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CON VER SION  FAC TORS  AND  AB BRE VI A TIONS

 For the con ve nience of read ers who may pre fer to use met ric (In ter na tional Sys tem) units rather than the inch-pound units used
in this re port, val ues may be con verted by us ing the fol low ing fac tors:

_________________________________________________________________________________________
Mul ti ply inch-pound unit By To ob tain met ric unit
_________________________________________________________________________________________

Length

inch (in)   25.4 mil li me ter (mm)
foot (ft)   0.3048 me ter (m)
mile (mi)   1.609 ki lo me ter (km)
square mile (mi2)   2.590 square ki lo me ter (km2)

Ve loc ity

foot per sec ond  (ft/s) 0.3048 me ter per sec ond (m/s)
foot per day (ft/d) 0.3048 me ter per day (m/d)

Flow

gal lon per min ute (gal/min) 0.06308  li ter per sec ond (L/s)
mil lion gal lons per day (Mgal/d) 0.04381  cu bic me ter per sec ond (m3/s)

Transmissivity

foot squared per day  (ft2/d)  0.09290  me ter squared per day (m2/d)

OTHER  AB BRE VI A TIONS  USED  IN  THIS  RE PORT

mS/cm, microsiemens per cen ti me ter at 25 de grees Cel sius
mg/L, mil li grams per li ter

mg/L, mi cro grams per li ter
Tem per a tures in de grees Cel sius (°C) can be con verted to de grees
   Fahr en heit (°F) as fol lows: °F = 1.8° C + 32

Chem i cal con cen tra tions and wa ter tem per a ture are given in met ric units.  Chem i cal con cen tra tion is given in mil li grams per li -
ter or mi cro grams per li ter.  Mil li grams per li ter is a unit ex press ing the con cen tra tion of chem i cal con stit u ents in so lu tion as weight

(mil li grams) of sol ute per unit vol ume (li ter) of wa ter; 1,000 mg/L (mi cro grams per li ter) is equiv a lent to 1 mg/L (mil li gram per li ter).
For con cen tra tions less than 7,000 mg/L, the nu mer i cal val ues are the same as con cen tra tions in parts per mil lion.

Spe cific-con duc tance data are re ported in mS/cm (microsiemens per cen ti me ter at 25 de grees Cel sius).  Iden ti cal units are used
for this anal y sis in the inch-pound and met ric sys tems of mea sure ment.

Na tional Geo detic Ver ti cal Da tum of 1929 (NGVD of 1929):  A geo detic da tum de rived from a gen eral ad just ment of the
first-or der level nets of both the United States and Can ada, for merly called “Sea Level Da tum of 1929.”
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AB STRACT

A re con nais sance-level hydrogeologic study was made of
1,784 square miles in Aroostook, Penobscot, and Wash ing ton
Coun ties in Maine to up date maps 62, 63, 64, and 65 of the Sand
and Gravel Aqui fer Map se ries pre vi ously pub lished by the
Maine Geo log i cal Sur vey.  Those maps have been recompiled to
in clude ad di tional data and pub lished as 1:24,000 scale maps of
the Sig nif i cant Sand and Gravel Aqui fer Map se ries.  Sig nif i cant
sand and gravel aqui fers con sist of gla cial ice-con tact, ice stag -
na tion, outwash, and al lu vial de pos its found pri mar ily in the val -
leys of the ma jor river sys tems and their trib u tar ies and near
other sur face-wa ter bod ies.  Sig nif i cant aqui fers are those ca pa -
ble of a sus tained yield of more than 10 gal lons per min ute to a
prop erly con structed well.  Sig nif i cant aqui fers com prise ap -
prox i mately 33.9 square miles (1.9 per cent) of the study area, but 
yields es ti mated to ex ceed 50 gal lons per min ute are be lieved to
be avail able from only 0.6 square miles (less than 0.1 per cent) of
this area.  Typ i cally, the wa ter ta ble, as ob served in pro ject ob ser -
va tion wells, is within 15 feet of land sur face in the study area.

On the ba sis of pro ject ob ser va tion well re cords, the great est
known depth to bed rock is ap prox i mately 58 feet in ob ser va tion
well OW 92-20 in Haynesville.  Based upon re cords from the
Houlton Wa ter Dis trict, the deep est known over bur den bor ing
en coun tered re fusal in till at 69 feet in di cat ing a bed rock depth of 
greater than 69 feet at a site in Houlton.  Ac cord ing to seis mic-re -
frac tion data, the great est depth to bed rock is ap prox i mately 127
feet.  The great est known well yield is ap prox i mately 1,000 gal -
lons per min ute from a gravel-pack well lo cated in Houlton.
Other wells dem on strat ing sig nif i cant yield in the area in clude
700 gal lons per min ute from two Houlton Wa ter Dis trict pro duc -
tion wells lo cated in Carys Mills in Houlton.  The re gional
ground-wa ter qual ity ranges from slightly acidic to ba sic; cal -
cium and so dium are the most abun dant cat ions; bi car bon ate is
the most abun dant an ion; and the wa ter ranges from soft to mod -
er ately hard.  In some lo ca tions, con cen tra tions of iron and man -
ga nese are high enough to limit the suit abil ity of un treated wa ter
for some uses.
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INTRODUCTION

The Maine State Leg is la ture (38 MRSA Chap ter 3, Sec tion
403) de fines a sig nif i cant aqui fer as one that is ca pa ble of pro -
duc ing 10 gal/min (gal lons per min ute) or more to a prop erly
con structed well.  Sig nif i cant sand and gravel aqui fers are a pri -
mary ground-wa ter re source for sup ply ing the needs of mu nic i -
pal i ties and in dus try through out Maine.  They also are a ma jor
source of wa ter for do mes tic wells and may pro vide re charge to
the un der ly ing frac tured-bed rock aqui fer.  The term “aqui fer”
has vary ing con no ta tions, but may best be de fined as a “geo logic
de posit that yields use ful quan ti ties of ground wa ter to wells and
springs” (Caswell, 1987). 

 Rec og niz ing the value of sig nif i cant sand and gravel aqui -
fers, the Maine State Leg is la ture adopted a num ber of pro vi sions
that re strict the sit ing of ac tiv i ties that may dis charge con tam i -
nants to the aqui fers.  Many lo cal gov ern ments and plan ning
boards have passed zon ing or di nances to pro tect sig nif i cant sand 
and gravel aqui fers.  To as sist lo cal and state gov ern ments in de -
vel op ing aqui fer pro tec tion laws and or di nances, the Maine
Geo log i cal Sur vey (MGS), in co op er a tion with the U.S. Geo log -
i cal Sur vey (USGS) and with fi nan cial co op er a tion from the
Maine De part ment of En vi ron men tal Pro tec tion (MDEP), car -
ried out pre lim i nary in ves ti ga tions of sand and gravel aqui fers
through out much of the state.  These in ves ti ga tions, con ducted
from 1978 through 1980, re sulted in the pro duc tion of 59 maps at 
a scale of 1:50,000 that de lin eate ap prox i mate aqui fer bound -
aries, po ten tial well yields, and po ten tial point sources of con -
tam i na tion.

The orig i nal Sand and Gravel Aqui fer Maps pro vide a
valu able source of in for ma tion, but are lim ited in ac cu racy be -
cause of the large area mapped in a short pe riod of time.  Also,
the maps con tain lit tle in for ma tion on aqui fer thick ness and stra -
tig ra phy and no in for ma tion on wa ter qual ity.  To cor rect these
short com ings, the Maine State Leg is la ture di rected the MDEP
and MGS to up date the sand and gravel aqui fer maps to pro vide
more in for ma tion on depth to bed rock, depth to wa ter ta ble, stra -
tig ra phy, and wa ter qual ity (38 MRSA Chap ter 3, Sec tion 403).
In 1979, the Leg is la ture in structed the MDEP and MGS to de lin -
eate all sig nif i cant sand and gravel aqui fers.  These new maps are 
re ferred to as Sig nif i cant Sand and Gravel Aqui fer Maps.

A co op er a tive re con nais sance aqui fer-map ping pro ject
was ini ti ated in June 1981 by the MGS, USGS, and the MDEP to
sat isfy the de mand for more ac cu rate, com plete, and cur rent
hydrogeologic in for ma tion con cern ing sand and gravel aqui fers
in Maine.  The map ping was first con ducted in densely pop u -
lated and rap idly de vel op ing ar eas and has sub se quently been
ex tended to other ar eas of the state (Tolman and oth ers, 1983;
Tepper and oth ers, 1985; Wil liams and oth ers, 1987; Adamik
and oth ers, 1987; Weddle and oth ers, 1988; Locke and oth ers,
1989; Neil and oth ers, 1992; Nichols and oth ers, 1995; and Fos -
ter and oth ers, 1995).  The study area lo ca tions for the Sig nif i -
cant Sand and Gravel Aqui fer Map ping Pro ject are shown in
Fig ure 1.  Sig nif i cant Sand and Gravel Aqui fer Maps for the

1981 through 1986 study ar eas were pub lished at a scale of
1:50,000.  Be gin ning with the 1987-88 study area and for sub se -
quent years, Sig nif i cant Sand and Gravel Aqui fer Maps for the
study ar eas des ig nated on Fig ure 1 are pub lished at a scale of
1:24,000.

This re port pres ents the re sults from the 1992 field sea son,
the twelfth year of the map ping pro ject and up dates the Sand and
Gravel Aqui fer Map se ries for maps 62, 63, 64, and 65.  These
maps have been mod i fied lo cally on the ba sis of new data, are
com piled onto 1:24,000 scale top o graphic base maps, and are
avail able sep a rately (MGS Open File Map 97-7 through 97-39).
The maps can be used as a ba sis for de tailed hydrogeological sit -
ing stud ies and plan ning.  Fur ther more, they pro vide a va ri ety of
in for ma tion on aqui fer favorability and vul ner a bil ity, as well as a 
pre lim i nary es ti mate of well yield in cer tain ar eas.

Pur pose  and  Scope

The pur pose of this re port is to de scribe the phys i cal char -
ac ter is tics of sand and gravel aqui fers in the area cov ered by
Sand and Gravel Aqui fer Maps 62, 63, 64, and 65 in parts of
Aroostook, Penobscot, and Wash ing ton Coun ties, Maine.  A sec -
ond ary ob jec tive is to de scribe the wa ter qual ity in the aqui fers
and com pare it with wa ter qual ity in other ar eas of the State.

The scope of the in ves ti ga tion in cluded:
(1) surficial geo logic map ping to de fine the bound aries and 

com po si tion of gla cial de pos its;
(2) pre sen ta tion of sup ple men tal in for ma tion about the gla -

cial ge ol ogy of the area;
(3) seis mic-re frac tion in ves ti ga tions to de ter mine the

depth to wa ter, depth to bed rock, and bed rock pro file;
(4) a well in ven tory to sup ple ment ex ist ing data on depth to 

wa ter, depth to bed rock, and well yields;
(5) ob ser va tion-well and test-bor ing drill ing to de ter mine

aqui fer stra tig ra phy, thick ness, and grain size (used to es ti mate
transmissivity);

(6) wa ter-qual ity sam pling and anal y sis to char ac ter ize the
re gional ground-wa ter chem is try;

(7) iden ti fi ca tion of po ten tial sources of ground-wa ter con -
tam i na tion; and

(8) lo ca tion of mu nic i pal well-fields. 

Pre vi ous  In ves ti ga tions

Re con nais sance surficial and bed rock geo logic map ping
con ducted in the study area pro vided in for ma tion on bed rock
out crops and the ar eal ex tent of sand and gravel de pos its
(Brewer, 1980 a, b, 1981 a, b, Brewer and Newman, 1986;
Brewer and oth ers, 1986; Genes and Newman, 1982; Newman,
1980 a,b; 1981; Newman and Hol land, 1981; Ludman, 1982,
1990; and Roy, 1981).  Gen eral geo logic re la tion ships are pre -
sented on the bed rock and surficial geo logic maps of Maine
(Osberg and oth ers, 1985; Thomp son and Borns, 1985).
Prescott (1971) also pub lished ad di tional in for ma tion on
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Fig ure 1.  Lo ca tion of study ar eas for the sig nif i cant sand and gravel aqui fer map ping pro ject



surficial ge ol ogy, well depth, yield, ground-wa ter lev els, stra tig -
ra phy, es ti mated yield zones, and wa ter qual ity.  The maps as so -
ci ated with this re port up date in for ma tion from ear lier aqui fer
map ping ef forts (Tolman and Lanctot, 1981a-d).

METHODS  OF  STUDY

Ap proach

The meth od ol ogy of this in ves ti ga tion in cluded:
(1) re com pi la tion of ex ist ing hydrogeologic data from each 

1:50,000-scale map onto 1:24,000-scale maps;
(2) col lec tion of in for ma tion on ex ist ing bor ing logs, test

pits, do mes tic and mu nic i pal wa ter sup ply wells, mon i tor ing
wells and piezometers;

(3) iden ti fi ca tion of se lected po ten tial ground-wa ter con -
tam i na tion sites;

(4) ver i fi ca tion of the orig i nal sand and gravel aqui fer map
bound aries in the field by re-map ping surficial de pos its;

(5) seis mic-re frac tion sur veys;
(6) pro ject test bor ings and ob ser va tion-well in stal la tion;
(7) well de vel op ment and wa ter-qual ity sam pling;
(8) monthly wa ter-level mea sure ments; and
(9) com pi la tion of all data on 1:24,000-scale maps.  De tails

con cern ing sev eral of these steps are given be low.

Iden ti fi ca tion of Sites of Po ten tial
Ground-Wa ter Con tam i na tion

Po ten tial ground-wa ter con tam i na tion sites lo cated on or
near sig nif i cant aqui fers are shown on the as so ci ated maps1.
These sites were iden ti fied pri mar ily from files of the MDEP Bu -
reaus of Land and Wa ter Qual ity, and Haz ard ous Ma te ri als and
Solid Waste Con trol.  The lo ca tions of pub licly and pri vately
owned salt and salt-sand stor age lots were de ter mined from
Maine De part ment of Trans por ta tion and Maine De part ment of
En vi ron men tal Pro tec tion re cords.  The lo ca tions of mu nic i pal
wastewater treat ment fa cil i ties were de ter mined from MDEP
Bu reau of Land and Wa ter Qual ity Con trol re cords.

The sites shown on the maps in clude waste-dis posal ar eas,
wastewater treat ment fa cil i ties, and salt-sand stor age piles.
Sources of po ten tial ground-wa ter con tam i na tion not shown in -
clude, but are not lim ited to: subsurface wastewater dis posal sys -
tems, road de-ic ing ac tiv i ties, fer til ized fields, ma nure stor age
ar eas, pes ti cide use ar eas, un der ground and above-ground fuel
stor age tanks, small-quan tity gen er a tors of haz ard ous wastes,
and other ag ri cul tural, in dus trial, or com mer cial sites.

Surficial Map ping Tech niques

The aqui fers were mapped by field de ter mi na tion of
bound aries be tween sig nif i cant sand and gravel de pos its and
ma te ri als such as com pact till or bed rock out crops.  All known
bor row pits and other ex po sures of sand and gravel de pos its
were ex am ined, with par tic u lar at ten tion to the thick ness and
tex ture of the de pos its and to any wa ter in the pit.  Shal low,
hand-dugshovel and bucket au ger holes were used to iden tify
surficial ma te ri als in ar eas where ex po sures were lack ing.
Off-road ar eas were mapped by foot tra verse and ex am i na tion of
ae rial pho to graphs as well as pub lished Soil Con ser va tion Ser -
vice (SCS) soil sur vey maps.

Bound aries of the sig nif i cant aqui fers shown on the as so ci -
ated maps were de lin eated on the ba sis of known or in ferred sat -
u rated thick ness and con firmed where pos si ble by well, bor ing,
or seis mic data.  In some cases, in ter preted land-sur face con tacts
be tween aqui fers and sur round ing ma te ri als were shifted
slightly into the aqui fers to in di cate that the ta per ing mar gins of
some aqui fers are un likely to yield 10 gal/min or more.  The
bound aries of the sig nif i cant aqui fer de pos its are shown as
dashed lines in di cat ing the in ter pre tive na ture of the bound ary
de lin ea tion.

Seis mic-Re frac tion Sur veys

Seis mic-re frac tion tech niques, fol low ing field pro ce dures
de scribed by Haeni (1988), were used to ob tain pro files show ing
the depth to wa ter ta ble, depth to bed rock, and to pog ra phy of the
bed rock sur face.  In seis mic ex plo ra tion, seis mic waves are gen -
er ated at the sur face by a small ex plo sion or ham mer blows.
These compressional waves travel at dif fer ent ve loc i ties through 
dif fer ent ma te ri als—the denser the ma te rial, the faster the wave
ve loc ity.  In this study, seis mic re frac tion was used to dis tin guish
be tween dry sand and gravel, sat u rated sand and gravel, and bed -
rock.  To per mit these dis tinc tions, the seis mic ve loc ity must in -
crease with depth and there must be a sig nif i cant ve loc ity
con trast be tween lay ers.

A 12-chan nel, EG&G Geometrics ES-1225 seis mo graph2

was used to de ter mine sat u rated thick ness and bed rock sur face
to pog ra phy in ar eas where the depth to bed rock was es ti mated to
be more than 75 ft (feet).  The seis mic lines var ied from 330 to
430 ft long.  Shot points and geo phones were sur veyed to de ter -
mine their rel a tive el e va tions.  A com puter pro gram (Scott and
oth ers, 1972) was used to de ter mine layer ve loc i ties and to gen -
er ate a con tin u ous pro file of the wa ter ta ble and bed rock sur face
be neath each line.  Wher ever pos si ble, data from any nearby pri -
vate wells and pro ject bor ings were used to ver ify seis mic re -
sults.  In to tal, fifty-seven 12-chan nel lines were run  for a to tal
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length of 22,010 ft. Thirty-eight of these lines  to tal ling 14,440 ft. 
pro vided re li able data for in ter pre ta tion.

Sin gle-chan nel Soiltest MD9A or EG&G Geometrics ES
125 seis mo graphs were used in ar eas where the depth to bed rock
was es ti mated to be less than 75 ft.  In for ma tion was ob tained on
depth to wa ter ta ble, depth to bed rock, and dip of the bed rock
sur face be tween the ends of each line.  The sin gle-chan nel seis -
mic lines var ied from 80 to 300 ft long.  Data were an a lyzed and
in ter preted us ing a com puter pro gram cre ated at the MGS fol -
low ing the meth ods de vel oped by Moo ney (1980) and Zohdy
and oth ers (1974).  In to tal, 244 sin gle-chan nel lines were run for 
a to tal length of 32,120 ft.  Of these lines, 121 to tal ling 16,650 ft
pro vided re li able data for in ter pre ta tion.

In sev eral lo ca tions, sin gle-chan nel lines were run at sites
where mon i tor ing wells were sub se quently in stalled or where
12-chan nel seis mic lines had pre vi ously been run.  In most in -
stances the sin gle-chan nel in ter pre ta tion closely matched the
well log or 12-chan nel pro file, in di cat ing that the sin gle-chan nel
pro ce dure pro vides re li able data.

 In the study area, the seis mic ve loc ity in un sat u rated over -
bur den ma te ri als ranges from 649 to 2,384 ft/s (feet per sec ond),
with an av er age ve loc ity of 1,367 ft/s.  Sat u rated over bur den ma -
te ri als have ve loc i ties of 4,129 to 7,806 ft/s with an av er age ve -
loc ity of 5,649 ft/s.  Bed rock seis mic ve loc i ties in the study area
vary from 9,995 to 19,992 ft/s with an av er age ve loc ity of 14,867 
ft/s.

 A sum mary of the in for ma tion col lected with the sin -
gle-chan nel seis mo graphs is pre sented in Ap pen dix 1.
Hydrogeologic sec tions from seis mic-re frac tion sur veys con -
ducted with the 12-chan nel seis mo graph are pre sented in Ap -
pen dix 2.  The lo ca tions of 121 sin gle-chan nel and 38
twelve-chan nel seis mic-re frac tion lines con ducted through out
the study area are shown on the as so ci ated maps (It should be
noted that the data for two of these lines, TWB-4a and TWB-4b,
were com bined to form a sin gle pro file mak ing a to tal of 37 pro -
files).  Be cause they are of suf fi cient length, 12-chan nel seis mic
lines shown on the as so ci ated maps are plot ted to scale.  Be cause
sin gle-chan nel seis mic lines can be very short, they are not plot -
ted to scale. 

The com puter pro gram used to in ter pret sin gle-chan nel
seis mic data pro vides the depth to wa ter ta ble and the depth to
bed rock at the ends of the line only.  There fore, on the as so ci ated
maps and in Ap pen dix 1, depths are shown at each end of the
line.  In ter pre ta tion of 12-chan nel seis mic data gen er ates a pro -
file of the subsurface at twelve lo ca tions along each line.  The
most re li able seg ment of the pro file is the cen ter where the most
data went into the in ter pre ta tion.  There fore, the depths to the
wa ter ta ble and bed rock are re ported only for the cen ter of
12-chan nel seis mic lines.

Drill ing and Strati graphic-Log ging Meth ods

A to tal of 46 holes were drilled to de ter mine the thick ness
of de pos its, to col lect sed i ment sam ples, and to ver ify the depths

to wa ter ta ble and bed rock as de ter mined from seis mic data.  For
the pur pose of this re port, the term “test bor ing” (TB) re fers to a
bor ing that was back filled af ter test in for ma tion was ob tained.
The term “ob ser va tion well” (OW) re fers to a bor ing where a
mon i tor ing well was in stalled.  Bor ings are iden ti fied first by the
ap pro pri ate TB or OW des ig na tion, fol lowed by a num ber cor re -
spond ing to the year in which it was drilled, and con clud ing with
a se quen tial num ber in the or der in which the bor ings were
drilled.  The ob ser va tion wells were used to ob tain ground-wa ter
lev els and wa ter-qual ity sam ples dur ing the pe riod of in ves ti ga -
tion.

A USGS owned and op er ated Cen tral Mine Equip ment
(CME) Model 55 au ger rig with 6 1/4-inch out side di am e ter (3
1/4-inch in side di am e ter) hol low-stem flights was used for drill -
ing.  Over bur den ma te rial pen e trated above the wa ter ta ble was
brought to the sur face by the ro ta tion of the au gers.  Where de -
tailed strati graphic in for ma tion was needed be low the wa ter ta -
ble, a two-foot by two-inch split-spoon sam pler was used to
col lect un dis turbed sed i ment sam ples ahead of the drill stem.
Split-spoon sam plers were ad vanced with an au to matic drive
ham mer which was equiv a lent to a 340 pound ham mer free-fall -
ing a height of 30 inches.  Sam ples were col lected ac cord ing to
guide lines es tab lished by the Fed eral In ter agency Work Group
(1977, Chap. 2).  Forty-five bor ings were drilled to re fusal,
which oc curred when ei ther bed rock, com pact sed i ments, or
sed i ments con tain ing cob bles larger than 6-inches were en coun -
tered. One bor ing was ter mi nated be fore reach ing re fusal be -
cause the de posit was com posed of till and aqui fer ma te ri als
were not likely to be en coun tered.  Strati graphic logs and
screened in ter vals of ob ser va tion wells are pre sented in Ap pen -
dix 3 (at end of re port).

Ob ser va tion-Well In stal la tion
and De vel op ment

Twenty-three bor ings were cased with 2-inch-di am e ter,
sched ule 40 PVC (poly vi nyl chlo ride) flush-joint threaded pipe
to al low col lec tion of wa ter sam ples and wa ter-level data.  PVC
screens with slot widths vary ing from 0.006 to 0.010 inch were
used.  The cas ing and screened sec tions were placed in side the
hol low stem au ger, and the bor ing wall was al lowed to col lapse
around the cas ing as the au ger stem was with drawn.  Ben ton ite
pel lets were used as back fill from 1 ft be low ground sur face to
ground sur face to pre vent wa ter from in fil trat ing di rectly around
the cas ing.

At most sites, im me di ately af ter the cas ing was in stalled,
wa ter was re moved or in tro duced to the ob ser va tion well to aid
well de vel op ment.  Where pos si ble, ten well vol umes were evac -
u ated from each well.  This pro ce dure re moved the fine ma te ri als 
from the screen and de vel oped a hy drau lic con nec tion with the
aqui fer.
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Procedures for Water-Quality Sampling
and Analysis

Twenty-three ob ser va tion wells were sam pled to de ter -
mine wa ter qual ity.  To en sure that wa ter sam ples were rep re sen -
ta tive of the geo chem i cal en vi ron ment and col lected in a
con sis tent man ner, the ob ser va tion wells were pumped with an
ISCO Model 2600 blad der pump or bailed with a PVC bailer un -
til the pH, tem per a ture, and spe cific con duc tance mea sure ments
sta bi lized and at least three well vol umes of wa ter were re moved. 
Field mea sure ments of pH, al ka lin ity, dis solved ox y gen, and
spe cific con duc tance were made with por ta ble me ters (Leeds
and Northrup Model 7417 for pH and al ka lin ity ti tra tion, Fisher
Model 152 for spe cific con duc tance, YSI Model 54A for dis -
solved ox y gen).

Un fil tered sam ples for ni trate, chlo ride, sul fate, and to tal
or ganic car bon anal y ses were col lected in plas tic con tain ers
rinsed three times with sam ple wa ter.  Sam ples for dis solved
metal anal y ses also were col lected in rinsed plas tic con tain ers,
but were fil tered and then acid i fied with ni tric acid.  All sam ples
were kept on ice and de liv ered to the USGS lab o ra tory in
Arvada, Col o rado within 48 hours af ter col lec tion.  Be cause to -
tal ni tro gen anal y sis was not per formed on the sam ples col lected
in 1992, the wells were resampled on Sep tem ber 22 and 23, 1993 
and sub mit ted to the Maine De part ment of Hu man Ser vices
(MDHS) Pub lic Health Lab o ra tory in Augusta, Maine within 48
hours af ter col lec tion.

Met  als  were an a  lyzed by atomic-ab sorp t ion
spectrophotometry.   Chlo ride was an a lyzed by the
Argentometric Method (Stan dard Method 408A, Amer i can Pub -
lic Health As so ci a tion and oth ers, 1976), ni trate-ni trite by cad -
mium re duc tion method (EPA Method 353.2), and sul fate by an
au to mated Technicon method, and to tal or ganic car bon by a
com bus tion-tube in fra red tech nique (Stan dard Method 505,
Amer i can Pub lic Health As so ci a tion and oth ers, 1985).

SURFICIAL GEOLOGY

Glacial History

Maine was cov ered by con ti nen tal gla ciers sev eral times
dur ing the Pleis to cene Ep och, which oc curred from ap prox i -
mately 2,000,000 to l0,000 years be fore pres ent (B.P.).  The last
ice sheet, known as the Laurentide Ice Sheet, reached its max i -
mum ex tent about 20,000 to 22,000 years B.P., in late
Wisconsinan time.  It flowed from Can ada south east ward and
east ward across Maine, be yond the pres ent coast line, and into
the Gulf of Maine.

Af ter the peak of the late Wisconsinan gla ci ation, the mar -
gin of the Laurentide Ice Sheet be gan to re treat from its ter mi nal
po si tion on the con ti nen tal shelf.  By about 14,000 years B.P., the 
ice mar gin was ap prox i mately at the pres ent coast of Maine
(Stuiver and Borns, 1975; Smith, 1985).  The weight of the ice

de pressed the earth’s crust enough to al low the sea to fol low the
re treat ing ice mar gin in land.  At about this time or slightly later,
ma rine wa ters trans gressed up the St. Law rence  low land in Can -
ada as far in land as Ot tawa, and a re sid ual ice cap, sep a rate from
the Laurentide Ice Sheet, was cre ated, cen tered over north west -
ern Maine (Borns, 1985).  Ev i dence of the ex is tence of the sep a -
rate ice cap is doc u mented by the oc cur rence of ice-di rec tional
fea tures, in dic a tive of gla cial flow northwestward from the Que -
bec-Maine bor der to ward the St. Law rence River (Chauvin and
oth ers, 1985: Lowell, 1985; Lowell and Kite, 1986a,b,c).  This
rem nant ice cap, from the Ap pa la chian Ice Com plex of the
Laurentide Ice Sheet (Prest, 1984; Dyke and Prest, 1987), is re -
spon si ble for most of the surficial aqui fer ma te ri als in the study
area.

As deglaciation con tin ued, gla cial sed i ments were de pos -
ited; their mode of de po si tion re corded the style and pat tern of
gla cial re treat in Maine.  Gla cial del tas in east ern Maine formed
close to the el e va tion of the max i mum in land trans gres sion of the 
sea (Thomp son and Borns, 1985).  At this max i mum in land
ocean en croach ment, oth er wise known as the ma rine limit, the
ice re treat be came slow enough for large vol umes of sed i ment to
ac cu mu late.  At el e va tions be low the ma rine limit, other gla cial
de pos its are as so ci ated with an ex ten sive silt and clay unit, the
Presumpscot For ma tion (Bloom, 1960).  Ra dio car bon-age
dates, de ter mined largely from ma rine mol lusks re cov ered from
the Presumpscot For ma tion, bracket Maine’s ma rine deglacial
his tory to have oc curred be tween 13,200 and 11,000 years B.P.
(Stuiver and Borns, 1975; Smith, 1985).  When the ice re treated
be yond the reach of the sea, vast amounts of melt wa ter re worked
the gla cial sed i ment and laid down stream de pos its and shore line 
sed i ments over the Presumpscot For ma tion. 

 As the ice mar gin re treated, ma rine wa ters re moved much
of the ice vol ume and where the ice mar gin was in land of the ma -
rine limit, wide spread stag na tion and downwasting of ice prob a -
bly oc curred (Lowell and Kite, 1986a,b,c).  In the study area,
which is above the ma rine limit, the sand and gravel de pos its
con sist pri mar ily of ice-stag na tion sed i ments, ice con tact strat i -
fied drift, and glaciolacustrine sed i ments, as well as re cent (Ho -
lo cene) al lu vial de pos its laid down af ter the ice left the area
(Thomp son and Borns, 1985).  Thick se quences of sand and
gravel interbedded with and over lain by till have been ob served
in stream and river cuts and noted in deep bor ing logs in sev eral
places (Borns and Borns, 1986; Hol land and Bragdon, 1986;
Lowell and Kite, 1986a,b,c; Newman and oth ers, 1985; Prescott, 
1971, 1973).  The deglaciation of this area oc curred when the
Ap pa la chian ice mass was phys i cally sep a rated from the
Laurentide Ice Sheet, from ap prox i mately 12,400 years B.P. to
when the re gion was vir tu ally ice-free at 10,000 years B.P.
(Lowell and Kite, 1986b). 

Surficial Materials in the Study Area

As the gla cier ad vanced, it eroded soil and rock de bris and
in cor po rated it into the ice.  This ma te rial, de pos ited di rectly
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from the ice as a dis con tin u ous layer on the bed rock sur face, is
called “till.”  Till de pos its in the State gen er ally are not more than 
10 ft thick.  Till was de pos ited ei ther at the base of the ice (lodge -
ent or basal till) as the gla cier ad vanced, or from melt ing ice
(ab la tion till) as the gla cier stag nated and re treated (Thomp son,
1979).  Till is a poorly sorted, usu ally nonstratified mix ture of
peb bles, cob bles, and boul ders in a sandy silt or clayey silt ma -
trix.  It can be very com pact to very loose, and usu ally is not a
pro duc tive aqui fer.  Al though till usu ally is a poor ground-wa ter
pro ducer, its hy drau lic prop er ties and ar eal ex tent af fect the
amount of nat u ral re charge to the re gion.  A poorly sorted, com -
pact, clayey till with low per me abil ity will not have as rapid an
in fil tra tion rate as a more well-sorted, less com pact, sandy till.
How ever, large amounts of run off from up land till ar eas can re -
charge ad ja cent strat i fied-drift de pos its (Morrissey and oth ers,
1988; Randall and oth ers, 1988).

 In some places in Maine, thick de pos its of till oc cur as
stream lined-till or till-cov ered hills. Ex cel lent ex am ples of
stream lined hills are found on the Tenmile Lake quad ran gle
(Fig ure 2, Open-File Map 97-16) and the Harvey quad ran gle
(Fig ure 3, Open-File Map 97-24).  The long axes of these hills
trend par al lel to the north west-south east di rec tion of flow of the
last ice sheet that cov ered the re gion. 

In places, lin ear ridges of sed i ment were de pos ited ei ther in 
front of or be neath the ice at or near the ter mi nus of the gla cier.
These ridges, termed mo raines, are com prised pre dom i nantly of
sand and gravel interbedded with till.  Very few mo raines dis -
play ing dis tinct lin ear struc ture have been iden ti fied in the study
area.  Those iden ti fied are ori ented roughly in a north east-south -
west di rec tion (Brewer, 1980a,b, 1981a,b; Brewer and Newman, 
1986).  In many cases, mo raines com prise a se ries of roughly
par al lel ridges of ten found in low-ly ing val leys that mark points
of tem po rary ice-mar ginal stag na tion dur ing re ces sion.  These
land forms are termed ribbed or wash board mo raines. Fig ure 3
shows an ex am ple of these land forms in the south east cor ner of
the Harvey quadangle (Open-file No. 97-24).

As the ice mar gin re treated through the study area, melt wa -
ter streams trans ported and de pos ited large quan ti ties of sand
and gravel, mainly in the val leys.  Coarse sed i ments trans ported
by the streams ac cu mu lated in chan nels within or be neath the
ice, be tween the ice and ad ja cent val ley walls, or in the sea at or
near the gla cier front.  Typ i cal “ice-con tact” strat i fied-drift de -
pos its in clude such fea tures as eskers (long, sin u ous ridges
formed as tun nel fill ings within the ice), cre vasse fill ings (ridges
formed from sed i ments fill ing cracks on the ice sur face), sub -
aque ous fans (ir reg u larly shaped hills formed by streams from
ice tun nels en ter ing a wa ter body be low the wa ter sur face), and
del tas (flat-topped or ir reg u larly shaped hills formed by streams
en ter ing a wa ter body and build ing to the wa ter sur face).  Sed i -
ments de pos ited by melt wa ter streams in val leys ad ja cent to or
be yond the ice mar gin are termed flu vial outwash or outwash
plain de pos its, re spec tively, and com monly dis play pit ted sur -
faces as a re sult of the burial and sub se quent melt ing of blocks of
ice.

The study area lies within the St. John/Aroostook and
Penobscot River drain age bas ins. Within the study area, prom i -
nent sand and gravel de pos its rep re sent ing gla cial drain age sys -
tems are shown on Fig ure 4 (Thomp son and Borns, 1985).
Fig ure 5 shows an ex am ple of an esker in the west-cen tral por -
tion of the Haynesville quad ran gle, (Open-File Map 97-19).
Esker sys tems are com prised of seg ments of esker-fed del tas or
fans, that were de pos ited at ice-mar ginal po si tions of the gla cier
as it re treated (Clinch and Weddle, 1989; Ashley and oth ers,
1991).

Del tas were formed where melt wa ter streams en tered a
body of wa ter.  Del tas formed at ice mar gins are termed ice-con -
tact del tas; del tas formed dis tant from ice mar gins are termed
outwash del tas.  Well-de vel oped del tas with a char ac ter is tic
lobe-shaped form are not as com mon in the study area as they are
in south west and south east Maine.  Fans are sim i lar to del tas;
how ever, they formed as sub aque ous de pos its that did not
emerge above the wa ter sur face.  An ex am ple of an esker-fed fan
is the fan as so ci ated with the esker sys tem which roughly par al -
lels the Mattawamkeag River in Haynesville as pre vi ously de -
picted on Fig ure 5 (Open-File Map 97-19).  A sec ond ex am ple is
the lac us trine fan as so ci ated with the esker sys tem span ning
Thou sand Acre Bog in Fig ure 6 (Crys tal quad ran gle, Open-File
Map 97-8). 

Lake bot tom de pos its are as so ci ated with fans and del tas.
The ba sin now oc cu pied by Thou sand Acre Bog in the towns of
Crys tal and Stacyville was the site of a gla cial lake (Fig ure 7,
Sherman and Is land Falls 15-min ute quad ran gles, Pat ten and
Crys tal 7.5-min ute quad ran gles, Open-File Map 97-7 and 97-8).
Other for mer gla cial lake bas ins in clude the Reed Deadwater /
Ju ni per Brook con flu ence area along Macwahoc Stream in Up -
per Molunkus Town ship and the North Yarmouth Acad emy
Grant where Cameron and oth ers (1984) have doc u mented as
much as 20 feet of fine-grained sed i ments un der ly ing 15 feet of
peat (Fig ure 8, Reed Pond quad ran gle, Open-File Map 97-14)
and along the Mattawamkeag River in Haynesville where Maine
De part ment of Trans por ta tion test bor ings re vealed as much as
43 feet of fine-grained sed i ment.  (Fig ure 9, Haynesville quad -
ran gle, Open-File Map 97-19).

Gla cial outwash is com posed of high per me abil ity sand
and gravel (and pos si bly mi nor de pos its of till) de pos ited by gla -
cial melt wa ter streams and cur rents.  Outwash de pos its are typ i -
cally found in top o graph i cally flat, low-ly ing ar eas ad ja cent to
rivers and streams.  A clear ex am ple of the set ting where these
de pos its oc cur is found along the Mattawamkeag River just
south of the vil lage of Bancroft (Fig ure 10, Wytopitlock quad -
ran gle, Open-File Map 97-21). 

Postglacial sed i ments also are found in the study area. Wet -
land de pos its, swamps, and bogs are typ i cally un der lain by till or
fine-grained strat i fied de pos its.  Many of the wetlands are char -
ac ter ized by peat de pos its.  Though sat u rated, wet land de pos its
are usu ally not aqui fers be cause of their low per me abil ity.  How -
ever, wetlands are of ten found ad ja cent to esker sys tems and may 
be hy drau li cally con nected to the sys tem. 
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Fig ure 2.  Ex am ples of stream lined hills des ig nated by ar rows 1, 2, and 3, Tenmile Lake quad ran gle.
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Fig ure 3.  Ex am ples of ribbed or wash board mo raines (num ber 1), an esker (num ber 2), and stream lined hills (num bers 3 and 4),
Harvey quad ran gle.
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Fig ure 4.  Gla cial sand and gravel de pos its of the St. John/Aroostook and Penobscot River Bas ins.
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Fig ure 5.  Ex am ple of an esker and as so ci ated sub aque ous fan as des ig nated by ar rows 1 and 2 re spec tively, Haynesville quad ran gle.



12

Fig ure 6.  Ex am ple of an esker and as so ci ated sub aque ous fan as des ig nated by ar rows 1 and 2 re spec tively, Crys tal quad ran gle.
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Fig ure 7. Ex am ple of a for mer gla cial lake and esker sys tem de picted in Fig ure 6, Sherman and Is land Falls 15-min ute quad ran gles.
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Fig ure 8.  Ex am ple of a for mer gla cial lake, Reed Pond quad ran gle.
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Fig ure 9.  Ex am ple of a for mer gla cial lake, esker sys tem, and fan shown in Fig ure 5, Haynesville quad ran gle.
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Fig ure 10.  Ex am ple of gla cial outwash ma te rial, Wytopitlock quad ran gle.



Eolian de pos its of fine-grained sand and silt oc cur in the
study area, gen er ally as a cap not more than a few feet thick over
other gla cial de pos its.  These wind-blown de pos its are not per -
me able enough to be sig nif i cant aqui fers; how ever, they may
over lie more coarse-grained, wa ter-bear ing strata.

Re cent al lu vial de pos its, gen er ally con sist ing of
interbedded sand, gravel, silt, and cob ble gravel, oc cupy much
of the flood plains of the ma jor rivers in the study area.  Al lu vial
de pos its of late gla cial and early postglacial age may be dif fi cult
to dif fer en ti ate from gla cial outwash; how ever, postglacial al lu -
vium is gen er ally de pos ited at lower elevations than outwash.

Stra tig ra phy of Gla cial De pos its

Fig ure 11 is a sche matic di a gram that shows the gen er al -
ized re gional strati graphic re la tions of gla cial de pos its in Maine.
Ex am ples of all the depositional en vi ron ments por trayed in Fig -
ure 11 can be found in the study area.  (Glaciomarine sed i ments
are likely lim ited to a very small area along Wyman Brook near
the south west cor ner of the pro ject area.)  Not all of the units
shown on this fig ure will nec es sar ily be found in any one place.

Fig ure 11 in di cates the rel a tive po si tions of the de pos its.
Bed rock is over lain by till, which is over lain in places by clay,
silt, sand and gravel, in the form of ice-con tact strat i fied drift,
gla cial outwash, and gla cial-lake sed i ments.  The youn gest
surficial de posit, a thin ve neer of sand and gravel over ly ing the
gla cial de pos its, may rep re sent late outwash deposit or alluvium.

HY DROL OGY OF THE SIG NIF I CANT
 SAND AND GRAVEL AQUI FERS

Sig nif i cant sand and gravel aqui fers con sist of
coarse-grained glaciolacustrine and glaciomarine sed i ments;
ice-con tact, ice-stag na tion, and glaciofluvial-outwash de pos its;
and Ho lo cene stream al lu vium.  The larg est yields avail able are
from wells in coarse-grained ice-con tact strat i fied drift or al lu -
vial de pos its near sur face-wa ter bod ies that may serve as sources 
of induced recharge. 

The most pro duc tive and highly de vel oped aqui fers are lo -
cated in ice-con tact and outwash de pos its such as those in
Houlton, Hodgdon, and Danforth (Houlton North, Houlton
South, Linneus, and Danforth quad ran gles).  The larg est re -
ported sin gle well yield, 1,000 gal/min, is from a Houlton Wa ter
Dis trict gravel-pack well lo cated in Houlton in an esker de posit
ad ja cent to the Meduxnekeag River (Houlton South
quadrangle).

Sig nif i cant sand and gravel aqui fers are shown on the as so -
ci ated maps as ar eas with mod er ate to good po ten tial wa ter yield
(greater than 10 gal/min to a prop erly con structed well), and ar -
eas with good to ex cel lent po ten tial wa ter yield (greater than 50
gal/min to a prop erly con structed well).  Ar eas with mod er ate to
low or no po ten tial wa ter yield (gen er ally less than 10 gal/min to
a prop erly con structed well) are shown as surficial de pos its with

less fa vor able aqui fer char ac ter is tics.  These less fa vor able ar eas
in clude re gions un der lain by de pos its such as till, al lu vium, peat, 
and thin gla cial sand and gravel de pos its.  Bed rock wells lo cated
on these maps show only the depth to bed rock at the well site, as
re corded in well driller re cords.  Aqui fer bound aries and es ti -
mated yield zones shown on the maps are based on avail able in -
for ma tion and are subject to modification as additional data
become available.

Ma jor sur face-wa ter drain age-ba sin bound aries also are
iden ti fied on the maps.  In gen eral, ground-wa ter di vides in
surficial aqui fers co in cide with sur face-wa ter di vides.  The gen -
eral di rec tion of ground-wa ter flow is away from sur face-wa ter
di vides and to ward surface-water bodies.

Hydraulic Properties

Hy drau lic Con duc tiv ity 

Hy drau lic con duc tiv ity is a mea sure of the rate at which
wa ter will flow through aqui fer ma te ri als.  It is de pend ent on a
va ri ety of phys i cal fac tors, in clud ing po ros ity, par ti cle size and
dis tri bu tion, shape, and ar range ment of par ti cles (Todd, 1980).
Hy drau lic con duc tiv ity is usu ally the most im por tant hy drau lic
prop erty of sed i ments for as sess ing ground-wa ter flow and well
yield (Caswell, 1987). 

Hy drau lic con duc tiv ity is best mea sured di rectly in the
field on an un dis turbed sec tion of aqui fer.  When field mea sure -
ments are im prac ti cal, hy drau lic con duc tiv ity can be es ti mated
in the lab o ra tory.  For this study, the me dian par ti cle di am e ter (in
mil li me ters) and the de gree of sort ing of rep re sen ta tive sed i ment 
sam ples were de ter mined by grain-size anal y ses.  These anal y -
ses were per formed at the USGS lab o ra tory in Har ris burg, Penn -
syl va nia us ing a dry sieve method (Folk, 1974).  The re sults of
these anal y ses were used to es ti mate hy drau lic con duc tiv ity us -
ing a method de vel oped by Zamarin as de scribed in Vukovic and
Soro (1972).  This method re lates ef fec tive grain size and po ros -
ity to hy drau lic con duc tiv ity (Ta ble 1).  A typ i cal range of hy -
drau lic con duc tiv i ties sug gested by Freeze and Cherry (1979),
ex pressed in ft/d (feet per day), is 0.000001 to 0.001 for ma rine
clay, 0.000001 to 0.01 for till, 0.001 to 10 for silt, 0.1 to 100 for
silty sand, and 1 to 1,000 for clean sand.  The hy drau lic con duc -
tiv i ties es ti mated for se lected aquifer materials sampled in this
study have much less variation, from 0.3 ft/d to 1202 ft/d (Table
1).

In the 1981 through 1990 re ports of this study, hy drau lic
con duc tiv ity was es ti mated us ing the method of Masch and
Denny (1966).  This method uses a nomograph with a se ries of
curves that rep re sent the sort ing of the sed i ment sam ple by the
num ber of stan dard de vi a tions (from 0.0 to 2.0) from the mean
sed i ment size.  Since sixty-nine per cent of the sed i ment sam ples
from this field sea son had stan dard de vi a tions greater than 2.0,
the hy drau lic con duc tiv ity could not re li ably be es ti mated using
the method of Masch and Denny.
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Ta ble 1. —Grain-size anal y sis, sort ing, and es ti mated hy drau lic con duc tiv ity of aqui fer ma te rial.

Sam ple   de scrip tion
(field)

Ob ser va tion well
or test bor ing

num ber

Depth of in ter val
sam pled (feet)

Me dian di am e ter
(phi)1

De gree of sort -
ing2

Es ti mated 
hy drau lic

 con duc tiv ity 
(feet per day)3

Silt-very fine sand

Fine sand OW 92-20 47-49 5.1 Poor - 1.5 0.4

Fine-me dium sand OW 92-20 37-39 4.4 Poor - 1.7 0.4

Fine sand OW 92-14 27-29 4.0 Poor - 2.9 0.4

Very fine-coarse sand, silt OW 92-6 37-39 3.8 Poor - 2.4 0.3

Very fine-me dium sand OW 92-6 17-19 3.3 Poor - 2.2 0.5

Fine sand-me dium sand

Very fine-fine sand, silt OW 92-4 27-29 2.8 Poor - 1.1 3.0

Fine sand, rock frag ments OW 92-11 12-14 2.6 Poor - 3.4 0.6

Fine-me dium sand OW 92-11 22-24 2.6 Poor - 2.0 2.0

Fine-me dium sand OW 92-14 37-39 2.5 Poor - 1.2 10.3

Fine-me dium sand OW 92-20 57-58 1.6 Poor - 3.1 1.9

Fine-me dium sand OW 92-13 12-14 1.6 Poor - 2.2 20.9

Fine-me dium sand, peb bles OW 92-9 32-34 1.4 Poor - 1.6 1.1

Fine-me dium sand, some gravel OW 92-15 12-14 1.0 Poor - 1.9 11.6

Fine-me dium sand OW 92-14 17-19 1.0 Poor - 1.5 79.4

Coarse-very coarse sand

Fine-coarse sand OW 92-13 17-19 0.7 Poor - 2.3 28.0

Fine-coarse sand, peb bles OW 92-11 17-19 0.7 Poor - 2.6 3.4

Fine sand OW 92-4 12-14 0.5 Poor - 1.8 0.3

Fine-coarse sand, some gravel OW 92-15 17-19 0.3 Poor - 2.1 10.6

Me dium-coarse sand, peb bles OW 92-1 7-9 0.2 Poor - 1.8 328.9

Fine-coarse sand, rock frag ments OW 92-12 27-29 -0.8 Poor - 2.6 12.7

Fine-me dium sand OW 92-2 12-14 -1.0 Poor - 2.4 217.4

Gravel

Coarse sand, silt OW 92-5 17-18 -1.1 Poor - 2.6 19.3

Very fine-coarse sand, gravel OW 92-6 12-14 -1.2 Poor - 3.5 6.5

Very fine-coarse sand, silt, peb bles OW 92-9 27-29 -1.2 Poor - 2.2 20.0

Me dium-coarse sand, gravel OW 92-13 27-29 -1.2 Poor - 2.2 89.9

1  Phi is the neg a tive log (base 2) of the par ti cle di am e ter in mil li me ters
2  Sort ing clas si fied by In clu sive Graphic Stan dard De vi a tion:
                       greater than 1.0 - poor
                               0.75 - 1.00 - mod er ate
                               0.51 - 0.74 - mod er ately well
        less than or equal to 0.50 - well
3  Vukovic and Soro (1992)
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Ta ble 1.—Grain-size anal y sis, sort ing, and es ti mated hy drau lic con duc tiv ity of aqui fer ma te rial - Con tin ued.

Sam ple  de scrip tion
(field)

Ob ser va tion well
or test bor ing

num ber

Depth of in ter val
sam pled (feet)

Me dian di am e ter
(phi)1

De gree of sort -
ing2

Es ti mated 
hy drau lic 

con duc tiv ity
(feet per day)3

Gravel (cont.)

Fine-me dium sand, rock frag ments OW 92-19 27-28 -1.2 Poor - 2.8 19.4

Me dium-coarse sand, gravel, some silt OW 92-16 7-9 -1.4 Poor - 2.5 19.4

Me dium-coarse sand, gravel, silt OW 92-23 27-29 -1.5 Poor - 2.3 13.1

Fine-coarse sand, peb ble gravel OW 92-9 12-14 -1.6 Poor - 2.9 20.0

Fine-coarse sand, peb bles, silt OW 92-12 7-9 -1.6 Poor - 2.4 31.5

Very fine-coarse sand, peb bles, silt OW 92-9 37-39 -1.7 Poor - 2.8 26.1

Coarse sand, peb bles OW 92-7 37-39 -1.7 Poor - 2.4 15.3

Me dium-coarse sand, gravel, some silt OW 92-22 7-9 -1.8 Poor - 2.2 32.0

Coarse sand-peb ble gravel OW 92-2 7-9 -1.8 Poor - 2.0 1202.0

Fine-coarse sand, rock frag ments OW 92-18 37-39 -1.9 Poor - 2.5 30.6

Fine-very coarse sand OW 92-21 17-18 -1.9 Poor - 2.7 23.7

Coarse sand, gravel, some silt OW 92-18 12-14 -1.9 Poor - 2.0 103.8

Coarse sand, gravel OW 92-5 12-14 -2.0 Poor - 2.2 114.0

Coarse sand, peb bles OW 92-7 27-29 -2.0 Poor - 3.0 16.0

Coarse sand, gravel OW 92-7 17-19 -2.0 Poor - 2.3 38.8

Fine-coarse sand, silt, gravel OW 92-10 7-9 -2.1 Poor - 2.9 10.7

Me dium-coarse sand, gravel OW 92-22 17-19 -2.2 Poor - 1.6 107.4

Me dium-coarse sand, gravel OW 92-3 27-29 -2.3 Poor - 2.6 52.4

Coarse sand, peb bles, rock frag ments OW 92-7 12-14 -2.4 Poor - 2.8 20.9

Coarse sand, gravel, some silt OW 92-18 17-19 -2.4 Poor - 2.5 58.7

Fine-coarse sand OW 92-10 12-14 -2.5 Poor - 3.5 8.5

Fine-coarse sand OW 92-12 17-19 -2.5 Poor - 2.0 153.7

Me dium sand, silt, gravel OW 92-17 17-19 -2.5 Poor - 1.8 57.6

Fine-coarse sand, silt, gravel OW 92-19 17-19 -2.8 Poor - 3.1 1.5

Coarse sand, gravel, cob bles OW 92-18 27-29 -3.0 Poor - 2.3 112.8

Me dium-coarse sand, silt, some gravel OW 92-8 7-9 -3.0 Poor - 3.0 14.9

Coarse sand-gravel, some silt, rock frags OW 92-18 47-49 -3.6 Poor - 1.8 165.8

1  Phi is the neg a tive log (base 2) of the par ti cle di am e ter in mil li me ters
2  Sort ing clas si fied by In clu sive Graphic Stan dard De vi a tion
                       greater than 1.0 - poor
                               0.75 - 1.00 - mod er ate
                               0.51 - 0.74 - mod er ately well
        less than or equal to 0.50 - well
3  Vukovic and Soro (1992)



Transmissivity

Transmissivity is a mea sure of the rate at which wa ter is
trans mit ted through an aqui fer or con fin ing bed.  It is a func tion
of prop er ties of the fluid and of the po rous me dium, and the sat u -
rated thick ness of the po rous me dium (Fet ter, 1988).
Transmissivity is equal to the av er age hy drau lic con duc tiv ity
mul ti plied by the sat u rated thick ness of the aqui fer.  Driscoll
(1986) sug gests that aqui fers with transmissivities less than 130
ft2/d (feet squared per day) can only sup ply enough wa ter for do -
mes tic wells or other low yield uses.  Aqui fers with
transmissivities of 1,700 ft2/d or greater are ca pa ble of trans mit -
ting ad e quate quan ti ties of wa ter for in dus trial, mu nic i pal, or ir -
ri ga tion purposes.

Ap prox i mate transmissivity val ues were cal cu lated at 23
sites from the com plete strati graphic logs of ob ser va tion wells.
Sed i ment from each in ter val in the sat u rated part of the ex plo ra -
tion bor ing (Ap pen dix 3, at end of re port) was as signed a hy drau -
lic con duc tiv ity that was based on sam ple de scrip tions, grain
size, and sort ing (Ta ble 1).  The as signed hy drau lic con duc tiv ity
was mul ti plied by the in ter val thick ness to ob tain an in ter val
transmissivity.  The in ter val transmissivity val ues were then
summed to give a to tal transmissivity for that part of the aqui fer
pen e trated by the ex plo ra tion bor ing.  The transmissivity val ues
es ti mated by this method range from 16 to 5,723 ft 2/d  and are
presented in Table 2.

Estimated Well Yields

Sig nif i cant sand and gravel aqui fers con sist of de pos its that 
have suf fi cient ar eal ex tent, hy drau lic con duc tiv ity, and sat u -
rated thick ness to sus tain a yield of 10 gal/min or more to a prop -
erly in stalled well.  Yields avail able from wells con structed in
the aqui fers were ob tained from yields re ported by well drill ers,
well own ers, and pre vi ously pub lished stud ies, and from es ti -
mates based on sat u rated thick ness, transmissivity, and ar eal ex -
tent of the aqui fers.  Sus tained yield val ues de ter mined through
aqui fer tests were not within the scope of this study.  There fore, a
method de vel oped by Mazzaferro (1980) was used to es ti mate
well yields in a wa ter-ta ble aqui fer.  This method is based on
transmissivity (T), in ft2/d, and sat u rated thick ness (B), in ft,
where (T x B)/750 = well yield in gal lons per min ute.  Yields cal -
cu lated for se lected ob ser va tion wells range from 1 to 227
gal/min (Ta ble 3).  Ar eas where wells are es ti mated to yield more 
than 10 gal/min and more than 50 gal/min are shown in sep a rate
shad ing pat terns on the maps.  Ar eas where wells may yield less
than 10 gal/min constitute the remaining unshaded portion of the
map.

Al though the to tal study area cov ers 1,784 mi2 (square
miles), ar eas mapped as sig nif i cant sand and gravel aqui fers in -
clude only about 33.9 mi2 (1.9 per cent) of this area.  Yields ex -
ceed ing 50 gal/min are es ti mated to be ob tain able in only 0.6 mi2

(less than 0.1 per cent) of the study area. 

The great est yields are ob tain able in ar eas where the de pos -
its are coarse grained, have a thick sat u rated zone, or are hy drau -
li cally con nected to an ad ja cent body of sur face wa ter that is a
source of in duced re charge.  The larg est re ported well yield in
the sand and gravel de pos its is 1,000 gal/min from a Houlton
Wa ter Dis trict gravel-pack well ad ja cent to the Meduxnekeag
River in Houlton (Houlton South quad ran gle).  Other large
yields in the area in clude two 700 gal/min pro duc tion wells
owned by the Houlton Wa ter Dis trict in Carys Mills (Houlton
South quad ran gle), 75 gal/min from a 2.5-inch test well in
Hodgdon (Linneus quad ran gle), and 60 gal/min from a 2.5-inch
test well in Danforth (Danforth quadrangle).

Depths to the Water Table 
and Bedrock Surface

Depths to the wa ter ta ble and bed rock sur face in the sig nif i -
cant sand and gravel aqui fers were de ter mined from seis mic-re -
frac tion sur veys, wa ter-level mea sure ments, well in ven tory, test
drill ing, map ping of bed rock out crops, and pre vi ous in ves ti ga -
tions.  In the sig nif i cant sand and gravel aqui fers, the depth to the
wa ter ta ble dif fers con sid er ably areally, but typ i cally is within 15 
ft of the land sur face.  The great est depth to bed rock de ter mined
by seis mic-re frac tion is ap prox i mately 127 ft, along seis mic line
HON-M which was run in the town of Little ton (Houlton North
quad ran gle).  Seis mic line HON-M also in di cated the great est
depth to the wa ter ta ble, which was de ter mined to be ap prox i -
mately 50 feet.  Pro ject well re cords in di cate bed rock depths of at 
least 58 feet at OW 92-20, lo cated in Haynesville.  Houlton Wa -
ter Dis trict well re cords re port bed rock depths of greater than 69
feet found in test wells drilled in Houlton. 

De ter mi na tions of depths to the wa ter ta ble and bed rock
sur face are nec es sary to pro vide a three-di men sional pic ture of
aqui fer ge om e try.  Sat u rated thick ness at se lected points can be
de ter mined by sub tract ing the depth to wa ter ta ble from the
depth to bed rock.  Depth to bed rock data and bed rock sur face
pro files can be used to es ti mate the amount of cas ing re quired in
over bur den for bed rock well con struc tion and to lo cate bur ied
val leys, which may contain water-bearing sediments. 

Water-Level Fluctuations

Monthly wa ter-level mea sure ments at 23 ob ser va tion wells 
in the study area are shown in Ta ble 4.  Wa ter-level mea -
sure-ments were made once a month from Oc to ber 1, 1992
through Sep tem ber 1, 1993.  Wa ter lev els over this 12-month pe -
riod in all ob ser va tion wells fluc tu ated within a range of 0.92 to
8.63 ft (Ta ble 5).  The mean depth to the wa ter ta ble in the 23
wells ranged from 1.16 to 32.16 ft be low land sur face over this
12-month pe riod.  The wa ter ta ble was less than 15 ft from the
sur face in the ma jor ity of the wells.  This thin un sat u rated zone
ren ders the ground wa ter vul ner a ble to po ten tial con tam i na tion
orig i nat ing at the land surface.
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Ta ble 2.—Es ti mated transmissivity val ues of aqui fers based on 
strati graphic logs of ob ser va tion wells.

Ob ser va tion Es ti mated transmissivity,
Quad ran gle well num ber in feet squared per day

                                                                                                                                                                 
Crys tal OW 92-1 3,324
Mount Chase OW 92-2 5,723

Danforth OW 92-3    554

Twin Brook OW 92-4      68

Twin Brook OW 92-5    742

Twin Brook OW 92-6    382

Houlton North OW 92-7     809

Harvey OW 92-8    122

Oakfield OW 92-9    732

Linneus OW 92-10      91

Is land Falls OW 92-11      54

Oakfield OW 92-12 2,206

Mon u ment Brook OW 92-13    958

Haynesville OW 92-14    104

Haynesville OW 92-15    125

Jimmey Moun tain OW 92-16    215

Linneus OW 92-17    423

Harvey OW 92-18 3,954

North Am ity OW 92-19    116

Haynesville OW 92-20      16

Wytopitlock OW 92-21    213

Mount Chase OW 92-22    898

Houlton North OW 92-23    131
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Ta ble 3.  Es ti mated well yields for ob ser va tion wells.

Ob ser va tion Es ti mated  well yield,
Quad ran gle well num ber (gal lons per min ute)1

Crys tal OW 92-1   80
Mount Chase OW 92-2   95
Danforth OW 92-3     9
Twin Brook OW 92-4     2
Twin Brook OW 92-5     9
Twin Brook OW 92-6   17
Houlton North OW 92-7   46
Harvey OW 92-8     2
Oakfield OW 92-9   40
Linneus OW 92-10     2
Is land Falls OW 92-11     2
Oakfield OW 92-12   65
Mon u ment Brook OW 92-13   31
Haynesville OW 92-14     2
Haynesville OW 92-15     2
Jimmey Moun tain OW 92-16     4
Linneus OW 92-17     5
Harvey OW 92-18 227
North Am ity OW 92-19     2
Haynesville OW 92-20     1
Wytopitlock OW 92-21     3
Mount Chase OW 92-22   24
Houlton North OW 92-23     2

1 Yields cal cu lated from meth od ol ogy of Mazzaferro (1980), where 
   yield (gal lons per min ute) =  transmissivity (T) x sat u rated thick ness (B) / 750.
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Fig ure 12.  Ground-wa ter lev els in se lected ob ser va tion wells and monthly av er age pre cip i ta tion, Oc to ber 1992 through Sep tem ber 1993.



Hy dro graphs from se lected ob ser va tion wells are shown in
Fig ure 12.  Av er age of monthly to tal pre cip i ta tion data from Na -
tional Oce anic and At mo spheric Ad min is tra tion Sta tions at
Bridgewater, Danforth, Houlton Air port, and Pat ten 2 are pre -
sented for com par i son.  Re gional re charge gen er ally oc curs in
the late fall and early spring months when the ground is not
frozen and there is lit tle plant growth to in ter cept pre cip i ta tion as
it in fil trates the aqui fer.  Most wa ter lev els de cline slowly but
steadily between these recharge events.

GROUND-WA TER  QUAL ITY

Fac tors In flu enc ing Wa ter Qual ity

The chem i cal qual ity of wa ter in sand and gravel aqui fers is 
de ter mined by a num ber of fac tors.  The pri mary con trol is the
min er al ogy of the sand and gravel.  Most sand and gravel in the
study area is de rived from strat i fied cal car e ous mudstone, sand -
stone, and lime stone; low to me dium grade meta mor phic rocks;
and gra nitic in tru sive rocks.  The meta mor phic grade of the bed -
rock from which strat i fied drift is de rived has a strong in flu ence
on the chem i cal qual ity of wa ter from that aqui fer (Weddle and
Loiselle, 1996). Chem i cal re ac tions that oc cur as wa ter passes
through the soil zone also can af fect ground-wa ter chem is try.
Where the flow path of wa ter from the re charge zone to the dis -
charge zone is long, more time is avail able for the dis so lu tion of
soluble material in the aquifer (Hem, 1985). 

Res i dence time de pends on hy drau lic con duc tiv ity, hy -
drau lic gra di ent, and the po ros ity of the un con sol i dated de pos its. 
For a given flow path, the higher the hy drau lic con duc tiv ity and
hy drau lic gra di ent of the de posit, the shorter the res i dence time
of the ground wa ter.  Con versely, for a given flow path, high po -
ros ity may lead to a long res i dence time if the ma te rial is
fine-grained, such as a silt or clay or to a short res i dence time if
the ma te rial is coarse-grained, such as well-sorted sand or
gravel.

Con tam i na tion by hu man ac tiv i ties may in tro duce el e vated 
con cen tra tions of many com pounds into ground wa ter.  Ac tiv i -
ties that may sig nif i cantly al ter the qual ity of ground wa ter
include the following:

(1)  Land fill dis posal of house hold and in dus trial wastes,
which may in clude pe tro leum de riv a tives and other haz ard ous
material;

(2)  Road salt ap pli ca tion and stor age.  Ac cord ing to com -
mer cial salt sup pli ers, be tween 220,000 and 225,000 tons of salt
are sold state wide for road de-ic ing pur poses each year (Jill
King, W. H. Shurtleff and Co., and Frank A. Lemanski, Harcross
Chem i cal Co., per sonal com mu ni ca tion, March 4, 1994).  An in -
ves ti ga tion con ducted in the Prov ince of New Bruns wick, Can -
ada, in di cated that as much as 57 per cent of the salt in an
un cov ered salt-sand stor age pile may leach in a year (En vi ron -
ment New Brunswick, 1978);

(3)  Hu man wastes in tro duced into ground wa ter through
sep tic tanks, dis posal of sep tic wastes, or by spread ing or

landfilling of sludge from mu nic i pal sew age treat ment sys tems.
Stud ies in di cate that the den sity of hous ing units that use in di vid -
ual sep tic dis posal sys tems is a con trol ling fac tor in the like li -
hood of  n i  t rate  con tam i  na  t ion of  ground wa ter
(Wehrmann,1983; Pinette and others, in prep.);

(4)  Ag ri cul tural ac tiv i ties, which in clude stock pil ing and
spread ing of ma nure and ap pli ca tions of fer til iz ers, and pes ti -
cides.  From 1985 to 1988, the Maine Geo log i cal Sur vey col -
lected sam ples from 47 over bur den wells within ag ri cul tural
ar eas un der lain by sand and gravel; eight of these wells had de -
tect able con cen tra tions of pes ti cides.  Fur ther more, seven of
these wells had ni trate con cen tra tions ex ceed ing the State drink -
ing wa ter stan dard of 10 mg/L (mil li grams per li ter) (Neil and
oth ers, 1989).  More than 100 wells in Aroostook County con -
tam i nated by aldicarb (Temik), an ag ri cul tural chem i cal used ex -
ten sively for po tato farm ing, also have been doc u mented
(unpublished data, Rhone-Poulenc Agricultural Products
Company);

(5)  Leak ing waste-stor age or dis posal la goons.  MDEP,
Bu reau of Remediation and Waste Man age ment re cords in di cate 
8 sites state wide where in dus trial waste stor age or dis posal la -
goons were closed un der the Re source Con ser va tion Re cov ery
Act (RCRA);

(6)  Leak ing fuel- or chem i cal-stor age tanks.  The MDEP
Bu reau of Haz ard ous Ma te ri als and Solid Waste Con trol has
doc u mented con cen tra tions of gas o line as high as 600,000 parts
per bil lion in a well in stalled in a sand and gravel aqui fer (Garrett
and oth ers, 1986).  Un der ground pe tro leum tank leaks were doc -
u mented at 158 lo ca tions in Maine from 1979-83.  In to tal, 76
wells were found to be con tam i nated state wide, most com monly
by gas o line that leaked from bur ied tanks and con nect ing pipes
at re tail and nonretail com mer cial es tab lish ments (Caswell,
1987).  For 1993 alone, MDEP files show 15 wells con tam i nated
and an other 69 wells at risk state wide as a re sult of leak ing
underground petroleum storage tanks and piping;

(7)  Toxic or haz ard ous-ma te rial spills along trans por ta tion
routes.  Dur ing 1991, the lat est year for which sum mary sta tis tics 
are avail able, 304 in ci dents of toxic or haz ard ous ma te ri als spills 
along trans por ta tion routes were re ported state wide to the
MDEP; and

(8)  Con tam i nants in pre cip i ta tion.  In the north east ern
United States “acid rain” has been re ported to cause a low er ing
of pH and sub se quent in crease in alu mi num and trace metal con -
cen tra tions in ground wa ter in New Hamp shire and New York
(Bridge and Fairchild, 1981).  Con tin ued re search has failed to
con clu sively doc u ment this find ing (Steve Kahl, Uni ver sity of
Maine, per sonal communication, April 26, 1990).

A USGS study (Goolsby and oth ers, 1991) has doc u -
mented quan ti fi able lev els of sev eral her bi cides in rain wa ter
sam ples from a 23 state area mostly in the mid west and
northeast.

Com mon in di ca tors of ground-wa ter con tam i na tion are el -
e vated lev els of ni trate, a con tam i nant de rived from sew age, an i -
mal waste, fer til izer, and land fill waste; chlo ride, a con tam i nant
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in tro duced by road salt, salt wa ter in tru sion, fer til izer, and land -
fill wastes; and spe cific con duc tance, which in di cates the
presence of dissolved ionic compounds.

Back ground Wa ter Qual ity

The six ma jor drain age bas ins in Maine as mapped by the
U. S. Geo log i cal Sur vey (1974) are the St. John/Aroostook
River, the Penobscot River, the Kennebec River, the
Androscoggin River, East ern and Cen tral Coastal Maine, and the 
Saco River.  The East ern and Cen tral Coastal bas ins are a num ber 
of me dium to small drain age bas ins that dis charge di rectly into
the Gulf of Maine.  These six ma jor drain age bas ins with their
cor re spond ing Hydrologic Unit Code (HUC) num ber are shown
in Fig ure 13.  Also shown on Fig ure 13 is an out line of the study
area and the lo ca tion of all sand and gravel ob ser va tion wells
from this and previous study areas. 

The wells in stalled for this study are within the drain age
bas ins of the St. John / Aroostook and Penobscot Rivers.  Char -
ac ter is tics of these wells are given in Ta ble 6.  Wa ter-qual ity
anal y ses of sam ples from the 23 wells are pro vided in Ta ble 7
and are sum ma rized for the study area as a whole and by the in di -
vid ual drain age bas ins in which they lie. 

Ta ble 8 pres ents back ground wa ter-qual ity data col lected
as part of the state wide Sig nif i cant Sand and Gravel Aqui fer
Map ping Pro gram grouped by ma jor drain age ba sin.  Data for all 
prop er ties are re ported in stan dard met ric units used for these
analyses. 

Com par i son of wa ter-qual ity con stit u ents or pa ram e ters
among drain age bas ins are made us ing me dian con cen tra tions
rather than mean con cen tra tion.  Be cause wa ter qual ity con cen -
tra tions do not rep re sent a nor mal dis tri bu tion, the me dian con -
cen tra tion for a con stit u ent or pa ram e ter is a more rep re sen ta tive
in di ca tor of wa ter qual ity in a drainage basin than is the mean
concentration. 

The St. John/Aroostook River Ba sin is pre dom i nantly un -
der lain by strat i fied cal car e ous mudstone and sand stone, with
mi nor in tru sive rocks within a zone of sub-greenschist grade
meta mor phism.  The Penobscot River Ba sin also is un der lain by
cal car e ous mudstone and sand stone, with a some what greater
pro por tion of in tru sive rocks than the St. John/Aroostook River
Ba sin; how ever, the pre dom i nant meta mor phic grade is that of
greenschist.  Both bas ins gen er ally were sub jected to the same
gla cial pro cess, which left be hind sim i lar surficial de pos its.
How ever, the vari a tion in bed rock type and meta mor phic grade
re sulted in dif fer ent chemical composition of the surficial
deposits.

These dis sim i lar i ties in geo logic set ting be tween the St.
John/Aroostook and Penobscot River bas ins within the field area 
are re flected in the ground-wa ter chem is try.  The mean, me dian,
and range of val ues are very sim i lar for some pa ram e ters, but
very dif fer ent for oth ers.  Dif fer ences are pri mar ily be tween the
high dis solved sol ids, spe cific con duc tance, hard ness, dis solved

cal cium, bi car bon ate, and al ka lin ity val ues of ground-wa ter
sam ples col lected in the St. John/Aroostook River Ba sin and
those of the Penobscot River Ba sin.  In con trast, higher con cen -
tra tions of dis solved iron and man ga nese were gen er ally found
in ground-wa ter sam ples col lected in the Penobscot River Ba sin
than those col lected in the St. John/Aroostook Ba sin.  Com par i -
sons of wa ter qual ity be tween drain age bas ins within the study
area and among the var i ous drainage basins around the State can
be reviewed in Tables 7 and 8.

 The wells in stalled for the Sig nif i cant Sand and Gravel
Aqui fer Map ping Pro ject were sited in ar eas that are as sumed to
be in flu enced very lit tle by hu man ac tiv i ties, par tic u larly con -
tam i na tion.  Vari a tions in wa ter qual ity are at trib uted to nat u ral
geo logic and geo chem i cal fac tors and to the in flu ence of ag ri cul -
tural prac tices on ground wa ter.  Vol a tile or ganic com pounds
were an a lyzed in ear lier pro ject field sea sons (1981-84), but they 
were not an a lyzed for the 1985-1990 sea sons be cause pre vi ously 
collected samples did not yield positive results.

 Graphic sum ma ries of se lected wa ter-qual ity prop er ties
and con stit u ents are pre sented as box plots in Fig ures 14 and 15.
The sum ma ries are based on anal y ses of wa ter sam ples col lected
from all study ar eas of the state wide Sig nif i cant Sand and Gravel 
Aqui fer Map ping Pro gram.  Per cen tiles of some of the con stit u -
ents are com pared to the U.S. En vi ron men tal Pro tec tion Agency
(USEPA) (1989) and Maine De part ment of Hu man Ser vices
(MDHS) drink ing-wa ter stan dards (1983) in Fig ure 15.  The
max i mum con tam i nant lev els (MCL) are health-re lated and are
le gally en force able.  The sec ond ary max i mum con tam i nant lev -
els (SMCL) ap ply to aes thetic qual i ties and are rec om mended
guide lines.  The min i mum re port ing level shown on Fig ure 15 is
the value pres ently in use at the USGS lab o ra tory in Arvada,
Col o rado.  That value has changed with time and with the par tic -
u lar lab o ra tory used for the anal y ses.  Data points on Fig ure 15
shown be low the min i mum re port ing level are from ear lier study
ar eas when the minimum reporting level was lower or from a
laboratory that claimed a lower reporting level.

Spe cific Con duc tance

The spe cific con duc tance (con duc tiv ity) of wa ter is a mea -
sure of its ca pac ity to con duct an elec tri cal cur rent.  The pres ence 
of charged ions makes wa ter con duc tive; as the ion con cen tra -
tion in creases, so does the spe cific con duc tance.  Dis solved in or -
ganic salts are the source of most ionic spe cies and make up a
large part of the to tal dis solved sol ids in most natural waters.

Al though there is no drink ing-wa ter stan dard for spe cific
con duc tance, the U.S. De part ment of Health, Ed u ca tion and
Wel fare (1962) has rec om mended a max i mum con cen tra tion of
500 mg/L for dis solved sol ids in drink ing wa ter.  The con cen tra -
tion of dis solved sol ids, in mil li grams per li ter, can be es ti mated
for a par tic u lar wa ter sam ple by mul ti ply ing the spe cific con duc -
tance value, in mS/cm (microsiemens per cen ti me ter at 25 de -
grees Cel sius), by a fac tor that de pends on the chem i cal char ac ter 
of the sam ple and usually ranges from 0.55 to 0.75 (Hem, 1985).
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Fig ure 13.  Ma jor drain age bas ins, the study area, and sand and gravel ob ser va tion wells.
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Ta ble 7.—Back ground wa ter qual ity in sand and gravel aqui fers in the study area.

All val ues in mil li grams per li ter (mg/L) ex cept as noted; mS/cm, microsiemens per cen ti me ter at 25o Cel sius;
—, value not de ter mined.

OB SER VA TION SPE CIFIC pH TEMP. OX Y GEN HARD NESS CAL CIUM MAG NE SIUM SO DIUM

WELL COND. (STAN DARD WA TER DIS SOLVED TO TAL (mg/L DIS SOLVED DIS SOLVED DIS SOLVED

NUM BER HUC  DATE        (mS/cm) (UNITS) (oC) (mg/L)  as CaCO3) (mg/L as Ca) (mg/L as Mg) (mg/L as Na)

92-1 0102 09-14-92 198 6.6 8.5 0.30 83.0 28.0 3.10 1.9

92-2 0102 09-11-92 130 7.1 12.0 0.20 56.0 18.0 2.70 6.4

92-3 0102 09-15-92 117 7.7 7.0 6.70 51.0 17.0 2.10 2.5

92-4 0101 09-09-92 284 6.7 7.0 2.70 150.0 55.0 3.20 3.4

92-5 0101 09-09-92 252 7.2 9.5 6.90 120.0 43.0 1.90 5.0

92-6 0101 09-10-92 245 7.6 11.5 0.40 110.0 40.0 2.20 7.0

92-7 0101 09-10-92 247 8.0 7.0 9.20 120.0 42.0 3.80 1.8

92-8 0101 09-10-92 162 8.1 13.5 7.00 86.0 30.0 2.80 2.0

92-9 0102 09-10-92 132 6.5 8.5 0.30 33.0 9.7 2.10 2.6

92-10 0101 09-21-92 336 7.7 10.5 9.50 170.0 65.0 2.10 3.1

92-11 0102 09-14-92 171 7.5 10.0 6.90 84.0 30.0 2.30 1.4

92-12 0102 09-10-92 142 6.9 8.0 1.60 67.0 24.0 1.70 2.0

92-13 0102 09-15-92 151 6.8 7.5 1.20 73.0 26.0 2.00 1.6

92-14 0102 09-16-92 252 7.7 7.5 5.90 120.0 42.0 3.00 5.6

92-15 0102 09-16-92 135 7.9 7.5 9.40 57.0 20.0 1.60 4.1

92-16 0102 09-15-92 151 7.0 10.0 0.20 54.0 18.0 2.20 2.5

92-17 0101 09-09-92 250 7.2 10.5 0.30 110.0 41.0 2.30 4.2

92-18 0101 09-10-92 328 7.7 7.5 1.20 170.0 63.0 3.60 2.2

92-19 0101 09-09-92 225 8.1 10.0 7.20 110.0 42.0 1.30 1.4

92-20 0102 09-16-92 161 8.3 6.5 4.80 75.0 24.0 3.70 2.3

92-21 0102 09-15-92 240 7.1 10.0 8.50 98.0 32.0 4.30 2.4

92-22 0102 09-11-92 39 6.1 10.5 6.70 15.0 4.6 0.90 1.5

92-23 0101 09-09-92 248 7.9 7.5 8.00 120.0 42.0 4.30 2.0
MIN I MUM 39 6.1 6.5 0.20 15.0 4.6 0.90 1.4
MAX I MUM 336 8.3 13.5 9.50 170.0 65.0 4.30 7.0

ME DIAN 198 7.5 8.5 5.90 86.0 30.0 2.30 2.4
MEAN 200 — 9.0 4.60 92.7 32.9 2.57 3.0

STD. DE VI A TION 73 — 1.9 3.50 40.6 15.7 0.92 1.6

HUC 0101:  St. John/Aroostook River Ba sin

NUM BER 10 10 10 10 10 10 10 10
MIN I MUM 162 6.7 7.0 0.30 86.0 30.0 1.30 1.4
MAX I MUM 336 8.1 13.5 9.50 170.0 65.0 4.30 7.0

ME DIAN 249 7.7 9.8 6.95 120.0 42.0 2.55 2.7
MEAN 258 — 9.5 5.24 126.6 46.3 2.75 3.2

STD. DE VI A TION 50 — 2.2 3.67 27.7 11.1 0.95 1.8

HUC 0102:  Penobscot River Ba sin

NUM BER 13 13 13 13 13 13 13 13
MIN I MUM 39 6.1 6.5 0.20 15.0 4.6 0.90 1.4
MAX I MUM 252 8.3 12.0 9.40 120.0 42.0 4.30 6.4

ME DIAN 151 7.1 8.5 4.80 67.0 24.0 2.20 2.4
MEAN 155.3 — 8.7 4.05 66.6 22.6 2.44 2.8

STD. DE VI A TION 54.3 — 1.6 3.49 27.3 9.7 0.91 1.6
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Ta ble 7.—Back ground wa ter qual ity in sand and gravel aqui fers in the study area.

All val ues in mil li grams per li ter (mg/L) ex cept as noted; mS/cm, microsiemens per cen ti me ter at 25o Cel sius;
—, value not de ter mined.

CAR BON ATE BI CAR BON ATE AL KA LIN ITY AL KA LIN ITY

OB SER VA TION PO TAS SIUM WD IT1 WD IT1 WW TOT FET2 WD TOT IT3 SUL FATE CHLO RIDE FLU O RIDE SIL ICA

WELL DIS SOLVED FIELD FIELD FIELD FIELD DIS SOLVED DIS SOLVED DIS SOLVED DIS SOLVED

NUM BER (mg/L as K)   (mg/L as CaCO3)   (mg/L as HCO3)   (mg/L as CaCO3)  (mg/L as CaCO3) (mg/L as SO4) (mg/L as Cl) (mg/L as F) (mg/L as SiO2)

92-1 0.40 0  125 102 103 <0.1 0.5 <0.10 15.0

92-2 0.30 0  80 65 66 6.8 5.0 <0.10 16.0

92-3 1.40 0  61 51 50 4.7 1.7 0.10 10.0

92-4 1.90 0  179 145 146 8.8 5.3 <0.10 5.3

92-5 0.60 0  131 106 107 7.6 7.8 <0.10 5.7

92-6 1.50 0  138 112 113 10.0 6.8 0.20 12.0

92-7 0.90 0  136 112 111 9.0 2.4 <0.10 6.2

92-8 1.10 0  88 72 72 5.6 0.6 0.10 9.5

92-9 0.40 0  56 47 46 15.0 3.9 <0.10 9.9

92-10 1.40 0  187 152 153 12.0 5.6 <0.10 6.7

92-11 1.90 0  99 81 81 6.4 1.5 0.10 7.3

92-12 1.30 0  72 59 59 11.0 0.4 <0.10 8.0

92-13 0.50 0  95 77 78 3.8 0.7 <0.10 9.6

92-14 1.50 0  151 123 123 9.1 1.2 <0.10 8.3

92-15 0.70 0  65 54 54 4.0 6.2 0.10 11.0

92-16 0.50 0  91 75 74 4.1 2.4 <0.10 13.0

92-17 1.10 0  131 106 107 7.0 7.6 <0.10 8.7

92-18 0.60 0  197 160 162 6.6 3.9 <0.10 8.6

92-19 0.50 0  116 95 95 7.9 4.3 <0.10 4.4

92-20 0.80 0  85 69 70 12.0 0.9 0.10 8.5

92-21 1.70 0  149 121 122 3.3 1.6 <0.10 8.6

92-22 0.30 0  16 14 13 3.6 0.8 <0.10 8.0

92-23 0.70 0  133 109 109 13.0 0.8 <0.10 8.6
MIN I MUM 0.30 0  16 14 13 <0.1 0.4 <0.10 4.4
MAX I MUM 1.90 0  197 160 162 15.0 7.8 0.20 16.0

ME DIAN 0.80 0  116 95 95 7.0 2.4 <0.10 8.6
MEAN 0.96 0  112 92 92 7.5 3.1 0.07 9.1

STD.DE VI A TION 0.52 0  45 36 37 3.6 2.5 0.02 2.9

HUC 0101:  St. John/Aroostook River Ba sin

NUM BER 10 10  10 10 10 10 10 10 10
MIN I MUM 0.50 0  88 72 72 7.0 0.6 <0.10 4.4
MAX I MUM 1.90 0  197 160 162 13.0 7.8 0.20 9.5

ME DIAN 1.00 0  135 111 110 8.4 4.8 <0.10 7.7
MEAN 1.03 0  144 117 118 8.8 4.5 0.07 7.6

STD. DE VI A TION 0.46 0  34 27 28 2.4 2.6 0.04 2.3

HUC 0102:  Penobscot River Ba sin

NUM BER 13 13  13 13 13 13 13 13 13
MIN I MUM 0.30 0  16 14 13 <0.1 0.4 <0.10 8.0
MAX I MUM 1.90 0  151 123 123 12.0 6.2 0.10 16.0

ME DIAN 0.70 0  85 69 70 4.7 1.5 <0.10 9.6
MEAN 0.90 0  88 72 72 6.5 2.1 0.06 10.2

STD. DE VI A TION 0.58 0  38 30 31 4.2 1.8 0.02 2.8

1 WD IT means wa ter dis solved, in cre men tal ti tra tion.
2 WW TOT FET means wa ter whole, to tal fixed end point.
3 WD TOT IT is  an ab bre vi a tion for wa ter, dis solved to tal in cre men tal ti tra tion.
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Ta ble 7.—Back ground wa ter qual ity in sand and gravel aqui fers in the study area.

All val ues in mil li grams per li ter (mg/L) ex cept as noted; mS/cm, microsiemens per cen ti me ter at 25o Cel sius;
—, value not de ter mined.

SOL IDS,RES I DUE SOL IDS, SUM OF  NI TRO GEN4, MAN GA NESE CAR BON, 

OB SER VA TION AT 1800C CON STIT U ENTS NO2 + NO3 PHOS PHO RUS 5 IRON, TO TAL IRON  TO TAL MAN GA NESE OR GANIC

WELL DIS SOLVED DIS SOLVED TO TAL TO TAL RE COV ER ABLE DIS SOLVED RE COV ER ABLE DIS SOLVED TO TAL

NUM BER (MG/L) (MG/L) (MG/L as N) (MG/L as P) (MG/L as FE) (MG/L as FE) (MG/L as MN) (MG/L as MN) (MG/L as C)

92-1 108 — <0.20 —  21.000 7.400 1.300 1.100 3.8

92-2 93 98 <0.20 —  20.000 2.300 1.600 1.100 1.5

92-3 65 74 <0.20 —  30.000 0.018 4.700 0.098 0.4

92-4 274 175 — —  310.000 2.300 55.000 3.100 4.2

92-5 139 135 0.52 —  1.100 0.078 0.070 0.036 0.9

92-6 142 149 <0.20 —  6.500 0.660 1.600 1.400 1.4

92-7 146 133 <0.20 —  18.000 0.120 0.510 0.005 0.4

92-8 127 96 — —  130.000 1.000 4.800 0.160 0.4

92-9 90 88 <0.20 —  84.000 13.000 4.600 3.400 1.8

92-10 189 187 2.34 —  70.000 0.013 3.200 0.020 0.6

92-11 99 98 0.22 —  34.000 0.062 0.680 0.015 0.7

92-12 89 85 <0.20 —  78.000 0.220 16.000 0.059 3.7

92-13 92 92 <0.20 —  33.000 0.810 1.900 1.100 2.8

92-14 140 144 <0.20 —  19.000 0.024 0.930 0.013 0.5

92-15 79 80 0.37 —  38.000 0.025 2.600 0.015 0.3

92-16 86 98 <0.20 —  34.000 9.300 1.900 1.400 2.5

92-17 136 138 <0.20 —  14.000 0.034 46.000 2.700 2.8

92-18 192 185 <0.20 —  19.000 0.290 0.870 0.032 1.0

92-19 134 119 2.68 —  2.400 0.004 0.100 0.011 0.3

92-20 90 94 <0.20 —  9.500 0.023 0.600 0.058 0.8

92-21 127 136 0.21 —  3.800 0.170 8.600 9.800 3.7

92-22 21 28 0.31 —  16.000 0.043 0.740 0.007 1.0

92-23 137 137 0.96 —  2.400 0.016 0.080 0.003 0.5
MIN I MUM 21 28 <0.20 —  1.100 0.004 0.070 0.003 0.3
MAX I MUM 274 187 2.68 —  310.000 13.000 55.000 9.800 4.2

ME DIAN 127 109 0.10 —  20.000 0.120 1.600 0.059 1.0
MEAN 122 117 0.42 —  43.204 1.648 6.886 1.114 1.6

STD. DE VI A TION 51 39 0.73 —  66.179 3.442 14.272 2.169 1.3

HUC 0101:  St. John/Aroostook River Ba sin

NUM BER 10 10 8 —  10 10 10 10 10
MIN I MUM 127 96 <0.20 —  1.100 0.004 0.070 0.003 0.3
MAX I MUM 274 187 2.68 —  310.000 2.300 55.000 3.100 4.2

ME DIAN 141 138 0.31 —  16.000 0.099 1.235 0.034 0.75
MEAN 162 145 0.86 —  57.340 0.452 11.223 0.747 1.25

STD. DE VI A TION 46 29 1.06 —  97.728 0.729 20.865 1.216 1.28

HUC 0102:  Penobscot River Ba sin

NUM BER 13 13 13 —  13 13 13 13 13
MIN I MUM 21 28 <0.20 —  3.800 0.018 0.600 0.007 0.3
MAX I MUM 140 144 0.37 —  84.000 13.000 16.000 9.800 3.8

ME DIAN 90 93 0.10 —  30.000 0.170 1.900 0.098 1.50
MEAN 91 93 0.15 —  32.331 2.569 3.550 1.397 1.81

STD. DE VI A TION 29 29 0.09 —  23.908 4.383 4.376 2.705 1.34
4Sam ples for to tal  ni tro gen anal y sis were col lected on 9-22 and 9-23-93 and sub mit ted to the Maine De part ment of Hu man Ser vices (DHS)
Pub lic Health Lab o ra tory (PHL) in Augusta, Maine.
5This col umn is in cluded de spite the non ex is tence of data to high light the fact that phosporus was an a lyzed for pre vi ous study ar eas, but in ad -
ver tently not an a lyzed for this study area.
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Fig ure 14.  Boxplots of se lected wa ter-qual ity prop er ties by drain age ba sin.
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Fig ure 14 (con tin ued).  Boxplots of se lected wa ter-qual ity prop er ties by drain age ba sin.
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Fig ure 15.  Boxplots of se lected wa ter-qual ity con stit u ents by drain age ba sin with U.S. En vi ron men tal Pro tec tion 
                   Agency and Maine De part ment of Hu man Ser vices drink ing wa ter stan dards.
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Fig ure 15 (con tin ued).  Boxplots of se lected wa ter-qual ity con stit u ents by drain age ba sin with U.S. En vi ron men tal Pro tec tion 
                   Agency and Maine De part ment of Hu man Ser vices drink ing wa ter stan dards.



Spe cific con duc tance of the wa ter-qual ity sam ples from
the study area ranges from 39 to 336 mS/cm, with a me dian of
198 mS/cm (Ta ble 7, Fig ure 14).  Con vert ing to dis solved sol ids
(us ing the high-end fac tor of 0.75 for a worst-case es ti mate), a
range of 29 to 252 mg/L and me dian of 148 mg/L is es ti mated for
dis solved-sol ids con cen tra tion.  The es ti mated dis solved-sol ids
con cen tra tions in the study area are there fore be low the rec om -
mended max i mum concentration of 500 mg/L. 

pH

The pH of wa ter is a mea sure of hy dro gen-ion ac tiv ity
(con cen tra tion).  Spe cif i cally, the ab bre vi a tion “pH” rep re sents
the neg a tive base-10 log of the hy dro gen-ion ac tiv ity in moles
per li ter.  Each unit in crease in the pH scale rep re sents a ten fold
de crease in hy dro gen-ion ac tiv ity.  A pH of 7 is con sid ered neu -
tral, less than 7 is acidic, and greater than 7 is al ka line.  In Ta bles
7 and 8, mean and stan dard de vi a tion val ues are not given for pH
be cause those sta tis tics are not valid for val ues from an ex po nen -
tial scale.  The pri mary con trol on pH in ground wa ter in volves
in ter ac tion of soil and rocks with gas eous car bon di ox ide, bi car -
bon ate, and car bon ate ions.  The pH in the back ground wa -
ter-qual ity sam ples from the study area ranges from 6.1 to 8.3,
with a me dian of 7.5 (Ta ble 7, Fig ure 14).  The USEPA (1986)
has set a recommended pH range for drinking water of from 5
to 9.

Tem per a ture

The tem per a ture of ground wa ter nor mally has a small sea -
sonal fluc tu a tion and re mains within a few de grees of the mean
an nual air tem per a ture in a given area.  In Maine, ground-wa ter
tem per a tures are typ i cally be tween 4.4oC and 10.0oC (Caswell,
1987).  The tem per a ture of ground wa ter in the study area var ies
from 6.5 oC to 13.5 oC, with a me dian of 8.5 oC (Table 7, Figure
14).

Cal cium, Mag ne sium, and Hard ness

Be cause cal cium is widely dis trib uted in the com mon min -
er als of rocks and soil, it is the prin ci pal cat ion in most fresh wa -
ter (Hem, 1985).  Mag ne sium is also a com mon cat ion in ground
wa ter.  The Maine De part ment of Hu man Ser vices (1983) has
not rec om mended any max i mum lim its for cal cium, mag ne sium, 
or hardness in drinking water.

Con cen tra tions of cal cium, the prin ci pal cat ion in the back -
ground wa ter-qual ity sam ples, range from 4.6 to 65.0 mg/L in
the study area, with a me dian of 30.0 mg/L (Ta ble 7, Fig ure 15).

Mag ne sium con cen tra tions in the study area range from 0.9 
to 4.3 mg/L, with a me dian of 2.3 mg/L (Ta ble 7, Fig ure 15). 

Hard ness is a mea sure of the abun dance of cat ions, mainly
cal cium and mag ne sium, that re act with soap to form in sol u ble
com pounds or pre cip i tate from heated wa ter to form
encrustations (Hem, 1985).  Other di va lent cat ions, in clud ing

stron tium, iron, and man ga nese, also can con trib ute to hard ness.
Hard wa ter re quires con sid er able amounts of soap to pro duce a
foam or lather and is the cause of scale in hot-wa ter pipes, heat -
ers, boil ers, and other units that use hot water.

Hard ness in study-area sam ples was cal cu lated by Stan -
dard Method 314A (Amer i can Pub lic Health As so ci a tion, 1985)
and is ex pressed in terms of an equiv a lent con cen tra tion of cal -
cium car bon ate.  Wa ter is con sid ered soft if it con tains 0 to 60
mg/L of hard ness, mod er ately hard if it con tains 61 to 120 mg/L,
hard if it con tains 121 to 180 mg/L and very hard if it con tains
more than 180 mg/L (Hem, 1985).  Ground-wa ter sam ples from
the study area have hard ness rang ing from 15.0 to 170.0 mg/L,
with a me dian of 86.0 mg/l in di cat ing that the hard ness of wa ter
in the re gion is soft to hard (Table 7, Figure 14).

So dium and Po tas sium

So dium and po tas sium are among the ma jor cat ions in
ground wa ter in Maine.  For so dium, a drink ing wa ter stan dard of 
20 mg/L has been set by the Maine De part ment of Hu man Ser -
vices (1983) to pro tect in di vid u als on re stricted so dium di ets.
These di ets usu ally are rec om mended for peo ple with heart, hy -
per ten sion, or kid ney prob lems.  No max i mum limit has been set
for potassium in drinking water.

Con cen tra tions of so dium in the back ground wa ter-qual ity
sam ples from the study area range from 1.4 to 7.0 mg/L, with a
me dian of 2.4 mg/L.  Con cen tra tions of po tas sium in the study
area range from 0.3 to 1.9 mg/L, with a me dian of 0.8 mg/L
(Table 7). 

Al ka lin ity

Al ka lin ity is a mea sure of the ca pac ity of a so lu tion to neu -
tral ize acid.  This ca pac ity de pends on the con cen tra tions of car -
bon ate (CO3

2-), bi car bon ate (HCO3
-), and hydroxyl (OH-).

Un der equi lib rium con di tions, pH can be used to in di cate the dis -
tri bu tion of the dif fer ent car bon ate spe cies (Hem, 1985).  Bi car -
bon ate is the dom i nant an ion in ground wa ter in the study area.
Al ka lin ity is re ported in terms of equiv a lent cal cium car bon ate
(CaCO3) con cen tra tion.  Al ka lin ity con cen tra tions in the study
area range from 14.0 to 160.0 mg/L, with a median of 95 mg/L
(Table 7, Figure 14).

Sul fate

Sul fate is one of the ma jor an ions in nat u ral wa ters.  Sul fate
can be re duced un der an aer o bic con di tions to hy dro gen-sul fide
gas (H2S).  The rot ten-egg odor of this gas can be de tected in wa -
ter at lev els as low as a few tenths of a mil li gram per li ter.  The
USEPA (1989) has set a SMCL for sul fate of 250 mg/L in drink -
ing wa ter; at lev els above this, sul fate can have a lax a tive ef fect.
Sul fate con cen tra tions in the back ground wa ter-qual ity sam ples
from the study area range from <0.1 to 15.0 mg/L, with a me dian
of 7.0 mg/L (Table 7, Figure 15).
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Chlo ride 

Be cause chlo ride is a highly mo bile ion and is not readily
sorbed, it can be used to trace con tam i na tion from road salt,
salt-sand stor age piles, land fills, and sep tic tanks.  The USEPA
(1989) has set a SMCL of 250 mg/L for chlo ride.  High chlo ride
con cen tra tions in wa ter will con trib ute to the de te ri o ra tion of
plumb ing, wa ter heat ers, and wa ter works equip ment.  High
chlo ride con cen tra tions in wa ter also may be as so ci ated with so -
dium con cen tra tions.  Chlo ride con cen tra tions in the back -
ground wa ter-qual ity sam ples from the study area range from 0.4 
to 7.8 mg/L, with a me dian concentration of 2.4 mg/L (Table 7,
Figure 15).

Ni trate Plus Ni trite

Ni trate and ni trite com monly are de rived from plant and
an i mal ma te ri als, but also can be con trib uted by fer til iz ers.  Ni -
trate is the most com mon ni tro gen com pound in ground wa ter.
Be cause ni trate is weakly ad sorbed by soil, it is a good in di ca tor
of con tam i na tion from sep tic sys tems and waste-dis posal sites.
Ni trate can be con verted to ni trite in the stom ach; this may lead
to the on set of methemoglobinemia in in fants, a po ten tially le thal 
dis ease (Na tional Re search Coun cil, 1977).  Be cause of this, the
USEPA (1986) es tab lished a MCL of 10 mg/L ni trate-ni tro gen
(NO3-N) in drink ing wa ter.  High ni trate lev els are also
potentially lethal to cattle and other ruminants.

Ni trate plus ni trite con cen tra tions in the back ground wa -
ter-qual ity sam ples from the study area range from <0.20 to 2.68
mg/L, with a me dian of 0.10 mg/L (Ta ble 7, Fig ure 15).  Val ues at 
or be low the de tec tion limit of 0.20 mg/L were re ported as less
than 0.20 mg/L.  For sta tis ti cal pur poses, sam ples with a ni -
trate-ni tro gen con cen tra tion be low the 0.20 mg/l de tec tion limit
are as signed a value of one-half the detection limit, or 0.10 mg/l.

Iron and Man ga nese

El e vated iron and man ga nese con cen tra tions may cause
some prob lems for mu nic i pal wa ter sys tems and in di vid ual well
own ers in the study area.  Hu mans are not known to suf fer any
harm ful ef fects from drink ing wa ter that con tains ex ces sive iron; 
how ever, con cen tra tions of only a few tenths of a mil li gram per
li ter of iron and a few hun dredths of a mil li gram per li ter of man -
ga nese can make wa ter un suit able for some uses.  Both iron and
man ga nese may stain clothes and plumb ing fix tures and can
cause prob lems in dis tri bu tion sys tems by sup port ing growth of
iron bac te ria.  Even at very low con cen tra tions, iron in wa ter can
im part an ob jec tion able taste, which is of ten de scribed as rusty
or me tal lic.  When ex posed to the air, wa ter that con tains dis -
solved iron and man ga nese may become turbid because of the
formation of colloidal precipitates.

Dis solved iron con cen tra tions in the study area sam ples
vary from 0.004 mg/L to 13.0 mg/L, with a me dian of 0.120
mg/L (Ta ble 7, Fig ure 15).  The me dian val ues for iron in all the

drain age bas ins are within the rec om mended limit of 0.3 mg/L
for drink ing wa ter set by the USEPA (1989).

Dis solved man ga nese con cen tra tions in the pro ject area
range from 0.003 mg/L to 9.8 mg/L, with a me dian of 0.06 mg/L
(Ta ble 7).  The me dian dis solved man ga nese con cen tra tion  ex -
ceeds the rec om mended drink ing limit of 0.050 mg/L set by the
USEPA (1989).

Fil tra tion units can be in stalled by in di vid ual well own ers
to re move ob jec tion able lev els of iron and man ga nese.  Treat -
ment might be nec es sary to re move iron and man ga nese from
pub lic ground-wa ter sup plies in some lo cal i ties in the study area.

To tal Or ganic Car bon

TOC (to tal or ganic car bon) is a bulk in di ca tor of all or ganic 
chem i cals pres ent in wa ter.  The TOC-mea sure ment tech nique
does not dis tin guish be tween toxic and non toxic or ganic spe cies. 
Nat u ral or ganic spe cies de rived from soils can cause an oma -
lously high TOC con cen tra tions.  The TOC con cen tra tions in the
back ground wa ter-qual ity sam ples from the study area range
from 0.3 to 4.2 mg/L, with a median of 1.0 mg/L (Table 7).

Dis cus sion

Sev eral stud ies have in di cated that the com po si tion of
strat i fied drift in an area mir rors the lo cal bed rock li thol ogy
(Trefethen and Trefethen, 1944; Flint, 1971; Van Beever, 1971;
Legget, 1976; Bolduc and oth ers, 1987; Evenson and Clinch,
1987).  This is re flected in the wa ter qual ity from wells in stalled
in the strat i fied drift when com pared by drainage basin.

The me dian val ues of se lected chem i cal and phys i cal pa -
ram e ters in Fig ures 14 and 15 and Ta ble 8 show a con sis tent
trend be tween ma jor drain age bas ins.  Me dian val ues for con -
duc tiv ity, al ka lin ity, sul fate, cal cium, mag ne sium, and hard ness
gen er ally de crease from north to south. The high est pa ram e ter
val ues are found in the St. John/Aroostook River Ba sin (HUC
0101), with typ i cally de creas ing val ues found in the Penobscot
River Ba sin (HUC 0102), the Kennebec River Ba sin (HUC
0103), the Androscoggin River Ba sin (HUC 0104), the East ern
and Cen tral Coastal Bas ins (HUC 0105), and the Saco River Ba -
sin (HUC 0106) re spec tively.  While there may be a wide range
of val ues for a par tic u lar pa ram e ter within each drain age ba sin
and some vari ances with cal cium, mag ne sium and sul fate oc cur,
the overall consistent trend of the median values is noteworthy.

A geo logic fea ture that var ies from north to south in Maine
is meta mor phic grade (Fig ure 16).  Us ing all ground-wa ter qual -
ity data col lected for the Sig nif i cant Sand and Gravel Aqui fer
Map ping Pro gram through the 1992 study area, Fig ure 17 shows
me dian val ues of con duc tiv ity, al ka lin ity, and hard ness for each
ma jor drain age ba sin ver sus the per cent of each ba sin un der lain
by “weakly meta mor phosed” bed rock.  Weakly meta mor phosed
in this case is taken from the Gen er al ized Map of Meta mor phic
Fa cies in Osberg and oth ers (1985), and cor re sponds roughly to
sub-greenschist grade.  A best fit re gres sion line for each pa ram -
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Fig ure 16.  Ma jor drain age bas ins, the study-area bound ary, and meta mor phic zones
(mod i fied from Osberg and oth ers, 1985).
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Fig ure 17.  Me dian spe cific con duc tance, al ka lin ity, and hard ness for ma jor drain age bas ins ver sus per cent of each ba sin un der lain by
weakly meta mor phosed bed rock.



e ter is also shown on Fig ure 17.  The cor re la tions be tween con -
duc tiv ity, al ka lin ity, and hard ness and per cent weakly
meta mor phosed bed rock in each ba sin is good, with r2 val ues
greater than or equal to 0.92 and val ues of p less than 0.05 in all
cases in di cat ing a statistically significant relationship at a
95percent confidence level.

The ev i dence sug gests that the vari a tion in wa ter qual ity,
and the in ferred vari a tion in to tal dis solved sol ids, is pri mar ily a
func tion of the sol u bil ity of the strat i fied drift in each ba sin.  Wa -
ter qual ity is a func tion of sev eral fac tors, in clud ing the min er al -
ogy of the aqui fer ma te rial, the pH of the re charge to the aqui fer,
tem per a ture and res i dence time.  How ever, drain age bas ins un -
der lain by pre dom i nantly low-grade meta mor phic rocks have
higher val ues of many chem i cal and phys i cal pa ram e ters as mea -
sured in back ground wa ter qual ity than do bas ins un der lain by
abun dant high-grade metamorphic rocks and felsic plutons
(Weddle and Loiselle, 1996).

A wa ter-qual ity pa ram e ter which is con sis tently higher in
the study area sam ples when com pared to pre vi ous study area
sam ples is the me dian pH.  This dif fer ence is shown graph i cally
by Fig ure 14 and the val ues are pre sented in Ta bles 7 and 8.  This
higher pH may be ex plained by the pre dom i nance of cal car e ous
bed rock which un der lies the study area and hence cal car e ous
surficial de pos its.  Much of the un der ly ing bed rock in the study
area is com posed of pelite, lime stone, interbedded pelite, and
sand stone.  Typ i cally, the pH of ground wa ter in car bon ate ter -
rain is between 7.0 and 8.0 (Freeze and Cherry, 1979).

SUMMARY 

The sig nif i cant sand and gravel aqui fers in the study area
con sist of gla cial ice-con tact, ice-stag na tion, outwash, and
stream-al lu vium de pos its.  These de pos its pri mar ily oc cur in the
val leys of the ma jor river sys tems and their trib u tar ies, or are as -
so ci ated with other surface-water bodies.

Al though the study area in cludes 1,784 mi2, ar eas mapped
as sig nif i cant aqui fers cover only 33.9 mi2.  Yields ex ceed ing 50
gal/min are es ti mated to be avail able in only 0.6 mi2 of these sig -
nif i cant aqui fers.  The high est yields are ob tain able in ar eas of
thick, coarse-grained, sat u rated de pos its that are hy drau li cally
con nected to an ad ja cent body of sur face wa ter that can serve as a 
source of in duced re charge.  The great est known well yield is ap -
prox i mately 1,000 gal lons per min ute from a gravel-pack pub lic
water supply well located in Houlton.

Typ i cally, the wa ter ta ble, as ob served in pro ject ob ser va -
tion wells, is within 15 feet of land sur face in the study area.
Based on pro ject ob ser va tion well-re cord data, the great est
known depth to bed rock ex ceeds 58 feet in ob ser va tion well OW
92-20 in Haynesville.  Ac cord ing to Houlton Wa ter Dis trict well
re cords, over bur den thick nesses of greater than 69 feet have
been encountered.

On the ba sis of field re la tions, logs of ob ser va tion wells,
and in ter pre ta tion of the geo logic his tory of the study area, the
fol low ing gen er al ized strati graphic re la tions have been de ter -

mined:  bed rock is over lain by till, which lo cally is over lain by
ice-con tact and outwash de pos its, which may be over lain by and
lo cally interbedded with glaciolacustrine or to a very lim ited ex -
tent, glaciomarine de pos its.  These de pos its in turn, may be over -
lain by sand and gravel de pos its of mixed or i gin.  The thick ness
of the de pos its and strati graphic units var ies con sid er ably de -
pend ing on landform and lo cal depositional controls during
deglaciation and postglaciation.

The back ground wa ter qual ity in sand and gravel aqui fers
in the study area has the fol low ing char ac ter is tics:  the me dian
pH is 7.5, cal cium and so dium are the most abun dant cat ions, bi -
car bon ate is the dom i nant an ion and the wa ter is mod er ately
acidic to slightly ba sic.  Ac cord ing to wa ter-qual ity data for the
study area and the pre scribed drink ing wa ter stan dards, the re -
gional wa ter qual ity gen er ally is suit able for drink ing and most
other uses.  How ever, in some lo cal i ties con cen tra tions of iron
and man ga nese may limit the use of untreated water.

Solid-waste fa cil i ties, salt-sand stor age ar eas, and mal -
func tion ing sep tic sys tems are the most com mon po ten tial
sources of ground-wa ter con tam i na tion iden ti fied on or near
sand and gravel aqui fers in the study area.  No mu nic i pal wa -
ter-sup ply wells are known to have been con tam i nated by these
sources.

Com par i son of back ground wa ter qual ity be tween the ma -
jor drain age bas ins of Maine re veals a con sis tent de crease in me -
dian val ues of se lected pa ram e ters from north to south.  This
de crease cor re lates well with the per cent age of the ba sin that is
un der lain by “weakly meta mor phosed” bed rock.  Nu mer ous
other fac tors (pH, tem per a ture, res i dence time) may in flu ence
wa ter qual ity, but the ev i dence sug gests these fac tors are mi nor
rel a tive to the com po si tion of the aqui fer ma te rial, which is con -
trolled pri mar ily by the basin bedrock geology and metamorphic
grade.
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Ap pen dix 1

Sin gle-Chan nel Seis mic-Re frac tion Data

The fol low ing is a com pi la tion of data in ter preted from sin gle-chan nel seis mic-re frac tion sur veys con ducted by the Maine Geo -
log i cal Sur vey dur ing 1992.  Data were in ter preted us ing a com puter pro gram de vel oped at the Maine Geo log i cal Sur vey fol low ing
the meth ods of Moo ney (1980) and Zohdy and oth ers (1974).  Depths are mea sured from land sur face.  If the line was run in a gravel
pit, the amount of ma te rial that had been re moved is noted un der “Com ments.”  Lo ca tion of in di vid ual seis mic lines are shown on the
quad ran gle in di cated by the three let ter quad ran gle code iden ti fy ing the seis mic line.  Sin gle-chan nel seis mic lines shown on the as so -
ci ated maps are not plot ted to scale.  A list of these quad ran gle codes is given be low.

CODE QUAD RAN GLE CODE QUAD RAN GLE

ADB Al der Brook MTC Mount Chase

BEN Benedicta MWK Mattawamkeag Lake

CRY Crys tal NAM North Am ity

DAN Danforth NBR North Brook Ridge*

HAR Harvey OAK Oakfield

HON Houlton North ORT Ori ent

HOS Houlton South PAT Pat ten

HSV Haynesville REP Reed Pond

ISF Is land Falls SCR St. Croix Lake

JMM Jimmey Mtn SSL Salmon Stream Lake

LNN Linneus TML Ten Mile Lake

MDA Monarda TWB Twin Brook

MOB Mon u ment Brook WYT Wytopitlock

MON Monticello

All sin gle-chan nel seis mic-re frac tion sur veys pre sented in Ap pen dix 1 were run from both di rec tions to al low ap par ent ve loc ity
cor rec tions.  The end of the line on which read ings were taken first was des ig nated the “A” end.  The line was then re versed and read -
ings were taken on the “B” end.  The ori en ta tion of the line, shown in Ap pen dix 1, was mea sured from the “A” end.  Depths to wa ter
ta ble and bed rock are re ported for both the “A” end and the “B” end of sin gle-chan nel seimic lines.

* No sig nif i cant sand and gravel aqui fers were mapped in the North Brook Ridge quad ran gle; there fore, no aqui fer map will be
pub lished for that quad ran gle.  Sin gle-chan nel seis mic-re frac tion sur veys run in that quad ran gle are in cluded in this ap pen dix for sta -
tis ti cal pur poses, but their lo ca tions will not ap pear on a map.
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Ap pen dix 2

1Twelve-Chan nel Seis mic-Refrac tion Pro files

The fol low ing are hydrogeologic cross sec tions in ter preted from twelve-chan nel seis mic-re frac tion sur veys con ducted by the
Maine Geo log i cal Sur vey  dur ing 1992.  Data in ter pre ta tion is based on a com puter mod el ing pro gram de scribed by Scott and oth ers
(1972).  Dis tances shown on the x-axes are mea sured from geo phone num ber 1.  Be cause  there is a greater con cen tra tion of re dun dant 
bed rock data in the cen ter of lines than at the ends, the bed rock sur faces de picted in the cen tral por tions of the lines are be lieved to
better re flect ac tual subsurface con di tions than do the ends of the lines.  Abrupt changes in the in ter preted bed rock sur face at the ex -
treme ends of the lines might not re flect ac tual bed rock to pog ra phy.  Lo ca tions of in di vid ual pro files are shown on the quad ran gle in -
di cated by the three let ter quad ran gle code iden ti fy ing the seis mic line.  A list of these quad ran gle codes is given be low.

CODE QUAD RAN GLE CODE QUAD RAN GLE

BEN Benedicta LNN Linneus

CRY Crys tal MKL Molunkus Lake

HAR Harvey MTC Mount Chase

HON Houlton North OAK Oakfield

HOS Houlton South ORT Ori ent

HSV Haynesville PAT Pat ten

ISF Is land Falls TML Ten Mile Lake

JMM Jimmey Mtn TWB Twin Brook
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Ap pen dix  3

Ob ser va tion-Well and Test-Bor ing Logs 1 

Iden ti fi ca tion num ber:  com posed of three el e ments:

OW (Ob ser va tion Well in stalled for col lec tion of wa ter-level and wa ter-qual ity data)or TB (test bor ing drilled but no ob ser -
va tion well in stalled); year well was drilled in; and a se quen tial num ber in the or der the ex plo ra tion bor ings were drilled.

Lo ca tion:  Lat i tude and lon gi tude are spec i fied; ob ser va tion wells and test bor ings are lo cated on the as so ci ated maps.

Site de scrip tion:  A brief site de scrip tion is given.

De scrip tion of ma te ri als:  Logs of ob ser va tion wells and test bor ings, based on the Wen tworth scale, in Pettijohn (1975).

Terms used in logs of ex plo ra tion bor ings:

Sand and Gravel—Sorted sed i ment vary ing in size from boul ders to very fine sand.

Silt—Sed i ment par ti cles rang ing in size from 1/16 mm to 1/256 mm.  

Clay—Sed i ment par ti cles 1/256 mm and smaller in size.

Till—A pre dom i nantly nonsorted, nonstratified sed i ment de pos ited di rectly by a gla cier and com posed of boul ders, gravel,
sand, silt, and clay.

Loam—A mix ture of sand, silt, and clay par ti cles which ex hib its light and heavy prop er ties in roughly equal pro por tions.

End of Bor ing—Depth of bot tom of ex plo ra tion bor ing in which bed rock or re fusal was not reached.

Re fusal—Depth at which drill equip ment could not pen e trate fur ther. If it is fairly cer tain that a boul der was en coun tered,
the word “boul der” is shown in pa ren the ses af ter the word “re fusal.”  If it is fairly cer tain that the bed rock sur face was en -
coun tered, the word “bed rock” is shown in pa ren the ses af ter the word “re fusal.”

Blows—Split spoons were ad vanced by per cus sive blows with an au to matic ham mer on the drill ing rig.  The force of each
blow was equiv a lent to a 340 pound weight free-fall ing a height of 30 inches be fore strik ing the rod.  

PVC — Poly vi nyl chlo ride

1  See Ta bles 1, 2, and 3 for in for ma tion on grain-size anal y ses and es ti mated transmissivities and well yields. 
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OW 92-1.  Lat i tude: 45o58‘53“ N,  Lon gi tude: 68o22‘00” W 

Lo cated on the Crys tal quad ran gle in Crys tal in a gravel pit along the esker on the east side of the Thou sand Acre Bog, ap prox i -
mately 1.6 miles north of the Crys tal rail road cross ing.  Wa ter level is ap prox i mately 1 foot be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Gravel, cobbly, coarse to fine sand 0 - 7 7 — —

Sand, me dium to coarse, peb bles 7 - 16 9 7 - 9 9

Till 16 - 20 4 17-19 21

Re fusal (bed rock) 20 — — —

OW 92-1 is screened from 8.0 to 18.0 feet be low land sur face with a 0.008-inch slot ted, sched ule 40, PVC screen.

OW 92-2.  Lat i tude: 46o00‘14“ N,  Lon gi tude: 68o25‘21” W

Lo cated on the Mount Chase quad ran gle in Crys tal in a gravel pit on the north side of Route 159, ap prox i mately 0.3 miles east of
the Pat ten - Crys tal town line.  Wa ter level is ap prox i mately 2 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Gravel, cobbly to peb bly, coarse sand 0 - 9 9 7 - 9 10

Sand, fine to me dium 9 - 13 4 12 - 14 17

Till 13 - 17.5 4.5 12 - 14, 17 -17.5 17, 28

Re fusal (bed rock) 17.5 — — —

OW 92-2 is screened from 7.0 to 17.0 feet be low land sur face with a 0.008-inch slot ted , sched ule 40, PVC screen.

OW 92-3.  Lat i tude: 45o38‘44" N,  Lon gi tude: 67o52‘09“ W

Lo cated on the Danforth quad ran gle in Danforth in the south end of a gravel pit along the west shore of Crooked Brook Flowage
(Baskahegan Stream), 0.75 miles south of the pub lic boat land ing in Danforth.  Wa ter level is ap prox i mately 26 feet be low land
sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Gravel, cobbly to peb bly 0 - 7 7 — —

Gravel, cobbly to peb bly, sand, me dium to coarse 7 - 31 24 27 - 29 44

Till 31 - 39 8 37 - 39 82

Re fusal (bed rock) 39 — — —

OW 92-3 is screened from 27.0 to 32.0 feet be low land sur face with a 0.008-inch slot ted, sched ule 40, PVC screen.

76



OW 92-4.  Lat i tude: 46o09‘39“ N,  Lon gi tude: 67o52‘45” W

Lo cated on the Twin Brook quad ran gle in Houlton in a gravel pit east of Callaghan Road, 0.6 miles south of the junc tion with
Cross Road.  Wa ter level is ap prox i mately 21 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Sand, fine to very fine, silt 0 - 30 30 12 - 14, 27 - 29 7, 3

Till 30 - 32 2 — —

Re fusal (bed rock) 32 — — —

OW 92-4 is screened from 17.0 to 32.0 feet be low land sur face with a 0.008-inch slot ted, sched ule 40, PVC screen.

OW 92-5.  Lat i tude: 46o11‘33“ N,  Lon gi tude: 67o54‘46” W

Lo cated on the Twin Brook quad ran gle in Hammond in a gravel pit east of B Road 0.15 miles north of the Hammond - Lud low
town line.  Wa ter level is ap prox i mately 9 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Gravel, bouldery to cobbly, coarse sand, silt 0 - 15 15 12 - 14 10

Sand, coarse, silt, com pact 15 - 18 3 17 - 18 14

Re fusal (bed rock) 18 — — —

OW 92-5 is screened from 8.0 to 18.0 feet be low land sur face with a 0.008-inch slot ted, sched ule 40, PVC screen.

OW 92-6.  Lat i tude: 46o08‘00“ N,  Lon gi tude: 67o59‘03” W

Lo cated on the Twin Brook quad ran gle in New Lim er ick in a gravel pit be tween Route 2 and In ter state 95, 1.7 miles west of the
junc tion of Route 2 and French Road.  Wa ter level is ap prox i mately 2 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Gravel, cobbly, coarse sand, 0 - 10 10 — —

Gravel, sand, coarse to very fine 10 - 15 5 12 - 14 10

Sand, very fine to coarse, some  silt 15 - 41 26 17 - 19, 37 - 39 4, 8

Re fusal (bed rock?) 41 — — —

OW 92-6 is screened from 7.0 to 17.0 feet be low land sur face with a 0.008-inch slot ted, sched ule 40, PVC screen.
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OW 92-7.  Lat i tude: 46o12‘58“ N,  Lon gi tude: 67o51‘59” W

Lo cated on the Houlton North quad ran gle in Little ton in a gravel pit just north of Wiley Road 0.1 miles west of the Little ton pub -
lic boat land ing on Carry Lake.  Wa ter level is ap prox i mately 12 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Gravel, bouldery to cobbly 0 - 10 10 — —

Gravel, peb bly, coarse sand 10 - 42 32 12 - 14, 17 - 19 27, 20

27 - 29,  37 - 39 43, 40

Till 42 - 55 13 47 - 49, 74

Re fusal (dense till) 55 — — —

OW 92-7 is screened from 16.5 to 26.5 feet be low land sur face with a 0.008-inch slot ted, sched ule 40, PVC screen

OW 92-8.  Lat i tude: 46o21’06“ N,  Lon gi tude: 67o 55‘45” W

Lo cated on the Harvey quad ran gle in TCR2WELS in a gravel pit along a lum ber road lead ing west from the aban doned Harvey
rail sid ing, and 0.2 miles west of the bridge over the North Branch of the Meduxnekeag River.  Wa ter level is ap prox i mately 2 feet 
be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Gravel, me dium to coarse sand, some silt 0 - 15 15 7 - 9 63

Till 15 - 18 3 17 - 18 50

Re fusal (bed rock) 18 — — —

OW 92-8 is screened from 7.0 to 17.0 feet be low land sur face with a  0.008-inch slot ted, sched ule 40, PVC screen. 

OW 92-9.  Lat i tude: 46o04‘34“ N,  Lon gi tude: 68o09‘53” W

Lo cated on the Oakfield quad ran gle in Oakfield in an aban doned gravel pit on the west side of the Red Bridge Road, 0.5 miles
south of the junc tion with the Dyer Brook Road.  Wa ter level is ap prox i mately 4 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Sand, fine to coarse, peb bly gravel 0 - 25 25 12 - 14 8

Silt, very fine to coarse sand, peb bles 25 - 30 5 27 - 29 42

Sand, fine to me dium, peb bles 30 - 37 7 32 - 34 19

Sand, very fine to coarse, silt, stones 37 - 45 8 37 - 39 24

Till, 45 - 48.5 3.5 47 - 48.5 28

Re fusal (bed rock) 48.5 — — —

OW 92-9 is screened from 12.0 to 32.0 feet be low land sur face with a 0.008-inch slot ted, sched ule 40, PVC screen.
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OW 92-10.  Lat i tude: 46o03‘57“ N,  Lon gi tude: 67o56’25" W

Lo cated on the Linneus quad ran gle  in Linneus  in a gravel pit on the west side of Horse back Road, 0.3 miles north of the  junc tion
with Route 2a.  Wa ter level is ap prox i mately 4 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Sand, me dium to coarse, gravel 0 - 7 7 — —

Sand,  very fine to coarse, gravel, silt 7 - 16 9 7 - 9, 12 - 14 15, 10

Till 16 - 20 4 17 - 19 50

Re fusal (bed rock) 20 — — —

OW 92-10 is screened from 7.0 to 12.0 feet be low land sur face with a 0.008-inch slot ted, sched ule 40, PVC screen.

OW 92-11.  Lat i tude: 46o00‘10“ N,  Lon gi tude: 68o15‘21” W

Lo cated on the Is land Falls quad ran gle  in Is land Falls in a gravel pit on the west side of the West Branch of the Mattawamkeag
River, 0.7 miles south east from the vil lage of Is land Falls.  Wa ter level is ap prox i mately 5 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet) 

Sand, fine to me dium, oc ca sional stones 0 - 18 18 12 - 14, 17 - 19 8, 6

Sand, me dium to coarse, peb bles 18 - 22 4 17 - 19 6

Sand, fine to me dium 22 -24 2 22 -24 10

Till 24 -26 2 — —

Re fusal (bed rock?) 26 — — —

OW 92-11 is screened from 8.0 to 18.0 feet be low land sur face with a 0.008-inch slot ted, sched ule 40, PVC screen and from
18.0 to 23.0 feet be low land sur face with a 0.006-inch slot ted PVC screen.

OW 92-12.  Lat i tude: 45o11‘08“ N,  Lon gi tude: 70o28‘03” W

Lo cated on the Oakfield quad ran gle in Oakfield in a gravel pit on the east side of the Red bridge Road, 0.4 miles north of Red
Bridge.  Wa ter level is ap prox i mately 8 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet) 

Sand, fine to coarse, gravel, silt 0 - 15 15 7 - 9 14

Sand, fine to coarse, silt, an gu lar rock frag ments 15 - 28 13 17 - 19,  27 - 29 17, 37

Till 28 - 32 4 27 - 29 37

Re fusal (bed rock) 32 — — —

OW 92-12 is screened from 17.5 to 22.5 feet be low land sur face with a 0.006-inch slot ted, sched ule 40, PVC screen and from
22.5 to 27.5 feet be low land sur face with a 0.008-inch slot ted PVC screen.
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OW 92-13.  Lat i tude: 45o53‘16“ N,  Lon gi tude: 68o01‘42” W

Lo cated on the Mon u ment Brook quad ran gle in Forkstown in a gravel pit along the east side of the East Branch of the
Mattawamkeag River, 1.0 miles west of the Bell Field Rest Area on Route 2a.  Wa ter level is ap prox i mately 6 feet be low land sur -
face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Sand, fine to coarse 0 - 24 24 12 - 14, 17 - 19 15, 11

Sand, me dium to coarse, gravel 24 - 30 6 27 - 29 15

Till 30 - 32 2 — —

Re fusal (bed rock) 32 — — —

OW 93-13 is screened from 18.0 to 28.0 feet be low land sur face with a 0.008-inch slot ted, sched ule 40, PVC screen

OW 92-14.  Lat i tude: 45o48‘45“ N,  Lon gi tude: 67o58‘40” W

Lo cated on the Haynesville quad ran gle in Haynesville in a gravel pit on the west side of Danforth Road, 3.5 miles south of the
junc tion with Route 2a in Haynesville.  Wa ter level is ap prox i mately 27 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet) 

Sand, fine to me dium 0 - 40 40 17 - 19, 27 - 29, 37 - 39 20, 8, 6

Till 40 - 43 3 42 - 42.5 30

Re fusal (bed rock?) 43 — — —

OW 92-14 is screened from 28.0 to 38.0 feet be low land sur face with a 0.008-inch slot ted, sched ule 40, PVC screen. 

OW 92-15.  Lat i tude: 45o46‘14" N,  Lon gi tude: 67o55‘13“ W

Lo cated on the Haynesville quad ran gle in Weston in a gravel pit 0.1 miles north of the Selden Road and 0.8 miles east of the junc -
tion with Danforth Road.  Wa ter level is ap prox i mately 17 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL
(feet) (feet) (feet)

Sand, fine to me dium 0 - 4 4 — —

Sand, fine to me dium, gravel 4 - 19 15 12 -14, 17 - 19 13, 18

Till 19 - 21.5 2.5 — —

Re fusal (bed rock) 21.5 — — —

OW 92-15 is screened from 11.5 to 21.5 feet be low land sur face with a 0.008-inch slot ted, sched ule 40, PVC screen.

80



OW 92-16.  Lat i tude: 45o41‘51“ N,  Lon gi tude: 67o54‘08” W

Lo cated on the Jimmey Moun tain quad ran gle in Weston in a gravel pit  0.1 miles north of the Danforth-Haynesville road, 1.45
miles east of the Bancroft-Weston town line.  Wa ter level is ap prox i mately 3 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Sand, me dium to coarse, gravel, cob bles 0 - 7 7 — —

Sand, me dium to coarse, gravel, silt 7 - 12 5 7 -9 18

Till 12 - 16 4 12 - 14 —

Re fusal (bed rock) 16 — — —

OW 92-16 is screened from 7.0 to 12.0 feet be low land sur face with a 0.008-inch slot ted, sched ule 40, PVC screen.

OW 92-17.  Lat i tude: 46o05‘42“ N,  Lon gi tude: 67o57‘ 52 ” W

Lo cated on the Linneus quad ran gle in Linneus  in a gravel pit be tween the Meduxnekeag River and Bither Brook, 0.45 miles
south of New Lim er ick vil lage.  Wa ter level is ap prox i mately 14 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Gravel, cobbly, very fine to me dium sand 0 - 15 15 12 - 14 34

Sand, very fine to me dium, gravel, rock frag ments, silt 15 - 22 7 17 - 19 20

Till 22 - 24 2 — —

Re fusal (bed rock) 24 — — —

OW 92-17 is screened from 17.0 to 22.0 feet be low land sur face with a 0.008-inch slot ted, sched ule 40, PVC screen.

OW 92-18.  Lat i tude: 46o16‘35“ N,  Lon gi tude: 67o52‘43” W

Lo cated on the Harvey quad ran gle in Little ton in a gravel pit along a camp road on the west shore of Ross Lake.  Wa ter level is ap -
prox i mately 10 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Sand, coarse, gravel, cob bles, some silt 0 - 34 34 12 - 14, 17 -19, 27 -29 15, 20, 26

Sand, fine to coarse, rock frag ments 34 - 45 11 37 - 39 41

Till, sandy 45 - 54 9 47 - 49, 52 - 54 65, 60

Re fusal (dense till) 54 — — —

OW 92-18 is screened from 17.0 to 32.0 feet be low land sur face with a 0.008-inch slot ted, sched ule 40, PVC screen.
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OW 92-19.  Lat i tude: 45o59‘27“ N,  Lon gi tude: 67o51‘54” W

Lo cated on the North Am ity quad ran gle in Cary Plan ta tion in a gravel pit on the west side of Route 1, 0.85 miles south of the
Hodgdon - Cary town line.  Wa ter level is ap prox i mately 13 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Sand, fine to coarse, gravel, silt 0 - 23 23 17 - 19 35

Sand, fine to me dium, rock frag ments 23 - 28 5 27 - 28 37

Till 28 - 29 21 — —

Re fusal (bed rock) 29 — — —

OW 92-19 is screened from 17.0 to 22.0 feet be low land sur face with a 0.008-inch slot ted, sched ule 40, PVC screen.

OW 92-20.  Lat i tude: 45o47‘27“ N,  Lon gi tude: 67o57‘11” W

Lo cated on the Haynesville quad ran gle in Haynesville in a small sand pit on the west side of Danforth Road, 3.2 miles south of
the junc tion with Route 2a in Haynesville.  Wa ter level is ap prox i mately 32 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Sand, fine to me dium 0 - 58 58 17 - 19, 27 - 29, 37 - 39 8, 12, 7

— — 47 -49, 57 - 58 8, 28

Re fusal (bed rock) 58 — — —

OW 92-20 is screened from 47.0 to 57.0 feet be low land sur face with a 0.006-inch slot ted, sched ule 40, PVC screen.

OW 92-21.  Lat i tude: 45o41‘34“ N,  Lon gi tude: 68o00‘29”
 W

Lo cated on the Wytopitlock quad ran gle in Bancroft in a gravel pit on a log ging road on the east side of the Mattawamkeag River,
1.7 miles north east of Bancroft vil lage.  Wa ter level is ap prox i mately 9 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Silt, sand, very fine to coarse, gravel, peb bly to cobbly 0 - 18 18 17 - 18 20

Re fusal (bed rock) 18 — — —

OW 92 -21 is screened from 12.0  to 17.0 feet be low land sur face with a 0.006-inch slot ted, sched ule 40, PVC screen.

82



OW 92-22.  Lat i tude: 46o04‘53“ N,  Lon gi tude: 68o23‘ 12” W

Lo cated on the Mount Chase quad ran gle in Hersey in a gravel pit on a log ging road along Seams Brook, 2.5 miles east of Route
11.  Wa ter level is ap prox i mately 1 foot be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Sand,  me dium to coarse, gravel, some silt 0 - 18 18 7 - 9, 17 - 19 12, 39

Till 18 - 21 3 17 - 19 39

Re fusal (bed rock) 21 — — —

OW 92-22 is screened from 7.0 to 17.0 feet be low land sur face with a 0.006-inch slot ted, sched ule 40, PVC screen.

OW92-23.  Lat i tude: 46o09‘58“ N,  Lon gi tude: 67o51‘23” W

Lo cated on the Houlton North quad ran gle in Houlton in a gravel pit on Cleve land Road, 0.7 miles west of the junc tion with Route
1.  Wa ter level is ap prox i mately 19 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Sand, fine to me dium, gravel, some silt, 0 - 15 15 — —

Sand, very fine to me dium, gravel, peb bles, some silt 15 - 25 10 17 - 19 50

Sand, me dium to coarse, gravel, rock frag ments, some silt 25 - 35 10 27 - 29 31

Re fusal (bed rock) 35 — — —

OW92-23  is screened from 25.0 -35.0 feet be low land sur face with a 0.006-inch slot ted PVC screen.

TB 92-1.  Lat i tude: 44o42‘27“ N,  Lon gi tude: 70o28‘42” W

Lo cated on the Jimmey Moun tain quad ran gle  in Weston in a gravel pit 1.3 miles west of Route 1 be hind the Weston town of fice.
Wa ter level is ap prox i mately 29 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Gravel, peb bly to cobbly, some silt 0 - 10 10 — —

Sand, me dium to coarse, some peb bles, silt 10 - 15 5 12 - 14 16

Silt, very fine sand, blue-gray 15 - 23 8 17 - 19 28

Sand, very fine to coarse, silt, stones, bro ken

rock  frag ments 23 -  31 8 27 - 29 59

Re fusal (bed rock) 31 — — —

No well in stalled.
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TB 92-2.  Lat i tude: 44o42‘27“ N,  Lon gi tude: 70o28‘42” W

Lo cated on the Linneus quad ran gle in Linneus in a gravel pit on the west side of Horse back Road, 0.3 miles north of the junc tion
with Route 2a..  Wa ter level is ap prox i mately 7 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Sand, gravel, cob bles 0 - 10 10 — —

Sand, fine to coarse 10 - 15 5 12 - 14 13

Re fusal (bed rock?) 15 — — —

No well in stalled.

TB 92-3.  Lat i tude: 44o42‘27“ N,  Lon gi tude: 70o28‘42” W

Lo cated on the Twin Brook quad ran gle in New Lim er ick in a gravel pit be tween Route 2 and In ter state 95, 1.7 miles west of the
in ter sec tion of Route 2 and French Road.  Wa ter level is ap prox i mately 5 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Sand, fine to coarse 0 - 12 12 — —

Till 12 -15 3 — —

Re fusal (bed rock) 15 — — —

No well in stalled.

TB 92-4  Lat i tude: 44o42‘27“ N,  Lon gi tude: 70o28‘42” W

Lo cated on the Twin Brook quad ran gle in New Lim er ick in a gravel pit be tween Route 2 and In ter state 95, 1.7 miles west of the
in ter sec tion of Route 2 and French Road.  Wa ter level is ap prox i mately 5 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Sand, fine to coarse 0 - 12 12 — —

Till 12 -15 3 — —

Re fusal (bed rock) 15 — — —

No well in stalled.
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TB 92-5  Lat i tude: 44o42‘27“ N,  Lon gi tude: 70o28‘42” W

Lo cated on the Harvey quad ran gle in TC R2 WELS in a gravel pit along a log ging road 0.5 miles west of the Meduxnekeag River
and 0.7 miles west of the Monticello - TC R2 WELS town line.  Wa ter level was not en coun tered in the bor ing.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Gravel cobbly to bouldery 0 - 12 12 — —

Re fusal (bed rock) 12 — — —

No well in stalled.

TB 92-6.  Lat i tude: 44o42‘27“ N,  Lon gi tude: 70o28‘42” W

Lo cated on the Harvey quad ran gle in TC R2 WELS in Monticello in a gravel pit on the north side of the Meduxnekeag River and
0.5 miles south of the Monticello town dump.  Wa ter level was not en coun tered in the bor ing.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Gravel, cobbly to bouldery, sand 0 - 5 5 — —

Sand, fine to me dium 5 - 15 10 12 - 14 13

Sand, fine to very fine, silt 15 - 25 10 17 - 19 8

Sand, fine to me dium 25 - 30 5 27 - 29 43

Re fusal (bed rock?) 30 — — —

No well in stalled.

TB 92-7   Lat i tude: 44o42‘27“ N,  Lon gi tude: 70o28‘42” W

Lo cated on the Harvey quad ran gle in TCR2 WELS in a gravel pit along a lum ber road lead ing west from the aban doned Harvey
rail road sid ing, and 0.2 miles west of the bridge over the North Branch of the Meduxnekeag River.  Wa ter level was not en coun -
tered in the bor ing.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Gravel, cobbly to peb bly, coarse sand 0 - 15 15 — —

Till, grav elly 15 - 24 9 17 - 19, 22 -24 57, 45

Re fusal (dense ma te rial) 24 — — —

No well in stalled
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TB 92-8  Lat i tude: 44o42‘27“ N,  Lon gi tude: 70o28‘42” W

Lo cated on the Molunkus Lake quad ran gle in Macwahoc Plan ta tion north of Route 170, 0.2 miles east of the in ter sec tion of
Route 2 and Route 170 be side the Macwahoc town of fice.  Wa ter level was not en coun tered in the bor ing.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Sand, fine to me dium, oc ca sional cob bles 0 - 14 14 7 - 9 —

Sand, me dium to coarse, gravel, rock frag ments 14 - 25 11 17 - 19 15

Till 25 - 30 5 27 - 29 35

Re fusal (till) 30 — — —

No well in stalled

TB 92-9   Lat i tude: 44o42‘27“ N,  Lon gi tude: 70o28‘42” W

Lo cated on the Molunkus Lake quad ran gle in T1 R1 WELS in a gravel pit just west of the Molunkus Stream along a log ging road
lead ing west from Route 2, 0.55 miles south of the T1 R5 WELS - Sil ver Ridge town line. Wa ter level was not en coun tered in the
bor ing. 

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Sand, fine to me dium, gravel, cob bles 0 - 10 10 — —

Re fusal (bed rock) 10 — — —

No well in stalled

TB 92-10   Lat i tude: 44o42‘27“ N,  Lon gi tude: 70o28‘42” W

Lo cated on the Wytopitlock quad ran gle in Bancroft in an aban doned gravel pit just west of the Bancroft Road, 1.5 miles north of
the vil lage of Bancroft.  Wa ter level was not en coun tered in the bor ing.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Sand, fine peb bles, silt, rock frag ments 0 - 10 10 7 - 9 —

Till 10 - 18 8 — —

Re fusal (bed rock) 18 — — —

No well in stalled
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TB 92-11   Lat i tude: 44o42‘27“ N,  Lon gi tude: 70o28‘42” W

Lo cated on the Harvey quad ran gle in Monticello in a gravel pit off a camp road on the north shore of Conroy Lake.  Wa ter level
was not en coun tered in the bor ing.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Till 0 - 6 6 — —

Re fusal (bed rock) 6 — — —

No well in stalled

TB 92-12   Lat i tude: 44o42‘27“ N,  Lon gi tude: 70o28‘42” W

Lo cated on the Tenmile Lake quad ran gle in Cary Plan ta tion in a field west of Estabrook Road along the road lead ing to the Cary
Plan ta tion Cem e tery.  Wa ter level is ap prox i mately 22 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Sand, coarse, gravel, some silt 0 - 10 10 — —

Sand, gravel, some cob bles 10 - 15 5 12 - 14 13

Sand, fine to coarse, some cob bles 15 - 22 7 17 - 19 9

Till 22 - 24 2 — —

Re fusal (bed rock) 24 — — —

No well in stalled

TB 92-13   Lat i tude: 44o42‘27“ N,  Lon gi tude: 70o28‘42” W

Lo cated on the Houlton South quad ran gle in Hodgdon in a clear ing just east of Horse back Road, 2.8 miles south of the in ter sec -
tion with the Hodgdon - Linneus Road.  Wa ter level was not en coun tered in the bor ing.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Sand, very fine to me dium, silt, some gravel 0 - 40 40 17 -19, 27- 29, 37 - 39 32, 63, 36

Re fusal (bed rock?) 40 — — —

No well in stalled
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TB 92-14   Lat i tude: 44o42‘27“ N,  Lon gi tude: 70o28‘42” W

Lo cated on the Wytopitlock quad ran gle in Bancroft in a gravel pit just east of the Mattawamkeag River, 2.8 miles south west of
South Bancroft vil lage.  Wa ter level was not en coun tered in the bor ing.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Gravel, cobbly, very fine sand to silt 0 - 11 11 — —

Re fusal (bed rock) 11 — — —

No well in stalled

TB 92-15   Lat i tude: 44o42‘27“ N,  Lon gi tude: 70o28‘42” W

Lo cated on the Twin Brook quad ran gle in Hammond in a gravel pit just west of B Stream at the bridge where Burnt Brow Road
crosses B Stream.  Wa ter level is ap prox i mately 2 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Gravel, cobbly 0 - 6 6 — —

Re fusal (bed rock) 6 — — —

No well in stalled

TB 92-16   Lat i tude: 44o42‘27“ N,  Lon gi tude: 70o28‘42” W

Lo cated on the Twin Brook quad ran gle in New Lim er ick in a gravel pit be tween Route 2 and In ter state 95, 1.7 miles west of the
in ter sec tion of Route 2 and French Road.  Wa ter level is ap prox i mately 12 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Sand, veryfine to coarse, some peb bles 
and cob bles, some silt 0 - 10 10 — —

Sand, fine to me dium 10 - 25 15 17 - 19 4

Till 25 - 28 3 27 - 28 40

Re fusal (bed rock) 28 — — —

No well in stalled
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TB 92-17   Lat i tude: 44o42‘27“ N,  Lon gi tude: 70o28‘42” W

Lo cated on the Twin Brook quad ran gle in New Lim er ick in a gravel pit be tween Route 2 and In ter state 95, 1.7 miles west of the
in ter sec tion of Route 2 and French Road.  Wa ter level is ap prox i mately 12 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Sand, gravel, some silt 0 - 10 10 — —

Sand, fine to me dium 10 - 27 17 12 - 14, 17 - 19 7, 5

Till, fine sandy to silty 27 - 31 4 27 - 29 10

Re fusal (bed rock) 31 — — —

No well in stalled

TB 92-18   Lat i tude: 44o42‘27“ N,  Lon gi tude: 70o28‘42” W

Lo cated on the Houlton North quad ran gle in Little ton in a gravel pit 0.7 miles west of Route 1 and 3.0 miles north of the State Po -
lice Bar racks in Houlton.  Wa ter level is ap prox i mately 21 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Sand, me dium to coarse, gravel, peb bly 0 - 19 19 12 - 14, 17 - 19 12, 41

Sand, very fine to fine, silt 19 - 23 4 22 - 23 26

Re fusal (bed rock) 23 —

No well in stalled

TB 92-19   Lat i tude: 44o42‘27“ N,  Lon gi tude: 70o28‘42” W

Lo cated on the Is land Falls quad ran gle in Is land Falls along a road run ning south along the east shore of the West Branch of the
Mattawamkeag River, 0.2 miles south of Route 2.  Wa ter level is ap prox i mately 5 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Sand, very fine to very me dium, gravel, peb bly 0 - 10 10 7 - 9 6

Silt, very fine to fine sand, some gravel 10 - 21 11 12 - 14, 17 - 19 38, 51

Till (dense) 21 - 23 2 — —

Re fusal (till) 23 — — —

No well in stalled
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TB 92-20   Lat i tude: 44o42‘27“ N,  Lon gi tude: 70o28‘42” W

Lo cated on the Is land Falls quad ran gle in Is land Falls in a field along a road run ning south along the east shore of the West Branch 
of the Mattawamkeag River, 0.15 miles south of Route 2.  Wa ter level is ap prox i mately 8 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Sand, me dium to coarse, peb bles, silt 0 - 15 15 — —

Till 15 - 19 4 17 - 19 31

End of bor ing 19 — — —

No well in stalled

TB 92-21   Lat i tude: 44o42‘27“ N,  Lon gi tude: 70o28‘42” W

Lo cated on the Is land Falls quad ran gle in Is land Falls in a clear ing be side the VFW hall in the vil lage of Is land Falls.  Wa ter level
is ap prox i mately 12 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Sand, fine to me dium 0 - 12 12 — —

Till, sandy 12 - 14 2 12 - 14 47

Re fusal (bed rock?) 14 — — —

No well in stalled

TB 92-22   Lat i tude: 44o42‘27“ N,  Lon gi tude: 70o28‘42” W

Lo cated on the Is land Falls quad ran gle in Is land Falls in a clear ing be hind the VFW hall in the vil lage of Is land Falls.  Wa ter level
was not en coun tered in the bor ing.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Sand, very fine to very coarse, silt 0 - 10 10 — —

Re fusal (bed rock?) 10 — — —

No well in stalled
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TB 92-23   Lat i tude: 44o42‘27“ N,  Lon gi tude: 70o28‘42” W

Lo cated on the St. Croix Lake quad ran gle in St. Croix in a gravel pit south of a log ging road, 0.5 miles north west of the set tle ment
of Howe Brook.  Wa ter level is ap prox i mately 17 feet be low land sur face.

MA TE RIAL DEPTH THICK NESS SAM PLE  IN TER VAL BLOWS
(feet) (feet) (feet)

Sand, fine to me dium, gravel, peb bly 
to cobbly, some silt 0 - 20 20 17 - 19 12

Silt, gray, lay ers of very fine sand 20 - 22 2 — —

Re fusal (bed rock) 22 — — —

No well in stalled
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