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CONVERSION FACTORS 

For use of readers who prefer to  use metric uni t s ,  conversion fac tors  fo r  terms 

used in  t h i s  report  a re  l l s t e d  below: 

Mu1 t i  ply 

inch ( i n )  , ' 

& To obtain 

25.40 m i  11 imeter (m) 

f o o t  ( f t )  0.3048 meter ( m )  

mile ( m i )  1.609 ki lorneter ( k m )  

2 square mile (mi ) 2.590 square ki 1 ometer ( km2) 

3.785 gallons per minute (gal/min) 1 i t e r s  per minute ( ~ / m i n )  

micromho per centimeter a t  25"Cel s ius  1 .000 microsiemens per centimeter 
(umhos/cm a t  25°C) a t  25" C e l s i u s  (uS/crn a t  2 5 ' ~ )  

Temperature in degrees Celsius ( O C )  can be converted t o  degrees Fahrenheit ( O F )  

a s  follows: 

National Geodetic Vertical Datum of 1929 ( N G V D  o f  1929): The reference surface 

t o  which r e l i e f  features  and a l t i t u d e  data a re  re la ted ,  and fomal7y c a l l e d  

mean sea 1 evel . N G V D  of '  1929 i s referred t o  as sea 1 evel in t h i s  report .  



INTRODUCTION 

T h e  Matlnuska-Susi tna 3orough i s  planning fo r  agricul tural  development on the 

west s ide of.Cook In le t  between Point MacKenzie and Goose Bay. The s t a t e  o f  

Alaska recently sold the agricul tural  r ights  to approximately 13,940 acres o f  

land in the vicini ty  o f  Point MacKenzie ( f i g .  1 ) .  The Point MacKenzie 

Agricultural Project i s  expected to  provide a major stimulus to develop the 

area.  Information on t h e  a rea ' s  water r2sources -- the i r  d is t r ibut ion ,  
a 

quanti ty ,  quality a n d  ava i l ab i l i t y  for  use - -  will  be important to  the plan- 

ning and management o f  tha t  development. 

This report i s  a compilation of water-resources data collected by the U.S. Geo- 

logical Survey a s  part  of a cooperative program w i t h  the Matanuska-Susi tna  Borough. 

The Alaska Eepartment o f  Natural ~esources ,  Division o f  Geological and Geophysical 

Surveys, funded a part of the program. The d a t a  include: lithology of materials 

penetrated during .:he dr i l l i ng  o f  8 wells, chemical analyses of water from 5 wells, 

levels of the water i n  wells, periodic veasurements o f  water l ~ ~ e l s  in 4 lakes, and 

water-qua1 i t y  analyses of 2 1 akes.  A previous report (Patrick, 1981) describes 

resul ts  of d r i l l i ng  2 t e s t  wells (we1 1 s  21585 and 21586, f i g .  1) near Point 

MacKenzie. Data for  those wells are  included in th i s  report .  

G R O U N D - W A T E R  DATA 

Eight wells have recently been d r i l l ed  in the Point MacKenzie area.  Two 

t e s t  holes (wells 21585 and 21586) were d r i l l ed  fo r  the Matanuska-Susi tna 

Borough to provide information on the subsurface geology and aquifer con- 

d i t ions  i n  the proposed industrial  a rea  nelr  Point MacKenzie. Two addi- 

tional t e s t  holes (wells  21614 and 21615) were  dr i l l ed  for  the U.S. 



1 .  

Geological Survey within the Point MacKenzie Agricultural Project area. The 

remaining 4 wells were d r i l l ed  by private individuals to  provide water for  

domestic or agricultural  uses. 

Lithologic logs for  the 8 weils ( tab les  1-8) were compiled from infomation 

provided by well d r i l l e r s .  The logs indicate a large var iab i l i ty  in the 

vertical  and areal extent of the deposits penetrated during the d r i l l i ng  

of the wells. Geologic materials ranged in character from mixed coarse- 

grained (gravel-sand), through mixed coarse and fine-grained (gravel-sand- 

s i  1 t-cl  ay) , t o  very f ine  (c lay)  sediments. 

The wells range in depth from 50 f t  (we1 l 21619) to  398 f t  (we1 1 21 585). Most 

we1 1 s penetrate. both a shall ow, !.rnconf ined aquifer and a deeper,. confined aquifer 

or a ser ies  of confined aquifers.  Wells 21585 and 21618 yield approximately 

300 and 200 gal /mi n ,  respecttve! Y ,  from the confined aquifer.  Hobvevej-, wzl 1 s 

21614 (depth-200 f t )  and 21617 (depth 380 f t )  did not penetrate a confined 

aquifer and yield vir tual  ly. no water. 

Water levels in well 21585 are  affected by t i des ,  yet the maximum-daily water 

levels f luctuate  l i t t l e  throughout the year ( f i g .  2 ) .  

The resu l t s  of chemical analyses of water from wells are  shown in table  9 .  The 

re la t ive  concentrations of chemical consti tuents are  portrayed graphical l y  in 

figure 3: 

The "pie" diagrams represent b o t h  the total  concentration of dissolved sol ids  

and the percentage of each major anion and cation. The area of the c i r c l e  



represents the total  dissolved so l ids ;  the larger the c i r c l e  the more dissolved 

so l ids .  The subdivisions of the c i r c l e  represent the percentages of the d i f -  

ferent  anions and cations in milliequivalents per l i t e r ,  a unit  which recognizes 

tha t  d i f fe rent  types of ions have different  weights and e l ec t r i c  charges. 

I n  an analysis expressed in milliequivalents per l i t e r ,  i f  the concentrations 

of a1 1 anions and cations have been correctly determined, the total  milliequiva- 

len ts  per l i t e r  07 anions (such as bicarbonate, HCP3; su l f a t e ,  SO4; and chloriue,  

C 1 )  should exactly equal the total  milliequivalents per l i t e r  o f  cations (such 

as cal ciurn, Ca; magnesium, Mg ; sodi urn, Na; and potassium, K )  . 

LAKE DATA 

Data were collected from 4 lakes in the Point MacKenzie area. A1 1 the lakes 

are  bordered in part  by marshy areas;  none of the lakes have a d i s t inc t  sur- 

face-outfl ow channel . 

Horseshoe Lake i s  a U-shaped lake a t  the eastern edge of the Point MacKenzie 

Agricultural Project area. The surface area of the lake i s  approximately 

0.2  mi2. The maximin depths of i t s  west and eas t  arms are  25 and 19 f t ,  

respectively. These two main arms are  connected a t  t he i r  southern ends by 

a shallow-water ( 4  f t )  arm. 

Lost Lake, Twin Island.Lake, and Lake Lorraine. eas t  of the agricultural  

area,  are  on or adjacent to  the Elrnendorf Moraine ( f i g  1 ) .  Each of these 

lakes has a surface area of approximately 0.2 mi2. Lake Lorraine, near the 

+ center of the proposed industrial  area,  has a maximum depth of 28 f t .  



Water l e v e l  s  were measured p e r i o d i c a l  l y  a t  a1 1  4 l akes .  The wate r  1 eve1 a t  

each l a k e  i s  r e fe renced  t o  t h e  e l e v a t i o n  o f  a  l a g  b o l t  i n  a nearby t r e e .  

The datum ass igned t o  eacn r e f e r e n c e  mark was a r b i t r a r y  and does n o t  r e f l e c t  

i t s  h e i g h t  above sea l e v e l .  Water l e v e l s  v a r i e d  seasona l l y ,  responding t o  

r a i n f a l l  and e v a p o t r a n s p i r a t i o n  ( f i g .  4 ) .  Measurements o f  wa te r  l e v e l  a t  

Horseshoe Lake on August 1, 1978 and October 5, 1978 were 3.36 and 3.34, 

r e s p e c t i v e l y ;  about  a f o o t  l owe r  than  when measurements were made between 

October 1980 and May 19.82. 

W a t e r - q u a l i t y  da ta  were c o l l e c t e d  a t  Horseshoe Lake and Lake L o r r a i n e .  Water 

samples f o r  a n a l y s i s  o f  n u t r i e n t s  and v e r t i c a l  p r o f i l e s  o f  temperature,  pH, 

s p e c i f i c  conductance, and d i s s o l v e d  oxygen were ob ta i ned  i n  June, J u l y ,  August, 

and September 1981 and i n  March 1982. Samples f o r  a n a l y s i s  o f  ma jo r  an ions 

and c a t i o n s  were c o l l e c t e d -  i n  August 1981 and March 1982. 

The r e s u l t s  o f  analyses of wa te r  f rom Lakes L o r r a i n e  and Horseshoe a r e  shown 

i n  tab1 e 10. The r e 1  a t i v e  concen t ra t i ons  o f  chemical  c o n s t i t u e n t s  a r e  shown 

i n  f i g .  3. F i gu res  5 (a -e ) ,  6 ( a -e ) ,  and 7 (a -e )  i l l u s t r a t e  changes i n  

temperature,  pH, s p e c i f i c  conductance, and d i s s o l v e d  oxygen w i  t h i n  a  v e r t i c a l  

s e c t i o n  a t  Lake L o r r a i n e ,  East  Arm Horseshoe Lake, and 1st A r m  Horseshoe 

Lake. 

D i sso l ved  oxygen. i s  e s s e n t i a l  t o  t h e  metabol ism o f  a1 1  a e r o b i c  a q u a t i c  

organisms. Even a t  low temperatures,  most  f i s h  cannot  s u r v i v e  when con- 

c e n t r a t i o n s  o f  d i s s o l v e d  oxygen a r e  l e s s  than  2 mg/L. V e r t i c a l  p r o f i l e s  o f  

Horseshoe Lake show t h a t  concen t ra t i ons  of  d i s s o l v e d  oxygen were sometimes 

l e s s  than  2 mg/L i n  t h e  bottom-most s t r a t a  o f  wa te r .  



The c o n c e n t r a t i o n  of oxygen and pH may a f f e c t  t he  s o l u b i l i t y  o f  o t h e r  con- 

s t i  t u e n t s  i n c l u d i n g  many i n o r g a n i c  n u t r i e n t s .  Concent ra t ions  o f  i r o n  and 

manganese were sometimes h i g h  when concen t ra t i ons  o f  d i s s o l v e d  oxygen were 

low. 

The concen t ra t i ons  o f  n u t r i e n t s  such as n i t r o g e n  (N) and phosphorous ( P )  

a f f e c t  t he  g rowth  o f  many organisms such as a l gae  and l a r g e r  a q u a t i c  p l a n t s  

and commonly l i m i t  b i o l o g i c a l  p r o d u c t i v i t y .  N i t r o g e n  i n  l a k e s  occurs  m a i n l y  

as ammonia (NH4+),  n i t r i t e  (NOZ-), n i t r a t e   NO^-),, and d i s s o l v e d  and pa r -  

t i c u l a t e  o r g a n i c  n i t r o g e n .  The concen t ra t i ons  o f  d i s s o l v e d  ammonia, as N, 

ranged f rom 0.067 t o  1.3 mg/L and t h e  c o n c e n t r a t i o n  o f  d i s s o l v e d  n i t r i t e  

and n i t r a t e ,  as N, were g e n e r a l l y  l e s s  than  0.1 mg/L. I n o r g a n i c  phosphorus 

i n  l a k e s  i s  g e n e r a l l y  i n  t h e  form o f  or thophosphate ( ~ 0 ~ ' ) .  The t o t a l  

or thophosphate concen t ra t i ons ,  as P,  were g e n e r a l l y  l e s s  than  9.03 mg/L. 
. . 

The concen t ra t i ons  o f  t o t a l  o rgan i c  n i t r o g e n ,  as N, and t o t a l  phos?hQrus, 

as  P,  i n  Lakes L o r r a i n e  and Horseshoe were g e n e r a l l y  l e s s  than  1.0 and 

0.05 mg/L, r e s p e c t i v e l y .  The September 25, 1981, sample o f  t h e  hypo1 imn ion  

o f  t h e  Eas t  A r m  Horseshoe Lake may have sampled wate r  c o n t a i n i n g  sediments 

s t i r r e d  up f rom t h e  bottom o f  t he  l ake ;  thus  i t s  va lues  f o r  t o t a l  o r g a n i c  

n i t r o g e n  and t o t a l  phosphorus a r e  suspect.  

WATER-QUALITY C R I T E R I A  

The chemical  c h a r a c t e r  o f  wa te r  governs i t s  s u i t a b i l i t y  f o r  many uses. 

Domestic users  a r e  c h i e f l y  concerned w i t h  hardness, i r o n  and maganese 



content, pH, color,  tu rb id i ty ,  odor, and the concentrations of dissolved 

sol i d s ,  chloride,  ni troger , f luoride,  and su l fa te ,  and the bacteriological 

qual i  ty of the water. Recommended concentraticn 1 imi t s  fo r  domestic uses 

( t ab le  11) a re  se t  to  provide acceptable es the t ic  and t a s t e  character is t ics  

as well as for  physiological reasons. I 
I 

The s u i t a b i l i t y  of water for  i r r iga t ion  i s  dependent on t h e  ef fec ts  of the 

mineral consti tuents of the water on  both the plant and the soi 1 .  Agricul- 

tural  users a re  interested in concentrations o f  dissolved so l ids ,  sodium, 

and boron. 

The qual i  ty requirements of  water for  industrial  processes range widely. 

In general, industrial  users are  concerned w i t h  the c2ncentrations o f  

dissolved so l ids  and s i l i c a  and the temperature and hardness o f  the water. 
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Table 1. -- Lithologic log of well 21585 

Owner: Matanuska-Susitna Borough 
1-ocation: Section 23,  T. 14 N.,  R. 4 W .  (Seward Meridian) 
Well completed: March 18, 1981 
D r i l l e r :  M-W D r i l l i ng ,  Inc. 

Depth from land 
sur face ,  in f e e t  L i  tho1 ogi c descr ip t ion 

S i l t y  ?and and gravel 
S i l t y  sand and gravel (water)  
S i l t y  sand (water)  
Clay 
S i l t y ,  sandy clay (damp) 
Cl ay 
Hardpan 
S i l t y  sand and gravel (water)  
Sand and gravel (water)  
Cl ay 
Gravel l y  c lay  
Clayey, s i  1 t y  sandy gravel 
Sand and gravel (water)  
Sand (water)  
Sand and gravel (water)  
Gravel 1 y sand (water)  
S i l t y  sand (water)  
S i l t y  sand and gravel (water)  
Sand and gravel (water)  

We11 cased to ..................... 398 f t  below land surface  
Depth of perfora t ions  ------------- 379 t o  398 f t  (100 s l o t ,  wire-wound screen)  

below land surface 
Depth t o  water-;------------------- 106 f t  below land surface  (March 18, 1981 ) 
Yield ............................. 310 ga l /m in  w i t h  27.3  f t  o f  drawdown a f t e r  

24 hours (March 18, 1981 ) 
Alt i tude of land surface  ---------- 130 f t  above sea level  

Remarks :. Water l eve l s  a r e  influenced by t i de s .  Tidal - f luc tua t ion  e f f e c t s  
a r e  in the order of 0 .2  t o  0.5 f t .  Water analyses ind ica te  calcium bicarbonate 
water i n  the  upper aqu i fe r ;  water types t r end  toward sodium bicarbonate i n  
the deeper aqu i fe r s .  

Modified from Pa t r i ck ,  1981 



Table 2 .  -- Lithologic log of we1 1 21586 

Owner: Matanuska-Susitna Borough 
Location: Section 26, T. 14 N . ,  R .  4 W .  ( ~eward  Meridian) 
Well completed: March 3 ,  1981 
Dr i l l e r :  M-W Dr i l l ing ,  Inc. 

Depth from land 
surface ,  i n  f t  Lithologic descr ipt ion 

Sand and gravel 
S i l t y  sand 
Sand (water)  
Clay, gray 
Gravelly c lay ,  grey 
Cl ayey gravel 
S i l t y  gravel 
Sand and gravel (water)  
Hard dry s i l t  
Sand and gravel (water)  
Sand (water)  
S i l t ,  sand, and gravel 
Sandy, sand and gravel (water)  
Gravel (water)  
Sand and gravel (water)  
Sand, heaving (water)  
S i l t y  sand and gravel ,  heaving (water)  
S i l t y  gravel 
Cemented sand and gravel 
Clay, s t i cky  

Well cased t o  .......................... 358 f t  below land surface 
Depth of perforat ions  ------------------ 318 t o  323 f t  below land surface 
Depth to water ......................... 142 f t  below land surface (March 3 ,  1981) 
Yield ---------------------------.------- Not reported 
Al t i tude o f  land surface --------------- 152 f t  above sea level 

Remarks: Water l eve l s  are influenced by t i de s  in the order of 2 f t . -  Water 
obtained from t h i s  well i s  moderately hard and sodium bicarbonate in type. 

Modified from P a t r i c k ,  11381 



Table  3 .  -- L i t h o l o g i c  l o g  of  well  21614 

Owner: U.S. Geolog ica l  Survey 
L o c a t i o n :  S e c t i o n  23, T. 15 N., R. 5 W. (Seward Mer id ian)  
Well completed:  September 2 2 ,  1982 
D r i l l e r :  M-W D r i l l i n g ,  Inc .  

Depth from l a n d  
s u r f a c e ,  i n  f t  L i  tho1 o g i  c d e s c r i p t i o n  

0 t o  14 
1 4  t o  43 
43 t o -  78 
78 t o  80 
80 t o  104 
104 t o  111 
111 t o  133 
133 t o  145 
145 t o  158 
158 t o  178 
178 t o  200 

Sand and g r a v e l  
Sand and g r a v e l  ( w a t e r )  
C lay ,  g r a y  
S i  1 t y  sand and g r a v e l  , g r a y  
S i l t y  sand 
S i l t y  c l a y ,  g r a y  
Sand,  g r a y  
G r a v e l l y ,  s i l t ,  gray 
Sandy s i l t ,  g r a y  
G r a v e l l y  s i l t ,  g r a y  
Sandy s i  1 t ,  g r a y  

Well c a s e d  to ...................... 200 f t  below l a n d  s u r f a c e  with 6- inch 
s teel  c a s i n g ,  open ended 

Yield  .............................. 0 gal  /min 
A l t i t u d e  o f  l a n d  s u r f a c e  ----------- 120 f t  above sea l e v e l  

Modif ied from d r i l l e r ' s  l o g  

a 



Table  4.  -- Lithologic log o f  we1 1 21615 

Owner: U.S. Geological Survey 
Location: Section 20, T .  15 N., R. 4 W. (Seward Meridian) 
Well completed: October 4 ,  1982 
Dr i l le r :  M - W  Dril l ing,  Inc. 

Depth from ground 
surface,  in f ee t  Lithologic description 

Sand, gravel, and cobbles 
Sand and gravel 
S i l t ,  brown 
Sand (water) 
S i l t y  gravel 
Si 1 t ,  brown 
Sand and gravel (water) 
S i l t y  sand and gravel 
Sand and gravel (water) 
S i l t ,  gray 
Clay, ,brownish gray 
Clayey s i l t  with thin sand lenses (water) 
Gravelly s i  1 t 
Clayey s i l t ,  gray 
Sandy and clayey s i  1 t ,  gray 
S i l ty  gravelly clay, gray 
Sand and gravel (water) 

Well cased t o  ..................... 318 f t  below land surface with 6- inch steel  
casing, open end 

Depth to  water level -------------- 91 f t  (October 12, 1982) 
Yield ............................. Not reported 
Altitude of land surface ---------- 185 f t  above sea level 

Modified from d r i l l e r ' s  log 



Table 5. -- Lithologic l og  of well 21616 

Owner: John Faeo 
Location: Section 23, T. 15 N., R .  4 W .  (Seward Meridian) 
Well completed: July 12, 1982' 
Dr i l le r :  M-W Dri l l ing,  Inc. 

Depth  from ground 
surface,  in f ee t  Lithologic Description 

0 t o  18 Top si,il 
18 t o  19 Very hard cobble gravel 
19 t o  38 Sand 
38 t o  58 Layered sand' and gravel 
58 t o  68 Sand 
68 t o  73 Sand and gravel (water) 

well cased to ...................... 73 f t  below land surface with 6-inch 
s teel  cas ing ,  open end 

Depth t o  water level --------------- 60 f t  below land surface (July 1 2 ,  1982,) 
Yield .............................. 6 gal/min (estimated by d r i l l e r )  
Altitude of land surface ----------- 50 f t  above sea level 

Modified from d r i l l e r ' s  l o g  



Table 6 .  --  Lithologic l o g  of well 21617 

Owner: Greg Bell 
Location: Section 27, T.  15 N . 3  R .  4 W. (Seward Meridian) 
Well completed: July 19, 1982 
Dri l ler :  M-W Dril l ing,  Inc. 

Depth from land 
surface,in f t  L i  tholcgic description 

Top soi l  
Sand, very  f ine  
S i l ty  clay 
Cl ay 
S i l t y  c lay  
Cl ay 
Clay - hard pan 
Hard pan 
Sand, very f ine ,  heaving 

Well cased t o  ------------------- 380 f t  below land surface with 6-inch 
s teel  'casing, open 2nded. 

Yield ........................... 0 gal/min 
Altitude of land surface--------- 200 f t  above sea level 

Modified from d r i l l e r ' s  log 



Table 7 .  -- Li tho log ic  log of  we1 1 21618 

Owner: Karen Lee (Dairy West) 
Locat ion:  Sec t ion  35, T.  15 N., R .  5 W .  (Seward Meridian)  
Well completed: J u l y  29, 1982 
D r i l l e r :  M-W D r i l l i n g ,  Inc.  

Depth from 1 and 
s u r f a c e ,  i n  f t  L i t h o l o g i c  -desc r ip t ion  

Sandy gravel  . Gravel (damp) 
Sandy c l a y  
S i l t y  sand 
S i  ly sand and c lay  
Clayish hard p a n  
c l ay  - hard pan 
Hard pan and gravel  (damp) 
Cl ay 
Sand ,  f i n e ,  gray 
S i l t y  sand and gravel  
Gravel (wa te r )  

We31 cased t o  ...................... 239 f t  below land s u r f a c e  with &inch 
s t e e l  c a s i n g ,  open ended 

Depth water  ..................... 2 f t  below land surface ( J u l y  2 9 ,  1982) 
Yield 200 gal/min 
A l t i t u d e  of  land s u r f a c e  ----------- 120 f t  above sea l eve l  

Modified from d r i l l e r ' s  l o g  



Table 8. -- Lithologic l o g  of well 21619 

Owner: Karen Lee (Dairy West) 
Location: Section 35, T.  15 N . ,  R. 5 W .  (Seward Meridian) 
Well completed: July 29 ,  1982 
Dr i l le r :  M-W Dri l l ing,  Inc. 

Depth from land 
surface,  in f t  

. . -- -- 

L i  tho1 ogic description 

Sand and gravel 
Sand (damp) 
Sand and gravel (water) 

Well cased t o  50 f t  below land surface with 6-inch 
s teel  casing, open ended 

Depth to  water  ---------------- 28 f t  below land su r face  (July 29 ,  1982) 
Yield ......................... 5 gallmin 
A 1  t i tude of land surface ------ 120 f t  above sea level 

Modified from dr i l  l e r ' s  l o g  
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TAELE 11. -- Chemical c o n s t i t u e n t s  and t h e i r  recommended maximum concent ra t ions .  

1  mg/L = 1,000 ug/L 

U. S . Envi ronmental P r o t e c t i o n  Agency, 1976. 

Nat iona l  Academy of Sciences, Nat iona l  Academy o f  Eng ineer ing ,  1972.  

Cons t i t uen t  

D isso lved so l  i d s  

Ch lo r i de  (C1) 

~ u l  f a t e  (so4-*) 

N i t rogen  (NO3-, as  N )  

I r o n  (Fe) 

Manganese (Mn) 

Boron - f  B )  

A rsen ic  (As) 

Recommended concen t ra t i on  1 irni t s  (rng/L) 

Domestic 
uses 1/ 

P 

500 

2 50 

250 + 

10 

0.3 

0.5 

0.05 

A g r i c u l  t u r a l  
uses 2./ 

L ives tock  

3,000-7,000 

100 

I r r i g a t e d  
c  roIs--- 

7 00 

0.2 

5 0.75 

0.2 0.1 



EXPLANATION 

21616 0 Water well . and . number 

@ Dry well 

Observation well 

Observation well equipped with a water-level recorder 

Stage-measurement station 

Water-quaIity and stage-measurement station 

---- Road 
- Boundary of Pt. MacKenzie agricultural project 

' Location and explanation for figure 1. 



Figure 1.--location of data-collection sites. 





HIGHEST DAILY WATER LI.:VEL, IN FEET BELOW L A N D  SURFACE 





EXPLANATION 

SCALE OF RADII 
(TOTAL OF MILLIEQUIVALENTS PER LITER) 

Analyses r e p r e s e n t e d  by c i r c u l a r  diagrams 
zubdiv ided  on t h e  basis of  p e r c e n t  of 
t o t a l  m i l l i e q u i v a l e n t s  p e r  liter 

Numbers a re  s i t e  i d e n t i f i c a t i o n  and 
sampling d e p t h  

FIGURE 3. -- C o n c e n t r a t i o n s  o f  chemica l  c o n s t i t u e n t s  i n  s u r f a c e  
and ground water. 



Lake Lorra ine  

318 ft 
August 19, March 10, 4 .  

1981 1982 



LOST LAKE 

- 

h. 

TWIN ISLAND 
LAKE 

, m- 
HORSESHOE rn 

- 
LAKE LORRAINE 0 - 

I I 

1./ Water surface e l e v a t i o n s  a r e  r e f e r e n c e d  t o  an a r b i t r a r y  datum at each site. ' Precipitation data p r o v i d e d  by the Nat iona l  Oceanic and Atmospheric Administration. "/ 

FIGURE 4 .  -- Water l e v e l s  of  l akes  and p r e c i p i t a t i o n  a t  Anchorage I n t e r n a t i 3 n a l  
A i rnnr* - - 



SPECIFIC CONDUCTANCE, 
IN MICHROMHOS PER CENTIMETER 

DISSOLVED OXYGEN, IN MILLIGRAMS PER LITER 
pH, I N  UNITS 
TEMPERATURE, I N  DEGREES CELSIUS 

FIGURE 58 -- V e r t i c a l  d i s t r i b u t i o n  of s p e c i f i c  c o n d u c t a n c e ,  dissolved 
oxygen, pH, and t e m p e r a t u r e  a t  Lake L o r r a i n e ,  

J u n e  15, 1981; 



SPECIFIC CONDUCTANCE, 
IN MICHR~MHOS PER CENTIMETER 

DISSOLVED OXYGEN,  I N  MILLIGRAMS PER LITER 
pH, IN UNITS 
TEMPERATURE, I N  DEGREES CELSIUS 

FIGURE 5 B . - -  Vertical distribution of specific conductance, dissolved 
oxygen, pH, and temperature at Lake Lorraine, 



SPECIFIC CONDUCTANCE, 
IN MICHROMHOS PER CENTIMETER 

DISSOLVED OXYGEN,  I N  M I L L I G W S  PER LITER 
pH, IN UNITS. 
TEMPERATURE, IN DEGREES CELSIUS 

FIGURE 5~ -- Ver t i ca l  d i s t r i b u t i o n  of specific c o n d u c t a n c e ,  d i s s o l v e d  
oxygen, pH, and t e m p e r a t u r e  a t  Lake L o r r a i n e ,  

August 19, 1981. 



SPECIFIC CONDUCTANCE, 
IN MICHROmOS PER CENTIMETER 

FIGURE 5~ -- Vertical distribution of specific conductance, dissolved 
oxygen, pH, and temperature at Lake Lor~aine, 

September 15, 1981. 



SPECIFIC CONDUCTANCE, ' 

IN MICHROMHOS PER CENTIMETER 

DISSOLVED OXYGEN, IN MILLIGRAMS PER LITER 
pH, IN UNITS 
TEMPERATURE, IN DEGREES CELSIUS 

FIGURE 5 ~ .  -- V e r t i c a l  d i s t r i b u t i o n  of  specific conductance, dissolved 
oxygen, pH, and temperature a t  Lake L o r r a i n e ,  

March 10, 1982. 



SPECIFIC CONDUCTANCE, 
IN MICHROMHOS PER CENTIMETER 

DISSOLVED OXYGEN, I N  M I L L I G W S  PER LITER 
pH, IN U N I T S  
TEMPERATURE, IN DEGREES CELSIUS 

FIGURE 6 A. -- Vertical distribution of s p e c i f i c  conductance, d i s s o l v e d  
oxygen, pH, and temperature a t  East A r m  Horseshoe Lake, 

June 16, 1981. 



SPECIFIC CONDUCTANCE, 
IN MICHROHROS PER CENTIMETER 

DISSOLVED OXYGEN, I N  MILLIGRAMS PER LITER 
pH, I N  UNITS 
TEMPERATURE, I N  DEGREES CELSIUS 

FIGURE 6 & -- V e r t i c a l  d i s t r i b u t i o n  of specific conduc tance ,  d i s s o l v e d  
oxygen, pH, and t e m p e r a t u r e  a t  East Arm Horseshoe Lake, 

J u l y  2 2 ,  1981. 



SPECIFIC CONDUCTANCE, 
1N MICHROMHOS PER CENTIMETER 

DISSOLVED OXYGEN, IN MILLIGRAMS-PER LITER 
pH, IN UNITS 
TEMPERATURE, I N  DEGREES CELSIUS 

FIGURE 6 ~ .  -- Ver t i ca l  distribution of s p e c i f i c  c o n d u c t a n c e ,  d i s so lved  
oxygen,,pH, and t empera tu re  a t  East Arm Horseshoe Lake, 

August 18, 1981. 



SPECIFIC CONDUCT;WCE, 
IN MICHFOMHOS PER CENTIMETER 

DISSOLVED OXYGEN, IN MILLIGRAMS PER LITER 
pH, IN UNITS .- 

TEMPERATURE, IN DEGREES CELSIUS 

F I G u R E ~ D .  -- V e r t i c a l  d i s t r i b u t i o n  of s p e c i f i c  c o n d u c t a n c e ,  d ' i s s o l v e d  
oxygen, pH, and t e m p e r a t u r e  a t  E a s t  Arm Horseshoe Lake, 

September 25,  1381. 



SPECIFIC 
CONDUCTANCE 

DISSOLVED OXYGEN, IN MILLIGRAMS PER LITER 
pH, I N  UNITS r f  

TEMPERATURE, I N  DEGREES CELSIUS 

FIGURE 6 ~ .  -- Vertical d i s t r i b u t i o n  of s p e c i f i c  conductance, dissolved 
oxygen, pH, and temperacure at East Arm Horseshoe Lake, 

March 10, 1982. 



SPECIFIC CONDUCiANCE, 
IN MICHROMHOS PER CENTIMETER 



SPECIFIC CONDUCTANCE, 
I N  MICHROMHOS PER CENTIMETER 

DISSOLVED OXYGEN, IN MILLIGRAMS PER LITER 
pH, I N  UNITS 
TEMPERATURE, IN DEGREES CELSIUS 

FIGURE 7 ~ .  -- Vert ical  distribution of s p e c i f i c  conductance, dissolved 
oxygen, pH, and temperature at West Arm Horseshoe Lake,  

J u l y  2 2 ,  1981 



SPECIFIC CONDUCTANCE, 
I N  MICHROMHOS PER CENTIMETER 

DISSOLVED OXYGEN, IN MILLIGRAMS PER LITER 
pH, IN UNITS 
TEMTERATURE, IN DEGREES CELSIUS 

FIGURE 7 ~ .  -- V e r t i c a l  d i s t r i b u t i o n  o f  s p e c i f i c  c o n d u c t a n c e ,  d i s s o l v e d  
oxygen, pH, and temperature at West Arm Horseshoe Lake, 

August 18, 1981. + 



SPECIFIC CONDUCTANCE, 
I N  MICHROMHOS PER CENTIMETER 

DISSOLVED OXYGEN, IN MILLIGRAMS PER LITER 
pH, IN UNITS 
TE*?PERATURE, I N  DEGREES CELSIUS 

FIGURE 7 D .  -- Ver t ica l  d i s t r i b u r i o n  of s p e c i f i c  conductance, d i s s o l v e d  
oxygen, pH, and temperature at West Arm Horseshoe Lake,  

September 25,  1981. 



SPECIFIC CONDUCTANCE, 
I N  MICHROMHOS PER CENTIMETER 

I I 5 I I I 

ICE - 
- 

T EMT EMTURE 

DISSOLVED SPECIFIC 
OXYGEN CONDUCTANCE 

I I 1 I I I I I I I 

0 2 4 6 8 10 12 14 16 18 2 0 

DISSOLVED OXYGEN, 1.N XILLIGRAMS PER LITER 
pH, IN UNITS 
TEMPERATURE, IN DEGREES CELSIUS 

' FIGURE 7E. -- V e r t i c a l  distribution of specific conductance,  dissolved 
oxygen, pH, and temperature at West Arm Horseshoe Lake, 

March 10, 1%2. 


