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1993 -2010 WATER QUALTTY STUDTES

NORTH LAKE DATA

North Lake is a246-acre natural moderately hard water kettle lake located in
Section 18, Dexter Township (T1S R4E) and Section 13, Lyndon Township
(T1S R3E), Washtenaw County, Michigan. The lake has a maximum depth
of 58 feet, a water volume of 2661acre-feet, and a mean depth of 10.8 feet.
It has 17,518 feet of shoreline. The elevation of the lake is 938 feet above
sea level. There is a O.4-acre island on the south side of the lake.

The size of the watershed, which is the land area that contributes water to the
lake, but does not include the lake, is 952 acres. The drainage area, which
includes the lake and the watershed, is 1198 acres (see map below). The
watershed to lake ratio is 3.87 to 1, which is normal for a Michigan inland
lake. Based on these data, the lake flushes about once every 3.1 years, on an
average.

There are no inlets. The outlet is on the southwest corner. Water from
North Lake flows through South Lake and Joslin Lake before joining
Portage Creek north of Unadilla. Portage Creek flows through Woodburn,
Patterson, Watson, and Halfrnoon lakes before flowing through Hiland Lake.
Portage Creek apparently changes to the Portage River after flowing through
Hiland Lake. The Portage River flows into Little Portage Lake, Big Portage
I-ake and joins the Huron River as it leaves Big Portage Lake. The H';ron
River flows into Lake Erie at Monroe, Michigan.

The longitude and latitude of the 58-foot deep hole is 84 00.421W and 42'
23.641N.



TI{E ICE FREE AND LAKE MDilNG DATES

The lake was ice-free on March 18,1999, March 27,2003 anci March26,
2005. It mixed April 4,1998, April 6,1999 and March28,2003.
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THE SAMPLE DATES

Three spring surface samples for water quality testing were collected by Dr.
Charlie Taylor May 5, 1993, April 12,1997, May 6,2000, April 28,200I,
June 4,2002, March 28 and April 27,2A03,May 23,2005, and May 21,

2A06. David Pruess collected samples on May 2A,20I0. Taylor collected
three fall surface samples for water quality testing October 21,1999. Dr.
Howard Booth collected three late spring surface samples for water quality
testing June 4, 2002 and it{arch 28, 2003. WQI limnologists collected three

spring surface samples -May 27,20A3

Three late summer surface samples for water quality testing were collected

by WQI limnologists Augustz,1993, August 5,1996, September 4,1997,



August 30 and october 21,lggg,August 8, 2000, August z,za}l,August 6,
2002, August 3, zaa3,August 3, 2004,August 4, z}as,August 2, 2aa6 and
August 3,Z0lA. Bottom sediment samples were collected at the three sites
in August 1996. Top to bottom dissolved oxygen and temperature profile
data were collected in the 58-foot deep hole each time the lake was sampled
in late summer.

THE SAMPLE STATIONS

The locations of the three sample stations are shown as circles on the
hydrographic map of the lake.

TIIE A}IALYSES

The tests performed orr the samples included totai phosphorus, total nitrate
nitrogen, total alkalittity, pH, conductivify, chlorophyll a, Secchi disk depth,
and in suilrmer, temperature and dissolved oxygen.
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Temperafure, dissolved orygen and Secchi disk depths were measured in the
field. Chlorophyll a" phosphorus, nitrate nitrogen, alkalinity, pH and
conductivity tests were performed at the Water Qualrty Investigators
laboratory in Dexter, Michigan. All test procedures followed those outlined
in API{A's Standard Methods for the Examination of Water and Wastewater
(1e8s).

, THE TEST RESULTS

The results of the tests are found in the text, in the table at the end of this
report and the enclosed atlas pages.

TEMPERATURE AND DISSOLVED OXYGEN

Temperature exerts a wide variety of influences on most lakes, such as the
separation of layers of water (stratification), solubility of gasses and
biological activity. In spring temperature generally doesn't need to be
determined because we've found temperatur€s are iow aiid dissolved oxygen
is near saturation at that time.

Dissolved oxygen is the test most often selected by lake scientists as being
important. Besides providing oxygen for aquatic organisms, in natural lakes
oxygen is involved the capture and release of various chemicals, such as iron
and phosphorus.
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North Lake, Washtenaw County, August 2,1993
Dissolved Oxygen and Temperature Profiles
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In late summer 1993 the lake formed al3-footthick thermocline from 15 to
38 feet. (A thermocline is defined as a change in temperature of more than
one degree Centigrade per meter of depth, and is shown shaded on the
graphs-) The lake ran out of dissolved oxygen at 17 feet, and that condition
remained to the bottom. The hypsographic (depth-area) graph shows about
25 percent of the lake is deeper than 17 feet.
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Norfh Lake, Washtenaw County August 30, 1999
Temperature and Dissolved Oxygen profiles
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In late summer 1997 the lake fonned a 16-foot thick thermocline from 15 to
31 feet. The lake ran out of dissolved oxygen this year at2l feet, and thai
condition remained to the bottom. About 15 percent of the lake is deeper
than21 feet.
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North Lake, Washtenaw Counfy August 8, 2000
Temperature and Dissolved Oxygen profile s
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North Lake, Washtenaw County August 3,20A3 Temp. Depth
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Temperature & Dissolved Oxygen Profilss
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In late summer 2004 the lake formed a Z0-foot thick thermocline from 10 to
30 feet. Dissolveci oxygen was plentiful above 10 feet. The lake ran out of
dissolved oxygen this year at26 feet, and that condition remained to the
bottom. About 10 percent of the lake is deeper than 26 feet.

2005

In late sumrner 2005 the iake formed a22-footthick thermocline from 10 to
32 feet. Dissolved oxygen was again plentiful above 10 feet. The lake ran



out of dissolved oxygen this at 19 feet, and that condition remained to the

bottom. About 20 percent of the lake is deeper than 19 feet.
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North Lake August 4,2005
Temperalure & Dissolved Oxygen Profiles
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North Lake August 7,20A6
Temperature & Dissolved Oxygen Profiles
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In late summer
2006 the lake
formed a22-
foot thick
thennocline
from lA b 32
feet. Dissolved
oxygen was
adequate to
support fish
life above 15

feet. The lake
started to run

out of dissolved oxygen ai ten feet, the top of the thermociine. Ii ran out of
dissolved oxygen at 18 feet, and that condition remained to the bottom.
About 21 percent of the lake is deeper than 18 feet.

20i0

In late surnmer 2010 the lake formed aZfi-footthick thermocline from 10 to
34 feet. Dissolved oxygen was adequate to support fish life above 15 feet.



North Lake August 3, 20i0
Temperature & Dissolvid Oxygen profiles
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The lake started
to run out of
dissolved
oxygen below
ten feet, the top
of the
thermocline. It
ran out of
dissolved
oxygen at19
feet, and that
condition

remained to the bottom. About 20 percent of the lake is deeper than 19 feet.

The fact that the lake is running out of dissolved oxygen in late summer at
about the same depth each year is good. If it was ,or*irrg out of dissolved
oxygen at shallower and shallower depths as the years passed, that wouldindicate a problem.

A NOTE ABOUT TIIE GRAPHS WHICH FOLLOW

The data on the graphs below are f*st sorted by spring and summer, then by
.date' 

and finally sample station. The purpor" orthi, is to detect differences
befween the spring and summer data ovei time. The average for each data
set is on the bars.

DISSOLVED OXYGEN SATURATION
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Because the amount of oxygen dissolved in water varies with temperature,
with cold water holding more than warm water, dissolved oxygen saturation
is often a better way to detennine if dissolved oxygen supplies are adequate.

The graph shows late summer dissolved oxygen saturation ranges from 87 to
114 percent, and average 101 percent, which is good. 2010 dissolved oxygen
saturation values were good, ranging from 99 to 105 percent.

CONDUCTTVTTY

Conductivity, measured with a meter, detects the capacity of a water to
conduct an electric current. More importantly however, it measures the
amount of materials (salts) dissolved in the water, since only dissolved
materials will permit an electric current to flow. Theoretically, pure water
will not conduct an electric current. It is the perception of the experts that
poor quality water has more dissolved materials than good qualrty water. I
agree. Lower is usually better.
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The graph shows spring conductivities ofNorth Lake range from 280 to 390
micromhos per centimeter and average 353 umhos/cm while summer
conductivities range from 340 to 410 umhos/cm and average 366 umhos/cm.
These are normal conductivities for a Michigan moderately hard water
inland lake. The data does not show salts are building up in North Lake. If
they were, conductivities would be much irigher, usually above 650
micromhos per centimeter. The graph seems to show suurmer conductivities
are decrearirg, which is good. Spring values are a lot more variable, but
there does not appear to be any noticeable trend.
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TOTAL ALKALIMTY

Alkalinity measures carbonates and bicarbonates in water. Soft water lakes
have alkalinities below 75 milligrams per liter. Moderately hard water lakes
have alkalinities befween 75 and 150 milligrams per liter. Hard water lakes
have alkalinities above 150 milligrams per liter.

The graph shows the spring alkalinity ofNorth Lake ranges from 78 to 130
milligrams per liter and averages 101 mg/L. Summer alkalinities range from
85 to 138 mgll and average 100 mg/L. Based on these data,North Lake is
a moderately hard water lake.

Usually spring alkalinities are higher than summer alkalinities due to the fact
that carbonates and bicarbonates (which are what the alkalinity test
measures) precipitate to the bottom sediments as the water warms. That
doesn't seem to be the case in North Lake. The graph shows summer
alkalinities are decreasing. Spriog alkalinities are more variable but do not
show any specific trend.

Hard water lakes are tougher than soft water lakes because they have the
ability to precipitate some phosphorus to the bottom sediments as calcium
phosphate. This process pretly effectively ties up that phosphorus in the
deeper parts of the lake.

MTRATENITROGEN

Most Michigan inland lakes have spring nitrate nitrogen concentrations
around 200 micrograms per liter (or parts per billion). Summer nitrate

Sorine 3/28103 102 815/96 ll0 816102 99
slstgT til 5tz7t03 n0 8t5t96 u0 8/3/03 90
st5/93 127 5/27/03 tlO 9t4t97 r00 8/3/03 90
515/93 130 5t27/03 rr0 914/97 100 8/3/03 90
4/12t97 90 5t23t05 90 9t4t9'7 100 8/3/04 95
4t12t97 90 5/23t0s 90 8t30199 105 8t3t04 95
4/12t97 90 5t23t05 86 8/30/99 105 813/04 95
3t28100 94 5171/06 106 8t30t99 t04 8/4105 90
st6t00 78 st2r/a6 106 10t2v99t09 8t4t0s 90
516/00 85 5t2u06 103 10t21/99107 8/4lAs 90
s/6/00 95 5/20/10 110 10t21199108 8/2/06 92
4l28tU1 85 5t20il0 110 8/8/00 98 8/2t06 92
4l28t0r 86 5t20n0 u0 8/8100 97 8t2t06 92
4t28t01 83 8/8/00 98 8i3lr0 85
614102 I l0 Summer 812/01 90 8l3ll0 90
6t4102 lfi 812193 134 8t2t01 90 8/3/10 90
6t4t02 tll 8t2/93 138 8t2t0t 90
3/28103 94 8t2t93 136 8t6t02 99
3t28/03 102 8t5t96 fio 8t6t02 98

North Lake I9%-2A10 AlkaliniW
140

{ 120
b0

€ roo

-9 80

E60

$20
0

t2



nitrogen concentrations are generally much lower, in the 10 to 40
micrograms per liter range.

North Lake spring nitrate nitrogen concentrations range from 5 to t23
micrograms per liter and average 45 uglL while sunlmer nitrates are lower,
ranging from 7 to 8 1 dL and average 20 uglL. The gaph shows the data.
These are low nitrate nitrogen concentrations in spring and normal nitrate
nitrogen concentrations in summer for a Michigan inland lake. These data
indicate North Lake is probably nitrogen limited in both spring and summer.
That means no fertilizers containing either nitrogen or phosphorus should be
used on near-lake areas.

Although the DNR/DEQ recommends only limiting the amount of
phosphorus entering the lake, I recommend limiting both nitrogen and
phosphorus. The reason for this is aquatic plants generally have root
systems which penetrate the sediments, and most lake sediments in
Michigan are phosphorus-rich. Because of that, limiting the amount of
phosphorus which enters the lake will do little good when tryirg to controi
aquatic plants. In this case nitrogen is the nutrient which needs to be limited
because aquatic plants must get this from the water, not the bottom
sediments.

CHLOROPHTLL A

Chiorophyil a, reporied in micrograms per iiter (or parts per biliion),
generally gives an estimate of algal densities. Best is below 1 microgram
per liter.

Spring North Lake chlorophylls range from 0.2 to 7.0 ug/L and average 2.?
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vglL, while surlmer chlorophylls range from 0.9 to 7.4 uglL and averageZ.9
uglL. These data indicate North Lake has small algal blooms in spring and
larger ones in summer. Most chlorophyll a concentrations are in the I to 3
micrograms per liter range. In summer 1993 the lake had a significant
bloom (chlorophyll a concentrations : 5.3 to 7.4 ug/L). Conditions have
improved since that time.

In 2010 spring chlorophylls as a group were the highest so far,4.5 to
7 .0.uglL. Summer 2010 chlorophylls were lower, ranging from I.4 to 2.9
uglL.

pH (Hydrogen ion concentration) (no graph)

pH has traditionally been a measure of water quality. Today it is an
excellent indicator of the effects of acid rain on lakes. About 99Yo of the
rain events in southeastern Michigan are below a pH of 5-6 and are thus
considered acid. However, there seems to be no iakes in southern Micirigan
which are being affected by acid rain. Most lakes have pH values befween
7.5 and 9.0.

pH values ranged from 7 .4 to 8.9. These are normal values for a southem
Michigan inland lake.

Lakes with extensive plant communities often have high summer pH values
(grea'uer than 9) because the plants use the carbonates a'rd bicarbonates in the
water as a carbon source. This causes a decrease in the buffering capacity of
the water, ffid allows the pH to rise.
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TOTAL PHOSPHORUS

Although there are several forms of phosphorus found in lakes, the experis
selected total phosphorus as being most important. This is probably because
all forms of phosphorus can be converted to the other forms. Currentiy,
most lake scientists feel phosphorus, which is measured in parts per billion
or micrograms per liter (ugll-), is the one nutrient which might be controlled.
If its addition to lake water could be limited, the lake might not become
covered with the algal communities so often found in eutrophic lakes.

However, based on our studies of many Michigan inland lakes, rve've found
many lakes were phosphorus limited in spring (so don't add phosphorus) and
nitrate limited in summer (so don't add nitrogen).

10 parts per billion is considered a low concentration of phosphorus in a lake
and 50 parts per billion is considered a high value in a lake by many
limnologists.

The graph shows North Lake has spring phosphorus concentrations in -.ae S

to 3 1 micrograms per liter range in spring (average : 18 ugil) and in the 1 1

to 22 micrograms per liter range in summer (average : 17 uglL). Best is
below 10 micrograms per liter.

2010 spring phosphorus concentrations ranged from 15 to i7 ugfi- rvhile
surnmer values ranged from 19 to 22 uglL.

When the phosphorus concentration approaches 20 micrograms per liter, if
sufficient nitrogen is present, algal blooms will occur. This is why it is

i5

North Lake 1993-2010 Total Phosphorus .- |iirll ll I.' Iii0t 16 |

5-.Ur l-j Iiinl lq I

ii,i: :l i

il,i-r ;O I

.l,ri ;,1 |iii,. ri I

\ J i\ ,- |: j:.-z :-l I
tl

I

i'.. :: i

35

Qgo
vz)
U)

Ern
A 1{a'"

fl0

'0

Snrin o

5t5t93 2A
5/5/93 l8
5/5t93 2l
4t12t91 tg
4/t2/97 rs
4lt2l97 11

3/28/00 3r
5t6t00 l0
5t6t00 8
sl6/00 l1
4/28101 2r
4128/0t 26
4t28l0t 25
6/4/02 l3
6t4t02 t0
6t4t02 13
3t28t03 26
3t28t03 30

3t28/03 30
5t27 t03 t3
5/27/03 t3
5/27/43 1l
5/23/05 15
st23/0s t6
5/23/05 15
5t21/06 t6
5t21t06 t8
5t21t06 22
5t20/r0 16
s/20/10 t5
5/20/10 17

Summer
8t2t93 r3
8/2t93 t5
8t2t93 l5
8ts/96 13



important to not only limit the amount of phosphorus, but also the amount of
nitrogen. In other words, no fertilizers containing either nitrogen or
phosphorus should be applied to near-lake areas. How close? The farther
the better.

NORTII LAKE SECCHI DISK DATA

Dr. Charlie Taylor did a good job taking Secchi disk readings through the
wann months rn l99l,1998, 1999,2000 and 2005. David Pruess collected
Secchi disk data in 2010. The graphs below show their data. No Secchi disk
data were received for 2001, 2002,20A6,2A07,2008 or 2009.

t993
North

0r
1993 Secchi Disk Readinss

q)

H5
d

-c ln

Q15
MMMMMI J J J J J J J J J AAAAASSS SS

Weeks from May 1 through September 30
\44Y !o MAY loIUN 1l 9 9.5 jriN- ro,5 . ir.s. irrUI-, e 10 l0 l0 jtl -10 ir ii.5rr.s.
A_u_c ? 7.5 7.r . a-uc s.5 . 

- 
f. i- 6.i:sEP 8.3 SE-p6:j . .". .

MAY IO
JUN989JUL 9 9.s 9 9.3 .

AUC 8.8 8.r
sEP 8.4 8.5 .

North Lake 199'l Secchi Disk Deoths

.o-vJ

'*rn
-c ru

6)l)

20
MARAPR'MAYJUN JUL AUG SEP OCT NOV

Weeks from May I through November 26
MAY l0 t2 t4 l0 10JUN 9 9 13
JUL 11 10 11 ll 9AUG98I
sEP i0 l0 l0
ocT ll 14NOV 14

0
o.a)

.E ro

0)
Azo

North Lake 1996 Secchi Disk Depths

MAY JUN JUL AUG SEP OCT
Weeks from May I through October 25

MAY
JUN l4-5 l2.s 12.5
JUL 9 8.5 I
AUC 1I
sEP 7.5 8 8

13 10.5

io.: io
t.) d.)

North Lake 1998 Secchi Disk Depths
e n?.--o Yt.9 )?"- ""'.-'u"6)1
:10.= l5
€20or{
A 3'6
-:z 35
a'X AAIAA4\4vL J J J J J J J JJAvdd{ASSSSSO
! Weeks from April 23 throueh October 4
; APR '23
!? MAY 30 2s 20 t8 19
u JUN 17 19 t] t7 16 l5 12(n JUL 13 t4 13 ll ll

AUG. 9 9
SEP9 8 8 9
ocT 8

In 1993 the clarity of North Lake did not vary a lot. It ranged from a low of
7 feet in August, to a maximum of about 12 feet" in June and July.
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1996

In 1996 Secchi disk readings were deepest at the end of May,14.5 feet. The
clarity of the lake decreased from that point to around ten feet through mid-
September. It then decreased even more to 7-8 feet.

1997

1 In 1997 the clarity of the lake varied from a low of eight feet in August to a
I maximum of 14 feet in November. The graph shows essentially a straight

line, which indicates the clarity of the lake didn't change much though the
wann months.
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1998 Secchi disk readings were the best so far, 30 feet at the beginning of
May. From that point they gradually decreased to 8 and 9 feet by September.
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t999

Early spring 1999 Secchi disk readings were 16 feet, about half what the
early spring 1998 readings were. However as the summer continued, they
decreased to between 8 and L2 feet, which was slightly better than in fall
1998. The clarity ended up at 13 feet in Ociober.

2000

In spring 2000, Secchi disk readings were in the 14 to 17 foot range, then as

the water warmed July through September, they decreased to between 9 and
11 feet. In October, they increased to a maximum of 13 feet.

2003

In 2003 Dr. Howard Booth and WQI limnologists took Secchi disk readings.
The graph shows their data. The graph shows early spring readings were 14
to 16 feet. Then in August, a single Secchi disk reading was 9 feet.

2005

Dr. Charlie Taylor took Secchi disk readings in 2005. His data are much
more complete than the 2003 data, and besides being similar, sort of fill in
for the missing 2003 data.

The 2005 data show 14 feet in mid-April, increasing to 25 feetthe first part

North Lake 201,0 Secchi Disk Depths
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of May, then gradually
decreasing to 9-10 feet in
August and September. In
the middle of October, the
clarity increased to 16 feet.

2010

David Pruess's 2AIA data
show l5-foot readings in
mid-May, increasing to 2i
feet the end of May, then
gradually decreasing to

18



between 10 and 12 feet through the remainder r,,i::: ,,. --- 
*- -.-"-i.

The graphs show Secchi disk readings generalil- r.:.;= ::_ -:, ;: : _- ! _: _:
feet, with the warmer months having shailorvei ieaiiig-.. -li;; -=.. ::- .:- -:,i.:..
the secchi disk readings went from 30 feet in eari-v sFi-:s :. i.s:: -:-: -: -=::
summer. These were unusual compared to the other da:.a- i: .i,:-,i:: :i::::
iike zebra mussels infested North Lake in 1998. The sF=:: -,-i:-rj :;::_:. : _

25 feet was also very good.

Secchi disk readings should continue being taken regularil' c,l a :";" s-r-j
basis through the warm months to follow water clarity.

THE SECCHI DISK TREND GRAPH

Because North Lake residents started their Secchi disk program in tr976 xe
were able to construct a Secchi disk trend graph showing the average Secchi
disk data collected over the years.

North Lake 1976-2010 Average Secchi Disk Depths
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The graph shows the trend for North Lake through 2005 was to clearer
water. However the average Secchi disk readings decreased significantlr :

20i0 to 1i.9 feet. Unforfunately we were missing 2006 tirough 20Ag da::.

SECCHI DISK READINGS TAKEN WITH THE SAMPLES

The graph shows the Secchi disk readings taken with the sarcp.;:." -,, :r--r*
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2406 no Secchi disk data were received so they were estimated. The graph
shows in spring the water is getting clearer as years pass. That's a plus. It

would be better if the summer data showed the same. In late summer 2A06
Secchi disk readings were the shallowest (7 feet) we've seen since we
started sampling the lake.

TI{E LAIG WATER QUALITY INDEX

The Lake Water Quality Index used in this study to define the water quality
ofNorth Lake was developed for two reasons. First, there was no agreement
among lake scientists regarding which tests should be used to define the
water quality of lakes, and second, there was no agreement among lake
scientists regarding what the results of various tests meant in terms of lake
water quality.

Development of the index involved the use of two questionnaires sent to a
panel of 555 lake scientists -wrho were members of the American Society of
Limnology and Oceanography. The panel was specifically selected because
they were chemists and biologists with advanced degrees who studied iake
water quality.

The first questionnaire asked the scientists to seiect tests which they felt
should be used to define lake water quality. The tests most often selected b1-

the panel became the index parameters (or tests). They were:

Dissolved oxygen (percent saturation)
Total phosphorus
Chlorophyll a

Secchi disk depth

Total alkalinity
Temperature
Conductivin'

z0



Total nitrate nitrogen

The second questionnaire, sent out after the first was retumed, asked ._-=

scientists what the results of the tests they selected as good indicators it -.;* :
water quality meant.

After the responses to the second questionnaire were returned and tabu*;:::..
the nine parameters and the accompanying rating curves were combine; -:-..-
a Lake Water Quality Index.

The index ranges from I to 100 and rates lakes about the same way
professors rate students: 90-100:4, 80-90:8, 70-80:C, 60-70:D, and
below 60: E. The lake with the highest LWQI was Long Lake in Graci
Traverse counfy, with a spring LQWI of 100. The lowest was 16 at an
Ottawa County lake,

TIIE LAKE WATER QUALIW INDEX CALCULATICN SHEETS

The Lake Water Quality Index calculation sheets which follow were
developed to show graphically what the results of the nine different lake
water quality tests mean in terms of lake water quality.

HOW TO READ TIIE LAKE WATER QUALITY INDEX
CALCULATION SI{EETS.

Listed across the top ofthe calculation sheets are the tests selected by the
panel of experts as being good indicators of lake water quality. The results
of the tests are entered into the square boxes immediately under the names of
the tests.

The figures which look like thermorneters are actually graphs which convert
the test results (the numbers found outside the thermometer) to a uniform 1-
100 lake water quality rating (found inside the thermometer).

The calculation sheet permits calculation of the Lake Water Quality Index,
ushg the results of all nhe lake water qualitv tests.

The position of the red lines across the thermometer indicates horv the
results of each test compare in terms of lake water quality. Test resr:i."
indicating excellent water qualiry are indicated by red lines near dr3 ,-: _ -

pH
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the thermometer. Test results indicating poor water quality are indicated by
red lines lower on the thermometer. And the lower the red line on the
thermometer, the greater the water qualrty problem. A glance at the top of
the calculation sheet indicates the test and the actual test results.

The thermometer rating scales also allow you to determine what test results
would be considered excellent in terms of lake water quality. They are the
numbers found outside the thermometer near the top.

The index is shown three different ways, as a number between 1 and 100 in
the circle marked LWQI, and by a color and position on the sheet edge scale.
The purpose of the sheet edge scale is to review quickly large numbers of
lakes or test sites within a lake, and determine how the water qualrty of the
various lakes, or test sites within a lake compare.

NORTH LAKE 1993-2010 LAKE WA]ER QUALTTY TNDTCES

The graph shows spring Lake Water Qualrty Indices forNorth Lake ranged
from 88 to 97 (average: 94) at the three sample stations. This means the
water quality of the lake in spring was in the B to A range. Summer LWeIs
ranged from 81 to 93 (Average: 89), also in the B to A range.

The graph shows the water quality of North Lake in spring is better than the
water quaiiry in summer. Summer 2006 LWQis were ihe worse so far,
ranging from 81 to 84, or in the low B range. spring }}}GLWQIs were
among the highest ,96 and 97 , or in the A range.
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TT{E LAKE WATER QUALITY INDEX CALCULATION S}IEETS

Because the spring Lake Water Qualify Indices for North Lake in 2010 r,":::
relatively uniform (92 9t 92), and the 2010 summer Lake Water Quali4-
Indices for North Lake were also relatively uniform (91 89 90), only tr';c
Lake Water Quality Index calculation sheets are included in this reporl- r,:,
for the three 2aa spring surface samples, using averaged data, and a S;- -r,i
for the three sunlmer 2}rc surface samples, using averaged data.

In the report marked MASTE& all 6 of the LWQI calculation sheers ;:;
included. That is the only difference between the MASTER and the::.: ::
the reports.

BOTTOM SEDIMENTS

Many times bottom sediments tell us more about what is happen.:: : ; i*,,;
than the water qualrty tests do. That's because bottom sedimen* :i:,, ",;;
sort of a history of what's been happening in a lake, while watei .;:--,:-- *.r
provides a snapshot.

Bottom sediments are collected with a Pederson dredge, transie::;: '.,,, 1.,y.:

freezer containers and allowed to air dry. Once they are dry, ==
shrunken block of material is measured to determine volume. -3r:- ;.,,;:,.;
placed in porcelain dishes, dried at 100 degrees C, weighed i,,i;;;,; :; :i,
degrees C, and weighed again. Color after air-drying and ar;: :_i::-_:,- .
also noted.

Bottorn sediments almost always come up from the lake bi*'. -r r-::,- r,." :* j
many people consider these black sediments "muck".
However that's not usually the case. The bottom sedime:::: i:: r .:,. g.

because no oxygen penetrates them, so the decomposida:,::irr:.r;c: ;:+ -:.-,*:.
occur use sulfur rather than oxygen, and in this process. ::i: . *j,,:,. ,: r-: *

are black, are produced. However once the sediments a;a ;-,,r.-.:-:i -., i.,,--
they usually turn some other color.

If the sedirnents remain black after air drying it usr-rally i!.::: :;,:;
than about 65 percent mineral (or more than3lo/o orgarur ::1::::;,

:':,:'

Sediments also remain black if thev are from soft water iat;..
reason for that.
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If the sediments tum gray after air drying it usually means they are made up
primarily of carbonates. This is what we usually see in moderately hard
water and hard water lakes.

If the sediments turn tan, it usually means they are made up primarily of
clays. Further evidence of this occurs when we burn the sediments at 550
degrees C.

We determine how much bottom sediments shrink when they air dry because
this information is useful when considering dredging a lake. Normal
shrinkage after air-drying is in the range of 50 to 80 percent. However sands
and gravels don't shrink at all. Excessive shrinkage is more than 95
percent. ln other words, there is only five percent or less of the material
remaining after air-drying.

If gray bottom sediments remain gray after burning they are considered
carbonateso and the loss of material during this process is considered organic
material. The results are expressed in the percentage of minerals in the
bottom sediments.

If the tan bottom sediments turn red after burning, it means the lake is filling
with clay. Clay enters the lake from near-lake activities such as road
building, home building or farming. Usually clay is not a material that
makes up the bottom sediments of most inland lakes.

Highly organic sediments that remained black after air drying usually turn
tan after burning, but the mineral content is usually quite iow.

I consider high quality bottom sediments from nafural hard water lakes to be
above 85 percent mineral. And I consider bottom sediments less than 50
percent mineral to be muck.

On the other hand, softwater lakes which have few carbonates and
bicarbonates, often have higfrly organic bottom sediments. It would be
better if they did not have lots of organic material in the bottom sediments.
A source of these orgairics are algal blooms which occur in the lake.

NORTH LAKE BOTTOM SEDIMENTS

Three bottom sediment samples were collected at the sample stations shown
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on thf :* i: ::. -3iCI Sulllfrler 1996.

Tr: -'':-:,: n-om Station 1, collected in 16 feet of water was bi.., ,,,.,.,;i,..,

ri;;'; =:;i, remained black after air-drying and turned light red ..-..r* rr*ffis-ffi'

'': 
j: -, degrees c. It shrunk 94 percent, ffid was 7g percent rrl-r_;r..:,

j{o,1v Much^Pid North Lake Botrom
seolments Shnnk After Air Drying?
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recovered, remained black after air-drying and tumed red gray after burning
at 550 degrees C. It shrunk 98 percent, and was 70 percent mineral.

The bottom sediment samples shrunk a lot, 94,89 and 98 percent. This
means they were light and fluffy and easily mixed into the rvater column by
wind, wave and/or boat action. All remained black after air-dqying.

The mineral content of the sediments ranged from lA to 78 percent, and
averaged 74 percent These data show organic material is building up in the
bottom sediments of North Lake at a faster than normal rate.

All samples turned red after burning at 550 degrees C. This indicates the
presence of clay in the bottom sediments. Ciay is not a normal constituent
of bottom sediments. It is usually washed into the lake by near-shore
activities such as home building, farming or road building.

COMMENTS AND OB SERVATIONS

The lake appears to be nitrate rather than phosphorus limited in both spring
and summer. At least that?s what the data shows. That means no fertilizers
containing either nitrogen or phosphorus should be used in the near-lake
areas, and by near-lake areas, I mean no closer than 400 feet from the lake.

Secchi disk readings should continue being taken on a weekly basis at a
single station in the middle of the lake through the wann months to follow
changes in water clarity if that occurs.

Organic materials are starting to build up in the bottom sediments of the
lake. Residents should make every effort to prevent this from happening,
because if they can prevent the build-up of organic material in the bottom
sediments, they are doing everything else right.

Long term Secchi disk data seems to show the lake is getting clearer,in
spring but not in summer.

Wallace E. Fusilier, Ph.D.
Consulting Limnologist
Water Qualrty Investigators
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AnLtot 2t _5/?0/10 t5 8/8/00 t9 8t2/06 2l
4t28t0l 26 5/20/t0 l7 S/8t00 11 8t2t06 16
4t28/01 25 8/8/00 t8 8/j/10 ?2
6/4/02 l3 Surnnrcr 812/Ol l7 8/3/t0 t9
6/4t02 t0 8/2/93 t3 8/2101 1"1 8/3ilO 20
6t4t02 t3 8/2/93 l5 8t2t01 t7
3t28/03 26 8/2/93 t5 8t6t02 t6
3/28/01 i0 8/5/96 t3 8/6t02 t'7

North Lake 1993-2010 lfotal Phosphorus
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Spring j/23/0j 0.4 8/5t96 2.9 8/6t02 2.0
5t5t9) 0.? 5t2'1/03 ?.6 8/5t96 3.3 8/3/03 2..1
5t5/93 t.6 5t21/03 2.6 9t4/91 2.3 8t3/03 2.1
5/5/93 5.1 5/27t03 2.6 9/.t/91 2.4 8/i/03 2.1
4t)2/91 t.O 5/23t05 |.5 9/4t9'1 2.9 8/j/04 2.6
4/t2/9'1 1.3 5/23t05 0., 8/30/99 2.5 8/J/0t 2.0
4/t2/97 t.9 5/?3/05 2.1 8/30/91 2.6 8t3/04 2.6
ii28l00 0.6 5t2t/06 1.1 8/30/99 2"8 8/4t05 t.O
s/6/00 2.1 5t2t/06 t.t t0/21/992.6 8i4l05 0.9
5/6/00 2.1 5/21/06 1.3 t0/211992.4 8/4/05 l.l
5/6/00 4.1 s/20110 4.5 tt)/2v991.1 8/2t06 3.1
4/29t0t 3.2 5t20/t0 7.0 8t8t00 2.3 13/2/06 4.3
4/28/0t 2.? 5/20/10 5.0 8/8/00 2.4 &t2/06 5.3
4128/0t 1.4 8/8/00 2.? 8/3/10 1.46/4/0? L2 Sunrnrcr 8/2/0| i.8 St3|O 2.9
6/4t0? t.5 8/:i9j 5.j 3i2l0 | 3.2 8/li l0 ?. I
6/4/02 2.2 8t2/93 6.3 8/:/01 4.j
3t28t03 0.6 8/2/93 7.4 8i6l02 3.0
3i28l03 0.6 8t5/96 2.5 8t6t02 2.0

Nortli Lake 1993-2010 Ch
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Spring l/28/0i 102 3/5/96 lt0 3/6t02 995i5l95 tio 5t2't/01 |0 8t5/96 tt0 8/i/0t 90
st5t93 121 5/2',t/03 |0 9t4/97 100 8/3/03 90
5t5l93 lio 5127/03 ilo9t4/97 t00 8/3/03 90
4/12/9'1 90 st23t05 90 9t4/97 100 8/3/04 95
4/t?/97 90 5/23/05 90 8/30/99 105 8/3/04 95
4^?t9't 90 5/2il05 86 8/30/99 t05 8/3/04 95
3/28/00 94 5t2t/06 t06 8/30199 t04 8t4/05 905t6/00 78 5/2v06 106 t0t2v99109 8/4i05 90
!/6/00 85 5/21/06 103 10/2t/99107 s/4/05 905/6t00 95 5/20/10 il0 r0/21l99t08 8t2t06 92
4/18/01 85 -s/20/10 tr0 8i8l00 98 8/2/06 92
4/28i01 $6 _5/20/10 ti0 8/8/00 97 8n/06 92
4n8/01 83 8/8/00 98 6/lil0 856/4/02 Il0 Surnmer 8/2/0t 90 8t3/lo 90
614t02 l| 812t93 tj4 8t2/0t 90 8/ii l0 906t4t02 lll 8t2t93 138 8/2/01 90
3f28t03 94 8t2/93 136 8/6/02 99
3t28t03 t02 8/5/96 110 8t6/02 98
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Surface Lake Water QLrality Data E = cstinratcdi,'28/03 f5 8/5t96 tO 8/6/02 l0
5t2-il03 t6 8/5/96 r0 813/03 I
5t27t03 t6 9/4t97 I 8/3/03 9
5!?1t03 t6 9/4t97 t0 8t3/03 I
5i23i05 2t 9/4/9't l0 8/J104 l0
5/t3l05 2t 8t30/99 9 3/3/04 l0
54i/05 21 3t30t99 9 8li/04 l0
5/I/06 r8 f8/30/99 t 1 8/4/0s l l

5i2 l/06 | 8 Il 0/2 t/99 | I 8/4/05 l0
-5/2f /06 l8 g0t2l/991t 814105 l0
s/20/f0 2r r0/21/9911 8t2/06 'l
5/l0i 10 2t E/8/00 9 812106 1

s/20t10 2t 8/8i00 9 812/06 1
8/8/00 I 8/3ir0 l0

Sunrnrcr 8l2l0l l0 8/3i10 9
s/2/93 S 8/2/01 l0 8/3/10 9
3/2i93 8 8/2/0 r ',l 0
8i2i 93 8 8/6/02 l 0
8ij/96 t0 8/6/02 t0

Sprinc
5/5/93 t0
5i 5/93 r0
5/5/93 9
4!t2t91 tl
4n2i91 ll
1^1,191
3/:8100
5i 6/00
5/6/00
5,/6i00
4/:E/01
4/28/01
4/23/0 I

6t4t02
6/1/02
6/4i02
3/28i0i
j/28/0i

North Lake 1993-2010 Secchi Disk Depths
0
2
4
o
a

l0
lz
t4
l6
r8
20
22

aa

u

Eo
o

V)

Date
Sample
S {ar ion
Nilrnber

c m pcr-
0turc

oc

)issolred Ox1'gcn
Chloro-
ph),ll o

r,s4-

Sccchi
Disk

Deplh
(ltct)

Total
N itralc
'litroee
!s./L

Alka.
linity
Drg/L

ptl
C'qn d uc-

u$h6s
DCr Cm

rir 2J'C

Tonl
Phos-

phonrs

Lakc
Wrter
)ualily
tndet

Crndc
c/L)

'etccn I

Satu-
ral ron

5/5/9i
5/5/9J
5/i/91
8t2t93
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8/2/93
8/5i96
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8/5/96
4^2t9'l
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8/3/03
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3/3/03
8/3/04
8/3i04
3/3/04
5123/05
5t23t05
5/23/05
8/4/05
8t4/05
8/4/05
5/?t/06
5/2t/06
5/21/06
8/2r06
8t2/06
&/2/06
5/20/]0
5t20il0
5t20^0
8/3/10
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8/i/t 0
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0.2
1.6
5.1
5.3
6.1
1.4
2.5
2.9
3.1
1.0
l.lto
2.3

2.9
2.5
2.6
2.8
2.6
2.4
1.7
2.1
2.1
4.t
2.3
2.4
2;l
3.2
2;l
t.4
3.8
3.2
4.3
1.2
t.5
2.2
3.0
2.0
2.0
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2.6
2.6
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2.1
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2.1
2.6
2.0
?.6

0.9
2.'t
t.0
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5.3
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I5
l5
l6
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9
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1
1
7

?l
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9
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t8
i5
i8
l4
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t2
l4
t6
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8
5
8

8l
15
27
l3
2S
27
33
45
64

s
7

t2
53
8l
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8
s
5

38
i2
22

9
7
7

106
ll5
123
i8
30
26
?l
7l
3?.
t7
t5
t7
35
35
i2
il
40
44
)2
i6
24
l6
21
l6
J
3
7

t0
36
28

I -:0
127
li0
t33
li6
Il0
il0
il0
90
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q0

t00
100
t00
r05
r05
t04
t09
t07
t08

78
85
95
9S
97
98
85
s6
s3
90
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90
il0
ill
]ll
99
98
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94

t02
t02
il0
il0
lt0
90
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95
9i
95
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86
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t06
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l0i
92
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85
90
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8.i
8.2
8,2
8.2

8.1
8.4
8.4
8.4
7.6
'1.4
'1.4

8.7
8.6
8.6
8.3

8.J
3.4
7.3
i.8
1.6
7.6
7.8
8.9
8.7
8.7
7.6
7.5
7 .'l
8.1
8.i
8.2
8.5
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8.6
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8.6
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8.3
8.4
8.9
9.0
8.9
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8.3

375
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3?5
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i30
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355
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340
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North Lalce 1993-2010 NitrateNitlogen ililii ,r ifiii33 13' 
rii32 it

5/5/93 i5 5,',?7/0j iO 9t4tr7 8
5/5i9j iS 5;:1t03 26 9/4t9'7 5
4/t2t97 ij 5/2j/05 35 9l4l9"t 8
4il2t91 33 5/2i/05 3s 8/10/99 8l
4ll1t91 20 5i23105 32 8130/99 45
3/28/00 lt5 5t2tio6 32 3t30t99 21
5/6/00 i8 5/21/06 )6 l0/2v9933
5/600 45 5/2t/46 24 t0t2t/9928
5/6/00 64 5/20/10 I t1t2t/9922
4i2Elo1 53 5i20l10 i 8/8/00 8
4/28/0t $l 5,120/t0 't 8/8/00 7
4/13,',0t 51 8i$/00 t2
6/4/02 i8 Sun)rnc. 6/?/0 I I
6t4to2 i2 8i2./93 t4 8/2/0t g

6t4t02 22 8/2/93 | | 8/2t0t 5
3/23/03 I06 8t2/93 t2 8t6t02 I
3/28i03 ll5 8/5/96 l4 816102 '1

- 140

* r"n3 '''
5 ron
o.: 80

e60
240
E20
.o

8/6t02 7
8/3t03 2l
8t3toi 2l
8/3/01 32
8/3/04 l1
8/JtO4 l5
8/3/04 l7
8/4/05 3l
8/4/05 40
8/4/05 44
8/2t06 16
8/2t06 2l
8tu06 t6
8/3/ I 0 i0
8/3^0 36
8/3/t0 28

Snrinr i/28/03 380 E/-V96 37-5 816102 360
5/5/9I "t7i 5/27l03 390 8t5/96 3',10 8/i/03 385
5/5tt)3 i'l5 ,5/t7l01 390 ,t4/9'1 380 8/3/03 i80
5/5/9j i80 5t2'7103 390 9/4/9't 310 8/3/03 iEO
4lt2t97 320 5/23i05 340 9t4t91 3'tO 8i3l04 360
4n2/97 320 5i23l05 320 8ii0/99 160 8/3/04 360
4/12/97 320 5i23l0-5 340 8/i0/99 360 8/3/04 360
3/28/00 380 5/2r106 330 8/30/99 355 8/4/05 350
5/6/00 150 5/2t106 3i0 l0/2tl99330 8/4/05 350
.5/6/00 i60 5/21/06 330 t0/2!/99380 8/4/05 350
5/6/00 350 5/20/10 370 t0/21/99380 8/2/06 360
4/28/01 300 5/20/10 3?0 8i8i00 160 8t2/06 360
4/28/0f 300 5/10/t0 370 8/8/00 360 8t2t06 360
4/28/0t 280 8/3/00 360 8/3/10 i50
6/4/0? 370 Sunrnrcr 812/01 350 8/3/10 350
6/4tc]. 3ia 812i9i 410 8/2/0t 350 8/3/t0 350
6/4/02 310 8/2/93 410 8/2/01 340
3/?8i03 360 8/2/93 4t0 3t6/02 360
3/28/03 380 8/5,',96 375 8t6/A2 360
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