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SUMMARY OF FINDINGS AND RECOMMENDATIONS 

The water t a b l e  i n  t h e  Snako Lake a r e a  i s  very f l a t  and ground water  moves 

under a  g rad ien t  of about 3 t o  6 f e e t  per  mile. Under present  cond i t ions ,  wi th  

tho l c v c l  of Snako Lako a r t i f i c i a l l y  r a i s e d  2 - 3  f e e t  above i t s  n a t u r a l  l e v e l ,  

ground watcr moves i n t o  t h e  l ake  from t h e  e a s t .  Water i s  discharged from t h e  

l a k e  through t h e  sand dam t o  the  nor th  and by r e e n t e r i n g  t h e  ground-water reser- 

vo i r  on t h e  west and south .  Ground water  movement gene ra l ly  i s  southwester ' ly  t o  
.1 

Lake Minocqua south  of a  d iv ide  t h a t  b i s e c t s  t h e  l ake  and nor' th and nor thwester ly  

t o  Arrowhead and Brandy Lakes and Johnson Creek nor th  of t h e  d iv ide .  Under 

n a t u r a l  cond i t ions ,  i e . ,  with t h e  dam between t h e  two l akes  removed, l e v e l  of 

Snake Lake should be only  s l i g h t l y  h igher  than  Arrowhead Lake and ground water  

w i l l  move i n t o  t h e  l ake  around i ts  e n t i r e  per iphery  and d ischarge  t o  Arrowhead 

Lake. Water l e v e l s  i n  t h e  Snake Lake a r e a  a r e  p r e s e n t l y  a t  nea r ly  record high 

l e v e l s  showing t h e  amount of ground water i n  s t o r a g e  i s  p r e s e n t l y  nea r  maximum. 

Ground water  i n  t h e  Snake Lake a r e a  g e n e r a l l y  i s  a c i d i c ,  very s o f t  and 

con ta ins  only  small  concent ra t ions  o f  d isso lved ma te r i a l .  A comparison of aver-  

age concen t ra t ions  of s e l e c t e d  c o n s t i t u e n t s  i n  ground water  e a s t ,  on t h e  re-  

charge s i d e  of t h e  l ake ,  and on t h e  west and south,  on t h e  d ischarge  s i d e  of 

t h e  l a k e ,  i n d i c a t e  much higher  concent ra t ions  of d isso lved ma te r i a l  occur on 

t h e  d ischarge  s i d e ,  probably owi.ng t o  d issolved ma te r i a l  i n  t h e  l ake  moving i n t o  

t h e  aqui fer  with t h e  ground water .  Lake water  a l s o  is  more h igh ly  mineral ized 

than  ground water  on t h e  e a s t  s i d e  of t h e  l ake .  There i s  i n d i c a t i o n  of contarnin- 

a t i o n  o f  t h e  aqu i fe r  by ch lo r ide  and sodium on t h e  south s i d e  of t h e  l ake ,  poss i -  

b l y  owing t o  road s a l t  appl ied  t o  Highway 47. Concentrations of a l l  c o n s t i t u e n t s  

t e s t e d  f o r  i n  t h e  ground water  were w i t h i n  recommended l i m i t s  f o r  d r ink ing  water  

with t h e  except ions  of ch lo r ides  i n  s e v e r a l  we l l s  and o f  i r o n  i n  most w e l l s .  

Lowering t h e  l e v e l  of Snake Lake t o  t h a t  of Arrowhead Lake by pumping w i l l  



a l t e r  ground water  condi t ions  from t h e  present  flow through t h e  l a k e  t o  movement 

toward t h e  l ake  around most of i t s  per iphery .  This change w i l l  i nc rease  ground 

water  inf low t o  t h e  l ake .  

An 8000 gpm (gal lons  pe r  minute) pump i s  proposed f o r  pumping from Snake 

Lake under t h e  management p lan .  Pumping a t  t h i s  r a t e  should be adequate t o  

lower l ake  level ,  t h e  des i red  amount. I t  i s  est imated t h a t  d ischarge  water  from 

the pump w i l l  i n f i l t r a t e  i n t o  the  s o i l  a t  t h e  r a t e  of about 1000 t o  1500 gpm per  

a c r e .  Rough c a l c u l a t i o n s  i n d i c a t e  t h a t  ground water would move away from t h e  

d ischarge  s i t e  r a p i d l y  enough t o  prevent water logging a t  t h i s  d ischarge  r a t e .  

A d ischarge  s i t e  should be chosen t h a t  is of adequate s i z e  t o  allow f o r  a l t e r n a t e  

p lac ing  of t h e  d ischarge  t o  prevent water logging of t h e  s o i l  and s o i l  c logging.  

An a r e a  where t h e  ground water  g rad ien t  i s  away from Snake Lake is p r e f e r a b l e  

f o r  t h e  d ischarge  s i t e  t o  prevent r e c i r c u l a t i o n  of water  back t o  t h e  lake .  

Monitoring of ground-water l e v e l s ,  q u a l i t y ,  and temperature a t  t he  pump d i s -  

charge s i t e  and around t h e  l a k e  i s  recommended i n  o rde r  t o  determine e f f e c t s  of 

pumping. 



INTROMJCTION 

This study is part of the Inland Lake Renewal and Management Demonstration 

Project conducted by a project committee and supported by the Upper Great Lakes 

Regional Commission.. The study was conducted by the Wisconsin Geological and 

Natural History Survey with partial financial support from the project committee. 

The purpose of this report is to present a general definition of ground- 

water conditions in the vicinity of Snake Lake to k d  in reaching decisions on 

management of tho lake and to form a basis for determining changes in the 

ground-watcr rcgiinen that may occur with management procedures. Picld study was 

confined to documenting and monitoring configuration of the water table and lake 

level, and determining the chemical quality of the ground water. 
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PHYSICAL SETTING 

Snake Lake is a 14 acre lake located in the town of Minocqua, Oneida County 

and town of Arbor Vitae, Vilas County in Secs. 1 and 2, T.39N., R..6E.,  and Secs. 

35 and 36, T.40N., R.6E. The town of Woodruff borders the southern and western 

side of the lake. The eastern side of the lake is a partially wooded area where 

only 2 homes are located. Arrowhead Lake lies immediately north of a small 

marsh occupying the northern end of Snake Lake. 
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T o p o p a m  and Drainagc - -- 
Tho land su r Iace  i n  tho  Snako Lake a r c a  i s  a r e l a t i v e l y  f l a t  t o  g e n t l y  

I f  
r o l l i n g  p l a i n  wi th  many dra ined and undrained depressions o r  " k e t t l e  ho les .  

Snake Lake occupies such a k e t t l e  ho le  a s  do t h e  many l akes  and marshes i n  t h e  

a r e a .  The l a k e  l i e s  about 10-15 f e e t  below t h e  surrounding land s u r f a c e .  The 

land su r face  s lopes  g e n t l y  westward toward t h e  Tomahawk River and southward 

toward Minocqua Lake, ranging i n  e l e v a t i o n  from approximately 1590 t o  1620 f e e t  

above mean s e a  l e v e l .  

Snake Lake forms p a r t  of the  headwaters of Johnson Creek, a westward flow- 

ing  t r i b u t a r y  o f  the  Tomahawk River which, i n  t u r n ,  i s  t r i b u t a r y  t o  t h e  

Wisconsin River .  D ~ a i n a g e  from t h e  l a k e  flows through Arrowhead, Brandy, and 

Johnson Lakes, and thence t o  Johnson Creek. 

Storm dra inage  from a s e c t i o n  of Highway 51 is d ive r t ed  i n t o  Snake Lake, 

and another  d i v e r s i o n  t o  t h e  l a k e  t o  d r a i n  a s e c t i o n  of Highway 47 i s  contempla- 

t e d .  It i s  est imated t h a t  drainage from Highway 51 during t h e  10-year s torm 

(4  inches  i n  24 hours) is about 19.2 c f s  (cubic f e e t  per  second). (C. J. 

Dvorak, D i s t r i c t  Chief Maintenance Engineer,  W i s .  Dept. of Transpor ta t ion ,  

Personal  Communications, June, 1969). Drainage from Highway 47 dur ing  t h e  

10-year storm i s  est imated a t  about 4.8 c f s .  

According t o  a Notice of I n v e s t i g a t i o n  and Hearing (2-WP-1672) be fo re  t h e  

Former Publ ic  Se rv ice  Commission of Wisconsin held on August 20, 1962, Snake 

Lake o r i g i n a l l y  drained i n t o  Arrowhead Lake through about 600 f e e t  of bog and a 

n a t u r a l  sand r i d g e  sepa ra t ing  t h e  two l a k e s  and had no we l l  defined communica- 

t i n g  channel.  Re la t ive  e l eva t ions  of t h e  two l akes  a t  t h a t  time a r e  unknown. 

A connect ing channel ,  about 5 f e e t  deep, was dredged through t h e  marsh and sand 

r idge  about 50 years  ago and allowed f r e e  flow of water from Snake i n t o  Arrowhead 

Lake. Under t h e s e  condi t ions  i t  is assumed t h a t  t h e  e l e v a t i o n  of Snake Lake was 

only s l i g h t l y  above t h a t  of Arrowhead Lake. The e l e v a t i o n  of Snake Lake on 

Marsh 25, 1938 from a 1938 water works p l a n  map of t h e  town was 1594.4. 



I n  about 1962, t h e  connecting channel between t h e  l akes  was blocked by a 

dam c o n s i s t i n g  of s i l t y  sand and g rave l  i n  an at tempt t o  prevent f l o a t i n g  

vege ta t ion  i n  Snake Lake, r e s u l t i n g  from sewage e f f l u e n t  discharged from t h e  

Woodruff sewage p l a n t ,  from en te r ing  Arrowhead Lake. The dam repor ' ted ly  r e s u l t e d  

i n  a  r i s e  of water  l e v e l s  i n  Snake Lake of an unknown amount. However, a  

measurement made on Apr i l  17 ,  1969 (a period of high water) showed a d i f f e r e n c e  

i n  e l e v a t i o n  of 2.84 f e e t  between t h e  two l akes .  

The marsh a t  t h e  nor thern  end of Snake Lake i s  p r e s e n t l y  inundated t o  t h e  

l e v e l  o f  t h e  l a k e  and t h e r e f o r e  i s  considered p a r t  of t h e  lake .  A small s t ream 

emerges from t h e  dam and flows i n t o  Arrowhead Lake. The d ischarge  of t h i s  

stream was measured a t  17  gpm on Apr i l  17,  1969. A small  s p r i n g  loca ted  on 

t h e  extreme northwestern s i d e  of t h e  marsh d ischarges  an est imated 5-10 gpm 

and a l s o  flows t o  Arrowhead Lake. 

Geo*x, - 
Glac ia l  d e p o s i t s  l a i d  down during t h e  Wisconsinan Stage of g l a c i a t i o n  

cover t h e  Snake Lake a rea .  The d e p o s i t s  a r e  mapped as p i t t e d  outwash, a s  is 

much of Vilas  and Oneida Counties (Thwaites, 1956). The unconsolidated m a t e r i a l  

c o n s i s t s  predominantly o f  s t r a t i f i e d  sand wi th  some c l a y ,  s i l t ,  and g rave l  

7, l a y e r s  and i s  cha rac te r i zed  by numerous depress ions  o r  k e t t l e s " ,  i n  t h e  land 

s u r f a c e  formed by t h e  slow melt ing of i c e  blocks incorporated i n  t h e  outwash 

a s  t h e  g l a c i e r  receded. The g l a c i a l  d r i f t  o v e r l i e s  c r y s t a l l i n e  rock of 

Precambrian age. 

Unconsolidated depo i s t s  a r e  about 230 f e e t  t h i c k  i n  t h e  Snake Lake a r e a .  

Vi l lage  Well Number 1 a t  Minocqua, about 2 m i l e s  sou th  of t h e  l ake  encountered 

b a s a l t  a t  a  depth  of 213 f e e t .  The log of test w e l l  Number 1 d r i l l e d  a t  

Woodruif i s  reproduced below and shows t h e  gene ra l  c h a r a c t e r  of t h e  m a t e r i a l .  



Log of Test Well No. 1 
Woodruff, Wisconsin, 1947 

Lithology 

Sand, medium-grained, red-grey 

Sand, medium to fine-grained, grey 

Sand, medium to fine-grained, light grey 

Sand, medium to coarse-grained, light grey 

Silt, grey 

Clay, grey and red 

Clay, pink, dolomitic, or calcareous 

Silt, light grey 

Sand, medium to fine-grained, light grey, 
slightly calcareous 

Sand, medium to coarse-grained, light grey, 
slightly calcareous 

Sand, medium to f ine-,grained, 
slightly calcareous 

Depth below land 
surface (feet) 

Sand, medium to coarse-,grained, light grey, 
slightly calcareous 190-195 

Clay, silty, grey 195-208 

Samples missing 208-230 

Sand, medium to coarse-grained, dark grey 230-233 

Glacial outwash is relatively homogeneous in composition but materials 

may chznge rapidly in very short distances both vertically and horizontally. 

The log of test well number 1 indicates that unconsolidated materials in the 

Snake Lake area consist of medium to fine-grained sand down to about 60 feet 

5.. depth. Shallow observation wells drilled for this study indicate a similar 

material at least down to 30 feet (the limit of drilling). The sand is quite 

permeable and allows rapid recharge to the water table from the land surface. 



A s i l t  and c l a y  l a y e r  occurs  below t h e  sand from 60 t o  160 f e e t  below 

land s u r f a c e  (Test  Well # I ) .  This layer  has a  much lower permeabi l i ty  than  

t h e  sand. The s i l t  and c l a y  l a y e r  i s  under l a in  by a permeable, coa r se  t o  f i n e -  

grained sand t o  a  depth of 195 f e e t  below land su r face .  The i n t e r v a l  from 195 

t o  233 i s  poor ly  def ined  but appear's t o  c o n s i s t  o f  both sand and s i l t  and c l a y  

l a y e r s  and probably i s  not  very permeable. Presumably, bedrock was encountered 

a t  233 f e e t  below land su r face .  

S o i l s  - 
S o i l s  i n  t h e  immediate a r e a  of Snake Lake c o n s i s t  of t h e  Pence-Vilas 

7 ,  
s o i l s  community" and a r e  nea r ly  l e v e l  t o  r o l l i n g .  (Hole and Schmude, 1959). 

They c o n s i s t  predominantly o f  sandy loam, loamy f i n e  sand, sand, and loamy 

sand. Small l a k e  depressions i n  t h e  a r e a ,  including Snake Lake, a r e  mapped as 

having nea r ly  l e v e l  Peat-Cable s o i l s  cons i s t ing  of about 80 percent  pea t  with 

d 

l o r n ,  s i l t  loam, s toney loam, and stoney s i l t  loam. Much of t h i s  pea t  s o i l  

surrounding Snake Lake i s  now inundated because of t h e  r i s e  i n  l a k e  l e v e l .  

HYDXOLOGY 

The hydrology of t h e  Snake Lake a r e a  is  a p a r t  of t h e  l a r g e r  hydrologic 

system of t h e  Tomahawk River bas in .  That p a r t  of t h e  p r e c i p i t a t i o n  t h a t  f a l l s  

i n  t h e  Tomahawk b a s i n  t h a t  is not  l o s t  t o  evapora t ion ,  t r a n s p i r ' a t i o n  by p l a n t s ,  

o r  runoff t o  s treams s i n k s  i n t o  t h e  ground and recharges t h e  ground-water 

r e s e r v o i r .  The ground-water r e s e r v o i r  r ece ives  recharge from p r e c i p i t a t i o n  

throughout t h e  bas in ,  and movement of ground water ,  under t h e  in f luence  o f  

g r a v i t y ,  g e n e r a l l y  i s  toward t h e  Tomahawk River and t r i b u t a r i e s  where i t  is  

discharged.  

The Snake Lake a r e a  l i e s  adjacent  t o  Arrowhead and Brandy Lakes which a r e  

p r i n c i s a l  ground-,water d ischarge  a reas  and about 2/3 mi le  nor th  of Minocqua 

Lake, a l s o  a  p r i n c i p a l  d ischarge  a rea .  



Prosent Conditions 
---, 

Under p resen t  condi t ions ,  t h e  Snake Lake a rea  i s  b i sec ted  by a hydrau l i c  

d i v i d e  t h a t  sepa ra te s  ground-,water movement t o  Johnson Creek dra inage  and Lake 

Minocqua dra inage .  Ground-water movement i s  southwesterly t o  Lake Minocqua 

sou th  of t h e  d i v i d e  and nor th  and nor thwester ly  t o  Arrowhead Lake, Brandy Lake, 

and Johnson Creek nor th  of t h e  d i v i d e  a s  shown on f i g u r e  1. The water t a b l e  

i s  very f l a t  and water moves under a  g rad ien t  of about 3 t o  6  f e e t  pe r  mile .  

Gr'ound water  e n t e r s  Snake Lake on t h e  e a s t  s i d e  and i s  discharged t o  t h e  

ground water r e s e r v o i r  on t h e  west and south  s i d e s  of t h e  l ake .  P r i n c i p a l  

d ischarge  from t h e  l ake  is on t h e  n o r t h  through t h e  sand dam t o  Arrowhead Lake 

where t h e  n e a r l y  3 f o o t  d i f f e r e n c e  i n  e l e v a t i o n  between t h e  2 l a k e s  c r e a t e s  a  

g rad ien t  of about .03 f e e t  pe r  f o o t  o r  150 f e e t  pe r  mile .  

Present  cond i t ions  of ground-water movement i n t o  t h e  l ake  on t h e  e a s t  s i d e  

and l ake  water movement i n t o  t h e  a q u i f e r  on t h e  west and south  s i d e s  o f  Snake 

Lake probably r e s u l t e d  from t h e  rise of t h e  l ake  su r face  a f t e r  t h e  dam was 

emplaced i n  about 1962. Before t h e  dam was emplaced, t h e  l ake  was only s l i g h t l y  

above t h a t  of Arrowhead Lake and below t h e  l e v e l  of the  surrounding water t a b l e .  

The l ake  should have received inf low from ground-'water around i t s  whole pe r i -  

meter except on t h e  n o r t h  s i d e .  The ground-water d i v i d e  between Johnson Creek 

and Lake hfinocqua dra inage  was south  of t h e  l a k e .  When t h e  l a k e  l e v e l  was 

r a i s e d ,  i t  had t h e  e f f e c t  of p a r t i a l  plugging of a  ground-water d r a i n  o r  d i s -  

charge a r e a  and t h e  d i v i d e  s h i f t e d  northward t o  i t s  present  p o s i t i o n .  (Fig. 1). 

The seepage f i e l d  loca ted  next  t o  t h e  municipal sewerage p l a n t  on t h e  west 

s i d e  of Snake Lake discharged e f f l u e n t  from t h e  p l a n t  t o  t h e  ground-water r e s e r -  

voir =-. about 1940 t o  about 1963 when opera t ion  o f  t h e  p lan t  was suspended. 

The water  t a b l e  g rad ien t  was toward t h e  l a k e  a t  t h a t  t i m e  and t h e  e f f l u e n t  moved 

i n t o  t h e  l ake .  The r i s e  i n  l ake  l e v e l  when t h e  dam was implaced on t h e  l a k e  

o u t l e t  reversed t h e  g rad ien t  a t  t h e  seepage f i e l d  site.  Therefore any r e s i d u a l  





matc r i a l  i n  tho  v i c i n i t y  oP tho  socpngc f i o l d  w i l l  p rosont ly  move southwestward 

away irom t h c  l a k e  with ground-water movement. 

Ground-water l e v e l s  f l u c t u a t e  i n  response t o  changes i n  recharge and i n d i -  

c a t e  t h e  amount of water i n  s to rage  i n  t h e  ground-water r e s e r v o i r .  Present  

ground-water l e v e l s  i n  t h e  Snake Lake a r e a  a r e  a t  a  near  record h igh  a s  ind i -  

ca ted  by t h e  long term record of we l l  On-22 ( f i g u r e  2 )  which is loca ted  about 

8 mi les  t o  t h e  e a s t  of Snake Lake. Therefore,  ground water  i n  s t o r a g e  i n  t h e  

Snake Lake a r e a  i s  p resen t ly  near  maximum. 

Ground-,water l e v e l s  i n  t h e  Snake Lake a r e a  show a very rapid  response t o  

recharge because of t h e  permeable na tu re  of t h e  sediments and t h e  shal low depth  

t o  water t a b l e .  Wells were i n s t a l l e d  and monitoring began i n  October 1968. 

Representat ive hydrographs a r e  shown i n  f i g u r e  3 .  The water  l e v e l s  dec l ined  

during t h e  win te r  months when water  from p r e c i p i t a t i o n  was s t o r e d  on t h e  land 

s u r f a c e  i n  t h e  form of snow and i c e .  I n  l a t e  March, a  s h o r t  thaw caused a 

minor r i s e  i n  l e v e l s ,  but t h e  weather turned cold again and water l e v e l s  con- 

t inued t o  dec l ine .  The spr ing  thaw s t a r t e d  i n  e a r l y  Apr i l ,  and water  l e v e l s  

r o s e  from 1 t o  2 f e e t .  Recharge from snow m e l t  diminished and ceased i n  about 

t h e  middle of Apr i l  and water l e v e l s  again  s t a r t e d  t o  dec l ine .  This  d e c l i n e  

w i l l  cont inue  throughout t h e  year  u n t i l  next s p r i n g  except f o r  rises t h a t  may 

fo l low heavy rains. .  For example, t h e  high water  l e v e l  i n  Ju ly  followed a r a i n -  

f a l l  of nea r ly  5 inches on Ju ly  15. 

The s t a g e  of t h e  water  t a b l e  i n  i t s  n a t u r a l  cyc le  of f l u c t u a t i o n  when 

measurements were made f o r  cons t ruc t ion  of t h e  conf igura t ion  of t h e  water t a b l e  

nap ( f i g u r e  1 )  can  be seen i n  t h e  hydrographs ( f i g u r e  3 ) .  The water  l e v e l  

measurements were obtained on Apr i l  30, 1969. The conf igura t ion  of t h e  water  

t a b l e  should remain r e l a t i v e l y  unchanged wi th  n a t u r a l  f l u c t u a t i o n s  i n  ground 

water. l e v e l .  







Tile hydrographs of t h e  deep c i t y  wel l  and t h e  adjacent  shal low w e l l  E4 

along wi th  t h e  l e v e l  of Snake Lake ( f i g u r e  3 )  show the  wel ls  t o  be i n  a re-  

charge a r e a  as  ind ica ted  i n  f i g u r e  1. The water  l e v e l  i n  both w e l l s  remains 

1,; t o  2 f e e t  below t h a t  of Snake Lake and t h e  g rad ien t  i s  from t h e  l ake  toward 

t h e  we l l s .  Also the  decrease  i n  head with depth i n  t h e  2 we l l s  shows a down- 

ward v e r t i c a l  g rad ien t  hence water should be moving i n t o  t h e  a q u i f e r .  

Formerly, t h e  c i t y  wel l ,  loca ted  about 1000 f e e t  south of Snake Lake and 

now abandoned, probably caused water t o  flow from t h e  southern  end of t h e  l a k e  

through the  a q u i f e r  and i n t o  t h e  well .  The lowered water levelaround t h e  w e l l  

during pumping would have caused a s t e e p  g rad ien t  from t h e  l a k e  toward t h e  

w e l l ,  inducing recharge  from t h e  l ake .  

Two groups o f  2 w e l l s  each a t  d i f f e r e n t  depths were i n s t a l l e d  on t h e  e a s t  

and west edges of t h e  l a k e  (A1-A2 and DLD2). The we l l s  ind ica ted  ground-water 

d ischarge  cond i t ions  on t h e  e a s t  and recharge condit ions on t h e  w e s t ,  however, 

the  d i f f e r e n c e  i n  depth  of t h e  we l l s  (approximately 20 f e e t )  was no t  g r e a t  and 

d i f f e r e n c e  i n  water  l e v e l s  was very s l i g h t .  

Chemical Qual i ty  of Ground Water 

Ground water  i n  t h e  Snake Lake a r e a  g e n e r a l l y  i s  a c i d i c ,  very s o f t ,  and 

conta ins  only small  concent ra t ions  of d isso lved ma te r i a l  which is t y p i c a l  of 

pitted outwash regions  of por thern  Wisconsin. The permeable n a t u r e  of t h e  

outwash allows ground water  t o  move r a p i d l y  through t h e  a q u i f e r  and d i s s o l v e  

on ly  small  amounts of rock ma te r i a l .  The a c i d i c  n a t u r e  of t h e  water  probably 

r e s u l t s  from c o n t r i b u t i o n s  of organic  a c i d s  from t h e  many marsh d e p o s i t s  i n  

t h e  a r e a .  

Wate. samples f o r  chemical a n a l y s i s  were taken from 1 8  of t h e  observat ion  

we l l s  i n s t a l l e d  i n  t h e  v i c i n i t y  of Snake Lake. Analyses of 4 samples were made 

a t  t h e  'iTisconsin S t a t e  Laboratory of Hygiene and of 1 4  samples a t  l a b o r a t o r i e s  

of t h e  Wisconsin Department of Natural  Resources. Resul t s  a r e  shown i n  t a b l e  1 

along wi th  c a l c u l a t e d  va lues  and miscel laneous f i e l d  measurements. 



The chemical cha rac te r  of ground water on t h e  west and south  s i d e  of Snake 

Lake should be influenced by recharge from t h e  l ake  a s  d issolved m a t e r i a l s  i n  

t h e  l a k e  w i l l  move i n t o  t h e  a q u i f e r  along with t h e  water .  Ground water  on t h e  

e a s t  s i d e  of t h e  l ake  receives recharge only from p r e c i p i t a t i o n  and i ts  chemical 

cha rac te r  should be more r e p r e s e n t a t i v e  of n a t u r a l  condi t ions .  A comparison of 

t h e  average concent ra t ions  of s e l e c t e d  c o n s t i t u e n t s  i n  water from Snake Lake 

and from ground water  on t h e  e a s t  o r  r e c h a r g e s i d e ,  and t h e  west and south  o r  

d ischarge  s i d e  of t h e  l ake  a r e  shown i n  t a b l e  2. The average concent ra t ions  of 

a l l  c o n s t i t u e n t s  a r e  h igher  i n  ground water on t h e  west and south s i d e  o f  t h e  

l ake  than i n  ground water from t h e  e a s t  s i d e  of t h e  lake .  Concentrations i n  

Izko  wntor  &so a r e  hig l ior  t h m  i n  ground wator from tho o a s t  s i d o  of .tho inku. 

No siiqplo r e l a t i o n s h i p  can be made of the  chemical c h a r a c t e r  o f  l a k e  water  and 

ground water  on t h e  west and south s i d e  of t h e  l ake  because of changes of 

chemical environment a s  l ake  water moves i n t o  t h e  a q u i f e r ,  seasonal  and man 

made chemical changes i n  l a k e  and ground water ,  and r e s i d u a l  e f f e c t s  on 

chemistry of ground water from p o l l u t a n t s  introduced i n t o  t h e  l ake  i n  t h e  p a s t .  

The chemical cha rac te r  of ground water  on t h e  south  and west s i d e s  of t h e  

l a k e  may be a f f e c t e d  a l s o  by contamination from t h e  land su r face  because of t h e  

l o c a t i o n  i n  a populated a r e a .  For example water  from w e l l s  B1, B2, and E2, 

( t a b l e  1 )  show very high concent ra t ions  of ch lo r ide  and sodium t h a t  a r e  pro- 

bably c a r r i e d  i n t o  t h e  a q u i f e r  fyom t h e  land s u r f a c e ;  poss ib ly  from s a l t  appl ied  

t o  highway 47 i n  t h e  win te r  t ime. Analysis  from these  w e l l s  a r e  not  included i n  

t h e  sodium and c h l o r i d e  averages i n  t a b l e  2. 

The a n a l y s i s  of water  from wel l  E 4  ( t a b l e  1 )  r ep resen t s  t h e  chemical 

cLarac te r  of water  moving through t h e  dam t o  Arrowhead Lake. 

Zxcept f o r  c h l o r i d e s  i n  t h e  above-mentioned analyses  f o r  B1, B2 and E 2 ,  

and i r o n ,  a l l  parameters t e s t e d  f o r  a r e  wi th in  l i m i t s  recommended f o r  dr inking 

water by t h e  U. S. Pub l i c  Health Service  (1962). 
i 
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Table 2. Average concentxation of selected chemical consti tuents i n  water f ron Snake Lake 
and i n  ground water t o  the east  and t o  the west and south of the  lake. 

-.- 
Groundwater East "Surfacewater i n  Groundwater West & 

Constituent of Snake Lake ,- Snake Lake (2/5 /69)  South of Snake Lake 
Average No. Average No. Average KO. 

Concentration of Concentration of Concentration of 

,---.--- PPM - Samples PPM Samples PPN Samples 

Sodium (Na) 
Potassium (K) 
Chl.oride (C1) 
Tctal  organic 
Nitrogen 
X i t r i t e  (N) 
Ni t ra te  (N) 
Dissolved Ss i ids  (ca1,c) 
Ee-~dness (cnlc) 
Alkalinity (CaCo3) 

* Nater samples taken a t  8 d i f fe ren t  s i t e s  i n  the  lake from various depths ranging from 
3 to  18 f e e t  below lake surface. 



I n f c r r e d  Ground-Water Conditions under Lake Managcmcnt 
---------A ---- - 

Proposed management techniques f o r  improving q u a l i t y  of water i n  Snake Lake 

have included s e v e r a l  methods t h a t  would a l t e r  t h e  l e v e l  of t h e  l ake .  The pre-, 

s e n t  p l an  i s  t o  pump water  from t h e  l a k e  and lower i ts  l e v e l  t o  approximately 

t h a t  of Arrowhead Lake. The fol lowing i n f e r r e d  ground-water condi t ions  under 

l a k e  management a r e  based on t h a t  p lan .  However, r ega rd les s  of t h e  method used, 

any apprec iab le  change i n  l a k e  l e v e l  w i l l  a l t a r  ground-water condi t ions  i n  t h e  

a r e a .  

By lowering t h e  l e v e l  of Snake Lake 2-3 f e e t ,  ground-water cond i t ions  should 

change from t h e  present  movement of ground water  through t h e  l ake  t o  movement of 

ground water t o  t h e  l ake  around most of i t s  periphery. Water W i l l  cont inue t o  

nrovc l'10111 Snake i n t o  Arrowhead Lake but w i l l  d iminish a s  tho  d i f f e r e n c e  i n  

e l e v a t i o n  between t h e  lakes  decrease  u n t i l  t h e  l akes  a r e  a t  t h e  same l e v e l .  

lowcring t h e  l e v e l  of Snake Lake below t h a t  of Arrowhead w i l l  r eve r se  t h e  flow 

and watcr  will movo fr'om Arrowhead i n t o  Snake Lake. 

A nap of t h e  a n t i c i p a t e d  conf igura t ion  of the  water tab le  under pumping 

condit ions and wi th  s i m i l a r  l e v e l s  between Snake and Arrowhead Lakes i s  shown 

i n  Figure  4 .  The map i s  only a  genera l ized  a n t i c i p a t e d  conf igura t ion  and is 

not an accur 'a te  r e p r e s e n t a t i o n  of t h e  a c t u a l  cond i t ions  t h a t  may occur.  

P r i n c i p a l  ground-water d ischarge  t o  Snake Lake i s  p resen t ly ,  and w i l l  con- 

t i n u e  t o  be under pumping condi t ions ,  from t h e  e a s t  s i d e  of t h e  l ake  ( f i g u r e  4) 

but  lowered l a k e  levels  w i l l  r e s u l t  i n  an  inc rease  of ground-water d ischarge  t o  

t h e  i ake .  Under, pumping condi t ions  shown i n  f i g u r e  4 t h e  g rad ien t  on t h e  e a s t  

s i d e  of t h 6  l a k e  w i l l  i n c r e a s e  t o  an es t imated  .006 f e e t  pe r  f o o t  o r  about 32 

f e e t  pe r  mile .  The p resen t  g rad ien t  on t h e  w e s t  and south  s i d e s  of t h e  l a k e  

w i l l  r eve r se  and ground water  w i l l  flow toward t h e  l a k e  under an est imated grad-. 

i e n t  o f  ..02 f e e t  pe r  foo t  o r  about 10  f e e t  pe r  m i l e .  The ground water  d i v i d e  ' 

p l e s e n t l y  running through t h e  l ake  ( f i g u r e  1 ) w i l l  s h i f t  southward and a low 





d i v i d c  w i l l  bo c s tob l i shod  on t h e  south  and wcst s i d o s  of t h e  l ake  i n  t h e  

approximate p o s i t i o n  shown i n  f i g u r e  4. Movement of ground water  w i l l  be toward 

t h e  l ake  from t h e  d iv ide .  

A d ischarge  s i t e  for  water  pumped from Snake Lake i s  shown on f i g u r e  4 and 

was a r b i t r a r i l y  chosen for  purposes of d iscuss ion .  Water discharged on t h e  

land su r face  w i l l  i n f i l t r a t e  t o  t h e  water  t a b l e  and c r e a t e  a  mound a t  t h a t  l o -  

c a t i o n .  Ground water movoment w i l l  be r a d i a l l y  outward from the  mound i n  a l l  

d i r e c t i o n s .  I f  a  d ischarge  s i t e  f o r  pumpage is  loca ted  near  Snake Lake where 

t h e  g rad ien t  is p r e s e n t l y  toward the  l a k e ,  much of t h e  d ischarge  water  w i l l  

c i r c u l a t e  back t o  t h e  l ake  through ground-water movement a s  shown i n  f i g u r e  4.  

WAGEiMENT CONSIDERATIONS 

Pr'esent p l ans  f o r  pumping Snake Lake a r e  t o  use  a  t r a i l e r  mounted and 

t r a c t o r  propel.led l o w - l i f t ,  high-'volume pump r a t e d  a t  8000 ga l lons  pe r  minute 

(gpm), a c t u a l  g a l l o n s  pe r  minute de l ive red  by t h e  pump w i l l  probably be con- 

s i d e r a b l y  l e s s  than  SO00 gpm because o f  f r i c t i o n  l o s s  i n  t h e  s e v e r a l  thousand 

f e e t  o f  d ischarge  p ipe  requi red  and because water  must be l i f t e d  10,-15 f e e t  

above l ake  l e v e l .  However, r'ough c a l c u l a t i o n s  i n d i c a t e  t h e  pump w i l l  be adequate 

t d  draw t h e  l a k e  down t h e  requi red  amount. Because ground-water l e v e l s  a r e  pre- 

s e n t l y  a t  a  h igh  s t a g e ,  t h e  amount of pumpage requi red  t o  draw t h e  l a k e  l e v e l  

down w i l l  a l s o  be maximum a t  t h e  present  time (August 1969). 

A pr inc ipa l .  cons ide ra t ion  i s  t h e  s i t e  of d ischarge  f o r  t h e  l a r g e  volume of 

water  pumped from Snake Lake. S o i l  p e r m e a b i l i t i e s  of t h e  Pence-Vilas s o i l s  i n  

t h e  Snake Lake a r e a  gene ra l ly  range from 2.5 t o  10  inches  pe r  hour i n  t h e  upper 

horizons and a r e  more than  10  inches pe r  hour i n  t h e  lower hor izons  (Soi l  Con- 

s e r v a t i o n  Se rv ice ,  1964).. This i s  a r a t e  of downward water  movement when t h e  

s o i l  i s  s a t u r a t e d  but allowed t o  d r a i n  f r e e l y .  Assuming an  average permeabi l i ty  

of 3 inches pe r  hour, t h e  water should i n f i l t r a t e  a t  t h e  r a t e  o f  $ a c r e  f o o t  pe r  



hour per a c r e  o r  about 1,350 ga l lons  por 1ninul;e per  a c r e .  Tho dischar({e s i t e  

must be of adequate s i z e  f o r  proper i n f i l t r a t i o n ;  f o r  t h e  assumed cond i t ions  

f o u r  ac res  would bo needed t o  handle a  d ischarge  of 5400 gpm. 

Movement of ground water away from t h e  d ischarge  s i t e  f o r  pumpage may 

l i m i t  tho  r a t e  o f  pumpage from t h e  l ake .  I f  t h e  movement of ground water  i s  

too  slow tho  ground w i l l  become water  logged o r  be s a t u r a t e  t o  t h e  land s u r f a c e  

and tho  water  w i l l  move a s  ovor land runof f .  Data is not a v a i l a b l e  t o  a c c u r a t e l y  

determine ground water movement away from t h e  s i t e .  However, t h e  fol lowing rough 

c a l c u l a t i o n  was made from assumed v a l u e s .  

A c i r c u l a r  mound on t h e  water t a b l e  a t  t h e  d ischarge  s i te  i s  assumed t o  

have an a r e a  of 4 ac res .  I f  t h e  mound i s  10 f e e t  high a t  t h e  c e n t e r ,  t h e  grad- 

i e n t  from t h e  c e n t e r  t o  t h e  edge of t h e  mound would be .0425 f e e t  p e r  f o o t .  

The c o e f f i c i e n t  of t r a n s m i s s i v i t y  of t h e  outwash sands is  assumed t o  be 

100,000 ga l lons  pe r  day pe r  f o o t .  By use  of Darcy's law, t h e  amount of ground 

water moving ac ross  t h e  circumference of t h e  4 a c r e  c i r c l e  would be about 4,370 . 
g a l l o n s  pe r  minute. This f i g u r e  is very roughly t h e  amount of water  t h a t  can 

be discharged on t h e  ground without water  logging t h e  s o i l  and i s  comparable 

t o  s o i l  i n f i l t r a t i o n  r a t e s .  

Another cons ide ra t ion  i s  poss ib le  s o i l  clogging a t  t h e  d ischarge  site.  

Small p a r t i c l e s  of s i l t ,  sand, weeds, organic  ma t t e r ,  plankton and o t h e r  

ma te r i a l s  i n  t h e  l ake  water  tend t o  c log  t h e  pore spaces of t h e  s o i l  and reduce 

s o i l  p e r m e a b i l i t i e s  a s  t h e  water i n f i l t r a t e s .  This prob>em can be c o n t r o l l e d ,  

a t  l e a s t  p a r t i a l l y ,  by e i t h e r  a l t e r n a t i n g  d ischarge  s i t e s  o r  by p e r i o d i c  

. x a k i n g  up of t h e  upper s o i l  l a y e r  by plowing, scraping ,  or. c u l t i v a t i n g , .  

Because of t h e  l a c k  of s p e c i f i c  d a t a  on i n f i l t r a t i o n  r a t e s  over  extended periods 

i t  i s  est imated t h a t  t h e  r a t e  may be as  low a s  1000 gpm per a c r e  o r  a s  much a s  

1500 gprr, pe r  a c r e .  



Mounding of t h e  water t a b l e  underlying t h e  d ischarge  s i t e  may cause re- 

c i r c u l a t i o n  of t h e  water back t o  Snake Lake. This problem i s  i l l u s t r a t e d  i n  

f i g u r e  1. Mounding of ground water a t  t he  d ischarge  s i t e  shown i n  f i g u r e  4 

would causc a s toop gradionl: toward Snako nnd Arrowhead Lakes. A s  much a s  50% 

oP thc  water t h a t  i n f i l t r a t o s  t o  the  water  t a b l e  could r e c i r c u l s t c  back t o  

Snake Lakc i f  t h a t  discharge s i t e  were used. I t  is suggested t h a t  t h e  a r e a  

e a s t  of Woodruff and south of highway 47 would be an appropr i a t e  s i t e .  Tne 

x c a  p r e s e n t l y  has a r e l a t i v e l y  s t e e p  ground-water g rad ien t  southward toward 

Lake Minocqua and recharge from lake  pumpage should tend t o  move i n  t h a t  

d i r e c t i o n .  A l a r g e  enough a r e a  t o  al low a l t e r n a t e  d i sposa l  of the  water i n  

s e v e r a l  d i f f e r e n t  s i t e s  w i l l  he lp  prevent s o i l  clogging and water  logging i n  

t h e  d ischarge  a r e a .  

Ground-water l e v e l s  a t  t h e  d ischarge  s i t e  of pumpage from Snake Lake should 

be monitored t o  determine d i r e c t i o n  of movement away from t h e  s i t e  and t h e  bui ld  

up of t h e  water t a b l e .  The water l e v e l s  w i l l  he lp  determine t h e  q u a n t i t y  o f  

water  t h a t  can be  applied t o  t h e  s i t e  and whether water  i s  being r e c i r c u l a t e d  

t o  Snake Lake. Monitoring of water l e v e l s  i n  t h e  l ake  a r e a  a l s o  should cont inue  

t o  determine e f f e c t s  of pumping on water l e v e l s  adjacent  t o  t h e  l a k e .  

Q u a l i t y  of ground water  a l s o  should be monitored a t  t h e  d ischarge  s i t e  i n  

a d d i t i o n  co t h e  e s t ab l i shed  sampling po in t s  t o  h e l p  determine t h e  e f f e c t i v e n e s s  

of pumping i n  removing n u t r i e n t s  from t h e  l a k e .  Water temperatures should be 

measured with extreme accuracy a t  a l l  sampling p o i n t s  a s  an  a i d  i n  determining 

hydrologic changes. 
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1LTei.l Construction and Elevations of Observation Wel1.s 
---.--------.----- -- 

Elevation Length Length Top of Well 
Well. Top of casing of o f above 

No. above NSL casing sczeen Land Surface 
----..--- ( fee t )  (inches) ( fee t )  

Ci ty  Well 
Staff Gage 

--- 
kElevation of 0 on gage 



Water l c v e l s  i n  oh:;,.,-va.tion w e l l s ,  in. f e e t  below top of i,rell 

----A .a~a~-*-.-*-:,~..."-~-.-A-.-.a-=----.-----,.. -- ..,--*.. .*-**- - ~ ~ v . - * w ~ ~ A - - - ~ - ~ ~ ~ - .  , >--a-----uw,em. --- 
Oct Nov Dec Feb l4ar Mar Mar Apr Apr Apr Apr Hay ?{ay June  June J u l y  

Well l:! 4 1 0  6 17 3.9 23 3 9 16  30 7 20 5 2 4 1 8  
Number 1.5:;8 1968 1968 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969 

B 1  3.89 4.0k 4.52 4.79 5.10 5.0h 4.98 5.08 4.57 4.30 4.08 4.02 4.02 4.02 4.15 3.36 
B2 13.95 14.04 14.45 14.90 15.23 15.14 15.19 15.25 14.85 14.49 14.23 14.17 14.14 14.14 14.24 13.47 
B3 15.?5 15.88 16.32 16.62 17.17 17.15 17.06 17.17 16.80 16.31 16.11 16.09 16.05 16.01 16.14 15.48 
B4 -- -- -- -- -- -- -- -- -- 14.64 14.35 14.31 14.27 14.26 14.32 13.87 

C i ty  Well 16.10 -- 16.62 -- -- -- - -- -- 16.91 -- -- 16.53 -- - -- 

*Staff 
Gage -- -- -- -- -- -- -- -- -- 1.71 i .68 1.70 1.58 1.44 1.34 1.92 

*Readings show height  of Snake Lake i n  f e e t  
above datum of  1596.11 f e e t  above mean sea 
l e v e l .  


