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Introduction 
 

The groundwater study described here is part of the development of a predictive nutrient-

based water quality study of Torch Lake funded by a Michigan Department of 

Environmental Quality ‘Clean Michigan’ grant.1  This study is being supervised by the 

Three Lakes Association2 with the Great Lakes Environmental Center (GLEC) of 

Traverse City as the major subcontractor.3  The purpose of this study is to develop a 

computer model for the phosphorus content of the lake, phosphorus being the limiting 

nutrient for most biological activity. The first part of the study characterized the water 

flows in and out of the lake and measured the phosphorus content of these sources and 

sinks. The overall purpose of the project is to develop a capability to make long term 

predictions about the phosphorus level in Torch Lake to aid with community planning. 

 

Torch Lake is located mainly in Antrim and partly in Kalkaska Counties in northwestern 

lower Michigan between 44o 50’ and 45 o 10’ latitude, and is approximately 18 miles long 

and 1.5 miles wide.  Torch is the largest inland lake in Michigan by volume and contains 

79% of the water in the Elk River Chain of Lakes.  The watershed of this chain is 

approximately 500 square miles and supplies 60% of the tributary water to Grand 

Traverse Bay through its outlet, Elk River, in Elk Rapids.  The entire chain is isolated 

from the Bay by a dam in Elk Rapids where the level is regulated at 590.2 – 590.8 ft 

above sea level approximately 10 ft. above the Bay.4  There are five small towns on 

Torch Lake, the largest, Alden, having a population of 1,016 (2000) and four nearby 

marinas on the major tributary and out-flow rivers, Clam and Torch.   The lake shore is 

dominated by approximately 1400 single family homes and cottages occupying 85% of 

the parcels along the lakeshore.  There is no industry and no town with a central sewage 

or water system.  For all practical purposes all sewage is treated with individual septic 

systems and each residence has its own well. 
 

Torch is a clean, deep, cold “hardwater” lake lying in a glacial canyon in Devonian 

period bedrock of Ellsworth and Antrim shales.5,6   The pH of the lake is approximately 

8.0 and it has a dissolved oxygen (DO) content between 9.0 and 13.0 mg/l throughout the 

year at all levels.  The major dissolved materials in the lake are, in order of importance, 

Ca, Mg, SO4, and Cl7 very similar to the major constituents of the bedrock shale which 

form the basin and much of the alluvial till making up soil both above and below ground 

on the edges of the lake.  The maximum lake depth is 300 ft and the average depth is 140 

ft. 70% of the lake is deeper than 50 ft.  The region below 50 ft. is primarily covered by a 

marl-like sediment accumulated since the last glaciation about 9,500 years ago.  The 

phosphorus content of the lake water is typically in the range of 0.002-0.004 mg/l (2-4 

parts per billion, ppb) similar to the nearest large bodies of water, Elk Lake and Grand 

Traverse Bay.  Because the phosphorus that enters the lake appears to end up in the 

sediment on the bottom, significant effort has been made to assess the processes that lead 

to this deposition and to the phosphorus content and activity of the sediment.   
 

Approximately 95% of the tributary water to Torch comes from Clam River.  The 

watershed of Torch itself is significantly smaller than the chain watershed.  The area 

draining into Torch is only 1.6 times larger than the lake area of 29 square miles whereas 

the watershed area upstream from Clam is 193 square miles filtered through 11 smaller 
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shallower lakes.  The Torch drainage area is made up of approximately 50% farmland 

and 50 % forest whereas the Clam River watershed in primarily forest and open grassland 

with about 10% farmland.8   
 

Groundwater is the least well known source of water and phosphorus flowing into Torch.  

From measurements of the tributary inflows, its single out-flowing river, Torch River, the 

rainfall, and evaporation rates, one can estimate the magnitude of the groundwater flow 

in the range 20–60 cfs (cubic feet per second).  This is a significant input since typical 

rainfall of 30 inches per year contributes an average equivalent flow of approximately 60 

cfs,  The main in-flow from Clam River is in the range 200 cubic feet per second, and the 

Torch River out-flow is in the range 250 cfs.  From these flow rates and the lake volumes 

one can infer the residence time for water in the chain above Torch to be about one year 

and the residence time of the water in Torch to be about 20 years.  The phosphorus level 

of Clam River is about 8 ppb, somewhat higher than Torch at 2-4 ppb.  Phosphorus in the 

minor tributaries of Torch is in the range 10 – 115 ppb, the largest coming from Spencer 

Creek.  However the total tributary flow is low, less than 10 cfs.9  The phosphorus in 

groundwater flow is completely unknown but suspected to be significant since this is 

where septic systems, agricultural and other domestic fertilizers, and naturally occurring 

sources of phosphorus will enter the lake and since the phosphorus content of the minor 

tributaries is significantly larger than the phosphorus content of Clam River.  Estimating 

that the groundwater entering the lake is half the rainwater falling on the topographical 

watershed and has a phosphorus content in the low range of the measured tributaries, say 

20 ppb, then the magnitude of phosphorus entering from groundwater would be similar in 

magnitude to that which enters through Clam River.  The purpose of this study is to be 

more quantitative about this estimate.  

 

The technique described here will allow a measurement of the total shallow groundwater 

flow into Torch and its phosphorus content.  We will to install and sample from 10 to 20 

shallow piezometers, actually simple wells, on the perimeter of Torch Lake.  The bed and 

shores of Torch are primarily comprised of layers of sand, gravel, and clay.  Domestic 

well records show that the bedrock limestone and shale are well covered by an 

accumulation of glacial till around the lake edges reaching a their closest approach to the 

surface 60 ft. below the northeast shoreline.  The groundwater wells will be at a depth of 

from 5 to 10 ft. and roughly equally spaced around the lake.  The depth of these wells is 

chosen by looking at nearby well logs to avoid clay layers, by ascertaining that the 

hydrostatic pressure is positive (flow into the lake), and measuring the DO content of the 

well to determine that the water being sampled is not just lake water but has come from 

some distance away.  Water samples will be drawn from these wells for analysis of 

phosphorus and measurements of the hydrostatic pressure (height of the water level in the 

well above the lake surface) and flow resistance (by measuring the flow resistance in the 

piezometer) will give the groundwater flow.  Details of the hydrological framework, 

monitoring network, piezometer construction, and sampling methodology will be given 

below. 

Hydrologic Framework 
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The interchange between groundwater and surface water is both complex and hard to 

estimate.  In general water can come into a lake from the surrounding aquifer and can 

leave the lake in a similar fashion following subsurface hydraulic gradients.  Because 

these flows occur underground or underwater and are relatively slowly varying compared 

to other sources and sinks, they are difficult to accurately characterize.  There are several 

general principals that will help guide the methods described here.  First, groundwater 

flows are most likely to occur nearshore and decrease significantly toward the lake 

center.  This is particularly true in the region around Torch Lake where the subsurface 

strata is composed mainly of sand and gravel isolated vertically by various layers of clay 

and not strongly influenced by bedrock barriers.  Nevertheless, groundwater is expected 

to vary significantly though the year and be localized by subsurface irregularities and 

topography.  No one has tried to measure these phenomena in the Elk Rapids Chain of 

Lakes watershed and no monitoring systems are currently in place to observe the flows. 

 

These factors make the placement of groundwater stations difficult to determine.  We will 

attempt to find the most likely locations and depths for our sampling, but in the end will 

probably only find out more about how complex the problem is.  There are several 

previous surveys that will help in this regard.  First, a survey of cladophora around the 

lake edge has recently been carried out.10  Cladophora is used as a monitor for 

phosphorus discharges from septic, fertilizer, and natural sources.  These areas of the lake 

are likely to be those most responsible for bringing phosphorus into the lake. Several 

wells will be place both in cladophora free and cladophora ridden areas for comparison.  

Second, a survey has been carried out of well logs for residences around Torch.11  These 

well logs have been required of well drillers by the county since 1970 and since the rate 

of development around the lake has been rapid during this timeframe, well logs for over 

half of the lakeshore residences have been recorded.  For our purposes these logs show 

the subsurface strata down to the level of the wells and in a few cases show the bedrock 

level.  These records give the depth of sand, gravel, clay, and shale layers until well water 

is found typically at 80 ft. or so.  That is, the shallow subsurface strata around the lake are 

relatively well known and are composed mainly of sand and gravel, with one or two clay 

layers.  Typical well logs on the north, east, and west sides of the lake have 10-30 ft. of 

sand and gravel, 10-30, 10-30 ft. of clay, and 10-30 ft. of sand below that, the wells being 

drawn from the lower layer of sand.  At the southern end of the lake the clay layer is 

within a few feet of the surface and can be 10-100 ft. thick with sand below.  Thirdly, 

lake bottom near the lakeshore of Torch is composed primarily of sand and gravel and, 

except near significant points of land extending into the lake, the lake bottom falls gently 

from the shore to the drop-off many hundreds of feet from the lake edge.  The south end 

has sand beaches with extensive sandbars several hundreds of feet from shore probably 

underlain with a thick clay layer.  There are no swampy, sediment rich, or plant covered 

areas around the lake edges.  In this respect the material through which groundwater 

flows is relatively homogeneous.  We have the glaciers and the depth of the lake to thank 

for this situation, but it should make the placement and analysis of groundwater stations 

easier.  Fourthly, we have some anecdotal information about springs and seeps around the 

lake.  Typically, swimmers have noticed regions of the sandbar that are colder than the 

surrounding water.  These are probably groundwater seeps but the regions are neither 

constant nor stationary.  Divers have also noticed that swimming along the drop-off, the 
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water closest to the shelf is coldest.   These observations indicate seeps of a more 

constant nature.  Finally, most lake residents have heard stories of boiling springs at the 

bottom of Torch seen by divers.  There is no documentation of these phenomena and 

there are no photographs.  One would expect that a significant spring would have low 

dissolved oxygen associated with it and could be observed from low DO readings in lake 

profiles.  None have been seen, but no systematic surveys have been done.  Finally, in 

anticipation of this work the Three Lakes Association has installed a small number of test 

wells to generate some information about where and how deep to place the piezometers 

that we plan to use in this study.   

  

Land use around Torch Lake is shown the Fig. 1 and the Torch Lake watershed is shown 

in Fig. 2.  Of the 1700 lakeshore parcels more than 85% developed and consist mainly of 

single family dwellings.  Of these dwellings approximately 90% are occupied only during 

the summer months, June – Aug.  The population of “second tier” residences, that is 

residences that fall in the layer of properties just outside those on the lakeshore, around 

the lake is small (~20%) but growing.  Most of the land outside of the riparian residences 

is farm or forest land.  In the Torch Lake watershed region forested and agricultural land 

are about equally divided.  In addition many of the farms are not heavily worked and 

some are fallow.  Cluster developments in the Torch watershed are still rare.  Finally, 

there are no cities or industries on the lake. The largest village, Alden, has approximately 

1,000 residents and the four other unincorporated villages, Clam River, Torch River, 

Eastport, and Torch Lake Village, are considerably smaller.  None have central sewage 

systems nor central water.  All residences have individual septic systems for waste 

disposal.  The Chain of Lakes above Torch has three towns Ellsworth, Central Lake, and 

Bellaire, with populations of  500, 1,200 and 1,000 respectively and no major industries.  

Only Bellaire has a central sewage system (as does Elk Rapids, pop. 1,700, where the 

Chain empties into East Grand Traverse Bay).  The total population of all the townships 

touching Torch Lake is approximately 7,000.  And the population of Antrim County in 

which most of the Chain of Lakes watershed resides in about 23,000.  All population and 

most land use figures are for the year 2000. 

 

Several test wells have been driven to acquire information to help guide our choice of 

depth and location for the monitoring network.  Four wells have been driven in a sand 

beach near the shoreline at the north end of Torch.  Table 1 below shows several typical 

parameters for wells and different depths and shoreline locations taken in early April, 

2005 just after the ice had gone out.  Each of these wells was pumped for a few hours 

until the water became clear.  The hydraulic head of each was measured and each was 

tested with the Hydrolab Quanta for temperature, dissolved oxygen (DO), pH, and 

specific conductivity.  For wells less than five feet deep, the hydraulic head has been 

almost unobservable and the water sampled from these wells has been more like the lake 

water than groundwater. At about five feet and below the water is characterized by a low 

DO content and high but variable specific conductivity (because it has more minerals 

dissolved in it).   The existence of a hydraulic head appears to be correlated with a 

lowering in DO.  The well driven 7.0 ft. into the bottom in 3.5 ft. of water 145 ft from the 

lakeshore is similar to the 11 ft. well at the shoreline except that the hydraulic head varies 

considerably from day to day.  Water drawn from a 50 ft. nearby cottage well has the 



 

 

9 

9 

lowest DO at 4.4 mg/l.  No phosphorus samples have yet been taken from these test 

wells. 

 

Depth 

(ft.) 

Location Head 

(in) 

Temp. 

(C) 

DO 

(mg/l) 

pH Sp. Cond. 

(ms/cm) 

0 shore --- 2.0 12.5 8.4 0.30 

2 shore 0.0 1.6 12.2 8.2 0.41 

5 shore 0.0 5.0 8.02 7.4 0.94 

11 shore 1.0 10.6 8.4 7.5 0.38 

7 145 ft 

into lake 

1.0-

5.0* 

10.6 8.6 7.5 0.45 

50** cottage 

well 

---- 10.9 4.4 7.5 0.58 

*   Varies from day to day. 

** This is a sample from a domestic well near the same location. 

 

Table 1:  Data from the Hydrolab Quanta instrument and hydraulic head measurements 

are shown for several well depths near the Torch lakeshore 
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Fig. 1 – Land Use map of the Elk River Chain of Lakes Watershed. 
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Fig. 2  Torch Lake watershed region12 
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Monitoring Network 
 

Permission has been obtained from about 20 Three Lakes Association members who are 

Torch Lake riparians to sink a shallow groundwater well a few feet off shore.  The 

distribution of wells is determined by dividing the lake into sectors and finding a willing 

individual in each sector.  Written permission has been obtained to set the wells and 

sample from them during the spring, summer, and fall of 2005.  These wells will be set 

by pounding down a 3/8“ ID, 5/8” OD steel well pipe which will carry a point and screen 

attached to  ¼” OD translucent polyethylene tubing.  The steel pipe will be withdrawn 

leaving the point and screen at the bottom connected to the surface by the plastic tube.  

This tube will be all that marks the location of the well and the place from which samples 

will be drawn and measurements made.  The location of the tube will be marked with a 

Global Positioning Satellite (GPS) position, physical location from landmarks, and 

brightly colored surveyor tape.  The tube will typically be buried in the sand or gravel 

just beneath the water surface during times when it is not in use.  Measurements will be 

made on a monthly basis by volunteers for a period of six months. At the end of the test 

period the tube will be cut, plugged, and buried so that it will not be seen again.  The 

point and screen will remain in the ground. 
 

Maps in Figures 3, 4, and 5 show the location of the wells that will be used in this survey 

and the Torch watershed.   The numbers designating the well locations correspond to 

individual property owners who have given permission to us to carry out this work.  

Teams will work through the season with the homeowners in order to carry out the 

measurements with minimal impact on the beachfront and owner’s schedules. 
 

We have chosen a larger number of potential sites than sampling locations because we 

expect that there will be considerable attrition once we start to install the piezometer 

wells.  Judging from the experience of other lake groups this is likely to result from lack 

of flow, breakage, loss, or irregularities in the sampling results themselves. 
 

The Three Lakes Association plan for installing and monitoring these sites relies several 

teams of Three Lakes volunteers and on two teams of high school interns drawn from 

Central Lake, Bellaire, and Elk Rapids High Schools.  Three Lakes has worked with 

intern groups from Bellaire and Elk Rapids in the past two years and will be adding 

Central Lake for the first time this year.   
 

The Three Lake Association staff who will supervise the installation and monitoring 

consist of the following individuals 
 

Dean Branson, PhD in Chemistry and Principal Investigator for the Three Lakes 

Association, 2004 MDEQ Predictive Nutrient-Based Water Quality Model for the 

Three Lakes System, retired. 

Norton Bretz, PhD in Physics, Treasurer and instrumentation specialist for the Three 

Lakes Association, retired. 

Tim Hannert, MS Biology and Executive Director of Three Lakes Association, retired. 

Paul Roush, small business owner in Charlotte, MI, retired. 

Bob Spencer, former superintendent of schools in Battle Creek, MI, retired. 
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Fig. 3 - Northern third of Torch Lake 
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Fig. 4 - Middle third of Torch Lake 
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Fig. 5 - Southern third of Torch Lake 
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Groundwater Phosphorus and Hydraulic Flow Sampling Plan 

 
Phosphorus samples will be taken as described in Table 2 from April through October of 

2005.  The smaller number of sampling locations than well locations will be arranged in 

the field either by the failure of a well to be set (too much rock for example), by a 

minimum flow requirement (too much clay for example), and/or by making composite 

samples from the larger number of sample wells.   

 

 April May June July Aug. Sept. Oct. 

Number of TP sampling 

events 1 1 1 1 1 1 1 

Number of TP locations 10 10 10 10 10 10 10 

Number of paired lake 

samples 5 5 5 5 5 5 5 

Number of phosphorus 

analyses 15 15 15 15 15 15 15 

Number of Flow 

measurements 1 1 1 1 1 1 1 

 

Table 2.  Phosphorus and hydraulic flow sampling schedule 

 

Before each well is set samples of distilled water will be drawn through the same 

apparatus to establish a baseline of possible contamination from the materials in the 

point, screen, and tubing.  These blank samples will be processed in the same way as 

actual well samples. 

 

The cost of a typical phosphorus analysis is about $20 and our budget will not allow an 

indefinite number of samples.  The numbers given here represent a judgment about how 

to distribute our sampling budget among the lake, the tributaries, the sediment, and the 

groundwater.  The total number of samples in this series is 115. 

 

Samples will be drawn from the wells with an electric pump following the protocol given 

below.  Phosphorus sample bottles will be supplied by GLEC and analyzed according to 

GLEC Standard Operating Procedures.13 

 

In addition to the phosphorus analysis sample will be drawn and a record of temperature, 

pH, dissolved oxygen, and specific conductivity will be taken with the TLA Hydrolab 

Quanta.14  The Hydrolab Quanta will be calibrated each day according to the Hydrolab 

and GLEC protocols.15  The hydraulic measurement protocol is described below.  
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The groundwater piezometers are installed following the plan developed for a similar 

study on Lake Whatcom, WA.16  They will be installed with a “hammering“ derrick as 

shown in the photograph in Fig. 6.  The 1/2” steel pipe will be driven into the ground by 

repeatedly hammering the top of the pipe with a heavy weight.  The weight is guided 

over the smaller well pipe by a pipe of larger diameter so that the hammer will fall 

directly on top.  The ¼ “ OD plastic tubing (ID = 0.17”) will come up through the center 

of this weight as it slides up and down.  The derrick has a pulley at the top with which to 

raise and lower the hammer weight and a come-along to remove the pipe once the point 

has been driven to the desired depth.  This apparatus has been tested on a number of test 

wells and if used with care should allow the same pipe to be used over and over leaving 

only the points, screen, and tubing behind.   

 

 
 

Fig. 6   Hammering derrick being used to set a well in Eastport 

 

The point is made of steel and has a shoulder that fits loosely in the bottom end of the 

well pipe.  The screen is made of polyester mesh with a pore diameter of about 0.1-0.3 

mm, otherwise known as no-see-um mosquito netting.  The plastic tubing is perforated 

and anchored to the point.  About 3” of mesh is wrapped three times around the tubing 

and secured with stainless steel wire (Fig. 7) resulting in an effective pore size of about 

0.1 mm.  The polyester mesh with some typical beach sand is shown in Fig. 8.  The point 
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assembly is thoroughly rinsed in alcohol and distilled water and wrapped in a plastic bag 

before being deployed. 

 

 
 

Fig. 7 - Well point, mesh screen, and sampling tube 

 

 

 
 

Fig. 8  - No-see-um polyester mesh with typical beach sand.   

The largest holes will pass a grain with a diameter of 0.3 mm. 
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Hydraulic Sampling Methodology 
 

The methodology for measuring hydrological flows follows the example of the Lake 

Whatcomb Quality Assurance Project Plan for measuring groundwater discharges and the 

analysis methods of Hvorslev17 described in Cherry and Lee18 and summarized in Lambe 

and Whitman.19  The piezometers will also be used as simple sampling probes to 

determine the phosphorus content of the flowing water. In addition we have developed a 

criteria for choosing the appropriate depth for the piezometers based on a survey of water 

well records and on insitu measurements of the sample water.  We will be using a 

particularly simple case for measuring the vertical flow of groundwater into the lakebed 

using a single piezometer inserted into the ground a sufficiently small distance into the 

aquifer that the flow field has no horizontal components.  In this case one can obtain a 

simple estimate of both the hydraulic vertical gradient, dh/dl, and the hydraulic 

conductivity, Kh.  Then using Darcy’s equation one can estimate the total flow rate if one 

can estimate the area over which this flow takes place.  The assumptions, measurements, 

and calculations are discussed below. 

 

 

 
 

Fig. 9 – Variables used in piezometer calculation 
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Fig. 9 shows an idealized picture of the piezometer and the variables that need to be 

measured.   We assume that the groundwater flow is vertical, into the lake and therefore 

the hydraulic head, dh, is positive, that is, the water in the piezometer tube will rise above 

the water surface.  This is commonly known as an artesian system.  The gradient length, 

dl, is the depth of the piezometer sampling region below the water surface, so that dh/dl is 

a unitless number.  We further assume that the hydraulic conductivity is isotropic, that is 

the horizontal and vertical components are the same (Kv = Kh) as would be expected in a 

uniform medium.  As long as the tube is transparent the hydraulic head can be measured 

with a ruler.  The well depth, dl, must be measured in the same units.  Darcy’s equation 

relates the flow to the hydraulic gradient, dh/dl, and the hydraulic conductivity as 

follows: 

 

   Q = A(dh/dl)Kv.   

 

where    Q is the groundwater flux or flow rate (cubic feet per second) 

   A is the area over which the flow takes place (square feet) 

   dh/dl is unitless 

   Kv is the vertical hydraulic conductivity (feet/second) 

 

The groundwater flux can be determined if one can estimate A and measure Kv.  To 

measure Kv one fills the piezometer with water to a height, H.  If nothing further is done, 

the water level will return to its equilibrium level, dh.  The lower the groundwater 

conductivity, the slower the return to equilibrium.   

 

The groundwater hydraulic conductivity, K, can be determined in two equivalent ways: 

the constant head method or the falling head method.  In the constant head method one 

measures the amount of water needed to maintain a head level, H, above the equilibrium 

level, dh.  In this case the horizontal conductivity, Kh, can be determined from the 

following formula: 

 

   Kh = [q/2L]ln{(L/D) + [1+(L/D)2)]1/2} 

 

If L/D > 4  Kh = [q/2L]ln[2(L/D)] 

 

where    q is the flow rate required to keep the level constant  

(cubic feet per second) 

   D is the inside diameter of the piezometer tube 

         (same length units as L) 

   H is the height over the equilibrium head to which the tube is filled 

   L is the length of the well screen 

   ln is the natural logarithm, ln = 2.3log10. 

 

Thus, if L is measured in feet, Kh will have units of feet per second and Darcy’s equation 

can be used to estimate the total groundwater flow (in cubic feet per second).  The data 

consists of measuring the volume, V, of water needed to maintain the level, H, for a time, 

T.  The maintenance flow rate, q, is simply V/T.  Fig. 1 shows a metering valve, X, which 



 

 

21 

21 

is used to maintain the constant level.  The volume of water used is measured from a 

calibrated reservoir. 

 

Equivalently, in the falling head technique the piezometer tube is filled to a height H2 and 

allowed to fall to H1 in time t2-t1.  The valve X remains closed or this part eliminated.  

The following formula then gives the conductivity 

 

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

 

If L/D > 4  Kh = [D2/8L(t2-t1)]ln[2(L/D)]ln(H2/H1) 

 

In practice the piezometers must be placed in a region in which groundwater infiltration 

is occurring, the points must not be clogged with clay or sediment, and for our purposes 

of measuring the phosphorus groundwater flux, should be placed at a level which samples 

the shallow groundwater of recent origin.  That is we would like to be sampling water 

that has been flowing beneath residences for the last year or so.  This last part requires 

some judgment and experience, but we will summarize what has been learned in the 

Torch watershed from several test wells. 

 

In order to achieve these objectives we will carry out the sampling in the following way. 

 

(1)  Before setting the well piezometer a blank total phosphorus (TP) sample is 

first drawn from the test point using distilled water.  The test well/peizometer is 

then driven to a depth of 5-10 feet near the lake shore to facilitate a direct 

measurement of the hydraulic head with respect to the lake level.  The well pipe 

will be withdrawn using a come-along leaving the well point connected to the 

surface with the ¼” OD polyethylene tubing (ID = 0.12”).  If necessary, a vinyl 

tube can be connected near the surface through which it is easier to see the 

interior water level.  If this is used for the hydraulic conductivity measurements, 

the new piezometer ID (=D) dimension must be used in the above formula.  A 

record of the piezometer will be kept on the Groundwater Field Test Sheet found 

in Appendix 1. 

 

(2)  The well number, residence, date, depth, and location of the well/piezometer 

will be recorded with a GPS and distance measurements to nearby landmarks (see 

the attached well/piezometer field test sheet). 

 

(3)  The test well/piezometer will be pumped with a suitable pump for a period of 

1 hour producing a volume of not less than 10 liters of water.  Pumping should go 

on until the initially cloudy water becomes clear. 

 

(4)  The last liter of the sample water will be tested with the Hydrolab Quanta20 to 

measure the temperature, dissolved oxygen (DO), specific conductivity, and pH.  

A similar sample of nearby lake water will be measured at the same time and 

recorded.  If the well sample DO we will assume that the water is being drawn 

from some distance away and not the lake, that the flow is into the lake, and that 
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the well is suitable for groundwater testing.  Furthermore the hydraulic head must 

be measurable and positive, that is, greater than 1/2”.  This measurement will 

require that the wave action will be minimal or that the area of the measurement 

be protected from wave action.  If the well conduction is low, the well may be 

“developed” by pumping surface water into the point for an hour and the outflow 

retested.  However, the Hydrolab tests must then be delayed for a week so that the 

water around the well point has time to equilibrate with its surroundings. 

 

(5)  The well/piezometer will be plugged, buried, and left for a week in order to 

allow the normal underground flows to return to equilibrium. 

 

(6)  After a period of a week the Hydrolab Quanta measurements will be retaken 

from both the well and the lake, a sample drawn for measurement of Total 

Phosphorus (TP) using sample bottles prepared by GLEC according to their own 

protocol, the hydraulic head measured, and the hydraulic conductivity determined 

by the falling head estimate by recording the two head levels (H2 and H1) and the 

time in takes the water to fall between them (t2 - t1).  Our experience shows that 

one should choose H1 > dh and H2 - H1 ~ 24” for our sand and gravel shores.  

Before the sample is drawn from the well a sufficient volume of water must be 

pumped to insure that the sample is coming from the region near the point and not 

surface water diffused into the sampling tube. 

   

(7) After the measurements have been completed the well will be plugged and 

buried using brightly colored surveyors tape to mark the spot.  Arrangements 

must be made to deliver the TP bottles to GLEC for analysis. 

 

(8)  Subsequent tests will follow the groundwater phosphorus and flow sampling 

plans listed in herein and repeat only step (6). 

 

(9) After the measurements have been completed the wells will be abandoned 

injecting a bentonite-based grout slurry through the ¼ inch tubing while 

withdrawing the tubing and leaving the steel well point in the ground. 

 

 

In order to estimate the total water and phosphorus flows Darcy’s equation must be used 

to calculate the water flux Q and the amount of phosphorus carried with it.  Given that we 

are sampling only 10 or so locations around the lake, this step will involve the most 

uncertainty.  First we will have to assume that we have chosen representative sample 

points and second we will have to estimate a flow area, A.  Since we will not be sampling 

at multiple locations away from the shore, we will have to rely on our few test wells for 

this. For lack of further information we will assume that the wells close to shore will have 

flows greater than those further out and that the decay is exponential with a decay length 

taken to be the distance between the shore and drop-off.  That is, the area of the flow is 

approximately 1/e = 0.37 the area between the shore and drop-off.  Over the course of our 

field test we will try to measure this flow decay away from shore near the location of our 
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test wells at the north end of the lake.  If these tests can be interpreted in the manner 

discussed above, we may adjust our decay length in the final results. 
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Summary 

 
The uncertainty caused by our small number of sampling points, the limited number of 

samples through the season, and our uncertainty about the flow area will undoubtedly 

exceed any other uncertainties in the sampling program, especially the accuracy of the 

individual phosphorus analyses in estimating the phosphorus flow.  However, this is 

probably the best we can do with our limited time, methodology, and resources and is 

probably as good or better than any other lake system in the country.   In practice the 

uncertainty of a measurement, even one with 10 locations and seven time samples can be 

estimated from the data itself to some extant.  So beside the carefully done analyses to 

narrow the uncertainty in the TP measurement, one can simply calculate the standard 

deviation in the piezometer flow measurements to find the intrinsic uncertainty in this 

measurement.  This will still leave the uncertainty in the flow area for which we will have 

insufficient statistical information to calculate a standard deviation and, of course, any 

systematic error in the measurement itself.  We do not know in advance what the final 

uncertainty is likely to be and, therefore, cannot say with any certainty how well our plan 

will work out.  However, we would like to obtain water flow estimates that are better than 

our simple stream, rain, and evaporation flow balance estimates of groundwater and also 

better than our groundwater estimates from the rainfall on the topographic watershed.  At 

least our piezometer measurements will add a third estimate of groundwater flow and 

measure the phosphorus content of a portion of the groundwater.  From all of these we 

expect to be able to make a case for the best estimate of the total phosphorus flow. 

 

Finally, without attempting analyses like the ones described here, one must rely entirely 

on rough hydrological estimates of flow and likely phosphorus input from septic systems, 

fertilizer use, and natural flows.  We expect that our measurements will lend some weight 

to our overall model of the phosphorus budget for the lake that it would not otherwise 

have and point to improvements in the methodology which could be employed in the 

future to Torch or other lake systems. 
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Appendix I: Groundwater Field Test Sheet 

 
 

Well/piezometer Number:       ______ 

Property description:  Owner  __________________________ 

   Address _________________________ 

  _________________________ 

   Phone:   _________________________ 

   Email:   _________________________ 

 

Owner instructions: _______________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

 

Well/piezometer GPS location  _N________________________ 

     _S_______________________ 

                 Physical location  _________________________________________ 

     _________________________________________ 

Date ___________    Drill team members ______________________________________ 

Water Temp.  _______________   Weather ____________________________________ 

Blank TP sample bottle No.  ___________ 

Well depth (dl) ________   Screen Length (L) ________   Hydraulic head (dh) ________   

Comments  ______________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

 

 

 

 

 

Date_____________  Team members _________________________________________ 

Water Temp.  __________________   Weather/waves ____________________________ 

TP piezo. sample bottle No. _________  Paired lake sample bottle No. ______________ 

Hydrolab data:       Well Temp. ______,  DO ______, pH _____, Sp. Cond._______ 

        Lake Temp.______,  DO ______, pH _____, Sp. Cond._______ 

Hydraulic data: Hydraulic head (dh)                 ______________ 

   Hydraulic levels (H2, H1)   ______________ 

   Fall time, (t2- t1), between H2 and H1  ______________ 

   Hydraulic Conductivity (K)       ______________ 
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Date_____________  Team members _________________________________________ 

Water Temp.  __________________   Weather/waves ____________________________ 

TP piezo. sample bottle No. _________  Paired lake sample bottle No. ______________ 

Hydraulic data: Hydraulic head (dh)                 ______________ 

   Hydraulic levels (H2, H1)   ______________ 

   Fall time, (t2- t1), between H2 and H1  ______________ 

   Hydraulic Conductivity (K)       ______________ 

 

 

Date_____________  Team members _________________________________________ 

Water Temp.  __________________   Weather/waves ____________________________ 

TP piezo. sample bottle No. _________  Paired lake sample bottle No. ______________ 

Hydraulic data: Hydraulic head (dh)                 ______________ 

   Hydraulic levels (H2, H1)   ______________ 

   Fall time, (t2- t1), between H2 and H1  ______________ 

   Hydraulic Conductivity (K)       ______________ 

 

 

 

Date_____________  Team members _________________________________________ 

Water Temp.  __________________   Weather/waves ____________________________ 

TP piezo. sample bottle No. _________  Paired lake sample bottle No. ______________ 

Hydraulic data: Hydraulic head (dh)                 ______________ 

   Hydraulic levels (H2, H1)   ______________ 

   Fall time, (t2- t1), between H2 and H1  ______________ 

   Hydraulic Conductivity (K)       ______________ 

 

 

 

Date_____________  Team members _________________________________________ 

Water Temp.  __________________   Weather/waves ____________________________ 

TP piezo. sample bottle No. _________  Paired lake sample bottle No. ______________ 

Hydraulic data: Hydraulic head (dh)                 ______________ 

   Hydraulic levels (H2, H1)   ______________ 

   Fall time, (t2- t1), between H2 and H1  ______________ 

   Hydraulic Conductivity (K)       ______________ 

 

 

 

Date_____________  Team members _________________________________________ 

Water Temp.  __________________   Weather/waves ____________________________ 

TP piezo. sample bottle No. _________  Paired lake sample bottle No. ______________ 

Hydraulic data: Hydraulic head (dh)                 ______________ 

   Hydraulic levels (H2, H1)   ______________ 

   Fall time, (t2- t1), between H2 and H1  ______________ 

   Hydraulic Conductivity (K)       ______________ 
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Appendix II: Permission Letter 

 
Dear Three Lakes Member, 

In our last TLA newsletter there was a small article about groundwater testing for our 

Water Quality Modeling Project.  We are measuring all of the water flows into Torch that 

contain phosphorus in order to make a computer model of how phosphorus accumulates 

in the lake.  So far we have measured the phosphorus in the lake itself, the tributaries, the 

rainwater, and the sediment on the bottom.  The hardest phosphorus input to measure is 

from the groundwater, and we are asking you if you would allow us to use your 

beachfront to help make this crucial measurement.  We have chosen about 20 locations, 

more or less, equally spaced around Torch Lake and your lot falls in one of the zones we 

will need to sample. 

What are we asking from you?  The photo in the last newsletter showed a small drill 

rig which we want to use in the early spring to install a ¼” plastic tube about 10 feet deep 

just off your beach.  We will pound a 1” steel well pipe containing the tube down into the 

sand or gravel and then pull the steel pipe out leaving a small well point at the bottom 

which will be connected to the surface with the plastic tube.  We will then use the tube to 

sample water from the well, measure the pressure at the bottom, and measure the 

resistance to flow.  These measurements will allow us to estimate the flow of water and 

the phosphorus dissolved in it into the lake in front of your beach.  By combining the 

measurements in your area with all of the others, we can make an estimate of the total 

groundwater phosphorus coming into Torch. 

We would like to install these sampling tubes in the early spring and make 

measurements at monthly intervals through the spring, summer, and fall.  We will be 

working with a group of high school student interns from Central Lake and Elk Rapids to 

do the installation and sampling.  So we will need your permission to install and sample.   

The sampling tubes will be buried a foot or so into your sand or gravel during the 

intervals when they are not in use.  We will mark them with a GPS and colored string to 

help us find them again each time.  At the end of our work we will cut, plug, and bury the 

tube end, so that you will not find evidence of its existence afterward. 

We can do all of our work from the lakeside of your property if you so desire.  The 

wells can be as much as 10 feet off shore in a few feet of water, and we can bring the well 

rig and sampling equipment in by boat.  We will make every effort to leave no mark of 

our passing besides the markers we will need to find them again during our sampling 

program. 

If you agree to this, please sign the enclosed form and return it to us.  If your have 

any questions please contact Dean Branson at 544-2700 or Norton Bretz at 599-2729. 

 

      Sincerely, 

 

      Dick Garcia, President, TLA 
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I give permission to the Three Lakes Association to drill and sample groundwater 

from the beach area in front of my property on Torch Lake from May until October of 

2005. 

 

    Signed:___________________________________ 

 

Please also include any other specific restrictions you would like to place on our 

drilling and sampling activities.  For example, if there is a certain part of your beach area 

that you would like us to use, please say so.  If you would like us to do all of our 

activities from the water by boat, please say so here.  Finally, if you would like us not to 

do anything unless you are present on the property, please say so here. 

 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

 

The Three Lakes Association will contact you a few days before any activity takes 

place on your property in order that your privacy will not be compromised, and we will 

work with you to minimize any impact on your tranquility or property.  Specifically, 

when we do the drilling we would like someone to be on your property, but we want to 

start in early May on some of the well sites and some of you may not be up here that 

early. 

 

The specific results of any analysis done on your property will not be made public but 

will appear only in composite form averaged with all the other well samples on Torch.  If 

want to know about your own analysis, we will share it with you privately. 

 

The Three Lakes Association will minimize any impact on your beach area so that 

while we are not there you will not notice that we have been working.  As always, any 

concerns should be transmitted to one of our volunteers or to our main office in Bellaire.  

Here are three phone numbers and people you can contact:  Dean Branson 544-2700 

(Water Quality Project Leader), Norton Bretz 599-2729 (Water Quality Technical 

Coordinator), or Tim Hannert 533-6500 (Three Lakes Executive Director). 

 

Please return this permission form in the enclosed envelope to  

 

    Three Lakes Association 

    PO Box. 689 

    Bellaire, MI   49615 
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