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Purpose of Model

To predict phosphorus levels in Torch Lake, [and later, Clam Lake, 

Lake Bellaire, and the rest of the Elk Rapids Chain of Lakes] in 

order to guide development and planning in the watershed.

Source of funds

MDEQ grant of $62,000; Township contributions of $14,000 

[Helena, Milton, Kearney, Torch Lake, Central Lake, Custer, Forest 

Home, Clearwater (Kalkaska County)]; and TLA inkind 

contribution of $27,000

Method

Great Lakes Environmental Center (GLEC) to make a computer 

model to estimate future levels of phosphorus based on 

measurements of present levels and growth plans.
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Watersheds

Torch watershed

is shown in green

The Torch watershed

is 1.6 times the area

of the lake itself



Groundwater Project

Drill a series of shallow wells near the lakeshore

Measure the hydrostatic pressure (head) and subsoil 

conductivity (from the fall time) to calculate 

the groundwater flow rate

Sample the groundwater to measure the total phosphorus

from the wells

Add up the flows and the phosphorus from all the regions

to find the total groundwater and phosphorus flows



Well Rig

Pounding 

Derrick

Volunteers starting

early to figure out

how to measure

groundwater



The pounding derrick, pipe remover,

the pounders, and the well pipe on Torch



Well point, screen, and Pink Pearl eraser



Close-up of No-See-Um polyester mesh 

and beach sand



placement

Well placement around

the Torch Lake shore

Torch is about 18 miles

Long, 1-2 miles wide,

and is crossed by the 

45o latitude line

There are 13 well sites

and 15 wells (red)



High school interns work with TLA volunteers

to write their reports



Critical well 

(piezometer)

parameters for the 

estimation 

of water flow



Details 2

Q = A(dh/dl)Kv.

Q is the groundwater flow rate (cfs)

A is the area over which the flow takes place (ft2)

one dimension along shoreline and one into lake.

dh/dl is the head height divided by the well depth (unitless)

K is the hydraulic conductivity (ft/s)

The hydraulic conductivity, K, is estimated by the

falling head technique. The piezometer tube is filled to a

height H2 and allowed to fall to H1 in time t2-t1

K = [D2/8L(t2-t1)]ln{(L/D) + [1+(L/D)2)]1/2}ln(H2/H1)

D is the inside dia. of the piezometer tube (0.12” for ¼” tubing)

L is the length of the well screen (3.0” for our points)

ln is the natural logarithm, ln = 2.3log10



Water 

Total water flow from all well 

hydrostatic measurements of 85 cfs
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North East South West North

North

East

South West North

Total phosphorus flow from all wells is 1800 kg/yr

North East South West North



Torch Lake Phosphorus Flows 
 

 
      INFLOW 

 

Clam River Flow   =>     
[~200 ft

3
/s x 7 ppb = 1400]       

 

Torch Minor Tribs     => 
[~10 ft

3
/s x 30 ppb = 300]        

 

Torch Rainfall   => 
[~60 ft

3
/s x 30 ppb = 1800]        

 

Torch Groundwater =>  
[~30 ft

3
/s x 50 ppb = 1500] 

 
   ___-------- 
       IN TOTAL   5300 kg/yr
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      Lake       Lake 

 

 

 

 

 

 

 

 

 

     OUTFLOW 
 

 
 
=> Torch River Flow  
 [~250 ft

3
/s x 2 ppb = 500] 

 

=> Torch Evaporation 
         [0 ft

3
/s] 

 

=> Torch Groundwater 
         [0 ft

3
/s] 

 

=> Sediment Flow 

  [inferred          4800]  

 
           --------- 
 OUT TOTAL     5300 kg/yr



Summary of Groundwater Study

The total groundwater flow estimated by the piezometers  is 

>100 cfs, i.e. more than is reasonable.

For estimates of the phosphorus flow we renormalize the 

groundwater flow to the difference between other

inflows and outflows to be ~30 cfs

The total phosphorus flow into Torch from groundwater is

similar in magnitude to Clam River and rainwater.

The total phosphorus flow entering Torch is ten times the

flow leaving it.  The retention fraction is ~90%. 



Conclusion

Conclusion

Highly focused projects, 

sophisticated measurements, 

and good science 

can be done with 

high quality, 

motivated

volunteers



volunteers

Three Lakes volunteers take phosphorus samples

from groundwater well in rough weather



Interns 

High school interns make hydraulic 

measurements on groundwater well in Torch 



High school 

Interns learn

How to use a

Gurley type

Water flow

probe



Sampling 

 

 Apr May Jun Jul Aug Sep Oct 

Number of TP sampling events - 1 - 1 - 1 - 

Number of TP locations - 13 - 13 - 13 - 

Number of paired lake samples - 8 - 5 - 2 - 

Number of phosphorus analyses - 21 - 18 - 15 - 

Number of flow measurements - 1 - 1 - 1 - 

Field Sampling Plan

Note:  The number of wells is the number of “functioning” wells.

More were drilled only to find a clay substrate.

Samples were taken of the groundwater phosphorus and 

paired samples of nearby lake water were taken as well

Blank samples were also taken through tubing, point, 

and pump before setting the wells in some cases



Groundwater 

Lake and Ground Water Comparison

 Torch Ground Water Torch Lake 

Temperature 59 deg. C 60 deg. C 

Specific Conductivity 0.53 mS/cm 0.30 mS/cm 

Dissolved Oxygen 4.7 mg/l 9.1 mg/l 

pH 7.5 8.3 
 

Note:  This data was taken in Sept. 05 when the lake was cold

The ground water temperature was nearly constant 

through the summer.

The higher ground water Specific Conductivity implies more 

impurities dissolved in the groundwater than the lake

The lower Dissolved Oxygen is caused by the adsorption 

of oxygen by close ground contact

The more acidic groundwater pH probably reflects its origin as

rainwater which is typically more acidic than the lake


