty of  h o u ses  al o ng t he  s h o re l i ne was h ig h est i n  
q u a d ra n t  I l l  at 25 . 6  h o u se s/ m i l e  o f  s h o re l i n e .  T h i s  was f o l l owed by  
q u ad ran t  I a t  1 7 . 3  h o u ses/m i l e ,  q u ad ran t  I I  at  1 4 . 6  h o u s es/m i l e ,  a n d  
q u ad ran t  I V  a t  1 3 . 7  h o uses/m i l e  ( Fig . 1 1  ) . E l i m i n ati n g  wetlands  s h o re l i n e  
"space " ,  t h e  d ata s howed q u ad ran t  I l l  at 2 5 . 6  h o uses/m i l e ,  q uad ran t I I  at 
1 8 . 9  h o uses/m i l e ,  q u ad ran t  I at 1 8 . 8  h o u ses/m i l e  and  q uad rant I V  at 1 7  . 9  
h o uses/ m i l e  ( Fig . 1 2) .  
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R oads had  the  n ext h ig h est p ro p o rt i o n  o f  area to l a n d  a rea ,  w i th  2 .0°/o 

( 1 64 . 9  h a) p r ivate a n d  state/ m u n ic ipa l  roads (Tab le  5) . Qu ad ra n t  I l l  h a d  
t h e  l arg e st p e rcen tag e o f  road area ,  w i th  3 .2°/o , fo l l o wed  b y  I V  wi th 2 .2°/o , 

1 1  w ith 1 . 8°/o , a n d  I with  1 . 6°/o ( F ig . 9 a n d  F ig . 1 0 ) .  T h e  breakdown o f  p r ivate 

a n d  state/ M u n ic i pa l  ·roads  var ied as w e l l  (Tab le  5) . 

Ta b l e  · s : Total  road area ( h a) i n  t he  G reat P o nd d ra i n ag e  b as i n , by  

q u ad rant  a n d  road typ e .  

Q u a d r a n t  S ta te  & P r i v a t e  T o t a I 

M u n i c i p a l  

I 3 0 . 5  1 4 . 5  4 4 . 9  

I I  3 9 . 4  7 . 4  4 6 . 8 

1 1 1  1 4 . 2 1 2 . 5  26 . 7  

I V  3 7 . 1 9 . 5  4 6 . 5  
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M i n i n g  h ad the  lowest re lat ive area of a l l  land use patte rn s stud ied ,  
maki ng up  o n ly .4% (3 1 .4 ha)  of the land area (Table 5) . Quadrant I l l  had 1 %  
of its land devoted to m i n i ng , quadrant I had 0 .4%, quad rant  IV  had 0 .3%, 
and quad rant I I  had 0 .2% (Fig . 9 and Fig . 1 0) .  A l l  of  the reg istered m ines in  
1 980 have bee n ci rcled i n  b lack o n  the 7 1 /2 m in ute over lay .  Other  m ines 
were quant i f ied by d i g it iz i ng , but have not been labe l l ed .  

Genera l  Tre n d s  An d An a lys is  

From the data , several trends emerg e .  Quadrant  I seems to  be  t he  
most harm less of  a l l  t he  quadrants.  The percentag es o f  a l l  t he  land use  
types are q u ite s m al l ,  and the refo re i m pact to  G reat Pond  is  m i n i ma l .  
However, two streams -- R o m e  Tro ut  B rook a n d  Robb ins  M i l l  Stream - - do 
p rov ide i n l ets fo r n u tr ie n ts to reach the pond .  I n ten s ifyi ng  th is effect is 
the b i secti o n  o f  Rou te 225 wi th the two streams approx imate ly o n e  ha l f  
m i le  f ro m  the s h o re o f  G reat Pond .  Th is  a l l ows sed i ments and n utr ie nts 
off of  t he  roads to have a more d i rect route in to Great Pond .  

Quadrants I I  and IV  are very s im i lar  i n  te rms of  re lat ive l and use 
percentages ( Fi g .  9 and Fig . 1 0) .  These two areas have h ig h  proport ions  of 
wetlands .  P hospho rus  l oad i n g  may not be as h ig h  in t h ese a reas as 
expected , because o f  t he  ab i l i ty o f  the wet lands to serve as a natu ra l  
bu ffe r .  Th ese wet l ands  w i l l  u se and  t rap the p h o sp h o rus  befo re i t  
beco m es a p ro b l e m ,  t h e refo re p h o sp h o ru s  l o ad i n g  by ag r i c u l t u r e ,  
res idences , roads and m in i ng may b e  smal ler  than expected . Quad rant l l 's 
la rg e  wet land ,  as i t  exte nds t h ro u g h th e m idd le  o f  t h e  q u ad ran t ,  w i l l  
b u ffe r most act iv i ty t o  t he  west .  T h e  wate r m u st d ra i n  ·t h ro u g h t h e  
wetland befo re it can reach t h e  po nd .  However ,  a t  N o rth  Bay ,  wh ere the 
Great Meadow Stream drai ns  i n to G reat Pond ,  a larg e  amo u nt of  phosphorus 
load i ng and sed i mentati o n  can be expected .  In  add i t i o n ,  G reat M eadow 
Stream actua l l y  o r ig i n ates in No rth Pond .  Tho ug h there is no evidence of 
wate r qua l i ty p ro b lems in t h i s  N o rth P o n d ,  the re st i l l  may be a n utr i ent  
f low. Both Route 225 and a lesser road crosses the G reat M eadow Stream . 
Th u s ,  an  o uts ide  facto r ex i sts i n  t h e  d ra i n ag e  bas i n ,  i ncreas i ng the  
mag n itude of  n utr i en t  and sed iment  i nf low to  N o rth Bay .  There are two 
fa rms c l ose  to t he  s h o re w h ich  w i l l  pose an add i t i o n a l  th reat to G reat 

Pond .  Several farms are located both at Jamaica Po i n t  and R ichards Po int ,  
provid i ng easy access fo r n u tr ient  load ing . 
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Anothe r  " ho t  s pot"  fo r p ro b l e ms i s  fo u nd i n  q u ad ra nt I V ,  w h e re Bog 

Brook d ra i n s  i nto G re at P o nd th ro u g h  the  ce nter  o f  A u st i n Bog . R o ute 27 

passes over  Bog B ro o k ,  g iv i ng  i t  a n othe r  so u rce fo r n u t r i e n ts .  H i g h e r  
l eve l s  o f  n u t r i e nts a n d  s ed i m e nts m ig h t  be  fo u n d  a t  t h i s  p o i n t .  I n  
add i t i o n , t he re i s  s o m e  ag r icu l t u re 
nea:- the lake and  Aust in  Bog . 

I n  q u ad ra n t  I l l ,  a spec ia l  p ro b l e m  can be  s ee n .  Th e re  i s  an  
abno rma l l y  h i g h  a m o u nt of  res ide nces and ro ads .  Res idences  p rov ide  a 
so u rce  fo r n utr i en t  l oad i n g , a n d  the h ig h  amo u nts of  roads prov ide an  i n let 
fo r t h e s e  n ut r i e n ts to  reach t h e  p o n d .  P h o s p h o ru s  l o a d i n g  may  be 
s i g n i f i cant ly  h i g h e r  in t h i s  a rea .  

T h e re i s  a l so  ano the r  externa l  s o u rce  f o r  p o l l u t i on  p ro b l e m s ,  a n  
i n l et f ro m S a l m o n  Lake . Sa l m o n  Lake has been  extrem e l y  p o l l u ted fo r 
so m e  t i m e ,  a n d  h as b e e n  p lag u ed wi th  a l ga l  b l o o m s  (Be l g rade ,  1 9 87) . 
Water  d ra i n s  fro m Sa l m o n  Lake th ro u g h  North Be lg rade ,  where q u ad rants I I  
a n d  1 1 1  m eet .  Larg e a m o u nts o f  n u tr i e nts a n d  oth e r  p o l l u tan ts m ay be  
expected at  t h i s  p o i n t .  T h i s  i n l et i s  l i ke ly  to  b e  the  mos t  s i g n i f icant  
co n t r i b uto r of  p ho s p h o ru s  to  the e n ti re d ra i nage  bas i n .  The n u t r i e nt 
l oad i ng may b e  boosted f u rther  by  Ro ute 8 wh ich  passes d i rect ly over the 
i n  l e t .  

T h e re i s  a l s o  a n  o utput  s o u rce o n  Great P o n d ,  l ocated b etween  
q u ad rants I V  and  I .  A d am a l l ows for  an  export of water fro m G reat Pond  
to  Long P o n d .  Th is  a l l ows fo r the tu rnover of  the l ake  water ove r  t i m e ,  a 
rate o f  2 . 5  y e a rs ( Be l g rad e ,  1 987 ) , l essen i n g  l o n g  te rm i m pacts o n  
n utr ien t  l o ad ing  i n  G reat P o n d .  

Fro m t h e  c o m b i n at i on  o f  t he  i n p uts fro m S a l m o n  Lake . a n d  N o rth 
P o n d ,  a n d  t h e  o u tpu t  to Lo ng  P o n d ,  i t  beco m es a pparent  that to fu l ly 
ana lyze t he  G reat Pond  d ra inage bas i n ,  o n e  must i ncrease the scope o f  the 
study .  One way of  d o i ng th is  wo u ld be to ana lyze the  s u bwatershed ,  wh ich 
i nc l udes  the who l e  B e l g rade Lake syste m .  

S o u rces  Of  E r r o r  

I t  i s  i m p o rtant to rea l ize that th i s  wate rshed ana lys is  i s  based u pon  
1 9 80  p h o t o g ra p h s .  Acc o rd i n g  to s o u rce s ,  ag ric u l t u re h as decre ased 
s l i g h t ly  i n  the  a rea  s i nce the pho to g raphs  were taken .  Res iden t ia l  land 
has expanded i n  the  past  decad e .  The act ing town manag e r  fo r Be lg rade 
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b e l i eves that there has been a steady i ncrease i n  the n u mber  o f  ho uses 
with i n  the total watershed of Great Pond because of the eco n o m ic boom in  
th e m id-e ight ies (Bates ,  pers .  comm . ) .  He  stated that p l u m b i n g  pe rm its 
have gone  up from 1 50 to : 80 between  1 989 and 1 990 .  Th is  i nd icates that 
there has bee n e ith er  new bu i ld i ng  o r  renovat io ns of ex isti ng  cottag es . I t  

can therefore be specu lated that camp  roads have i ncreased as we l l .  
Fo rest area has  stayed the same over th e t ime .  D u e  to  l eg i s lati o n  

protecti ng deve lopment ,  t h e  area of  wet lands is  not l ike ly  to have changed 
o v e r  the pe r i o d .  Lo o k i n g  at 1 9 90  S o i l  Co n s e rvat i o n  De partm e n t  
photog raphs ,  i t  can b e  seen that very few changes of  l a n d  use patte rns 
have occurred over the past decade .  

I t  i s  i mp o rtant ,  to o ,  to ment i o n  sou rces o f  e rro r i n  the  p rocess .  
D u r i n g  the  p h oto red uct i o n  stag e o f  the wate rs hed mapp i n g ,  land was 
i ndeed " lost" d u e  to cutt ing and pasti ng .  I n  sett ing the scale ,  the road by 
wh ich the scale was estab l i shed was not perfectly straig ht ,  l ead i n g  to a 
poss ib le  s l ig ht overesti mati o n  o f  land area .  These two so u rces o f  e rro r, 
appear to have cance l l ed themselves out, as the lake bas i n  was determined 
to be  accu rate with i n - 1 o/o . 

S u m m a ry 

I n  summary , based o n  1 980 data, ag ricu l tu re p lays a s ig n if icant ro le  
i n  the phospho rus load ing  with i n  the Great Pond d ra inage  basi n . . Roads and 
res ident ia l  land p lay a l esser ro l e ,  yet sti l l  a s ign i f icant o n e  with regard 
to both phospho rus  load i ng and sed imentat i o n .  M i n i ng seems to have a 
m i n i m a l  r o l e  i n  t h e  waters h e d ,  i ts  l a rg est  i m pact b e i n g  p o ss i b l e 
sed i men tat i o n .  I n  add it i o n ,  perhaps the most s i gn i f icant  i s sue  i n  the 
dra inag e  basin l i es o uts ide the bas in  -- Sa lmon Lake . 

G e o l ogi c a l  C r o s s -Sect i o n  o f  t h e  H o rs e  P o i n t  E s k e r  

To u n derstand potent ia l  effects o f  g rave l  m i n i ng i n  t h e  H o rse Po i nt 
reg io n ,  it i s  n ecessary to exam i ne  the l ocal geo morpho logy .  For  t h i s ,  a 
composite cross-sectio na l  d iag ram was deve lo ped .  

M et h o d s  
The d iag ram i s  a comp i lat i o n  fro m several  sou rces . The  base l i n e  

s u rface co nto u rs were taken fro m a photoco p i ed e n la rg e m e n t o f  a 7 . 5  
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m i n u te U . S .  G e o log ica l  S u rvey topograph ica l  map  ( R o m e  Q uadrang le ,  1 980) . 
T h e  u n d e r l y i ng  sed i men ts were i n ferred fro m t he  maps Hydro log ica l  Data 
fo r S ig n i f icant  Sand  and G rave l  Aq u i fers (map  3 1 , 1 984)  a n d  the  S u rf ic ia l  
G e o l o g y  o f  the N o rr idg ewock Q u adrang l e ,  M ai n e  Geo log ica l  S u rvey ( 1 9 87) . 
T h e  p ro p o s ed m i n i ng s i te was l o cated o n  t h e  c ross -sect i o n f ro m d ata 

tak e n  fro m t he  T i l co n app l icat i o n .  T i l con  q uest i o n n a i re s  sen t  to res ide nts 
p rov i ded w e l l  d epths . Add i t i o n a l  i n f o rmat io n  was o bta i n ed f ro m g ro u nd 
t r u t h i n g . 

D a t a  
T h e  co m p i l at i o n  o f  a l l  t h e  ava i l a b l e  d ata res u l ted i n  a t h ree  

d i m e n s i o n a l  cro ss-secti o na l  v i ew o f  the  H o rse P o i nt  esker  ( Fi g .  1 3) .  I n  
g e n eral ; t he  d ata p o i nts f o r  s u bs u rface fo rm at i o n s  were scatte red a l o ng 
t h e  e s k e r .  Th e n o rt h -s o u th a n d  e ast-w e st l i n e s w e re c h o s e n  to 
i nco rpo rate the m ax i m u m  n u m be r  o f  d ata p o i nts and fo r the i n c l u s i o n  of  
the  proposed m i n i ng s i te .  

The test p its and d ri l l ed we l l s  p rov i ded the b est i ns i g h t  i n to the 
co m po s it i o n  o f  the  esker .  However ,  m uch  o f  t he  d iagram was co m posed 
fro m g e n e ra l  i n fe re nces made f ro m  t he  maps ,  a nd th ro ug h t he  re l at ive ly 
arb itrary l i n kage  o f  the k n own data po i nts . A n  u navo idab le  res u lt o f  th is  
m et h o d  was seve ra l  co ntrad ict i o ns in  t h e  s trat i f i cati o n  l aye rs .  Fo r 
examp le ,  t he re i s  a test p i t  data po in t  abo ut th ree h u ndred feet east a long  
t h e  east-west l i n e  w h ic h  sugg ests that th e water tab l e  i s  actu a l l y  lower 
than the l ake water leve l .  I f  in  fact th is  i s  the  case ,  i t  i s  a ve ry un usua l 
occu rrence .  Fo r th i s  reaso n the po i nt was not  i nc l uded in  the d iag ram .  

T h e  f i na l  resu l t ,  w h e n  t h e  l i m i tat i o n s  are rea l i z e d ,  i s  a n  effect ive 
re prese ntat io n of the g e o l ogy  and hyd ro l ogy  of the H o rse  P o i nt eske r. 
Lo o k i ng at th e west-east face o f  the cross-sect i o n ,  th e l ake  water l eve l  
d o m i n ates t he  wate r tab l e  l eve l . . Towards the · cente r o f  t he  esker  (east) -
t he  dynamics o f  the  aq u i fe r can . been seen by i n  the e l evated water tab le .  
The s i xty-f ive foot  depth  co r responds  to  t he  h e i g h t  o f  t he  water tab l e  
above bedrock .  The 1 40 foot mark denotes the  total depth to bedrock f ro m  
t he  su rface .  A t  the  c o r n e r  o f  the  west-east ,  n o rth - s o u th cross sect i o n ,  
t h e  m i n e  p i t d e pth i s  t h i rty- s i x  feet fro m the  s u rface , w h i l e the  water 
ta b l e  is e i g h t  feet b e l ow t h i s ,  at fo rty- fo u r  feet b e l o w  t h e  s u rface . 
M ov i ng  o n  to the  n o rth-so uth ax i s ,  the twenty-th ree foot  mark de notes the 
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l eve l  o f  the  wate r tab l e  be low the s u rface .  Th i s  a l so  m a rks  the  h i g h  
p o i n t  of  t h e  aqu i fer _al o ng t h e  cross-secti o na l  axes .  A lso a lo ng  th is  ang l e ,  

no te  t h at the  bog  water  l eve l  i s  app rox imate l y  two to  t h re e  feet h i g h e r  
than the  l ake water leve l .  

S u m m a r y 

T h i s · v i ew  o f  t he  m i n i ng s i te i s  part i c u l a r l y  h e l pfu l i n  v i s u a l i z i n g  
t h e  extent o f  t he  m i n e ,  a n d  t h e  p roposed l eve l of  excavati o n .  T h e  amo unt  
o f  g rave l  to  be  r e m oved is  ev ident .  The d i a g ram is  a l so  use fu l i n  
u n d e rstand i n g  the  d y n a m ics of  t he  aq u ife r ,  and the  effects t h at m i n i n g  
m ig h t  h ave o n  t h e  wate r  leve l s .  T h e  d i m i n i shed bu ffe r i ng  capab i l i t ies , as 

a res u lt of  the removal  of the g rave l ,  can be v isua l i zed . Othe r  featu res of 
i nterest i nc l ude  the  exposed bedrock at th e n o rth end ,  as we l l  as th e lake 
and bog water leve l s  i n  co mpari son  to th e aq u i fer wate r l eve l .  
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H o rs e  P o i n t Aqu i fe r  

R a t i o n a l e 

Any m i n i ng of  the eske r on  Horse Po i n t  h as the potent ia l  to affect 
the aq u ifer  l ocated beneath the esker.  Because th is esker is the sou rce of 
water  f o r  t h e  l oca l  co m m u n i ty , it i s  i m p o rtant  to i n vest ig ate the  
p o te n t i a l  q u a l i tat ive a n d  q u an t i tat ive effects on  t he  a q u i fe r .  To 
dete rm i n e  these effects , the extent and f low dynam ics of the aq u i fer  was 
d ete rm i n e d .  

M et h o d s  

Data were o btai ned from maps ,  we l l  data from the Ma ine  Geo log ical 
S u rvey (MGS)  and the i n it ia l  Ti lcon app l icati o n  (Ti mso n ,  et a l . ,  1 990) , and 
the Gro u ndwater Handbook fo r the State of Ma ine  (Caswel l ,  1 987) . The map 
used was the Sand and Grave l Aqu ifer map of the Rome quadrang le  (Map 3 1 ,  
1 987) , wh ich  i l l u strates the  locat i on  of  a l l  k n own aq u i fe rs and  the i r  
potent ia l  y ie ld .  Mark Lo ise l l e  fro m the Ma ine  Geo log ical Su rvey he lped to 
c lar i fy o u r  i nte rpretati ons  (Lo ise l l ,  pers .  com m . ) . So i l  data were obtai ned 
fro m the U S DA Soi l  .S u rvey of the area (NCSS ,  1 978) . In  add it ion ,  a walk 
acros s  the esker and so i l  samp les  were taken to co mpare to the so i l  
s u rvey data. 

D at a  a n d  I n t e r p retat i o n  

The Sand and G rave l  Aqu ifer Map used dep icted the enti re extent of 
the H o rse Po i nt Aq u i fer .  As shown i n  Append ix  3 ,  the aq u i fe r underl i es 
most of  Ho rse Po int ,  with the exceptio n  of the no rthwestern portion  of the 
pen i nsu la .  Lo ise l l e  (pers .  co mm. )  sugg ested that bedrock may be c lose to 
th e land s u rface in th is  area prevent ing the aq u i fer fro m permeat ing the 
h i l l .  Withou t  any deta i led g eo log ic s u rvey th ro u g h  se ism ic  refl ect io n ,  i t  
rema ins  co njectu re .  The we l l  data co l l ected from MGS and that obta i ned 
by T imso n ,  et . a l . ,  ( 1 990)  fo r the Ti lco n  appl icat ion are of two types : we l l s  
d r i l l ed  in to the bedrock be low the  aqu ifer and wel l s  d r i l led i nto t he  g rave l 
o f  the aq u i fer .  Th e majo rity of  the we l l s  are bed rock we l l s  and do  not 

g ive any i n d icat ion  of  the leve l  o f  the . aq u i fe r .  T i l co n  d ri l l ed severa l  
we l ls i n to the g rave l  to f ind the wate r tab l e  u nde rn eath the proposed 

m i n i ng area ,  and fo u n d  the wate r tab l e  to be at  255.2 feet  (above sea 
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l eve l )  and 2 54 . 6  feet .  At the ti m e  o f  the  testi n g ,  th e l eve l  o f  G re at Pond  
was  esti m ated t o  be  248 . 0  feet above sea  l ev e l .  T h e  b l ock v iew o f  t he  
p r o p o sed m i n i n g  a rea  ( f ig u re 1 4 ) s h ows t h e  re l at i o n s h i p s  a m o n g  t h e  

d i f fere n t  wate r l ev e l s .  I t  i s  i m po rtant  t o  reco g n i z e  t h at wate r l eve l s  
f l uctu ate se aso n a l l y ,  s o  t hese  d ata a re not  n ecessar i l y  t r ue  fo r the  en t i re 
year .  T h e  l ack o f  any  oth er  h ig h ly spec i f ic  d r i l l i n g  and  g e o log ica l  d ata 
( L o i s e l l e ,  p e rs . co m m . )  p rec l u d e s  t he  dete r m i n ati o n  of t h e  wate r tab l e  
leve ls  fo r t h e  rema i nde r  o f  the aqu ife r .  

The research c o n d u cted a l lowed the d eterm i nat i o n  o f  the ho r izo nta l  
bu t  n o t  the  ve rtica l  exte nt  o f  t he  aq u i fer .  T h e  d ri l l i n g  p o i nts f ro m  t he  
T i l co n  a p p l icat i o n  i n d icate a ro u g h  esti mate fo r  the  w ate r tab l e  l eve l  o f  
273 ft . be low t he  a rea o f  the p ro posed p i t ,  keep ing in  m i nd that the  l eve l  
probab ly  var ies across  the esker and m ay vary seaso na l l y .  M o re conc l u sive 
was t he  i nfo rmat i o n  o btai n ed abou t  aq u i fer dynam ics . T h e  ma in  recha rg e 
i s  b e l i eved to b e  p rec i p itati o n ,  wh ich fa l l s  o n  a . topso i l  co mposed of  sand 
w i th  s o m e  c l ay .  Th e to pso i l  o n  H o rse  P o i nt h as b e e n  c l ass i f ied by the 
U . S . D .A .  as a H i ncke ly-Windsor- D eerf ie ld  (HWD) assoc iat io n  ( N C S S ,  1 978) . 
H W D  s o i l s  a re  p r i mar i l y  sandy  depos i ts w i th  s o m e  g rave l  and  are the  
resu l t o f  g l ac ia l  o utwash ( N C S S ,  1 978) . Th is  i s  a p e rmeab le  m ixtu re ,  
a l l ow i ng rai n a n d  s now t o  i n fi l t rate t h e  g rave l  b eneath .  I t  i s  very l i ke l y  
that i n  h eavy ra i n s  and  spr ing  m e lts , there i s  r un off d own the s u rface o f  
the  esker  i nto the  bo rder ing  b o g  a n d  lake . However ,  m o st of  t h e  ti m e  th e 
p rec ip itat io n f l ows down th ro ug h  the  g rave l o f  t he  esker  i nto the  aqu i fer .  
S i n ce the  l eve l  o f  the aqu i fer is  est i mated to be  h ig he r  than the bog and 
l ake  l ev e l s ,  th e n  wate r i s  a ls o  expected to  be f l ow i ng  i nto t hese  v ia 
d i scharg e  areas o n  the  s lo pes o f  the esker o r  u nd e rg ro u nd d i rect ly  f rom 
the aqu ife r i n to the bod ies  o f  s u rface water .  

S u m m a ry 

The removal  o f  g rave l  and  the  fo rmat io n  o f  a p it cou ld  have several  
effects . F i rst , a po l l u t io n buffe r zone  above a p o rt i on  of the aq u i fer wou ld 
be  removed , i nc reas i ng  the r isk o f  water  co n ta m i nati o n .  T i l co n w i l l  a lso 
be add ing  a s l i gh t  r isk facto r ,  i n  the fo rm of  a petro l e u m  sto rag e tank and 
a g as p u m p ,  a l th o u g h  the app l icati o n  o u t l i nes the  p recaut ions  th ey w i l l  be 
u nd e rtak ing  regard i ng  th i s  facto r (see Relevant Issues, p .  54) . Second ,  the 
s lope of  the  p i t  s ides cau ses the runoff to be  m o re co ncentrated at the p i t  
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bottom (F ig u re 1 5  shows the s lope of the p i t) . Th is  may have the effect of 

i ncreas ing  the l eve l  o f  the water tab le  d i rect ly ben eath the p i t .  Th i rd ,  
m o re water added d i rect ly to the aq u i fer may mean m o re wate r f low ing  
i nto the lake and bog . Th is  co u ld  affect the  bog  by rai s i ng  its water level  
and thus chang ing  the local env i ro n ment. The bog may a lso be affected by 
the potent ia l  p o l l ut i on  menti oned above . 

G re a t  B og G e n es i s  

There were many  d i ff icu l t ies i n  c lass i fy i ng  Great Bog d u e  to the 
fact t h at it has cha racte r ist ics o f  severa l  wet land  ecosystem types . 
These ecosystems i nc lude those of a raised bog , a lakes ide shore bog , and 
a poor  fe n .  G reat Bog a lso has a large expanse of open  mat wh ich is 
d o m i n ated by low er icaceous  sh ru bs .  To ascerta in  the reason  fo r the 
ex iste nce of  th ese wetland ecosystem types ,  it was necessary to exam ine  
the pattern of formati on  of G reat Bog . To  do th is ,  two important aspects 
of the Horse Po i n t  a rea had to be exam ined .  One was to determ i n e  the 
shape of the Great Bog bas i n ,  and the seco nd was to look at  the h isto ry of  
h u man d istu rbance aro u nd Great Pond.  

One of  the  keys to exp lai n i ng  some of  the featu res of Great Bog is 
that Great Pond is a dammed lake whose water level is over f ive to seve n . 
feet h ighe r  than its o r ig i na l  leve l .  Th is means that when G reat Bog was 

fo rm ing , the water leve l  in No rth Bay was probab ly so low that the two 
ecosystems h ad no phys ical co ntact . It was not  u n t i l  the  dam was b u i l t 
approx imately 1 00 years ag o that the two ecosystems were jo i ned .  

Estimati ng the  shape o f  t he  basi n was done by  tak i ng peat cores i n  
seve ral l ocat i o n s  o n  t he  bog . The peat d epth on  the  bog  var ied 
tre mendo us ly depend ing on  the locat io n .  Approx i mate ly  1 00 meters beh i nd 
the ponds ,  t he  peat depth was l ess than o n e  mete r. C l ay was fo u nd 
beneath which was at least 6 meters th ick.  The peat depth near the center  
o f  th e bog , however,  was more than 6 mete rs . Th i s ,  co u p led with the 
presence of a lagg (moat) , i nd icates Great Bog fo rmed i n  a bas in  bounded 
by th e p resence of the esker to the West , the bedrock ridg es to the So uth 

and East ,  and a r idg e of mar ine c lay to the North .  As a res u lt of these 

observati ona l  data, it became poss ib le  to fo rmu late a m echan i sm o f  the 

fo rm atio n  o f  G reat Bog that exp la i ned the ex istence o f  the ecosyste m 

types fo u nd i n  the area.  
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W h e n  G re at Bog  fi rst began to fo rm , it i s  l i ke l y  t h at m ate ria l  ran 
down t he  ridges  fro m the  East ,  West  and S o uth and was depos ited i n  t h e  
ce n te r  o f  t h e  b as i n .  T h e  p e at land  g rew f ro m  t h i s  cen te r  p o i n t  i n  a n  
u pward and o utward d i rect i o n  ( Fig . 1 5) .  Th i s ,  ove r t i m e ,  fo rmed a do med 
p eat la n d  t h at f i l l ed the  e nt i re bas i n .  The  p eat d e pth i n  the  ce nter  o f  t he  
dome  was  m uc h  t h i cke r  t han  t he  peat a lo ng  the  edg e s .  Th i s  l ed  to  th e 
fo rmat io n  o f  the  l ag g  a ro u nd the  per i m ete r ( F ig . 1 6) .  Eventu a l l y ,  as t he  
peat land co n t i n u e d  to g row,  t he  edg e o f  the  peat land s p i l l ed ove r the c lay 
ridg e to the  N o rth  and  beg an  to approach N o rth Bay.  S o m e  t im e  after th e 
peat land s p i l l e d  over  the  c l ay r idg e ,  t he  water l eve l  o f  G reat Po nd  was 
rai sed ,  t hereby f l o o d i ng G rear Bog to a certa i n  extent .  Th i s  f l ood i ng  may 
h ave led  to t h e  e ros io n  o f  G reat Bog , we be l i eve it i s  t h ro u g h  th i s  e ros io n 
that th e p o n d s  o n  t h e  mat fo rmed . Th is  i s  s u pp o rted by t he  fact that t he  
peat d e pth beh i nd  t h e  po nds  i s  o n ly one  m eter ,  i nd icati n g  the  locat i on  of  
the  c l ay rid g e  i s  at t h i s p o i n t  and  pro bab ly  exte n d s  app rox imate ly  1 00 
m eters toward t h e  u p la n d .  T h e  ra ised wate r leve l  a l s o  resu lted i n  the  
eastern p o rt io n  o f  the  lagg  be ing  f l ooded and open ing  it u p  to G reat Pond ,  
th u s  fo rm i n g  a s ite fo r poten tia l  exchange .  
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ES K E R  

F i g u re 1 6 . E e s t - W e s t  c ro s s  s e c t i o n  o f  G re e t  B o g .  

B o t a n i ca l  C h a ra ct e r i z a t i o n  of  G re a t  B og 

Great Bog i s  fo u nd i n  the val l ey between H orse Po in t  Esker and 
Bickford H i l l .  I t  i s  surrou nded on three s ides by land and o n ly  th e sma l l  
northern bou ndary o f  the bog i s  open  to  Great Pond's North Bay. Great Bog 
encompasses n early 1 35 hectares and is approx i mate ly 1 .5 m i l es  l ong  
(north to  south)  by . 5  m i l es w ide  (east to west) . Other than precip i tatio n ,  
the bog does n ot appear to rece ive any water i npu t  except as runoff fro m 
the  s urro u n d i n g  r idge  or the occas iona l  f lo od i ng  of Great P o n d .  The  
form atio n  of  Great Bog  is  perhaps a b it more co m p l icated than  many  
ra ised  bogs  s i n ce i t s  deve lopmen t  was d isru pted , circa 1 867 , by  t he  
co nstruct ion of a dam on  the  southern end  of Great Pond which raised th e 
water l eve l  between f ive and seven feet. 

Great Bog is now a d iverse ecosystem with several d i ffere nt  types 
of  hab i tats wh ich  may be  affected by m i n i ng . To cond uct a mean i ng fu l 

- reso urc e  i n v e n tory a n d  i m pact ana ly s i s ,  an  u n d ersta n d i n g  o f  t h e  
components o f  the  ecosystem be ing stud ied i s  necessary . For th is  project, 
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an  accu rate c lass i f icati o n  of Great Bog i n  terms of i ts geomorpho l ogy ,  

f l o ra and  fau na ,  i s  p ivotal i n  e n ab l i ng BOFEA to assess the poten t ia l  

i mp acts that a g rave l m i n i n g  ope rati on  co u l d  have o n  the  G reat Bog 

ecosyste m .  

M et h o d s  
Two methods of p lant  co m m u n ity analys is were used to study G reat 

Bog . The f i rst was the l i ne - i ntercept method wh ich is a p lot less sam p l i ng 
tech n iq u e  espec ia l l y  usef u l  i n  t he  an a lys is  o f  both p lan t  and  a n i ma l  
com m u n i t ies i n  wh ich dom i nant org an isms a re  re lative ly larg e .  Th e data 
taken we re based upon  i nd iv idua ls  fo u nd a long a samp l i ng  l i n e  and were 
an a l yzed w i th  resp ect to t he i r  dens i ty ( n u m be r  o f  i n d i v i d u a l s/area 
samp l ed) , d o m i n ance (area of cove rag e/area samp led) , and  f reque ncy 
( n u mber  of i n te rva ls  i n  wh ich species occu rs/to tal n u mber  of i n te rva ls ) . 
Once these va l ues  were com puted , the i m portance val u e  (s u m  of  the 
re l a t ive  d e n s i ty ,  re l at i ve  d o m i n ance ,  and re l at i ve  f req u e ncy )  was 
calc u l ated fo r each spec ies .  Because the  tra nsect l i n e  i s  l a id  down 
rando m ly ,  co u n ts n u mbers of i nd iv idua ls ,  and m easu res c rown area ,  the 
samp les take n shou l d  be q u ite accu rate and rep resentative of  the study 
co m m u n ity (Cox, 1 990) . 

Wi th i n  G reat Bog , f ive transects were la id  ou t  to dete rm i n e  the 
veg etative cover .  Th ree 50 meter l ong  t ran sects we re in  the fo rested 
areas wh i le  the two 1 0  meter l ong transects were on the open mat.  They 
were spec i f ica l l y  p l aced i n  a reas of the bog that appe ared to h ave 
d iffe rent  vegetat ive types a l th ough  the actua l  s i te with i n  each type was 
random ly  chosen . Each p lant  with i n  the vegetative types was catego rized 
in o n e  of th ree zones : the g round cove r, the ta l l  s h rub  zo ne ,  or the upper 
canopy .  Th e d i stance that a p lant cove red a long the l i ne  as wel l  as the 
g reatest width o f  the p lant perpend icu lar  to the transect was recorded .  

The q u ad rat m ethod  is  a p l ot a n a lys i s  tech n i q u e  u s ed q u i te 
freq u e nt ly  to co l l ect q u ant i tat ive i n fo rmat ion  about the com pos i t i on  and 
structu re of popu lati ons  and co m m u n it ies (Cox,  1 990) . Quad rat samp l i ng  
on  Great Bog was done  with 1 /2 m x 1 m quadrats s i nce the g ro u nd cover 
be ing samp led was relative ly smal l .  Quad rats were laid down random ly i n  
areas o f  d i ffe re n t  veg etat ive cover .  Once th e frame was down , the  
pe rce ntage o f  cove r fo r each p l ant  spec ies  with i n  t he  q u ad rat was 
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rec o rd ed u s i ng t he  D a u b e n m i re method o f  esti mati o n  ( Da u be n m i re ,  1. 968) . 
The  p e rcentag e o f  cover  for  each  species i n  th e q u ad rats was c o nverted to 
t h e  ave rag e m i d p o i n t o f  the ran g e  and t hen  p l aced i n  a cover  c l ass  to 
fac i l i ta te  c a l c u l at i o n s .  

R e s u l t s  

T h e  map o f  G reat Bog ( Fi g .  1 7) s hows the l ocati o n s  o f  the  samp le  
s i te s .  T h e  t ra n s ects are  rep rese nted as  n u m be rs w h i l e  t he  a reas  o f  
q u ad rat sam p l i n g  a re l ab e l ed with l ette rs . T h e  d ata co l l ected f ro m t h e  
l i n e- i n te rcept stud y  was u sed t o  calcu late t h e  i m p o rtance va l u e s  fo r each 
s pec ies  with i n  e ac h  transect. Transect secti o n  # 1  (fo rested u p land )  was 
d o m i n ated by b lack s p ru ce ( Picea mariana) in the upper  canopy ,  mou ntai n 
h o l l y  ( Ne m op a n th us m u cro n a tus)  i n  t he  tal l s h ru b  z o n e ,  and  map l e  
seed l i n g s  i n  t h e  g ro u nd cover  ( F ig . 1 8 ) .  H oweve r ,  tran sect secti o n  #2 
(open  bog  mat) revea led a h i gh  abu ndance of leather l eaf ( C h a m e a daph n e  

calycula ta) and n o  arborea l  vegetat ion ( Fi g .  1 8) .  The res u lts fo r  quadrats 
i n  secti on  A ( Fi g . 1 7) s how a h i gh  percentage of Sp hagn u m  and c l u b  moss 
and n o  l eather leaf wh i l e  quad rats in  secti o n  B and  sect io n C revea l  a h ig h  
p e rcen tag e o f  Sp h a g n u m  m oss b ut a lso a h i g h  abu n d ance o f  l eather leaf 
(Fig . 1 9) .  Sphagnum moss is  an important const ituent  o f  peatl ands  and was 
fo u nd i n  a l l  t h re e  s a m p l i n g  l ocat io ns  a l t ho ug h i ts a b u ndance  var ied . 
Fi n a l l y ,  a fo u rth veg etati o na l zone  was fo u nd i n  the l ag g  a l ong  the b og ' s  
weste rn  edg e a n d  exte n d i n g  i n to the seco n dary wetl a n d .  A l th o u g h  n o  
veg etat i o n a l  a n a l y s i s  was co n d u cted i n  t h i s  a r e a ,  o b s e rvat i o n a l  d ata 
i nd icates a h i gh  pe rcentage of  red map le  and othe r  decid u o us species .  
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C l a s s i f i c at i o n  o f  G r e at B o g 

To c l ass i fy G re at Bog , t h e  c l ass i f i cat i o n sch e m e  ado pted by  the  
M ai n e  C ri t ica l  Areas P ro g ra:Tl (CAP)  was  used (Wo r ley and S u l l ivan , 1 980) . 

T h i s  c l ass i f icat io n sch e m e  g ro u p s  eco l o g ica l l y  s i m i l a r  p eat l ands  o n  th e 
bas i s  o f  p hys iog n o my a n d  c o m p o s i t i o n  and oth e r  b i ot ic  featu res .  G reat 
Bog  was c lass i f ied th ro ug h  the  u se of  aer ia l  i n fra red p hotog raphs  fro m the 
S o i l  C o n servati o n  Se rv ice (SCS) , b lack and wh ite aer ia l  p ho tog raph s  fro m 
t h e  U n i ted States D e partm e nt o f  Ag r icu l tu re  ( U S DA) , and  l i n e  i n te rcept 
and q uad rat analyses conducted by the members o f  BOFEA. 

LANDSCA PE UNIT -- Wetland 
A wetland  i s  de f i n ed as l and  wh ere the wate r tab l e  i s  at ,  near o r  

above t he  l and  s u rface l o n g  e n o u g h  to p ro mote t h e  fo rmat i o n  o f  hyd r ic 
so i ls o r  to pro mote th e g rowth of hydrophytes . 

LANDSCA PE SUBUNIT -- Peatland 
A peatland  is def i n ed as any 3 -d i mens iona l  po rt io n  of the landscape 

that i s  wetland and has o rg an ic so i l  ( i . e .  peat) . P eat i s  g enera l ly defi ned as 
so i l  t hat cons i sts m o st ly of  o rg an ic res idues  accu m u lated as the res u lt of 
i n co mp l ete d eco m po s it i o n  of  dead p lan t  m ater ia l . 

FORMA TION -- Bog 
T h i s  l eve l  of c l as s i f icati o n  was d i ff icu l t to ascerta i n  d u e  to  some  

of  the  u n us u a l character ist ics p resent i n  G reat Bog . Areas of  G reat Bog 
h ave many  c haracte r ist ics typical o f  a fen and it wo u l d  be easy to c lass ify 
i t  as s uch , espec i a l l y  i f  o n e  i n te rp rets t he  CAP c l ass i f icati o n  ve rbat i m .  
H owever ,  after i nvest igati ng  the area and mak ing  s o m e  ass u mpt io n s  based 
on peatland genes is ,  it was decided that the Formati on  of G reat Bog _sho u ld 
be  termed a bog . (See Great Bog Genesis fo r fu rther  d iscuss i on )  

LANDFORM -- P lateau 
It was d ec ided that Great Bog as a w h o l e  is a ra ised bog with a 

p lateau landfo rm because  of the lagg  located o n  the bogs eastern , western 
and  so uth e rn s ides  in wh ich  t he re is  a lmost pe rmanent stand i ng wate r .  
The lag g  i s  so  deep  on the so utheastern edge  that i t  does  n ot co n fo rm to 
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the  u s u al cha racte r i st ics bu t  fo rms a chan ne l  o f  o fte n v i s i b l y  f l owi ng  
water .  The presence of  a lagg  i s  an i nd icato r o f  a ra ised bog ;  and th e 
p lateau landform is  d u e  to the fact that the e levated s u rface is  more o r  
less leve l .  (See Great BoQ Genesis for fu rther d iscuss ion )  

LANDFORM PA TTERN -- Reticu lo id ,  with ponds 
Th i s  leve l  of t h e  c lass i f icati o n  categor izes peat lands  t h ro ug h · th e 

patte rn  a n d  d i s t r ib u t i o n  o f  s u rface featu res s u c h  as p o o l s ,  r id g e s ,  
depress ions ,  a n d  tree/sh rub  is lands .  Reticu lo id refe rs to t h e  ex istence of 
a d isti nct patte rn of featu res wh ich is present on the bog .  I t  shou ld be 
noted that t he  ponds o n l y  ex ist on  one  sma l l  sect ion  of  t he  bog that 
differs f lo r ist ica l l y  fro m the rest of the peatland . (See Great BoQ Genesis 
fo r f u rth e r  d i scuss i o n )  

SYSTEM - - Palustri ne  
G reat Bog  i s  a freshwater system ( less than 0 . 5% sa l i n ity) that i s  

dominated by  trees , sh rubs ,  and nonaquatic mosses. 

CLASS !SUBCLASS - - These leve ls  describe the general  appearance of the 
area i n  term s of  "e i ther  p lant  l i fe fo rm or  phys iog raphy and compos it i on  
o f  t he  su bstrate" (Wo r ley and S u l l ivan ,  1 980 ;  p .  3 1  ) .  Great Bog  has three 
class and co rrespond ing  subclass types. 

DOMINANCE TYPE/DOMINANCE SUBTYPE -- Dominance types are defi ned on 
the basis of the dom inant species i n  the uppermost stratu m of contin uous  
(at l east 30%)  p lant  cover with i n  each c lass .  Domi nance su btypes are 
def i n ed o n  the bas i s  of  the dom i nant  spec ies occur r i ng  in th e n ext ,  
cont i n uo u s  o r  near ly  co n ti n u o u s ,  stratu m beneath th e stratum used to 
provide the domi nance types.  

1 )  CL ASS: Low Shrub - - represents the open mat 
SUBCLASS - - Deciduous Angiosperm 
DOMINANCE TYPE - - Leatherleaf ( Chameadaphne calycula ta) 
DOMINANCE SUBTYPE -- Sphagnum moss ( Sphagnum sp. )  

7 2  



2 )  CLASS: Forest -- represents a lmost the  en t i re u p land  a rea  

SUBCL ASS - - Everg reen Con ifer 
DOMINA NCE TYPE -- Black Spruce ( Picea mariana) 

DOMINANCE SUB TYPE -- Mt. Ho l ly  ( Nemopanthus mucronatus) 

3 )  CL A SS: Tall Shrub -- rep resents the easte rn edg e of  the bog 
w h e re the chan n e l  i s  located 

SUBCLASS -- Deciduous  Ang iosperm 

DOMINA NCE TYPE -- Mt. Ho l ly ( Nemopanthus mucronatus) 

DOMINANCE SUB TYPE  -- C innamon Fern ( Osmunda cinnamomea) 

G r e at B o g  E co l o gy 

G re at Bog  was d iv ided i nto fo u r  zo nes ,  each with a part i cu l ar f l o ra .  
The o pe n  m at,  fo r  examp le ,  was d o m i nated by  sphag n u m  and  leather leaf 
( Fig . 1 8 ) whe reas the  rai sed sect io n  of th e b og h ad abu ndant  n u mbers o f  
t re es  and  s h ru bs .  The  ex is tence of t hese  d i ffere n t  veg etat ive  z o n es 
co ntr i b utes  to t he  h i g h  s pec ies d ivers i ty fo u n d  i n  t h i s  eco syste m .  

W ith  t h e  d ive rs ity o f  f l o ra and the hab i tats t hey fo rm ,  co m e  an i ma l  
s p e c i e s  s p ec i f i c  t o  t h e i r  c h a racte r i st i cs . A r b o re a l v eg e tat i o n ,  to r 
i n stance ,  may  b e  h o m e  to tree-nest i n g  b i rds wh i l e  o p e n  vegetatio n  m ay 
h o u se g ro u n d - n e st i n g  b i rd s  t h at n eed  t h e  t h i c k  l e at h e r l e af cove r f o r  
p ro tectio n .  S tockwe l l  and  H u nter  ( 1 985) fo u n d  that fau n al co mpos it i on  i n  
p e at l and  ecosyst e m s  was m o s t  d i ss i m i l a r  be tw e e n  arbo rea l  veg etat i on  
and  open  veg etati o n .  Th u s ,  th e r ich ness o f  t he  vegetat ive h ab itats was 
co rre lated wi th  t h e  r ich n ess  of a n ima l  spec ies .  F u rt h e r  stu d ies  s h owed 
t h at t h e  facto r  of p e at land area  had no c o rre lati o n  to t h e  r ich ness  o f  
s pec ies  d ive rs i ty (Stockwe l l  and H u nter ,  1 985) . Even  tho u g h  G reat Bog 
e ncompasses q u i te a l a rg e  area,  th is  may not  be as i m p o rtant to a n ima l  
s pec ies  d ive rs i ty as the  d ivers i ty of  the peat l and  veg etat io n i t  p rov ides .  
The  excepti on  to  th is m ay be the occu rre nce of  dee r  and moose wh ich are 
p robab ly  att racted to both th e veg etat ive d ive rs ity and t he  l a rg e  area  o f  
Great Bog .  

H av i n g  fo u r  d i s t i n ct vege tat ive types a l s o  creates an  i m p o rtant  
hab i tat : the bou nd ary str i p o r  ecoto n e .  The b o u ndary · str i p or  ecoto ne  is  
t he  hab i tat fo rmed between two d i s s i m i lar  types  o f  veg etat i o n .  These 
zones are i m p o rtant  b i o l og ical ly  because they are  o ften home to  q u i te a 
var iety of an i m al spec ies  (Reade r, . 1 988) . I n  G reat Bog t he  ecoto nes  are 
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often q u i te  b ro ad w h e reas i n  oth e r  p laces t he  d i v i s i o n s  between  
veg etat i ona l  z o n es are q u ite d i st i nct .  I t  i s  i m po rta nt  to re a l i ze  that 
because Great Bog has several veg etative areas associated with i t ,  there 
wi l l  a lso ex ist  d i fferent types of ecotones .  The ecoto ne  fo rmed between 
the u p land and the open  mat w i l l  be s i gn if icant ly d iffe re nt  than the one  
formed between fo rested up land and  the ta l l  s h ru b  zo ne .  These d i fferent 
ecoto ne  types  p lay a maj o r  ro l e  in co ntr i b u t i n g  to the total  spec ies 
d ivers ity of the Great Bog ecosyste m 

I t  sho u l d  be noted there i s  evidence that success ion  is  proceed ing i n  
the fo rested u p land where the i r  ex ists an  exte ns ive stand of  sugar maple 
seed l i ngs .  I t  can be  conc l uded from th is observati o n  that o n e  of two 
processes is occu r ing . E i ther  the  sugar  map l e  i s  i n  the  m idst of o ut
com pet i ng  t h e  b l ack  sp ruce and the e n ti re stand  w i l l  eve ntua l l y  be 
rep laced ,  or  the map l e  seed l i ng s  are o n ly g e rm i nat i ng bu t  not  g rowi ng 
successfu l l y ,  resu lt i ng  in the pers istence of the b lack spruce stand . The 
latte r is the more l i ke l y  process occur ing in th is  stand , the reason be ing 
that Sugar Map le  general ly  does not g row we l l  u nder  the cond it io ns fo und 
at that s ite and the fact that no sugar map le  sap l i ngs  were seen .  

Because Great Bog has s ig n if icant peat land vegetative d ivers ity, and 

has ch aracter i st ics of severa l  wet land eco syste m types ,  i t  is a very 
u n usua l  ecosystem .  . The  va l u e  of  t h i s  b i o l og ica l  d i ve rs i ty s h o u ld  be 
ser io u s l y  c o n s i d e red and carefu l l y  we ig hed  when rev i ew ing  Ti lco n ' s  
proposal to m i ne t he  adjacent eske r. The rami f icat ions that such a m i n i ng 
operat ion co u ld  have o n  th is  de l icate ecosystem can be far reach i ng and 
i r re v e rs i b l e .  

Wat e r  Q u a l i ty  A n a l y s i s  

G reat Pond  is  a heal thy and  re lat ive ly c lean l ake  i n  t he  Be lg rade 
chai n .  The land bo rderi ng the l ake is  re lat ive ly  fo rested with no s i ng le  
prom i nent  po i nt sou rce of po l l u t ion ex ists . One  o f  t he  sma l l  po i nt sources 
i n c l u d e  t he  la rg e l y  s easo n a l  cottag e s ,  t he  d i ffu se  n o n - po i n t s o u rces 
i nc l ude  th e s u rro u nd i ng  ag ricu l tu ra l  lands,  and the atmospheric i n puts of 

acid rai n  and heavy metals .  
W ith the undertak ing  of  T i lco n's proposed m i n i ng  of  the Horse Po int 

Esker  w i l l come changes i n  the s u rro u nd i ng area .  Road con structi o n ,  
b u i ld i n g co n st r uct i o n ,  fo rest c l ear i ng , s o i l  d i stu rbance ,  a n d  sewag e 
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d i sp o s a l  -- a l l ef fects of  t he  p ro po sed  m i n i n g  -- w i l l  cau s e  spec ia l  
p ro b l e m s  to  t he  a rea  n o t  t he  l e ast o f  wh ich  i s  i n creased e ro s i o n  a n d  
n u tr i f icati o n  o f  th e wate rshed ru n o ff .  

H ig h  co ncentrat i o n s  c f  n utr i e nts p resent  i n  the  aq u i fe r  and  th e lake  
proper ,  espec ia l l y  n itro g e n  and  phosphorus ,  a re  of  spec ia l  concern as l a rg e  
amo u nts o f  t hese  n u tr ie nts can be  rap id ly  taken  u p  b y  aq u at ic a lgae  and 
tr igg e r  rap id  e ut ro p h icat i on  o f  the  lake . Typ ical l y ,  a lg a l  b l o o m s  take p lace 
in the s u m m e r  and these  are the most  opportu n e  t imes to m easu re p r imary 
p ro d u ct i o n .  

B O FEA h as u nd e rtake n  certa i n  test i n g  p roced u res to p re d ict t h e  
effects o f  T i l co n ' s  p ro po s ed m i n i n g .  The  resu l tan t  d ata i n te rp retat i o n s  
f ro m o u r  test i n g  i s  h ig h ly specu lat ive a n d  a n y  co nc l us io ns  we m ay reach 
by no means represent  defi n ite l y  the co u rse the G reat Pond  and bog system 
w i l l  take .  These  d ata rep resent  the resu lts o f  test ing  fro m o n ly  o n e  p o i nt 
i n  t i m e ;  i n  o rd e r  to g et a m o re ref i n ed v i ew o f  t h e  s i tu at i o n  fu rt h e r  
sam p l i n g  o v e r  s ucceed i n g  t imes is  necessary .  Be low is  a l ist i ng  a n d  br ief 
d escr ip t i o n  o f  t h e  tests w h ic h  were co n s i d e red ; t h e  rati o n a l e  fo r each 
test  is  a lso  g iven .  

Dissolved Oxyoen <DO) - Th e amoun t  of  oxyge n  that i s  d isso lved i n  the  
wate r stro n g ly i nd icates the q u al ity of the water i n  the  bog  and bo rder i ng  
lake .  D O  co n ce n trat i on  w i l l  i n d icate the  d eg ree of  eu t ro p h icat i on  . f ro m  
s i l t ,  s ed i m e n ta t i o n  a n d  o rg a n ic r u n o f f .  D O  l eve l s  f l u ct u ate  w i t h  
p h otosy n th et ic  a n d  resp i rato ry p rocesses ; t h us  we e x p ect D O  l ev e l s  
t h ro u g h  t he  w i n te r  to  b e  re l ative ly  u n i fo rm ,  wh i l e  i n  t he  s u m me r  - - wi th 
a lga l  b l oo ms and  h ig h er te mperatu res -- l ower l eve ls  o f  DO are expected .  
The resu ltant  resp i rat i o n  of h igh  leve ls  o f  nu tr ie nts such  as  n i trogen  and  
phosph o ro u s ,  as we l l  as  i ncreased o rgan ics present  i n  the s u m m e r, se rve 
to d rive DO down . 

QJi - Th i s  m e as u re m e n t  can ref l ect the  g e n e ra l  l i tho lo g y  o f  t h e  system .  
Any change  i n  th e ac id-base ba lance of a system can s eve re l y  test the 
phys io log y  of  o rgan i s m s  and can l ead to reduced reprod u ct io n  and  even 
d eath . C h a n g es i n  pH o cc u r  b y  t h r e e  m a i n  m e an s :  res p i rat i o n ,  
p h otosynth e s i s ,  and  ac id ic  p rec ip i tati o n  ( Dav is  et a l . ,  1 9 78) . Thus  we 
wo u ld expect lower l eve ls  o f  pH taken fro m b otto m  sam ples  whe re th e re 
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i s  an  i nc reased rate of  resp i rato ry · metabo l i sm as opposed to su rface 
samples (Davis et a l . ,  1 978) . I n  special cases one  may f i nd  s u rface pH 
read i ngs  m o re than o n e  hu ndred t imes g reater than botto m samp les ;  th is 
is mostl y attri b u tab l e  to h i gh  ph otosy nthet ic act iv i ty d u ri n g  large a lga l  
b l oo ms .  A d i rect corre lat ion may be made between pH  and the l eve ls of 

free carbon  d iox ide in th e system ( R . S .  I rv ing  and Assoc iates ,  I nc . ,  1 9 82) . 
I t  w i l l  be  in teresti ng to co mpare the values of  the lake proper  to those of 
the bog and its lakes ide border. The pH mean fo r Ma ine lakes is 6 .85,  with 
a range of 5 .4-7 .8 .  Fro m previous  studies we know that the northwest and 
so u theast co rn ers of  G reat Pond have pH va l ues of 6 . 8  ( 6 . 0-7. 1 )  and 6 .9 
(6 . 1 -7 . 1 )  respective ly ( Davis et al . ,  1 978) . 

Temperature - Th i s  re lat ive l y  s i m p l e  measu rem e nt w i l l  te l l  us the 

approx i mate rang e  i n  wh ich o rgan i sms  present  i n  t he  system (at the 

part icu lar  t ime of sam p l i ng )  thr ive.  Te mperatu re has a d i rect relat io nsh ip  

to  p r i m ary p rodu ct i o n  i n  the aq uat ic syste m ,  i t  a l so  h as an i nverse 
re lati onsh i p  to the vari ous  gases d issolved in the water ( R . S .  I rv ing  and 
Associates I nc ,  1 982) . S i nce aquat ic p rod uct i o n  is so sen s it ive to the 
p rocesses of  e utro p h icat ion  and sed i m entati o n ,  we may then ,  th ro u g h  
co m par i t ive  an a lys i s  o f  p rev i o u s l y  gathered  data f ro m  oth e r  s i m i la r  
ex p e ri m ents ,  dete rm i n e  wh ethe r or  not  i t  i s  l i ke l y  that the effects of 
Ti lcon 's m i n ing  operatio n  wi l l  have an impact on  water tem peratu re in  the 
bog and pond.  

Total Suspended Sol ids (TSS) - Fi l terab l e  res i d u es - Th i s  test i s  a 
meas u re o f  the  tota l su spended matte r i n  the lake by s i l t and  other  
sed iment .  The vast major i ty of these so l ids ente r the system th ro ug h the 
p rocesses of  e ros i o n ,  typ ica l ly with va l u es g reatest afte r  ra i n  sto rms ,  
t hen  typ ica l l y  l esse n i ng as  the  part ic les sett le  o n  the  botto m .  Large  
leve ls of  suspended so l ids  can decrease l i g h t  pen etrat i on  and res u lt i n  
reduced p lant  g rowth . I t  may a lso harm f i l ter-feeders and  su ffocate 
benth ic  o rgan isms (Dav is et a l . ,  1 978 and R . S .  I rv i ng and Assoc iates I nc . , 

1 9 82 ) . 

Total Dissolved Sol ids (TDS) - Non-Fi lterab l e  res id ues - We ·expect th ese 
so l ids  to have a s i m i lar  but lessened effect on l i g ht penetratio n  as those 
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te rmed ' s u spe n ded '  s o l i d s .  Howeve r ,  u n l i k e  t hose s o l i d s ,  t hese  typ ica l l y  

co n ta i n  o rg a n ic as we l l  as  i n o rg a n ic co m p o u nd s  i n  s o l u t i o n  a n d  d o  no t  
h ar m  f i l te r-feede rs and  oth e r  benth ic o rg a n i s m s .  

Co n ductiv ity - W ith  t h i s  test we can d i scover  t h e  a m o u nts o f  i o ns and  
an i ons  s u s pe n d ed i n  t he  water co l u m n .  Th is  test w i l l  p rov ide an  est imate 
of t h e  re s i stance  to e lectr ical  f low and  t he  re lat ive a mo u nt of d isso lved 
s o l i d s  i n  t h e  sys te m .  I t  m eas u re s  the s p e c i f i c  c o n d u cta n c e  as i t  
corre l ates ( pos it ive ly) to d i sso l ved s o l ids  as they in  tu r n  s ug g est rates o f  
n u t r i f i cat i o n  a nd/o r e utro p h i cat i o n .  Th e m ean  c o n d u ctance fo r M a i n e  
Lakes i s  40 . 6  µmhos/cm with a range  o f  2 1 -77 µ m h o s/cm .  From p revio us  
stu d i e s  we know that the  no rthwest co rne r  o f  G reat Pond  h as a spec if ic 
co n d u ctance o f  27 µ m h o s/c m ,  w h i l e  the sou theast co rn e r  has a s peci f ic 
co n d u ctance of  29 µmh o s/cm ( R . S .  I rv i ng  and Associates I nc . ,  1 982) . 

Ammon j a - A m m o n i a  i s  o n e  of the majo r  so u rces fo r n itrog en  i n  aqu atic 
system s  a n d  (a lo n g  w i th phospho rus) i s  a l i m i t i n g  n ut r i en t  towards p lan t  
g ro wt h .  A m m o n ia res u l ts  f ro m the  ae ro b ic red u ct i o n  o f  n it rog e n o u s  
m ate ri a l , t h at i s  i t  i s  g e n e ra l l y  a m etab o l i c  by-pro d u ct o f  h ete rotro p h i c  
bacter ia  and  is  u s ua l l y  v i ewed as an  i nd icato r o f  u n treated sewage ( R . S .  
I rv i n g  a n d  Assoc iates I nc . ,  1 982) . Larg e concentrati o n s  o f  a m m o n ia can 
cau s e  n ut r i e n t  ove r l oad and s pe ed up t h e  p ro c e ss of e u t ro p h icat io n .  
H i g h est l eve ls  o f  a m m o n i a  are typ ica l l y  fou n d  i n  t he  l ate s pr ing  and  ear ly 
s u m m e r . 

N it rate - N i trate i s  t h e  e n d  prod u ct o f  aero b i c  o x i d at i o n ,  i t  i s  form ed 
th ro u g h  n i tr i f icat i o n  fro m a m mo n i u m . N it rate i s  i m p o rtant  to assess i n  
wate r  q u a l i ty b ecaus e , u n l i ke a m m o n i u m ,  it i s  b i o l og ica l l y  ava i l ab l e  to 
p hyto p l a n kt o n  ( p r i mar i l y  b l ue -g reen a lg ae) and  m acro p h ytes f o r  g rowt h .  
N i trate m ay b e  reduced  t o  a m m o n ia .  I t  too s e rves  a s  an  i n d icato r fo r 
u n treated sewag e .  H i g h  concentratio ns of f i xed i n o rgan ic n itrog e n  may be 
fo u nd i n  d eep wate rs d u ri ng p e riods o f  strati f icatio n  ( Davi s et a l . ,  1 978 ,  
and  McKee  and Wolf ,  1 963 ) .  

Total Phospho rous - P hospho rus  i s  of maj o r  i m p o rtance to b i o l og ica l  
syste m s  and (a l ong  w i th  n i t ro g e n )  i s  a l i m i t i n g  n u t r i e n t  towards p lan t  
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g rowth . I t  i s  a maj o r  const i tuent  o f  ferti l i ze rs and  deterg e nts and  is  
eas i ly l eached i nto water .  Phosphorus  gen era l ly  co m es i n  th ree fo rms : 
d isso lved o rg a n ic ,  part i cu late o rgan ic ,  and i n o rg a n ic .  Co nce ntrat io ns  
above 0 . 1  mg/I are cons idered to  be  character ist ic o f  the cond it io ns o f  a 
e utro p h ic lake and therefore are h ig hest is the summer  correspo nd ing  to 
the algal b looms ( Davis et al . ,  1 978, and McKee and Wolf ,  1 963) .  

Orthophosphate - Orthophosphate is the most s i gn if icant fo rm of  i no rgan ic 
phospho rus  and  is  very important to meas u re because  i t  i s  the most 
b i o l o g i ca l l y  acces s i b l e  o n e ,  espec i a l l y  fo r p hyto p l an kton and  h ig h e r  
p lants ,  and  i s  the refo re c lose ly  l i nked to eut roph i cati o n .  The  h i g h est 
val u es th e n ,  are not s u rpri s i ng ly  fou nd in the s u m mer correspond i ng with 
the seasona l  a lgal b looms (Dav is et a l . ,  1 978) . Also we may expect that 
orthophosphate val ues  w i l l  i ncrease with depth i n  the water co l u m n .  

Lead - Lead is  a co mmon  heavy meta l that can be accu mu lated i n  l i v ing 
tissues and is  tox ic  at re lat ively l ow l eve ls .  Safe l eve l for l ead i n  water 
was def ined in 1 962 as .05 ppm ( Davis  et a l . ,  1 978) . Lead samples were 
analyzed by North East Laborato r ies , Wins low ME .  

Hardness (Calcium content) - Calci u m  ions i n  so l u ti on  act as a bu ffer 
ag a i n st ac i d i c  i n p u ts l i k e  ac i d  ra i n  and m ay be a s i g n i f i can t  
co u nte rbalance i n  o ffsett i ng the ac id ic  cond i t io ns  p u t  fo rth  fro m the  
Great Bog's sphag n u m  moss  system on G reat Pond .  A m ino r  co ntribut ion of 
calci u m  ions  can come from calc i um ch loride ,  used in de- ic ing roads.  Also 
there is the poss ib i l i ty of T i lco n us ing  a calci u m  co mpound  to keep d ust 
down _o n unpaved access roads .  A major  i nput  of calci um  may co me fro m 
the d i sso l ut i on  of CaC03 fro m l imesto ne and othe r  calcareous  sed imentary 
rocks.  Th is  measurement  is  a funct ion of the l i tho logy of the system ,  and 
s i nce th ere is  n ot a g reat amount of ca lc i u m  p resent in  the sed iments of  
the system the  under ly ing geo logy is not be l ieved to be a majo r  sou rce in 
the Great Pond area. 

Tannins and Lign ins - An analysis of tann ins  and l i gn ins  wi l l  be used as an 
i nd icato r fo r m eas u ri ng exchange rates between  the  bog and the po n d .  
Tan n ie acid , t h e  p ri nc ip le  p roduct and a strong i nd icato r fo r the  prese nce 
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of  tan n i n s  a n d  l ig n i n s ,  i s  g iv e n  off i n  the p rocess  o f  d e cay o f  o rg a n ic 

m ate r ia l . W i th t h i s  m e as u re me n t  we  can des ig nate f l ow  rate s  b e tween  
the bog ,  t he  area of h ig h est deco mpos i ti on ,  and the  l ake  p rope r. 

S a m p le S i t e s  

Fo r t he  G reat P o n d/G reat B o g  area, seven sam p l e  s i tes w i th  a total 

of t h i rteen  water samp l es were se lected (F ig . 1 7) .  T h re e  s ites (# 's 5, 6 & 
7)  w e re l ocated o n  t he  n o rth ern po rti o n  of  the  bog  i ts e l f ( i n c l u d i n g  o p e n  

wate r w i th i n  the  b o g  syste m ) . Two s i tes (# 's 3 & 4 )  w e re l ocated o n  t he  

edge of  t he  mat i n  N o rt h  Bay,  o n e  (#2) i n  t he  cente r of  N o rth Bay and  o ne 

(# 1 ) o n  G re at P o nd p ro pe r .  T h re e  sam p l e s  -- s u rface , m id -d e pth , and  

bo tto m - - we re taken  a t  s ite 1 and s i te 2 due  to  d e e p e r  wate r at these  

l ocat i o n s .  The  wate r d epth a t  s ite 1 was app ro x i m ate ly  t h i rty feet ,  and  

the depth at s ite 2 was approx imate l y  n i ne  feet .  Samp les we re take n at 

m id -d epth at the  rem a i n i n g  f ive s i tes (total d epth at t hese  s ites was less 

than s ix  feet) . I n  add it i o n ,  two repeat samp les  were taken  at  s ites  3 and 

6 in  o rd e r  to  d etect s a m p l i n g  and/o r analys i s  var iab i l i ty .  
Samp les were n o t  taken from the centra l ,  wooded area  o f  t h e  b o g  d u e  

t o  t h e  fact t h at t h e re i s  n o  p e rman ent  stan d i n g  wate r assoc iated wi th  
that  area .  An  except i on  to t h i s  i s  that stand i ng  and  f low i n g  wate r d id 
fo rm i n  t h e  u p l an d  area afte r  i t  ra i ned ,  and  t h i s  stand i n g  water o fte n 
pers isted fo r a few days depend ing  o n  the q uanti ty of  rai n  that fe l l .  A l l  of  
the permanen t  stand i n g  o r . f lowing water o n  the bog i s  fo u nd in  the  open  
ponds on  t h e  m at ,  i n  t he  c ha n n e l  that ru n s  a lo ng th e bogs  easte rn  and  
southeaste rn edg e ,  and  i n  the lagg that i s  fou nd o n  the western edge .  I t  i s  
i mp o rtant  t o  n ote that even  those  areas o f  t he  bog  t h at d i d  n o t  have  
pe rmanen t  sta n d i n g  o r  f low i ng  wate r  were  n o n ethe l ess  nea r  satu rati o n , 
and  re lat ive l y  l i tt l e  ra i n  was req u i red fo r stan d i n g  water  to fo rm . The  
th ree  ti m e s  that BOFEA s u rveyed the bog  th e water  leve l ,  espec ia l ly  near  
the chan n e l ,  was several cent imeters above the bog s u rface . 

S i te  1 was c h o s e n  b eca u s e  i t  was re p rese ntat ive o f  t h e  water 
qua l ity t h ro u g h o ut the lake and i t  wo u ld  serve as a base l i n e  to w h ich the 
oth e r  s i tes cou ld be c o m pared i n  terms of water chem istry .  S ite n u m be rs 
2 ,  3 and  4 were a l l  chosen  because by compari ng  the water q ua l i ty from 
th e bog i tse l f  to these  s i tes ,  i t  wi l l  be  poss ib l e  to est i m ate h o w  m uch 
d iffu s i o n  and/o r  exch a n g e  is occ u ri n g  betwee n  t h e  bog  and G reat P o nd 
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(No rth  Bay) . Tan n i ns  and l ig n i ns ,  fo r i n stance , are o n ly p rod uced with i n  
the b o g  system ;  th ro ug h  analys is ,  the amount  o f  tan n i n s  and l ig n i ns i n  the 
bog water (#'s 5 ,  6 & 7) can be co mpared to the amo u nt i n  No rth Bay. I f 
re lat ive ly heavy amo u n ts are fou nd in North Bay , then it can be concl uded 
that so m e  water exchange does occur  betwee n  the pond  and the bog . 

F inal l y ,  sites 5 ,  6 and 7 were chosen because they we re representative of 
the d ifferent areas of  the bog. S ite 5 out on the open mat, s i te 6 in the 
chan ne l  that rece ives a h ig h  amo u nt of ru noff fro m th e adjacent  r idg e ,  and 
s i te 7 in the lagg  that receives ru n off fro m th e esker  and is n ear a 
pop u lated area. 

Sa m p l i n g  P r e p a r at i o n  

Bottles fo r each of the tests to b e  perfo rmed were p repared for each 
sam p l e  s i te .  Becau se of  s im i lar preservatio n  tech n iques ,  t u rb id i ty and 
suspe nded so l ids  tests were p laced i n  the same bott le  as were ammon ia  
and to ta l  phosphoru s .  Al l bott les were washed with ammon i u m  mo lybdate 
(except fo r those  p repared for  n it rate ana lys is )  and  then  r i nsed th ree  
t i mes  w i th  d e i o n ized , o r  m icro pu re wate r .  The  b ottl es  p repared fo r 
n itrate were washed i n  a s im i lar man n er to those above except excl uded 
the addi t ion of  ammo n i um  mo lybdate . 

Each bott le  was labeled with the test name ,  the type of p reservatio n 
needed,  and the  code  fo r th e samp le  s i te .  The code used ide nt i f ied the 
area ,  the samp le  s ite,  the depth fo r the sam p l e ,  and wheth e r  i t  was a 
repl icate . Whe n  the samples were take n ,  date and t ime of samp l i ng were 
recorded on the labe l .  

On  s ite , 5 .25 N su lfu r ic acid was added to the ammon ia  and total 
phosphorus bott les u n t i l  the pH of the samples was at most 2. Th is  was 
conf i rmed by l i tmus paper  analys i s .  Orthophosphate was f i l te red tw ice , 
f i rst with g e n era l  labo rato ry f i lte r pape r and then  th ro u g h  a mem brane 
f i l ter ,  before be i ng  p laced i n  samp le  bottl es .  A l l  of  th e bott les  were 
p laced on ice at the samp l i ng site and kept at 4°C when retu rn ed to the 

lab .  
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S a m p l i n g  P r e p a r at i o n  f o r  St o r m 

S e pa rate b ott l e s  we re p repa red  f o r  n i trate , tota l  p h o sp h o ru s ,  a n d  
tota l  s u spended s o l i d s  a s  d escr ibed above fo r e ach  sto rm samp l i ng s i te . 
The  samp les  were a lso  p reserved as descr ibed above .  

A n a l y s i s  of  S a m p l e s  

Ta b l e  7 :  Tests and  methods  u s ed for  o n -s ite ana lys is  o f  samp les .  

T e s t M e t h o d 

D isso lved Ox_yg_en YSI  D .O .  meter 

_pH Beckm an _QH/tem_Q. m eter 

C o n d u ct i v ity YS I  M ode l  33 S-C-T.  m eter 

T e m_Qe ratu re  Beckman _Qh/tem_Q. m eter  
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T a b l e  8 :  Tests and m ethods used for i n - lab analys is of sam p les .  

T e s t  M et h o d  

Tan n i n  and l ig n i n  Hach tan n i n  and l i g n i n  test k i t ,  
DR/3 _Q_o rtab l e  S_Q_ectro_E.hoto meter  

T u r b i d i t y Hach D R/3 000 spectro photomete r, 
turb id i!_y test, ran_g_e :  0-600 FTU .  

Total s uspended so l ids Hach DR/3000 spectro ph otomete r ,  
res i d u e ,  non f i l te rab l e ,  
ran_g_e :  0 - 1 000 m_gjL 

A m m o n ia Wescan Model 360 Ammon ia 
Analy_z e r  

N i t ra t e  Hach DR/3 000 spectro ph otometer ,  
Cadm ium Reduction  Method , 
ran_g_e :  0-5 . 0  m_g_/L 

Total Phosphorous  Hach D R/3000 spectroph otom eter ,  
Persu l fate/UV Ox idati on  M ethod , 
ral'l_fl_e :  0-20 . 00m_g_/L 

Orth o phosphate Hach D R/3000 spectro photo m eter ,  
Mo lybdovanadate Method , 
ran_g_e :  0-20 . 0 0  rT!_g_/L 

Lead SafT!E_les sent to N . E . Lab 

Z i nc  Sam__Qles sent to N . E . Lab 

D at a  a n d  I n t e r p r et at i o n  

Temperatu re -- The temperatu re varied f rom 8 . 0- 1 2 . 2° c bu t  s h owed no 
s i gn i f icant  trend . Th i s  was probab ly  due to  the occu rrence of  the  fal l 
ove rt u rn . Storm r u n o ff te m p e ratu re was approx i mate ly  e q u iva l e n t  to 

amb ient temperatu re- 4 .5  to 5 .o0 c . 

Q.!:!. -- I n  the lake ,  pH  was on l y  very s l i ght ly acid i c  (6 . 69-6 .86) , w h i l e  i n  
t h e  b o g  i t  was s i gn i f icant ly l ower (3 .35-3 .45) . No  s i g n i f icant d i ffe rence 
due to depth was fo u n d  with i n  the lake ,  probab ly  because  of  the fa l l  
overtu rn .  The lake p H  co mpares we l l  with the mean pH  for Ma ine  lakes 
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( 6 . 85 ) .  Beca u s e  f ree carbo n d io x ide  reacts with hydro g e n  to fo rm carbon ic 
acid ,  p H  i s  an  i n d icator  of carb o n  d iox ide  leve l s .  Therefo re a low p H  m ay 

re p resen t  t hat resp i rat i o n  i s  exceed i n g  p h oto synth es i s .  Th i s  i s  a typ ica l  
q u a l i ty o f  e utro ph ic l akes .  However,  due to the fact pH  l eve ls  appear  to b e  
re l at ive ly no rma l  i n  G reat Pond ,  the Pond does not seem t o  be  eu trop h ic .  

D u ri ng t he  sto rm sam p l i n g ,  p H  leve ls  i n  the runo ff fro m the  p it were 
fo u nd to be  5 . 26 -5 .7 1 .  R u noff pH  was l ower than lake p H ,  p ro bab ly because 

sto rm wate r ten d s  to be  ac id i c .  

i n  p H  of  5 -7  (Steven so n ,  1 986) . 

P h osphorus  s o l u b i l i ty i n  water  i s  h ig hest  
Th is  m eans that the sto rm wate r runoff is 

in a p H  ra n g e  that a l l ows i t  to beco m e  satu rated w i th  p h o s p h o ro u s . 
The refo r e ,  i f  t h is wate r i s  typ ica l  o f  ru n o ff fro m a ro u nd g rave l p i ts , i t  
w i l l  be  carry i n g  a m ax i m u m  load o f  phospho ro u s  fro m the g rave l p i t  and 
s u rro u nd i ng land to the  lake . 

Dissolved OxyQ e n -- D isso lved o xyg e n  t h ro ug h o u t  t h e  lake re ma i n ed 

re lat ive l y  co nstant .  B ecause samp les  were taken d u ri ng the  fal l overtu rn , 

d i sso lved o xyg e n  leve ls  wo u ld not  be  expected to vary over  depth o r  s i te 

locati o n .  A g radu al decrease i n  d isso lved oxyg e n  was n oted f ro m the l ake 
f r i n g e  o f  t he  bog  ( 1 0 . 6  ppm)  to  the  i n n e r  m at ( 5 . 1  p p m ) . Th is  is  an  
i nd icato r o f  t h e  anox ic  cond i t i ons  typ ica l o f  bog  env i ro n m ents .  D isso lved 
oxyg e n  at s ite  7 ( Fi g .  1 7 ) was extre m e l y  low (5 . 1  p p m) , lowe r t h a n  
anywhere e l s e  o n  the  bog , a n d  suggests eutroph ic  cond i ti ons .  

Total Suspended Solids -- Total s uspended -s o l id s  i n  t h e  bog and  lake 
var ied f ro m 2-7  mg/ I  but  s h owed no  i dent i f iab l e  tre n d .  D u ri n g  sto rm 
eve n t  sam p l i n g ,  tota l  s u s p e nded s o l ids  l eve l s  were fo u n d  to b e  m uch  
h i ghe r  than  i n  the lake and bog water ( 1 25 - 246 mg/I ) .  H igh  leve l s  can  be  
att r i b u ted  to  a lack  of  s u ff i c i e n t  veg etat i o n  a n d  an a rt i f i c i a l l y  stee p  
s lope  wh ich i nc reases over land f low and sed i ment load i n g .  

Co nd uctiyity -- Conductiv ity i n  the lake var ied between 30 and 40 µMHOS 
with n o  obv ious  g rad i en t  co rrespo nd ing  to depth i n  water co l u m n .  At s ite 
3 ( the lake f r i n g e  of  the  bog ) ,  co nductiv i ty is s i m i la r  to that of the  lake . 
However ,  i n  t he  bog , l eve ls  were h ig her ,  espec ia l ly  at s i te 7 (near  a n o n 
po i nt p o l l u t i on  s o u rc e :  F ig . 1 7) .  Th is may be i nd icat ive of  t h e  i nc rease i n  
d i sso lved s o l i d s  i n  the  wate r .  
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Conductiv ity d u r i ng the sto rm samp l i ng  was low ( 1 0- 1 5 µMH OS) but  
t h i s  may not  be an accu rate representat i on  of  the tota l  so l i ds  in  the 
runoff .  Conductiv i ty i s  a meas u re of  d isso lved so l ids  o n ly ,  not suspended 
so l ids . M o st of the mater ia l  i n  t he  r uno ff water  is s u s p e nded ,  not  
d i sso l ve d .  

Tannins and Lignins -- Tan n i n  and l i g n i n  leve ls ,  which fo r us  can serve as 
an i ndex of f low rates ,  fo l l owed an expected trend of i ncreas i ng  fro m the 
low l eve ls  in the open pond ( 0 . 1 mg/ I )  to the h i gh  leve ls fo u nd in the 
stand i ng water on  the mat (9 .6  mg/I ) . Leve ls were low i n  the open water 
of  the l ake (0 . 1 -0 .4 mg/ I ) , s l i g ht ly h ig he r  in the lake near the  bog (0 .5  
mg/ I ) ,  and ve ry h igh  o n  mat (5 .9-9 . 6  mg/I ) . Th is  i n d icate s that wh i l e  
t he re i s  s o m e  f low of  water  between  t h e  bog a n d  t he  lake , i t  i s  
i n suff ic ient  fo r substant ia l  m i x i ng  to occu r .  The  co mpar ison of  leve ls of 
tann i ns and l ig n ins  on the mat near the i n ner  lagg (sam p le  s i te 6) and the 
l ake  near  t he  chan n e l  o u t l et (sam p l e  s ite 4) i nd i cates e it he r  that f low 
fro m the channe l  in the easte rn lagg  to the lake is  i ns ign i f icant or that 
tan n i ns and l i gn i ns  are abso rbed by the bog as they trave l  t h ro u g h  the 
channe l .  

Nitrates - - There was a sharp increase i n  n itrate l eve ls  fro m the lake 
edge (0 . 4  mg/ I )  to the i n ner  mat (2.2 mg/I ) . This tre nd was expected 
because the  bog acts as a n u tri ent  f i l te r and th e refo re act iv ly  absorbs 
n i t ra te s .  

N i trate l eve ls d u ri ng the sto rm samp le  fe l l i n  the range  of the lake 
and bog samp les .  Therefo re ,  sto rm runoff s hou l d  not cause s ign i f icant 
i ncreases in n itrate load ing in the lake .  

Total Phospho rous/O rthophosphate -- Both total p h o s p h o ro u s  and 
o rthophosphate showed s i m i lar  tre nds of  i ncreas i ng co nce ntrat io ns  f rom 
th e l ake edg e towards the i nne r  mat ( o rthophosphates :  1 3 .08-22 .6 1  ppb ,  
total phosphorous :  4 .6 1 - 1 5 .78 ppb) , once aga in  showi ng that the bog acts 
as a n utr ient  f i l ter .  At th ree samp le  s ites ,  total phospho rus leve ls  were 

fo u nd to be l ower than o rtho phosphate leve l s .  The reason  for th i s  is 
unc l ear .  I n  the lake ,  o rthophosp hates showed l i tt l e  var iance but total 
phosphorous  i ncreased with depth (by approx i mate ly  1 O ppb  fro m su rface 
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to bo tto m ) . Fa l l  overt u rn i s  p robab ly  respo n s i b l e  fo r t h e  re lative ly even  
d i s t r i b u t i o n  o f  o rt h o p h o s p h at e s , o r  d i s s o l v e d  p h o s p h o ro u s .  To ta l  

phospho ru s i nc l udes  p h o s p h o rus  bo u nd to  sed i men t  part ic les  and i n  o rg a n ic 
m atte r w h i c h  are m o re l i ke l y  to s ett l e  to the  botto m .  

T h e  sto r m  s a m p l i n g  i nd i cated t h at ve ry l a rg e a m o u n ts o f  tota l 
p h o s p h o ro u s  (7 1 1 -2536  p pb )  are leached o ut of  the  so i l  and  trave l i n  the  
runoff . T h e  r unoff pe rco lates thro u g h  the g rave l  and sand  a t  the botto m of  
the p i t  i n to  th e g ro u nd wate r .  W h i l e  p h o s p h o ru s  b o u nd to s ed i m en t  
part i c l es  m ay b e  f i l te red o ut ,  d i sso lved p hospho ru s  wi l l  en te r  t he  g ro u n d  
water a n d  m ay eventua l l y  f low i nto the lake o r  bog . 

T h e  bog  and  lake e co system have o n ly a l i m ited capacity to absorb 
p h o s p ho ro u s  and  an  excess i ncreases t h e  rate of  e u trop h icati o n .  W h i l e  
p h o s p h o ro u s  test  r esu l ts  were n o t  i n d i cat ive o f  e u tro p h ic c o nd i t io n s  i n  
t h e  P o n d ,  a loca l  res ident  has i n formed us  that a lg al  b looms  d i d  occ u r  i n  
t he  s u m m e r  of  1 99 0 .  B eca u s e  p h o s p h o r u s  i s  g e n e ra l l y  t h e  l i m i t i n g  
n u tr i en t  f o r  a l g a e ,  an a lga l  b l oom i nd icates excess phospho rus  i s  present  
i n  the  lake ,  and e utro p h icati on  m ay be acce lerated .  

Ammonia -- Levels of ammon ia i n  the lake and bog app roached zero (0 .04-
0 . 1 1 p p m ) .  Care s h o u ld be  taken i f  q uot i ng  these "near zero "  n u mbers d u e  
to t h e  fact t hat t hese  a m m o n ia l eve l s  rep resent  th e abso l ute l ow e n d  o f  
o u r  i n stru m e n ts sens i t iv i ty.  N u m be rs th i s  low represe nt ,  t o  an  apprec iab l e  
extent ,  backg ro u n d  "no ise"  i nstead o f  actua l  a m m o n ia con ce ntrations .  

Lead and Zinc - - Spot  sam p l i n g  was co nducted fo r l ead and z i nc  i n  the 
lake.  Both l ead and  z i n c  read i ng s  were low ( 0 .002  p p m  and < 0 .02  p p m  
respective ly)  a n d  were n o t  above recommended l eve ls .  

C o n c l u s i o n  
I n  co n c l u s i o n ,  o u r  res u l ts s h o wed  t h at wat e r  q u a l i ty  va r i ed  

thro u g h o u t  t he  sam p l i ng s ites d u e  to several  facto rs. F i rst ,  at s ite 7 ( Fig . 
1 7) ,  test res u l ts i n d icated e utro p h ic characte r ist ics . S i te 7 is  near a boy 
sco u t  cam p ,  and p ro bab ly  rece ives runoff f ro m  t he  camp .  R u n off fro m th e 
ca m p  to t h e  b o g  a p p a re n t ly  co n ta i n s  h i g h  n i t rate a n d  p h osp h o ru s  
concentrat i o n s ,  wh ich  wo u ld acco u nt fo r t h e  h ig h  n u tr i en t  co ncentrati o ns 
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fou n d  at the s ite . · Other  tests, such as d isso lved oxygen  and conductivity ,  
were a lso  characte r ist ic of eutroph ic co ndi t i ons .  

Samp l i ng  data a l so  supported the fact that the bog  acts as  a n utri ent 
f i l ter .  Th is  was shown by o rthophosp hate , total phosphorus ,  n i trate , and 
tu rb id ity , wh ich  al l  te nded to decrease fro m the i n n e r  mat to the lake . 
Another  facto r contr i but ing  to variat ion i n  wate r chem ical ana lyses is  the 
f low rate of  water fro m the bog env i ron ment to the lake. Wh i l e  f low was 
observed i n  the easte rn lagg at the ti me of the samp l i ng ,  tan n i n  and l ig n i n  
co ncentrat ions d id  not  show s ign ifican t m ix i ng between the i n ner  lagg and 
lake.  Th is  can be exp la ined either by a low f low rate in the lagg ,  or by the 
absorpt io n  of tan n i n� and l ig n i ns by the bog as water trave ls  th roug h the 
lag g .  Tu rb id ity ,  s uspe nded so l ids ,  o rtho phosphate , and total p hosphorus 
show s i m i lar trends ,  s upport ing the tan n i n  and l i g n i n  data. 

Sto rm samp l i ng  showed that over land f low was m uch h ig h er on the 
g ravel p it than on the natu ral fo rest f loor .  Over  the co u rse of one  and half 
hou rs ,  r unoff f rom the pit was amp le fo r co l l ect i on  of samp les .  However ,  
no runoff was found on the fo rest f loor .  Over land f low can be expected to 
i ncrease g reat ly  i n  an  area characte ristic of a g rave l p it .  

L a n d  U s e  P atte r n s  i n  t h e  St u dy A rea 

Th is  p o rt i on  of  the  repo rt w i l l  p resent  an o bject ive ana lys is  o f  
var i ous  l and  use  patte rns with i n  the Horse Po i n t  study area. R es ident ia l  
and c o m merc ia l  deve l op m e nt ,  as we l l as road manag e m e nt w i l l  be 
p rese nted in terms of  facts , impacts , m it igati ons ,  and poss ib l e  so l uti ons .  
The i mportance of  aesthetics and ed ucati onal va l u e  with i n  t he  study area 
wi l l  a lso be d iscussed . 

The  prope rty owners of the land contai ned with i n  the  H o rse Po int  
study area,  have been identif ied th rough  the use of property tax maps and 
assoc iated o w n e r  l i s t i n g s .  Tax maps # 1 4 ,  # 1 5 ,  # 1 6 and # 1 7 ,  i n  
co m b i n at i o n  w i t h  t h e i r  l o t l i s t i n g s ,  d i s t i n g u i s h  re s i d e n t i a l l y  o r  
co m me rc ia l ly-owned lo ts with i n  the Town of Be l g rad e ,  Ken nebec Cou nty, 
Ma ine (see Appendix IV) . 
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R e s i d e n t i a l  A n a l y s i s  

Sho re l i ne 
R e s i d e nt ia l  l a nd  u s e  a l o n g  t he  s h o re l i n e  o f  N o rth Bay has  been  

cons i de red b ecause of  t he  potent ia l  r u noff f ro m t he  s u m me r  cottage s  and  
year- ro u nd h o me s .  Th e dens ity o f  houses and  t he  rate a t  wh ich  they are 
i n creas i n g  s ug g e sts how v u l ne rab le  the l ake i s  to res i den t ia l  p h o sp h o ro u s  
l oad i n g  a n d  sed i m entat i o n .  U s i n g  a 7 1 /2 m i n u te topog raph ical  m a p  fro m 
1 9 80 ,  26 h o uses were cou nted fro m  Sto ny Po in t  to S n ake Po in t  a l ong  N o rth 
Bay.  T h e  cu rrent  n u m b e r  of ho uses was calcu l ated to be 5 0 .  (v ideotape ,  
1 9 9 0 ) .  

Impacts and Mitioatjons 
Th e d ata i n d icates that t he re has been s i g n i f icant g rowth a lo ng the 

N o rth  Bay s h o re l i n e .  The act ing  town manag e r  of  Be lg rade ( Bates , pe rs .  
co m m . ) h as con f i rmed  these  f i n d i n g s  stat i ng  t hat t he  res id e nt ia l  g rowth 
has llil1 slowed down s i nce 1 988 as it h as in the  rest o f  the state of Ma ine  
( K h u n s ,  p e rs .  co m m . ) .  T h e  n u m b e r  of  p l u m b i ng pe rm i ts h as gone  up  i n  
Be l g rad e f ro m 1 50 to 1 9 0 i n  t h e  years 1 98 9 - 1 9 9 0 ,  wh ich  i n d icates 
s ig n if icant  g rowth or renovatio n  of  ex ist i ng  cottages  ( Bates , pe rs .  co'Tl m . ) .  
Th e cottag es a l o n g  th e s h o re l i n e  may accou nt fo r t he  s m a l l  p o i nt sou rces 
of p o l l u t i o n  en te r i ng  th e lake . P i pes  en ter i n g  t h e  l ake ,  fa u l ty s ewer  
syste m s  and s ed i m e n t  r u n of f  f ro m camp roads are a few of  t h e  
co ntr i b u to rs t o  l a k e  wate r p o l l u t io n .  T h e  s h o re l i n e  a l o n g  N o rth Bay ,  not  
i n c l u d i ng the wet land areas , i s  a rocky forested b u ffe r  zon e .  Fro m the 
data avai l ab le  from D E P  i t  can be  conc l uded that a lth o u g h  the re has been 
g ro wt h  a l o n g  t h e  B e l g rad e s h o re l i n e  n e a r  N o rt h  B ay ,  s i g n i f i can t  
contr i b ut i o n s  by  Be lg rade chang i ng  the l eve ls  o f  p ho s ph oro us  i n  the  lake 
have n ot been  fo u n d .  No rth Bay i s  apparen t l y  f ree o f  th e i m p acts of  
deve l o p m e nt ,  name ly  h igh  p hosphorous ,  fo r the t im e  be i ng . 

Non -Sho rel i ne 
The  town o f  Be lg rad e has been exper ienc ing  s ig n i f icant deve lopment 

p ress u re d u e  to rece nt  popu lat i o n  i nc reases ,  acco rd i n g  to Th e Be lg rade 
Co m p re h e ns ive Land U se P roposa l  (BCLUP)  of 1 9 87.  T h e  proposa l  states 
that most of the deve l op ment  has bee n res ident ia l ; h owever ,  as is  usua l l y  
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the case ,  co mmerc ia l  d eve lopment  has fo l lowed . Although  the major i ty of 
the land wi th i n  th is  study area is  res ident ia l l y-owned ( refer to Q u ad rant 

I I  o f  l a rg e  over lay) , t he re is  a sma l l  perce ntag e of  co mm erc ia l ly-owned 
land that is  i nd icated by crosshatch marks on the property tax maps (see 
Append i x  I V ) .  The commerc ia l l y-owned land is c l u ste red in o n l y a few 
areas . T h i s  agg regat i o n  of  co m m e rc i a l ly - u t i l i zed l a n d  may pe rhaps 

mag n i fy p o s s i b l e  p ro b l e m s  pe rtai n i ng to  the  res ide nt ia l  areas aro u nd 
these co mmerc ia l  s i tes .  

The recent  po p u lat i on  i ncrease has resu l ted in  escalated l eve ls  of  
res ide nt ia l  deve lopment  with i n  the study area. Based on  analys i s  of  aerial 

· photos and property tax maps of the area, deve lopment  occu rs al l  over th e 
study area, ma in l y  co nce ntrated i n  these areas : Snake Po int ,  Sto ny Po int ,  
and a long both Horse Po i nt Road and Route 8 .  Most of  th e concentrated 
areas are assoc iated wi th  G reat Bog and p roposed g rave l  m i n i ng s i te 
bou ndar ies (see Append ix  IV) .  Prob lems that res u l t  fro m the  i ncreased 
amo unt  of deve lopment  i nc l ude eros ion  due  to construct io n ,  leak ing tan ks 
with i n  septic systems ,  and an i ncreased number  of access road uti l i zat ion 
that may p rov ide sto rm runoff an avenue  fo r transport ing  tox ic chem icals 
and nutr ients to the edge of the pond or bog . 

Resu l ts of the  1 987 Be lg rade P lan n i ng Board S u rvey show that the 
maj o r i ty of Be l g rade res idents be l i eve that th e town s h o u l d  have the 
ab i l i ty to con tro l whe re futu re d eve lopment  takes p l ace . I n  add i t i o n , 
res iden ts fee l  t h e  n eed to adopt a land - u se 

·
o rd i n ance  to separate 

res ident ia l  area fro m i n d ustr ia l  and comm erc ia l  d eve lo pme nt .  Lack of  
acti o n  taken  f ro m  the s u rvey's res u lts has d i rect l y  l ead to p ro b l e ms 
invo lv ing the T i lco n  M i n i n g  Co rporat ion located i n  the heart o f  a Be lg rade 
res ident ia l  area.  An  ana lys is  of the i m pacts re lat i ng  to g rave l  m i n i ng 
i nd icates n u me rous  p rob lems - - no ise po l l ut io n ,  a i r em iss ions ,  a need for 
proposed b u ffe r  stri ps  and road manag ement  an d safety, changes i n  
property va l u es ,  and any eco log ical d istu rbances that may s u rface.  

Impacts and M itigations 
I n  response to n o ise  po l l u t i o n ,  the T i l con  C o rp o rat i o n  app l i cat ion  

p ro poses to  l im it the  ho u rs of  p roject o perati on  fro m 7 AM to  ?PM.  Also 
p roposed is  the conta i nment of the most s ign i f icant sou rce of  no i se ,  th e 
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rock c ru s h i ng and  so rt i ng  p lant ,  i n  a " n o ise  baff le type h o u s i ng " ( P ro posed 
T i l co n A p p l i cat i o n ,  E x h i b i t  # 1 9 ) .  

T i l c o n ' s  p roj ected n o i s e  leve l does  i n  fact exceed t h e  M a i ne D E P  
reg u l at i o n  o f  55d BA b y  7 . 3  d B ;  h oweve r the co rp o rat i o n  app l i cat io n  p lans  
to  c o r rect t h i s  w i t h  t o p o g rap h ic a n d  e a rt h e n  b a r r i e rs as  w e l l  as  
veg etat ive  cove r i ng . The  S i te  Locati o n  of  D eve l o p m e n t  Law, T i t l e  3 8 ,  
S ect i o n 4 8 2-A states t h at th e bo ard sha l l  ado pt am e nd e d  ru l e s  fo r the  
co ntro l of n o i se  g e n e rated by co m merc ia l  o r  i n d u str ia l  deve l o p ments .  

These  ru l es  m ust :  

A .  R efl ect cons ide rati o n  of l ocal z o n i n g  wi th  regard to  both the 
zo n e  in  wh ich  the  deve lopm ent i s  l ocated and  th e p ro x i m i ty of 
t h e  d ev e l o p m e n t  to res ide nt ia l  areas ; 

B .  E m p lo y  a cons i ste nt  m ethodo l og y  to assess backg ro und  and 
i nt rus ive  n o is e  effects of  deve l opme nts of  a s i m i l a r  n atu re ; 

C .  P rov ide that the board may l im i t  t he  h o u rs of  operati o n  of 
the d eve l o p ment  to m i n im ize  the i mp act o n  s u rrou nd i ng u se rs ;  

D .  C o ntai n an  appropr iate l is t  o f  act iv i t ies that ,  a l th o u g h  
c o n n ected w i t h  a deve lopme nt ,  a re w h o l l y  o r  part i a l l y  exem pt 
from revi ew by  the  d eve lopment .  

P o s s i b l e  s o l u t i o n s  to e n h ance the p roposa l  and res iden t  app rova l  
m i g h t i n c l u d e  f u rt he r  l i m it i ng  the h o u rs of  ope rat i o n ,  l i m it i ng  the a m o u nt 
of  t r ucks  a n d  o th e r  n o i se -p roduc i ng  veh ic l e s ,  a n d  p roceed w i th  actua l  
no i se  m easu re m e nts o nce the p roject i s  estab l i s hed .  I n  add it io n ,  Be lg rade 
s h o u ld req u i re T i lco n 's co m p l i ance  w i th  a l l  o th e r  ap p l icab l e fed e ra l , 
state ,  and  loca l  l aws , p e rtai n i n g  part icu l ar ly to excess ive dec ibe l  l eve l s .  

Th e T i l con  corp o rat i o n  as m enti o n ed above , p ro poses  the u s e  o f  a 
p o rtab l e  ro ck  c ru s h e r  l icensed by D E P .  Th i s  type  o f  mach i n e ry wo u ld 
co ntr i b ute  po i n t  sou rce  a i r  e m iss i ons  that cau se  co n ce rn fo r g ravel  d u st 
co n t ro l .  W h e n  estab l i s h ed ,  th e p roj ect p roposes  to e m p l o y  water s p ray 
nozz les  i n  co nj u nct i on  with the crus h i ng  operati o n  to com p ly w i th  the  5°/o 
o p ac i ty s ta n d ard . T h e  u s ag e o f  t hese  spray n oz z l e s  w i l l  b e  weath e r  
dependent  a n d  based o n  the need fo r dust contro l .  
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I n  conj u n ct i on  wi th  the m i n i ng act iv i ty , a 1 0 , 0 0 0  g a l l o n  d i ese l 
fue l ed e lectr ic gene rato r w i l l  be  located on s i te .  The f ue l  tan k  fo r t he  
generato r w i l l  be  used to operate the  rock crusher  as  we l l  as the front end 
l oade rs ,  both of  which are on s ite . The fue l  tank w i l l  be co nta ined i n  a 
25X20 X3 foot re i nfo rced concrete d ike  wh ich is  e q u i pped wi th  on  s i te 
emergency res ponse measu res to l eakag e p ro b lems and fue l  sp i l l s .  Th is 
emergency eq u i pment  wi l l  i nc lude : sorbent  pads ,  a co nta ine r  fo r sorbent 
pads , and a two-way rad io  on the Ti lco n Maine,  I nc. , freq uency. 

In add i tio n to m eet ing em iss i on  standards ,  t he  u se of bu ffer str ips 
by t he  T i  I con  C o r p o rat i o n  has t re m e n do u s  eco l o g ica l  s i g n i f ican ce .  
P reventi ng so i l  e ros ion and the add i t ion of h i gh  leve ls  o f  n utr ients to the 
s u rro u nd i ng water body s h o u ld be of mai n p ri o r i ty .  W i th i n  the Proposed 
T i lcon App l icat i o n ,  t he  co rpo ration  states that 30 rem ai n i ng acres of the 
1 33 total  wi l l  be  devoted to b u ffe r zo nes fo r adjacent  p rope rty o r  
wetlands .  Po rt io ns o f  these buffer zones are heav i l y  veg etated and wi l l  
p rov ide co mp lete v isua l  screen ing  o f  t h e  proposed project fro m t h e  road , 
acco rd ing to Exh ib i t  # 1 8 of the Proposed Ti lcon Appl icati on .  

I n  areas of needed vegetation on the buffer zo ne ,  Ti lco n has proposed 
to e n h ance the ex is ti ng  veg etat ion  by p lant i n g  s i x-foot  ta l l  Wh ite P i ne  
trees . Accord i ng  to  the  app l icat i o n ,  p lant ings o n  the  H o rse Po int bu ffer 
str i p wi l l  be  o bserved on  a month ly  basis and rep l aced as necessary. 
"Add i t i o n a l  p ro tecti o n  of the bog w i l l  be afforded by  conduct i ng  the 
excavatio n  i n  s uch a man ner  so as to  assu re that s u rface ru noff over 
d i stu rbed g ro u nd is  a lways toward the i nteri o r  of t he  s i te "  ( P roposed 
Ti Ico n App l icat i o n ,  Exh i b it # 1 8) .  A lso , d u e  to the proposed b uffe r  str i p 
widths ,  th e re w i l l  be  no  p r ivate we l l s  with i n  250 ft . o f  t he  m i n i n g ; i n  
add i t io n ,  no  p u b l ic wate r su p p ly we l l s  occ u r  w i t h i n  2 5 0 0  ft .  o f  the 
proposed g rave l  p it and no on s ite wate r supply we l l s  are proposed by the 
p roject .  T h e re fo re , the r i sk  of  g ro u ndwate r con ta m i nati o n  i s  g reat ly 
reduced by the i nc l us i on  of  these b u ffer str i ps  and safety p recaut ions 
taken fo r fue l  tank re lated prob lems.  

T i lcon has a lso proposed a m utua l  excavat ion  ag ree ment  with i ts 
abutt i ng  ne ig h bo r ,  B l u e  Rock I ndustr i es ,  to e l i m i nate t he  necess i ty of a 
bu ffer  zone between both p ieces of prope rty . Althoug h th is  not io n co ntains 

many pote nt ia l  eco log i cal  d rawbacks ,  the Ma ine D E P  perm its an ab utt ing 
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l a ndowner  to wa ive . t h e  req u i re m e nt of  a b u ffe r  zo n e  wi th  o ff ic ial w ri tten 
co nsen t  f ro m  b oth s i des .  

T h e  1 9 87 B e l g rade C o m p re h e ns i ve  Lan d  U s e  P l a n  i n d icates that 
n at u r a l  b u ffe r  s t r i p s  s h o u l d  be req u i red  a l o n g  a l l  i n te r m i t te n t  a n d  
p e re n n i a l  s t re a m s  ad e q u ate  to  s e rve a s  f i l t e r s t r i p s  a n d  w i l d l i fe  
co rr i d o rs .  I n  add i t io n ,  the S i te Locati on  of  D ev e l o p m e nt Law, C h apte r 2 1  
def i nes n atu ral b u ffer  str i ps  as a n  area o r  be l t  o f  land  wh ic h :  

1 )  I s  covered with trees o r  oth er vegetati o n :  

2 )  R u n s  a lo ng  the border  between a deve lopment site and an 
adjace nt p i ece of l and ,  body of  water ,  or othe r  speci f ied area: 

3 )  S e rves  to p rotect the p iece of land or body of  water. from 
adverse  effects of the  deve lopment o r  p reserves s o m e  ex ist ing 
q uant ity or use in the area of the deve lopment .  

P o s s i b l e  s o l ut io ns m ig ht i nc l ude  reco ns id eri ng  the add i ti o n  o f  b uffe r 
s t r i p s ,  o b s e rv i n g  t h e m  o n  a m o nth l y  b as i s ,  a n d  m a i nta i n i n g  t h e m  
i nd ef i n i te l y .  T h e s e  i n i t i at ives w i l l  f u rth e r  ho l d  back d e c i b e l  l eve l s ,  d u st 
d r i f t  a n d  c o n ta m i n ated  wat e r  r u n o ff f ro m e n te r i n g  t h e  s u rro u nd i n g  
eco syste m .  

C o m me rc ia l  deve l o p m ent ,  p resent  and  p roposed ,  co u l d  s i g n i f icant ly 
a l ter s h o re l i n e  p ro p e rty va l ues  with i n  the Ho rse P o i nt area . I nfo rmat io n  
reg a rd i n g s h o re f ro n t  p ro p e rty  va l u e s  w a s  o bt a i n ed f ro m p h o n e  
co nversatio n s .  C hanges i n  val u e  d u e  to l ocal commerc ia l  land use  patte rns 
was the focus of the co nversati o n s .  

R o b e rt Bates , t h e  t e m p o rary act i ng  t o w n  manage r  o f  B e l g rad e ,  
exp ressed a pos i t ive att i tude  towards present  and  potent ia l  m i n i ng  areas . 
Fro m an  assess o r  sta n d p o i n t ,  M r . Bates be l i eves t hat waterfro n t  areas 
w i l l  con t i n u e  to be  i n  demand ,  as larg e r  more recent sa les have a l ready 
occu rred in the  H o rs e  P o i nt area.  M r . Bates a lso  sugg ested that fu l l  sca le  
m i n i n g  o p e rati o n s  w i l l  h ave  l i tt l e o r  n o  effect o n  p rope rty va l u es .  H e  
c la i m s ,  "th e h o uses  th e re [ i n t he  Horse Po i nt area] were b u i l t l o ng  after 
the p i t  was t h e re " ,  c o n c l ud i n g ,  " that o p e n  p it m i n i ng d o e s  not affect 
p rope rty va l u es ,  even if i t  ru ns  ag a inst o u r  c o m m o n  s e nse . "  He b e l i eves 
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t he re i s  l i tt l e · co ncern and that · g rave l  m i n i ng does  not  affect p roperty 
v a l u e .  

O n  the  contrary , a local real estate ag e ncy p r i mar i l y  dea l i n g  with 
sho refro n t  p rope rty and vc. lues  has very d i ffe re nt th oug hts perta i n i ng  to 
the Horse Po i n t  area.  When i nterv iewed abo ut  what k i nds  of im pacts local 

m i n i ng  may have on p roperty val ues ,  M r . K i rk of ERA Day's Real Estate 
Age n cy sugg ested a pess im ist ic outco me .  M r . K i rk be l i eves the p roperty 
va l u e  w i l l  b e  affected q u i te d ramat ica l l y ,  pa rt ic u l a r l y  t he  lakes h o re 
propert ies and alo ng Horse Po i nt road . He clear ly states ,  "th at th e m i n i ng 
w i l l  by n o  means en hance bus i ness [R eal estate] i n  the area . "  M r . K i rk 
c la i ms to have seen the negative effect on  the s h o re l i n e  areas ?l ready 
stat i ng , "Peop le  want to buy the land ,  but  read the n ewspaper and reject 
i t . " H e  conc l uded the conversat io n stat i ng ,  "As of r ig ht  now ,  there is no 
d rop  i n  p r ice ,  but  i t  w i l l  eventua l ly  happen [to fu rther  co nti n u e  bus i ness] . 
We have see n the ' not buy ing '  aspect, therefo re it i s  def i n i te ly  becom ing  a 
val ue  prob l em . "  

Approval o f  the  proposed Ti lco n app l i cat i o n  may change  ex i st i ng  
p rope rty val u es and taxes with i n  the study area.  C u rre nt ly , T i lcon pays 
between $700 and $800 in property taxes to the Town of Be lgrade .  Shou ld  
the i r  perm i t  to  m i n e  be approved , the val u e  of T i l co n 's  p rope rty wo u l d  
g reatly i ncrease ,  and Ti lcon wou ld b e  ab l e  to s e l l  the land a n d  permit  to an 
e l i g i b l e  buye r  if i t  became econom ical ly feas ib l e .  It wo u ld  be i n  the best 
i n te rest o f  th e Town of Belg rade to pro mpt a reassessment  of p ropert ies 
to take advantage of th i s  u ntapped source of reven ue .  

C o m m e r c i a l  D e v e l o p m e n t  

With i n  t h e  Horse P o i n t  study area, co m merc ia l  land u s e  i s  def i ned 
best by th ree i nd ustr ies  -- m i n i ng ,  logg i ng , and ag ricu l ture .  Each type of  
i n d u stry has a stro ng  pote n t ia l  to  effect i ts  s u r ro u n d i n g s  negat ive ly , 
part icu lar ly  adjacent wetland areas , such as G reat P o nd and Great Bog . 
These n eg at ive effects may come i n  vari o u s  forms such  as i nc reased 

sed i me nt n utr ien t  load i ng  and g ro und water contam i n at io n .  
A commerc ia l  i n d ustry that has caused recent  co ncern among the 

res i d e nt i a l  own ers o f  the  bog and eske r co m p l ex i s  g rave l m i n i n g .  
Accord i ng to the property tax maps , th ree corporat io n s :  T i lcon o f  Mai n e ,  
B l u e  Rock I nd u stri es a n d  Ebb Tide Propert i es , I nc . , own a s i g n i f icant 
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p o rt i o n  o f  t h e  bog  and  esker  comp lex .  Seven o f  t he  a p p ro x i m ate e l even 
bog -type  l o ts a re o w n ed by these g rave l  co rpo rat io n s  co m p ri s i ng  a total  
o f  2 .2°/o of g rave l  co rp o rati o n  own ed land  wi th i n  Quadran t  I I  of th e l arge 
wate rs h e d  ove r lay .  

I n  add i t i o n  t o  t h i s  c o rpo rate p ro p e rty , t h e re a r e  f o u r  m aj o r  
res ide nt ia l  own e rs o f  the  bog  that are co ncerned abou t  the  corporat io n s' 
l and  u se ar .d  t he  po te nt ia l  n egat ive effects . A l th o u g h  t he re are o n ly fo u r  
l o t s  w i th i n  t h e  bog  t h at are res iden t ia l l y- owned , v i rtua l l y  a l l  o f  t h e  l and  
s u rro u nd i n g  t hese  corpo rat i o n s  i s  res iden t ia l l y- ow n e d ,  w h ich  estab l i s hes 
m o re co n cern  w i th i n  the area .  

T h e  m i n i n g  p ro posed acco rd i ng to th e T i l con  App l icat io n  states that 
as m uc h  as 740 ,000 cub ic  yards o f  mater ia l  i s  expected to be  excavated 
fro m t he  p roject s ite .  P h ased g ravel extracti o n  and  rec lamat io n h ave  been  
pro posed to occur  on  appro x i mate ly  1 4+ acres of  the 1 33 acre project s ite . 
T h e  phas i n g  m ethod  o f  t he  p roject w i l l  a l l ow t he  excavati o n  of  sma l l e r  
m i n i n g  ce l l s  wi th i n  the  overa l l  p ro posed 1 4+ acre s .  

Accord i ng t o  o w n e r  l i st i n g s  o f  p ro pe rty tax m ap # 1 7 ,  a large port i o n  
o f  l and  appears t o  be  d i rected towards l ogg i ng . T imber land , I n c . ,  l o t  #30 
of  th is  map ,  i s  pr imar i l y  conce rned wi th  t ree g rowth i n  te rms o f  "cut  and 
let  M oth er  N atu re s upp l y , "  acco rd i ng  to  l o ng -t i m e  B e lg rade res ident ,  Rog e r  
B ic kford (pers .  co m m . ) .  There are a l so  other  poss i b l e  l ogg i ng  areas with i n  
t h i s  map 's  bo u ndar ies , e .g .  l o t  #29 , owned b y  t h e  B essey Deve l opme nt .  
Tu key Bro s . , l ocated on  p ro p erty m ap # 1 5 ,  l o t  1 O E ,  u t i l i zes a saw m i l l  
o n l y .  T imbe r  i s  b ro u g h t  i n  f ro m externa l  sou rces with no  logg i n g  activ i ty 
o n  s ite . 

Of  t h e  t h re e  co m m e rc i a l  i n d u s tr i e s  m e n t i o n ed i n  th i s  repo rt ,  
ag ricu l tu re seem s  to be  th e l east p ro m i n ent  l and  u s e  patte rn  w i th i n  t he  
H o rs e  P o i n t a rea .  Acco rd i n g  t o  t he  acti ng  town m a n ag e r  o f  Be l g rade ,  
(Bates ,  pers .  co m m .) ,  m i n i ng  and l ogg i ng h ave b e e n  co n stant i n d ustr i es  
past  and p r e s e n t ,  w h e reas ag r icu l t u r e  h as b e e n  s l ow l y  d e c l i n i n g ,  
espec ia l l y  over  t he  p ast ten  years . M r. Bates c la i m ed th e re i s  o n l y  o n e  
wo rki ng  farm with i n  o u r  study area.  H e  fu rther  exp l a i ned that th e re i s  n o  
o ff i c i a l waters h e d  d i st r ict i n  B e l g rad e ,  t h e re fo re o bta i n i n g  i n fo rm at i o n 
co ncer n i n g  s pec i f ic  l and  use  patte rns with i n  the study can p rove to be  
d i f f i c u l t .  
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· Impacts and M itigations 
The  p res e n t  rates of e ros i on  have been  acce l e rated by h u man 

act iv i ti es ,  s uch as  m i n i ng , logg i ng ,  and ag ricu l tu re .  Sed i ment po l l u t ion  o f  

nearby wate r systems fro rn these co m merc ia l  i n d u str i e s  is  a poten t ia l  
so i l  e ros i o n  p rob l em that may decrease wate r qua l ity and harm w i l d l i fe .  
Th i s  prob l em p romotes g reat co ncern fo r the su rround i ng  water systems ,  
Great Bog and Great Pond .  

M i n i ng co ntr ibu tes to e ros ion  by re moval  of a l l  s u rface veg etat i o n ,  
l eaving  o n ly bare s o i l  that i s  vu ln erab le to stro ng eros ive im pacts b y  wind 
and rai n .  A lso , eros i o n  i s  fu rther en hanced by an i ncreased steepness of 
s lope resu lt i ng in h i g her  l eve ls of ru noff .  Strateg ies that may be used fo r 
red uc ing  m i n i ng - re lated e ros i on  i nc lude : rec lamat io n ,  reg rad i ng  the area 
to prov ide a more gent ly  s lop ing  land surface ;  re-veg etat i ng the land ,  and 
whe re necessary ,  fert i l i z i ng  and/or wate r ing  the area to h e l p  estab l i sh  
veg etatio n ;  and  c lear ing t he  topso i l  i n  stages as needed , to  m i n i m ize the 
l ength of t ime the so i l  i s  exposed .  

P rob lems that may occur with i n  the logg i ng i ndustry are a lso re lated 
to e ros i o n .  C o nt r i b u t i n g  facto rs dea l  p r i m a r i l y  w i th  the  remova l  o f  
vegetat io n ,  sk idder  tra i ls near streams and lakeshores , and the abse nce of  
bu ffer  str i ps .  M i n i m iz i ng i m pacts can occu r f rom re-veg etat i o n ,  p ro per  
uti l i zati o n  of  mach i ne ry ,  and  the inc l us ion  of buffer str i ps .  

Although  ag ricu l tu re i s  no t  t he  most prom i nent i ndustry i n  t he  Horse 
Po in t  study area, i t can have seve ral negative effects on the su rround i ng 
ecosystems .  P rob lems fro m ag ricu l tu ral land use patte rns i nc l ude e ros ion  
as  a majo r  contri bu t i ng  factor .  U nfo rtunatel y ,  so i l  e ros i on  fro m crop l and  
l eads to red uced crop q u a l i ty and ag r icu l tu ra l  i nco m e .  I t  i s  t he refore 
necessary , eco l og ica l ly as we l l  as eco nom ical l y ,  to m i n i m i ze im pacts as 
much as poss i b l e .  "Tech n iq u es that i nvo lve so i l  co nse rvat i on  m ethods 
i n c l u d e  co nto u r  p l owi n g , ter rac i ng , and  cover-c rop  p l an t i ng . These  
meth ods can s l ow s u rface ru noff ,  i ncrease f i l t rat i o n , and e n h ance s o i l  
co nservatio n ,  t h u s  reduc i ng e ros ion rates" (Mo ntgo mery ,  1 989) . 

Ag r icu l tu re ca n effect the  wetl and eco syste ms  i n  severa l  way s .  
Open man u re sto rage ,  g raz ing l ivestock near water syste ms , and the over

app l icatio n  of  fe rt i l i zers are rep rese ntative pro b lems .  These prob lems can 
be m i n i m i zed by the ut i l i zat i o n  of man u re contai n ment  faci l i t ies , carefu l 
locat ion and management  of l ivestock and fert i l i zer  app l i cat i o n .  
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R o a d  A s s e ss m e nt 

I f  T i lco n were a l l owed to p roceed with the  m i n i n g  o f  g ravel o n  Ho rse 
P o i n t  R o ad ,  the re wo u l d  be an i ncrease in th e amou nt and type  o f  traff ic .  
T i l con  p roposes  that 1 4  yard t rucks carry i ng  e i g h te e n  to n s  p e r  tr i p ,  w i l l 
make 44 ro u n d  tr i ps p e r  day,  fro m 7 :00  am to 7 :00  p m . ,  with the  o pt ion  of 
o p e rat i n g  an add it i o n a l e i g h t  t r ips  pe r  day i f  n eeded . T h e s e  n u m b e rs 
represen t  t he  m ax i m u m  n u mber  of  tri ps and  h o u rs of  ope rati o n .  T h e  truck 
traff ic w i l l  occ u r  in s u rg e s  with no trucks on the road some  days and up to 
s i xt een  o n  o th e rs ( Pf is te r ,  p e rs . co m m . ) .  An  assess m e n t  o f  t h e  road 
q u a l i t y  a n d  ty p e  wa s n ec e s sary  to eva l u ate i ts a b i l i ty to  safe l y  
acco m m odate t h e  traff ic i ncrease .  

Methods 
Based o n  m i n i m u m  standards estab l i shed by the  state , and  t he  town 

of B e l g rad e for l oca l  roads ,  a set 
·
of cr i ter ia were d ev ised  to eva l u ate 

H o rs e  P o i nt Road (Tab le  8) . Road q u al ity was based o n  a 4 po i n t  scale 
fro m very g oo d  ( n ewly paved) to poor (many c racks ,  and c ru m b l ed edges) . 
Oth e r  facto rs s tud ied  i n c l u d e  road and sho u ld e r  w id th s ,  s h o u ld e r  typ e ,  
ro ad crow n ,  p resence  o f  ro ad s i d e  obstructi o n s ,  and  any  potent ia l  safety 
hazard s  such  as c u rves  and steep  r ises .  The p resence of h ou s es v i s ib le  
fro m the  road , and  t he  co ncen trat ion of  houses  a long  t he  road were a lso 
no ted .  

Tab l e  8 :  M in i m u m  Mai n e  State and Belg rade Standards fo r Local Roads  i n  
Co mpari son  to the  T i lcon  App l icati on  fo r Grave l  M in i n g  o n  H o rse P o i nt ,  
Belg rade ,  Ma i ne  

Character istic State1 Be lgrade2 

Road width 1 8 ' 2 0 '  

S h o u ld e r  w idth  3 '  3 '  
(each s ide)  

1 A s  outlined i n  Maine state Site Location o f  Development Law 
2 From Town of Belgrade Shoreland Zoning Ordinance 

T i lcon 3 

2 0 '  

3 '  

3 Tilcon Application Submitled to Maine Department ol Environmental Protect ion, May 1 990 
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The road eva luat ion  began at the i n tersect ion of  Route 8 and Horse 

Po i nt Road and f i n i shed where the Camp Bo mazee n access road beg i ns .  

Every tenth o f  a m i l e  fo r 3 . 1  m i l es the road and s h o u lder  widths were 

measu red w i th  a 50m tape meas u re ,  and s h o u l d e r  type  and o the r  

observat io ns were recorded . The road width was measu red fro m one  edg e 

of the  pavement  to the oppos ite pave ment  edg e .  The s h o u lders were 

measured fro m  the road edge to either the end of l evel  road side areas or 

to the start of road s ide vegetatio n .  

Data and I nterpretation 
H o rse  P o i nt Road i s  a l ocal road , u sed p r i mari l y  fo r access to 

adj ace n t  r e s i d e n t i a l  p ro p e rt i e s  as de f i n e d  by t h e  D e p a rt m e n t  o f  
Env i ro n me ntal P rotecti on  S ite Locat ion  of D eve l o pm ent Law. I t  has  no  
posted speed l i m i t, a l l owing veh ic les t o  travel  u p  to 45  mph .  Horse Po int 
Road is  approx i mately th ree m i les  long and has an average road width of 
20 .6  feet. Th i s  averag e width exceeds the m i n i m u m  standard of 1 8 . 0  ft . 
set by the  state . of Ma ine ,  and is  j ust wider than Be lg rade's m i n i m u m  of 
20 . 0  ft . I n  the ear ly fal l ,  when BOFEA members observed the co ndit ion of 
H o rse  Po i nt Road ,  the road appeared to be in reaso nab ly  g ood condi t ion 
with few cracks and a crown in some extended areas .  The shou lders are 
composed of a packed sand and g ravel m ixture with occasio nal  vegetatio n  
cover ,  a n d  l i tt l e  d eter iorati o n .  T h e  ab i l i ty o f  t h e  s h o u lder  to remain i n  a 
f i rm , packed co nd i t ion d u ri ng the spr ing mel t  was not eva l uated , however,  
an d i t  is reasonab l e  to spec u l ate that the sho u ld e r  co n d i t i ons  wo u l d  
dete rio rate to some extent. The shou lder width varies  fro m 0 . 0  ft . to 1 1 . 8 
ft and averag es 2 . 7  ft .  -- j ust  s l ig h t ly lower than the  state and l ocal 
m i n i m u m  of  3 . 0  feet. Th ere appear to be · so me areas fo r car p u l l -offs , 
a l th o u g h  some  s h o u lder  obstruct ions  were observed as we l l  as severa l  
areas o f  the road where a steep r i se  is  acco mpan ied by cu rves .  These 
areas wo u ld rep resent  pote nt ia l  safety hazards to veh ic les  u nde r  poor  
weathe r  cond i t ions ,  o r  upon  the  meeti ng of  heavy trucks and other  pr ivate 
veh ic les .  F i na l ly ,  i t  s h o u ld be noted that the su bstrate o n  wh ich  Horse 

Po in t  Road is  b u i l t i s  not  homogenous .  A sect ion of the road runs d i rectly 
over a portio n  of the wetland and th erfore occup ies  a l ow po i n t  with i n  the 
reg i o n .  T h is wet land sectio n  of  the  road wou ld  h ave s o m e  potent ia l  
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p ro b l e m s  assoc iated w i th  i t  t h at p o rt i o n s  l o cated at  h ig h e r  g eo g raph ica l  
po i n ts -- such as over the eske r - - may n ot h ave .  These p ro b l ems  wou ld 

a l l  b e  assoc i ated wi th  t h e  softer  s u bstrate a n d  t h e  i ncreased d ra i nag e  
w i th i n  t h e  wet l and  reg i o n .  

M ost o f  t h e  h o u ses a l ong  H o rse P o i nt R o ad a re v i s i b l e  f ro m the road 
a n d  are separated fro m the  road by  l awns  of  at least 50 feet .  The year
ro u n d  h o mes o n  H o rse  Po i n t  Road are concentrated i n  th e area between  the 

camp roads  HS and H 9 ,  and then ag a i n  beyo nd H 1 2 see appendix tax map. 
T h e  p otent ia l  p resence  o f  ch i ld re n  and pets i n  t hese  areas of road s ide 
ho u s e  co n ce ntrat i o n  creates a s ig n i f ican t  hazard a l o n g  Ho rse P o i n t  Road .  

I n  add i t i o n  to the  h o uses  a l ong  th e road , there are many  accesso ry camp 

roads that l ead to l akefro nt  homes .  The  e ntr ies o f  these  roads o nto Ho rse 

P o i nt R o ad may a lso  s ig na l  poss ib le  traff ic  hazards .  
T i lcon proposes to  b u i ld an access road fro m  H o rse  P o i nt R o ad to the 

p ro po sed  m i n i ng s i te . T h i s  ro ad wo u ld be s p rayed w ith water m ist and 
ca lc i u m  to keep the d ust d own and wou ld  be  paved the last  200 f t .  before 
i n ters e ct i n g  w i th  H o rs e  P o i n t  R o ad to p reve nt  t he  t rucks fro m carry i ng 
m u d  o nto the  road . The Department  o f  Tran spo rtati o n  requ i res  that at an  
i n te rs ectio n  th e re m u st b e  a s i gh t  d i stance i n  each  d i rect io n  o f  1 0  ft . fo r 
eve ry m p h  o f  the  speed l i m it o n  that road . T i lco n had o ri g i na l l y  p roposed 
to b u i ld the  e nt rance in a l ocati o n  wh ich  DOT fo u nd to h ave  i n s uff ic i en t  
s ig h t  d istances and asked Ti lco n to re l ocate the  road . T i lcon  then  moved 
the l ocati on  o f  the proposed access road 200 ft. f u rthe r  down H o rse  Po i nt 
Road .  DOT has  dete rm i n ed that  th is n ew ly  p ro posed l ocat io n  of  T i l co n 's 
e n t rance c o m p l i es  w i t h  t h e  s tanda rd h av i ng at  l e as t  a 450 ft .  s i gh t  
d i stance i n  e ach d i rect io n (Wrig ht ,  pers .  co m m . ) .  

T h e  resu l ts f ro m t h i s  s tudy  i n d icate t h at i n  g e n e ra l ,  H o rse  P o i n t  
R o a d  i s  o f  t h e  q u a l i ty a n d  co n st ruct i on  ab l e  t o  acco m m od ate t he  t raffic  
that wo u ld be  g e n e rated by Ti lco n 's  proposed g rave l  excavatio n . A l though
the  road and  s h o u ld e r  are o f  adequate width , t he re are othe r  facto rs that 
s h o u ld b e  stud ied to o bta in  a m o re co m p l ete ana lys i s .  These  factors 
i n c l u d e  p o te n t i a l  s afety h az a rd s  s u ch as  w i n t e r  road  c o n d i t i o n s ,  
s u m m e rt i m e  traff ic i ncreases , a n d  use  o f  t he  road  by  ped estr ians  and 
cyc l i sts . S u m m e rti m e  i nc reases are due to  u s e  o f  th e road by seaso na l  
res ide nts and  v i s i to rs o f  Camp Bo maze e n .  I n  add i t i o n , the effects of  the 
t raf f ic  i n c rease  o n  o t h e r  m u n i c i p a l  roads th ro u g h  N o rt h  B e l g rad e ,  
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Waterv i l l e ,  O ak land , and Fa i rf i e ld sh o u ld be co ns ide red as T i l con  has 
proposed to use many routes outs ide of Belg rade fo r g ravel transportati on .  

It shou ld  be stressed , however, that the road assessment  co nducted 
by m e mbers of BOFEA shou ld IlQ1 rep lace a fo rmal road safety and traff ic 
study by qual i f ied eng ineers. BOFEA members did not take core bori ngs of 

the road , no r  did we eva luate th e road through d i fferent seasons in o rder  
to  asses poss ib le  seasonal  d i fferences in  road safety . 

Summary 
Prov is io ns shou ld  be made fo r the mai ntenance and repa i r  of Horse 

Po i nt Road and the sho u lder  sho u ld be expanded to a constant m i n i m u m  
width of  3 . 0  feet to a l low room fo r car p u l l -off . I n  add i t i on , a reduced 
speed l i m i t  shou ld be determ ined , posted , and enfo rced to p revent speed 
related acc idents , especia l ly  in areas of resident ia l  home co ncentrati o n .  

A e st h et i cs a n d  R e c reat i o n  

T h e  area of  conce rn i s  not o n ly comprised o f  res ident ia l  l ands ,  but  
a lso p r i s t i n e  . wet lands  and s h o re lands  p roperty .  The . Be lg rade  Lake 
wate rs h ed ,  of wh ich  the  H o rse  P o i n t  stu d y  area i s  a p a rt ,  i s  
" i nterco n n ected among seven pr inc ip le  lakes and  compr ises an  area of  83 
square m i l e s" (The Be lg rade Great Bog P rotecti on  Associat i o n ) .  Th is  
watersh ed conta ins  the w i ld l i fe sanctuary kn own as The G reat Bog , wh ich 
presumably p rov ides l iv i ng ,  b reed i ng ,  and winte r ing g ro u nds fo r n u m ero us 
types of  an i ma ls .  

"Horse Po i nt itse l f  is  an esker ,  a g lacia l  deposit  of g rave l s i tt ing on 
top of  a g reat aqu i fe r  o r  p u re water supp l y" (The Be lg rade G reat Bog 
Pro tecti o n  Assoc iat i o n ) .  Th is  natura l  wate r supp l y  p rov ides recreat io na l  
o p p o rt u n i t i e s  a n d  eco l o g ica l  s i g n i f i cance  fo r  th e e n t i re B e l g rade  
com m u n ity . Th is  area ho lds p roperty owned by  the  Natio na l  Boy  Scout  P i ne  
Tree Co u nc i l  Jamboree  Camp , numerous  summer res idences and potentia l  

archae o l o g ica l  a rt i facts . 
An archaeo log ical su rvey has been co nducted pr i o r  to excavation  to 

determ i n e  the  poten ti a l  archaeo log ical  s ig n i f icance with i n  t he  area .  The 
res u lts o f  these f i nd i ngs  p roved to be negat iv e .  Therefo re , p re h i sto r ic 
I nd ian  d eve lop ment  is h ig h ly u n l i ke l y  in th i s  area .  H ad there  been a 
d i scovery o f  s ig n i f icant  archaeo log ica l  reso u rces ,  i t  wo u ld h ave  been  
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excav ated w ith  a p ro p e r  sc i en t i f ic  meth o d ,  o r  p ro te cted t h ro u g h  va riou s  
l ega l  a n d  p hys ica l  mean s ,  accord ing  t o  t h e  p ro po s ed T i l con  app l icat i o n .  

I f  t he  e stab l i s h ed H o rse  P o i n t  c o m m u n ity i s  d i s ru pted b y  p ro po sed 
c o m m e rc i a l  act i v i ty ,  t h e re is  p o te n t i a l  f o r  s o c i a l ,  e c o l o g i ca l ,  a n d  
eco n o m ic u p set  fo r t h e  Town o f  B e l g rad e .  F u rt h e r  eco l og ica l  a na lys i s  
w ith i n  t he  p ro po sed m i n i n g  area by  the Department  o f  I n l and  Fis h e ri es  and  
W i l d l i f e  m a y  b ette r assess  t h e  area's f u tu r e .  Howev e r , t h e  i nfo r m at io n 
n ecessary to rate t h e  wet lands  fo r a l l  w i l d l i fe spec i e s  i s  l i m i ted at th is  
t i m e .  

I n  co n cl u s i o n ,  a broad e r  recom mendat ion  based o n  th e 1 987 BCLU P 
i nvo l v es the  deve l o p m ent and  e n actment  o f  a town-wid e z o n i n g  o rd i nance .  
T h i s  o rd i n ance  wo u ld d ea l  pr i m ar i l y  w i th  "separati ng n o n -c o m pat ib l e  land  
u s e s ,  p ro tect i n g  p ro p e rty va l u es ,  m i n i m iz i n g  e n v i ro n m e nta l  d eg radat io n  
a n d  n u i s a n c e s , d i rect i n g  m o re i n t e n s i v e  res i d e n t i a l  a n d  c o m m e rc i p. I  
deve l o p m e n t  t o  v i l l ag e  a reas and  away fro m ag ricu l t u ra l  and  ru ra l  areas , 
a n d  ref l ect ive o f  t he  c h aracte r ist ic o f  t he  s o i l s  fo u n d  i n  Be l g rade"  ( 1 987 
B C L U P ) . T h i s  o rd i n a n c e ,  i f  e n acted to  i t s  fu l l e s t  p o te n t i a l ,  co u ld 
a m e l i o ra t e  p r e s e n t  c o n d i t i o n s  e x i s t i n g  b etwe e n  re s i d e n t i a l  a n d  
co m m e rc ial co m m u n i t i es w it h i n  th e B e l g rade area .  
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C O N CL U S I O N S  

The  p u rpose o f  th is  study was to  provide backg ro und  i nfo rmatio n  and 

reco m me ndati ons  reg ard ing the Great Po nd d ra inage bas in  and specif ica l l y  

the Ho rse  P o i nt area .  Ex ist ing land use i n  the bas i n  was exam i ned to 

u nderstand  nu tr ient  l oad i ng  potent ia ls to the pond as we l l  as the re lative 

s ig n if icance of natu ral areas in the bas i n .  I n  the H orse Po in t  reg io n ,  a 

b i o l og ical i nvento ry of  G reat Bog was u ndertaken to prov ide base l i n e  data 

for  assess i ng changes  and u nderstand ing  t he  s ig n i f icance of t h i s  bog . 

Water qual i ty of both the bog and the pond were recorded as base l i ne  data 

to assess futu re changes and  as an a id  i n  u n d e rstand i ng  exchange  

re lati onsh i ps between the  bog  and  Great Pond . 
I n  t h i s  s tudy ,  BO FEA has addressed severa l  i ssues  conce rn i ng 

Ti lcon 's p ro posed m i n i ng of the Horse Po in t  esker .  Although  i t  is  poss ib le  
that the  aq u ifer w i l l  be adverse ly affected by the  m in i ng , BOFEA d oes not 
fee l  t hat i t  h as suffi c ien t  data to state def i n i t ive l y  w h at the res u lts of  
such  a m i n i ng ope rati o n  wo u ld be .  H owever ,  the ram if icat i ons  of  the 
poss i b l e  i m pacts a re of  s u ch s i gn i f icance that t h ey warrant  carefu l 
cons ide rati o n .  The  s ides of  the  g rave l  p i t  wi l l  co ncentrate n u tr i ent-r ich 
r u noff i n to th e botto m of the  p i t . P h osph o rus ,  n it rates and d isso lved 
so l ids are typ ica l l y  in  h i gh  co ncentrat i o n  in  s u rface ru n off on g rave l  
s u rfaces . As  t he  runoff passes th rough  th e g rave l ,  many  o f  th e n u tr ients 
may be f i l tered o ut ,  bu t  there is  potent ia l  fo r so me n utr ient  l oad i n g  of 
su rface waters.  These co mpou nds may a lso gain e ntrance to d o m estic 
wate r systems .  The l ong  term res u l t  of n utr i ent load i n g  is the i nc reased 
potential fo r a lga l  b l ooms and eu troph icati on  of  the pond .  

Wate r · d ra i n i n g  th ro ug h  t he  p i t  may a lso ra i se the  water  l eve l 
d i rect ly  b e n eath th e p i t .  T h i s  is  l i ke l y  to affect g ro u ndwate r f l ow 
patte rns wh ich may a lso i nduce a s l i gh t  change in  bog  water leve l .  Such 
changes in water  leve l  may have a sig n if icant  impact on the b iota of the 

bog . 
G rave l  m i n i ng co mprises a smal l  percentag e of land use in  the Great 

Pond D ra inage  B asi n .  Th is  i nd icates th at the cu mu lat ive effects of  m in i ng 
o n  the  d ra i nag e  bas i n  are l i m ited . Oth er l and use  issues i nc l u d e  road 
usage .  C e rta i n  aspects of the road such as the speed l i m it and shou lder  
width shou ld  be co nsidered . However, i n  gen era l ,  Horse Po int Road appears 
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to b e  ad e q u ate to h a n d l e  t h e  expected i n crease i n  road traff i c .  B u ffe r  
str i ps  a ro u n d  th e m i n i ng a rea a re a lso  i m p o rtant  land  u se i ssues .  T h ey 

p l ay a n  i n teg ra l  p a rt i n  red u c i n g  n o i s e ,  co ncea l i n g  t he  u nattract ive p i t ,  
and  d ecreas i ng d u st d r i ft by  red uc ing  w ind  acti o n .  

I t  a p p ears  t hat T i l co n h as co m p l i ed w i th  ex i st i n g  l aws co n ce rn i ng 
wet l a n d s  a n d  deve l o p m e nt .  However ,  t h e  o r ig i na l l y  p ro posed b u ffe r str ips  
adjacen t  to  t h e  road m ust be  i ncreased to a t  l east 1 50 feet .  I n  add i ti o n ,  
t h e  s u g g esti o n  o f  I n l and  F i s h  a n d  W i l d l i fe to co m p l y  wi th  th e n ew state 
g u i d e l i n e s  p ro tect i n g  a reas  w i t h i n g  2 5 0  fee t  of wet l a n d s  rated  as 
m o d e rate v a l u e  fo r wate rfow l  s h o u l d be fo l l owed , even th o u g h  t h i s  
reg u lat i o n  w i l l  n ot be  ado pted b y  t h e  town o f  Be lg rade u nt i l  t h i s  co m i n g  
y e a r .  Fede ra l  reg u l at i o n s  o n  wet l a n d s  do  n o t  a p p l y  fo r t h i s  m i n i ng 
o p e rati o n  because  T i l con  i s  no t  m i n i ng d i rect ly o n  t h e  wet land .  However ,  
i nd i rect effects o n  t he  b i ota m ay be fe lt .  

F ro m a b i o l o g ica l  p e rspect ive , wet l ands  h ave  u n pa ra l l e led w i l d l i fe  
d iv e rs ity . W i l d l i f e ,  espec i a l l y  o n  wet la n d s ,  i s  affected m o st by  h u ma n  
d i st u rbances . G reat B o g  i tse l f  seems t o  b e  a n  exce l l e n t  n atu ral  wet land  
reso u rce  b e ca u s e  o f  i ts  d ive rs ity o f  at  least  fo u r  veg etat i o n a l  z o n es .  
D ivers ity i s  a m p l if ied by  ecoto n e s  betwee n  these zones  a n d  b y  ne ig h bo ri ng  
wetlands  such  as G re at M eadow. Th is  h i gh  b iot ic  d ive rsity i nd i cates G reat 
B o g ' s  u n iq u e n es s  es p ec i a l l y  i n  th i s  wate rs h e d .  As of ye t ,  rare o r  
e nd an g e red spec ie s ,  w h ic h  add s ig n i f icance to a wetl a n d ,  have no t  been  
documented .  A m o re extens ive w i ld l i fe i n vento ry needs to  b e  conducted i n  
d i ffe rent  seaso n s  to d eterm i n e  whether  o r  n ot rare speci e s  a re  p resent .  

I n  s u m m ary , BOFEA fee ls t hat the  bog's re lat ive l y  la rg e  s i ze ,  h i g h 
spec ies  d i ve rs i ty , and  its assoc iat io n  wi th  t h e  H o rs e  P o i nt Esker ,  G reat 
P o n d ,  and  G re at M e adow creates an  e nv i ro n m e n t  t hat deserves s pec ia l  
atte n t i o n .  A l th o u g h  c u rren t l y  not  o n  the  l i s t w i th  the  C r i t i ca l  Areas 
P rog ram , i ts  p resent  and  futu re va l u e  as an educatio na l  reso u rce ,  as  we l l  
as a b i o l og i ca l l y  a n d  g eo log ica l l y  d ive rse area ,  d e s e rves  C ri t ica l  A rea 
status  as we l l  as p rotecti o n  f ro m any de l eter io us  h u m a n  act iv i ty .  
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S U M MARY O F  RECO M M EN DATI O N S  

From o u r  study of  th e Horse Po i nt g ravel  m i n i ng  proposa l ,  BOFEA 
bel i eves that m i n i ng i n  th is u n ique area is not the most su itab l e  use of the 
land area. The area is u n ique  both b io log ical l y  and geo log ica l ly .  We offer 
th e fo l lowi ng reco mmendati ons  fo r fu rther  study .  

GENERAL CONCERNS:  

• The Great Pond d ra inag e bas in  is a subset of  a large r  watershed 
which needs to be i nvestigated fo r env i ronmental impacts of  
n u tri en t  and  po l l utant i n f low .  

• Sto rm event samp l i ng  shou ld be rep l icated as a measu re of the 
n utr ie nt  content  of  th e su rface run off .  I n  particu l ar ,  th e effects of 
this water d rai n i ng d i rect ly i n to the g ro u ndwater th ro ugh the pit 
shou ld  be  determ i ned .  This shou ld  p rovide a fu rthe r  i nd icatio n  of  the 
impact of the land use on wate r qua l ity . 

• More n utr ient i nformat ion shou ld be gathered fo r G reat Bog , 
especia l l y  for phospho rus ,  to determ ine  the b io l og ica l  effect o f  
i nc reased n utri ent  load i ng . 

• Maps of wet lands resou rce protect ion areas shou ld be  c lar if ied 
by the D EP .  In such maps , Great Bog n eeds to be accurate ly  
de l i neated for  i ncreased precis ion  i n  post i ng  bu ffe r stri ps .  

• Mai n e  CAP (Crit ical Areas Program) sho u ld conduct an i ntense 
resou rce i nvento ry of  G reat Bog to better assess the eco l og ical and 
geo log ical  d ivers i ty th at is present.  Cons iderat io n  of  the 
preservation  of hab itats associated with rare and e ndangered  
species shou ld a lso be incorporated into such a study.  The  area 
sho u ld be recons idered fo r CAP l i sti ng .  

• Mai ne  I FW ( I n land Fishe ries and Wi ld l ife) sho u ld undertake a 
wi ld l i fe i nvento ry o f  G reat Bog . Specia l  atte nt i o n  sho u ld be paid to 
the c la ims of  its h igh  b iod iversity and poss ib le  impo rtance as a deer  
wi n te r i ng  area .  

• Camp Bomazeen sho u ld look i nto its sewage d isposa l  strateg ies .  
Such sewage shou ld not be a l lowed to overwinter in  septic vau lts.  
There is  evidence that such practices have led to excessive 
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n utr i en t  l eac h i ng a n d  may contr ibu te to the  loca l  seasona l  
e u trop h icat io n  of G re at P o n d .  

G e n era l l y ,  B O F EA wo u ld l i ke to h ave the a rea p rotected f ro m m i n i n g .  

H o w e v e r ,  i f  m i n i n g d o e s  t a k e  p l ac e ,  w e  o ff e r th e f o l l o w i n g  
rec o m m e n d at i o n s  to a m e l i o rate th e n eg at ive i mp acts . These  i m m e d iate 
co ncerns s h o u l d  be addressed befo re m i n i ng  beg i ns  to take p lace . 

I MM E D IATE  CONCE R N S  

• The u n pasted fo rty-f ive m p h  speed l i m i t s h o u ld b e  re-eva l uated .  
A poss i b le speed red ucti o n  for  trucks o n  Horse Po i n t  Road may 
s i g n i f i cant ly  i ncrease road safety . 

• A m i n i m u m  s h o u ld e r  width of  th ree feet s h o u ld b e  estab l i shed 
in  o rd e r  to m ai ntai n safety by i n creas i n g  road v i s i b i l i ty . 

• A b u ffe r str i p of a m i n i m u m  of 250 h o ri zonta l  feet i n  width 
shou l d  be  ma intai n ed b etween so i l  exposed by m i n i ng  and the n o rmal  
h i g h  water m ark in  o rd e r  to  comp ly  wi th  n ew state and  loca l  
l eg i s lat io n and reduce the i mpact on the bog . 

• The sma l l e r  e levated wetl and no rth of the  m i n i n g  s ite  shou ld  be  
cons idered conti n uo us with G reat Bog . B uffe r  zones  shou ld  be  
d e l i n e ated with app ro pr iate d i stan ce s  f ro m th is  area.  

• P it co nstruct io n  m ust  focus  su rface ru no ff to areas with i n  the  
p i t  i n  o rd e r  to  reduce the  p otent ia l  effects of  ru no ff on  th e bog 
b i o ta .  

T h e  e ffects o f  sto rm water  d ra i n i n g  d i rect l y  i n to th e g ro u ndwate r 
th ro u g h  t he  p i t  s h o u ld be  determ i n ed .  

• Aqu ifer  water  q u a l i ty and leve l  o f  t he  water tab l e  sho u ld be  
m o n ito red as the m i n i ng  p ro g resses as a way of d etecti ng b elow 
g ro u n d  water qua l ity and quantity c h anges .  

• To avo id fu rth e r  damage  to the esker ,  p it s l ope stab i l iz i ng  d u ri ng  
rec lamat ion  s h o u ld be ach ieved by  the  add iti on  of i mported c lean 
f i l l s  wh ich  wi l l  not be s u bject to  excess ive n utr i en t  l each ing . 
M ater ia l s  f ro m  with i n  th e bu ffer zone  s h o u ld not  b e  u sed fo r th is 
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purpose. Reductio n  or removal of th e esker r idge wi l l  a lter 
over land f low i nto the bog . 

• Some g uarantee of p i t  resto rat ion  occu rri ng i n  a reason ab le  amount 
of t ime afte r comp leti on  of m i n i ng needs to be ach ieved . As m i n i ng 
i n  ce l ls is  completed , immed iate rep lant i ng  shou ld  occur .  

1 0 5 



LIT E RAT U R E  C IT E D  

A n o ny m o u s .  1 97 8 .  S m ithf ie l d ,  Ho rse P o i nt ,  and Ross  H i l l  De l tas . 

Aye nsu , E . S .  and  R .A .  D e Fi l i pps .  1 978 .  E ndang ered and th reatened p lants o f  
the  U n ited States .  The  S mi th s o n ian I nst i tuti o n  and  th e W o rld  W i l d l i fe 
Fund ,  I nc .  Was h i ngto n ,  D . C .  

Be lg rade Comprehe ns ive Land U s e  P lan . 1 987,  pg .22 .  

B lo o m ,  A.L .  1 96 0 .  Late p le istocene changes o f  sea leve l  in  S o uthwestern 
Ma ine .  Ma i ne  Geo log ic  S u rvey . 

B rewer,  R .  1 988 .  The Science of Ecology. Saunders C o l l eg e  P ub l i sh i ng .  
New York ,  pp .  7 22-726 .  

Ca ldwe l l , D .  W .  1 982 .  I mp o rtant geo log ic  featu res  and  l oca l i t ies in  Ma ine .  
Ma i ne  Geo log ic  S u rvey.  

Ca ldwe l l , D .  W . ,  D.  M.  Fitzgera ld ,  and M. S.  Fenster. 1 988 .  Orig i n  and 
sed ime ntatio n  o f  M ai n e  l akes with emphas is  on lake-ou t let de l tas . l.n 
Stud ies  i n  M ai ne Geo logy ,  Vo l u me 5 .  M aine  Geo log ic  S u rvey.  

Campbe l l ,  C . S .  and S . C .  Rooney .  (no date inc l uded) S mal l  whorled pogon ia ,  
an  e ndange red species .  U n ivers ity of M aine  at  Oron o  Pr int ing Office .  

Caswe l l , W.  B .  1 979 .  G ro u nd water handbook fo r the State of  Ma in e ,  
M a i n e  Geo log ical S u rvey .  

Caswe l l ,  W.  B .  1 987 . G ro u nd water handbook fo r the State o f  Mai ne ,  
S econd Ed iti o n .  M ai n e  Geo log ical S u rvey. 

Cox ,  1 99 0 .  Labo ratory manual o f  general eco logy .  Wm. C. B rown . D u buque ,  
IA ,  251  p .  

C ri tica l  Areas P ro g ram.  1 98 1 . Rare vascu lar  p lants o f  Ma ine .  State 
P lann ing Off ice , Augusta ,  Ma i ne  04333 .  656.  

C rit ical  Areas P ro g ram.  1 990 .  Mai ne's endang ered and th reatened p lants .  
State P lann i ng  Off ice , Augusta , Mai n e  04333 .  

1 0 6 



Crow, G . E . 1 982 .  New Eng land's rare , threatened,  and endangered p lants . 
(pub l i s h e r  n ot l isted) 

Daubenm i re ,  R .  1 968. P lant Commun ities. Harper and Row. New Yo rk , 
300 p.  

Dav is ,  R .B . ,  J .H .  Bai ley,  M .  Scott ,  G. Hunt, and S.A.  No rton .  1 978.  
Descriptive and co mparative stud ies of Maine Lakes .  L ife Sciences and 
Ag ricu l tu re Exper i ment  Statio n ,  M ai n e .  

Department  o f  Env i ro n me ntal P rotecti o n .  1 975 . Non -po i nt source 
po l l ut ion  and wate r qua l ity in Mai n e .  

Emb leto n ,  C .  and C .  K i ng .  1 968 .  G lacial and pe rig lacial  geomorpho logy.  St 
Marti n 's Press. New York, 608 p.  

Eng er, E . D . ,  J . R . Ko rme l i nk ,  8 .F . Smith , and R .J .  Smith . 1 989 . Environmental 
Science : The Study of I n terre lati onsh ips.  Wm. C .  Brown Pub l ishers .  
Dubuque ,  IA ,  540 p .  

F l i nt ,  R . F. 1 971 . G lac ial and quaternary geo logy.  John  Wi ley and Sons  I nc. 
New Yo rk , 892 p. 

Gu idotti , C .V .  1 988.  Metamorph ism i n  Mai ne :  an  overv iew. lo. Stud ies in 
Maine Geo logy ,  Maine Geolog ic Su rvey. 

Henderson -Sel lers ,  B. and H . R .  Markland .  1 987.  Decaying lakes : the or ig ins 
and contro l of  cu ltu ral eutroph icati on .  John  Wi ley and Sons .  New York ,  

pp . 1 6 - 2 9  

Hynes,  H u g h  Bernard Noe l .  1 963.  The b io logy of  po l l u ted wate rs . 
Liverpoo l  U n iv. P ress. Liverpo o l ,  202 p .  

Johnson ,  C .W. 1 985. Bogs of  the No rtheast. U n ivers ity P ress o f  New 
Eng land.  

Kazman n ,  R.G. 1 988 .  Modern hydro logy ,  th i rd edit io n .  The Natio nal  Water 
We l l  Associati on .  Dub l i n ,  OH.  

Kehoe ,  K . M .  1 982.  The Belg rade esker/de l ta co mp lex .  C ri tical Areas 
P lann ing  Report Number  68 ,  State P lan n i ng Off ice Aug usta. 

1 0 7 



Likens ,  G .  E . ,  F . H .  Borman n ,  N .  M .  Johnso n ,  D .W.  F isher ,  and R .S .  P ierce.  1 970 . 
Effects o f  fo rest cutt i n g  and  h erb ic ide treatme n t  o n  n utr ie nt b udgets i n  
t h e  H ubbard B ro o k  watersh ed-ecosystem .  Eco log ical M o n og raphs .  40 ( 1  ) : 
23- 2 5 , 4 1 -47 .  

. 

M ai n e  Audubon  Soc iety .  1 990 .  Letter subm itted to Tim W rig ht ,  D E P .  

M ai n e C rit ical  Areas P ro g ra m .  1 982 .  
featu res and eco l og ical  s ig n if icance .  
04333 .  pg . 8 - 1 1 .  

Eval uat i o n of  peat land natu ra l  
State P lann i ng  Off ice ,  Augusta, M e .  

M ai n e  C ri t ical  Areas P ro g ra m .  1 9 90 .  M a i n e  ecosystem c lass if icati o n .  
State P lan n i ng  Office ,  A u g u sta , M e. 04333 .  

M itsch ,  W .J .  and J .G .  G o sse l i nk ,  1 986.  Wetlands.  Van Nostrand Rei n h o ld 
Company I nc .  New York ,  539 p .  

M o ntg o m e ry ,  C .W. 1 989 .  E nv i ro n menta l  g eo logy .  W m .  C .  B rown Pub l i shers .  
Dubuque ,  IA .  

Novotny ,  V .  and G .  Chesters. 1 989 .  De l i ve ry o f  sed iment  and po l l u tants 
f ro m  n onpo i n t  sou rces : A water qual ity perspective. J o u rna l  o f  So i l  and 
Water Conserv at io n .  44 :  568-76 .  

Reader ,  J .  1 988 .  Man  on earth . U n iversity o f  Texas P ress .  Austi n ,  255 p .  

Reddy, K .  R . ,  W . H .  Patr ick J r. ,  and C.W. L indau . 1 989 . N itrif ication-
d e n i t r i f icat i o n  at th e p lant  root-sed i me n t  i nte rface i n  wet lands .  
Li m n o logy  and Ocean o g raphy .  34(6) : 1 004- 1 0 1 3 .  

R ichardson ,  C .J . ,  and P . E . M ars h al l .  1 986 .  P rocesses contro l l i n g  
movem e nt ,  sto rage ,  and  export o f  phosphorus i n  a fen peatland .  Eco l og ical 
M o n o g raphs .  56 :  279-302 .  

R i tc h i e ,  S .  1 99 0 .  W i l d l i fe co m ments to  s ite locatio n  m in i ng  and  
excavat ion  app l i cati o n  #L-1 7049-80-A- N .  T i lco n ,  M e .  G rave l P it ,  H o rse 
Po i nt Road ,  Bel g rade. 

Sou l e ,  M . E .  1 986 .  Conservatio n  b io logy .  S inauer  Associates .  Sunder land , 
M assac h u s etts . 

1 0 8 



Statham,  I .  1 977 .  Earth  su rface sed iment transport .  C larendon  P ress . 
New York , 1 84 p .  

Stevenso n ,  F.J . 1 986 .  Cycles of so i l :  carbo n ,  n itrog e n ,  phosphoro us ,  
s u lfu r ,  micro n utrie nts . Dept. of  Ag ro nomy U .  o f  I l l i no i s .  John  Wi ley and 
Sons .  New York, 308 p .  

Stockwel l ,  S .H .  and  M . L . Hunter. 1 985 . Distri but ion and  abu ndance o f  b i rds ,  
amph ib ians and repti l es ,  and sma l l  mammals i n  peatlands of  Central 
Mai ne .  Repo rt to the Maine  Departm ent of I n land F isheries and Wi ld l i fe . 
U n ivers ity of Ma ine  at Orono .  

Thompson ,  W. 1 978.  Su rficial g eology handbook for Coasta l Ma ine .  Maine 
Costa! P rogram , State P lann ing  Office Augusta, Mai ne ,  66 p .  

T imso n ,  BS.  and G .  P ickart. 1 989 I nvento ry of g lac ia l  kett les ,  kettl e-ho le  
po nds ,  and kett le-ho le  bogs  and the i r  re lat ion to  the  C rit ical  Areas 
P rog ram. P lann i ng  Report Draft State P lan n i ng Office. Aug usta, Mai n e . 

T imso n ,  Sch epps and Pete rs , I nc.  1 990.  App l icati on  fo r approval of 
m i n i n g  and excavat ion  activity u nder the S ite Locatio n  of  Deve lop ment law 
fo r the Ti lcon Maine ,  I nc .  g rave l p i t ,  Horse Po int Road , Be lg rade .  P roposal 
to Ma ine  Dept. of Env i ro n .  Protection .  

U .S .  Code. "Watershed Protectio n  and Flood Prevent ion Act . "  Tit le  1 6 , 
Ch . 1 8 § 1 00 1 . 

U . S .  Fish and Wi ld l ife Serv . ,  I nter ior ,  Code of Federal Reg u l atio ns  Ch .  1 § 
1 0 . 1 3 ,  1 0- 1 - 1 989 ed . 

Wor ley ,  I .A .  and J . R .  S u l l ivan . 1 980. C lass ificat ion  scheme fo r the 
peat lands of Ma ine .  Ag ricu ltu ra l  Expe r iment  Stat io n ,  U n ivers ity of 
Vermont .  Research Report #8 . 

Zorach ,  T. 1 979 . Freshwate r wetlands : the i r  re l evance to th e Crit ical 
Areas Program of the State P lann i ng Office. Ma ine  Crit ical  Areas 
P rog ra m ,  State P lan n i ng Office,  50p . 

1 0 9 



A P P E N D IX I :  P E R S O N A L  C O M M U N I CATI O N S  
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A P P E N D IX I I :  T H E TO PO G RA P H I C  M A P  

Th e l a rg e  over lay  ove r t h e  7 1 / 2  m i n ute topog ra p h ic map 
d e l i neates the G reat Pond  Dra i nage Bas in  as we l l  as  the  q u ad rants 
u sed i n  t h i s  study .  I n  add i ti o n ,  i t  shows t h e  b reakdown o f  severa l  
l a n d  type s ,  i n c l u d i ng wet lands ,  roads ,  r ive rs , g rave l  m i n e s ,  r ivers ,  
and Great Pond .  



A P P E N D IX I l l :  P R O P E RTY TAX MAP AN D O V E R LAY 

Appe nd ix I l l  cons ists of an en la rged topog rap h ic  map with an 
over lay re p resent ing  p ro perty tax maps #1 4 ,  # 1 5 ,  # 1 6 and # 1 7 of 
Be lg rade.  The topog raph ic  and tax map overlay co mb i nat ion enables 
tha ide nt i f icati on  of  the p roperty owners and the land  conta i ned 
with i n  the Horse Po in t  study area. The map is  located i n  Arey 202 ,  
Co lby Co l l eg e ,  Watervi l l e ,  Ma ine .  



Appendix IV: Water Qu1llly D1t1 

suspended solids t u r b i d i ty n i t r a tes total P conductiv i ty temperature � dissolved oxygen tannins and lignlns orthophosphates ammonia lead z i n c  
s i te m / I  FTU m I I  b uM-fOS c m m / I b m (ppm) (ppm) 
One (s) 2 2 0 . 4  1 1 . 3 1  4 0  1 2. 2  6 . 78 8 . 5  0 . 1  5 5 . 9 9  0 . 04 

One (m) 3 2 0. 5 22.48 3 0  8 . 0  6 . 8 3  1 1 . 5 0 . 4  1 4 .03 0.05 

One (b) 2 4 0 . 6  3 5  9 . 9  6 . 86 1 1  0 . 2  1 3. 0 8  0 . 0 5  

Two (s) 2 5 0 . 3  1 3 . 5 5  3 0  1 0. 5  6 . 70 1 2 0. 5 1 4 . 98 0.05 

Two (m) 5 6 0 . 3  20. 25 3 0  1 0. 0  6 . 65 1 1 .6 0 . 5  9 . 2 6  0 . 0 7  0 <0.02 

Two (b) 5 6 0 . 8  2 2 . 4 8  3 0  1 1 . 0  6 . 69 1 1 . 8 0 . 5  1 4 . 03 0 . 09 

Three 2 5 0 . 4  3 0  1 1 . 5  6.40 1 0.6 0 . 7  1 3. 08 0 . 09 

Three (r )  3 6 0 . 5  4 . 6 1  0 . 7  1 3.08 0.09 

Four 3 4 0 . 5  69 . 4 0  3 0  1 0. 0  6 . 72 1 1 .8 0 . 5  1 0. 2 2  0. 1 1  

Five 3 4 1  2 . 2  9.08 4 5  1 0. 2  3 . 4 5  8 . 7  9.6 1 5. 9 4  0. 1 1  

S i x  5 3 4  1 . 8 1 5 .78 1 4. 5  3 . 1 1  6. 1 2 2 . 6 1  0. 1 1  

Six (r )  7 3 3  1 . 4 5 . 9  1 7. 8 5  0. 1 1  

Seven 4 5 0  2 . 0  53.76 6 0  9.6 3 . 2 5  5 . 1  9 . 0  5 1 0 . 8 2  0. 1 0  

STORM SAMPU� 
sample number rain gauge n i t r a tes  total P conductivity temperature � dissolved oxygen 

t i m e  {m m) {mg/I) !eebl (uMHOS) (C) !eeml 
one 1 5 : 5 5  2 2 5 36 1 5 5 ·  5 . 7 1  8 . 5  

t w o  1 6 : 2 5  2 . 5  1 6 6 7  1 0 4 . 5  5 . 5 4  1 1 . 5 

three 1 6 : 5 5  3 7 1 1 1 0  4 . 5  5 . 2 6  1 1  



A P P E N D I X  V :  C O NT R I B UT I N G  AUTH O R S  

El izabeth Acke rman  
Trevo r B rade n  
J u l i e  Campbe l l 
Seth Canter  
R ick Cordo n 
J e n n ife r  Cos  
An n e l i ese  Eckh a rdt 
Ti m Fe l t  
G retchen  F isher  
J o h n Fo rt 
Ly Fu rrow 
Trav i s  K l i n e  
Kathy Lucas 
Alex Paraskos 
M ichae l  Shaugh nessy 
G e o ffrey Stewa rt 
J u l i ette V a rg a  
Kar i n Wag n e r  


	A Resource Inventory and Impact Analysis of Great Bog and the Horse Point Delta/Esker System
	Recommended Citation

	GreatBog+HorsePoint_2
	GreatBog+HorsePoint_3
	GreatBog+HorsePoint_4
	GreatBog+HorsePoint_5
	GreatBog+HorsePoint_6
	GreatBog+HorsePoint_7
	GreatBog+HorsePoint_8
	GreatBog+HorsePoint_9
	GreatBog+HorsePoint_10
	GreatBog+HorsePoint_11
	GreatBog+HorsePoint_12
	GreatBog+HorsePoint_13
	GreatBog+HorsePoint_14
	GreatBog+HorsePoint_15
	GreatBog+HorsePoint_16
	GreatBog+HorsePoint_17
	GreatBog+HorsePoint_18
	GreatBog+HorsePoint_19
	GreatBog+HorsePoint_20
	GreatBog+HorsePoint_21
	GreatBog+HorsePoint_22
	GreatBog+HorsePoint_23
	GreatBog+HorsePoint_24
	GreatBog+HorsePoint_25
	GreatBog+HorsePoint_26
	GreatBog+HorsePoint_27
	GreatBog+HorsePoint_28
	GreatBog+HorsePoint_29
	GreatBog+HorsePoint_30
	GreatBog+HorsePoint_31
	GreatBog+HorsePoint_32
	GreatBog+HorsePoint_33
	GreatBog+HorsePoint_34
	GreatBog+HorsePoint_35
	GreatBog+HorsePoint_36
	GreatBog+HorsePoint_37
	GreatBog+HorsePoint_38
	GreatBog+HorsePoint_39
	GreatBog+HorsePoint_40
	GreatBog+HorsePoint_41
	GreatBog+HorsePoint_42
	GreatBog+HorsePoint_43
	GreatBog+HorsePoint_44
	GreatBog+HorsePoint_45
	GreatBog+HorsePoint_46
	GreatBog+HorsePoint_47
	GreatBog+HorsePoint_48
	GreatBog+HorsePoint_49
	GreatBog+HorsePoint_50
	GreatBog+HorsePoint_51
	GreatBog+HorsePoint_52
	GreatBog+HorsePoint_53
	GreatBog+HorsePoint_54
	GreatBog+HorsePoint_55
	GreatBog+HorsePoint_56
	GreatBog+HorsePoint_57
	GreatBog+HorsePoint_58
	GreatBog+HorsePoint_59
	GreatBog+HorsePoint_60
	GreatBog+HorsePoint_61
	GreatBog+HorsePoint_62
	GreatBog+HorsePoint_63
	GreatBog+HorsePoint_64
	GreatBog+HorsePoint_65
	GreatBog+HorsePoint_66
	GreatBog+HorsePoint_67
	GreatBog+HorsePoint_68
	GreatBog+HorsePoint_69
	GreatBog+HorsePoint_70
	GreatBog+HorsePoint_71
	GreatBog+HorsePoint_72
	GreatBog+HorsePoint_73
	GreatBog+HorsePoint_74
	GreatBog+HorsePoint_75
	GreatBog+HorsePoint_76
	GreatBog+HorsePoint_77
	GreatBog+HorsePoint_78
	GreatBog+HorsePoint_79
	GreatBog+HorsePoint_80
	GreatBog+HorsePoint_81
	GreatBog+HorsePoint_82
	GreatBog+HorsePoint_83
	GreatBog+HorsePoint_84
	GreatBog+HorsePoint_85
	GreatBog+HorsePoint_86
	GreatBog+HorsePoint_87
	GreatBog+HorsePoint_88
	GreatBog+HorsePoint_89
	GreatBog+HorsePoint_90
	GreatBog+HorsePoint_91
	GreatBog+HorsePoint_92
	GreatBog+HorsePoint_93
	GreatBog+HorsePoint_94
	GreatBog+HorsePoint_95
	GreatBog+HorsePoint_96
	GreatBog+HorsePoint_97
	GreatBog+HorsePoint_98
	GreatBog+HorsePoint_99
	GreatBog+HorsePoint_100
	GreatBog+HorsePoint_101
	GreatBog+HorsePoint_102
	GreatBog+HorsePoint_103
	GreatBog+HorsePoint_104
	GreatBog+HorsePoint_105
	GreatBog+HorsePoint_106
	GreatBog+HorsePoint_107
	GreatBog+HorsePoint_108
	GreatBog+HorsePoint_109
	GreatBog+HorsePoint_110
	GreatBog+HorsePoint_111
	GreatBog+HorsePoint_112
	GreatBog+HorsePoint_113
	GreatBog+HorsePoint_114
	GreatBog+HorsePoint_115
	GreatBog+HorsePoint_116
	GreatBog+HorsePoint_117
	GreatBog+HorsePoint_118
	GreatBog+HorsePoint_119
	GreatBog+HorsePoint_120

