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Station 14 wells capture Spring Valley lake water, with capture estimates from three
independent methods indicating a mutually defined range: 0.26-0.31 (26 — 31%).

Helped discover an illicit discharge into the lake.
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Flow accumulation algorithm in GIS, modified to include engineered stormwater outfalls

Provides basis for investigating road salt and nutrients within sub-watershed
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EXPLANATION
Site 1
Site 2
Site 3
Site 4
Site 5
Ground Water
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ater at all sites is magnesium
ponhate type.

Major cation and anion concentrations
generally increase from site 1 to 5.

Exceptions to this general trend occur for
bicarbonate, calcium, magnesium, and
sulfate.

Bicarbonate and calcium concentrations
decrease from site 1 to site 5, while
magnesium and sulfate concentrations
tend to remain similar at all sampling sites.



Spring Valley Sodium Concentrations
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Spring Valley Chloride Concentrations

Illicit discharge
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d chloride concentrations generally
ease downgradient froms site 1to 5

2020: Maximum sodium and chloride
concentrations (3/26) 53 mg/L and 110 mg/L,
gradually decreased in the summer

2021: Maximum sodium and chloride
concentrations 54 mg/L and 110 mg/L on 3/11
and 6/11, respectively

2021: Remained significantly elevated from 3/11
to 6/11 then returned to baseline concentrations



Spring Valley Sodium Concentrations
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Spring Valley Chloride Concentrations
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average

11



30000
25000

e 5 distinct SPC peaks observed
from 1/14 to 5/4 of 2021

20000 £
15000
10000

1/18 to 1/24

Peak 1

Drainage Area 7 Outfall

1/26 to 1/2/7

Peak 2

30000

25000

2/12 to 2/18
2/19 to 3/1

Peak 3
Peak 4

(8) asn yes Ajea

:

15000
10000

:

0

LN
12
(©
(it
HIS
-
@)
2’
o\
S~
o
@)
+—
(@)
—
S~
o

Peak 5

(=]

30000

nage Area 2 and Site 3 Mixed

Dral

6000
F 5000

& 4000
g 3000
2000

o
m
=1

25000
20000

m (=]

15000
10000

(wn/sr) 2ds

4-May - 4-May
29-Apr F 29-Apr
24-Apr E 24-Apr
19-Apr = 19-Apr
14-Apr E 14-Apr
9-Apr E 9-Apr
£l = “.c...y o m, = . “.o_w..ﬂmw .m
s |3 Mar2| & 3 <
g| £ it K E 25 Mar 2
z| 2 25-Mar ol 3 e s
® W 20-Mar & w 20-Mar &
s 1smar || ® 15-Mar |
g < 10-Mar & | < 10-Mar §
# mv 5-Mar 3 mu 5-Mar %
= 28-Feb =| £ 28-Feb =
m m 23-Feb 8 W_m 23-Feb &
P I I 18-Feb I
E 13-Feb 13-Feb
= 8-Feb 8-Feb
3-Feb 3-Feb
29-Jan 29-Jan
; 24-Jan § 24-Jan
l @ 19-Jan 19-Jan
14-Jan - 14-Jan
- E-E-E-] o o ©
28888 S EEER g g 8
Ng&&S g8 3 8A A
(wo/sr) 2ds (wa/sni) 3ds
(8%) 25n yes Ajeqg (34) 25 yes Apea 2
8 8 8888 ¢ g g
n (=1 =] (=1 o =] (=3 m
NoH oA o @ 8 8 89 8 8 o & A a
E 4-May E 4-May E 4-May
E 29-Apr E 29-Apr E 29-Apr
E 24-Apr E 24-Apr £ 20-Apr
t 19-Apr E 19-Apr E 19-Apr
= 14-Apr E 14-Apr E 14-Apr
E 9-Apr E 9-Apr E 9-Apr
3 “M»h__q .m. _ E “.nbn.___w ._um._, _ E 4-Apr lm
-iviar W T -Iviar W. B F 30-Mar .,.m.a
E25-Mar S| 5 E 25-Mar = s E 25-Mar 5
E 20-Mar % | © E20-Mar 5 | 9 E 20-Mar &
E 15-Mar | @ F 15-Mar | 3 F 15-Mar i
@ 1™ E @ - o
- 10-Mar 3 | < E 10-Mar x .w E 10-Mar 3
s 2| 8 s 2| & svar 3
............... £ 28-Feb = | £ f 28-Feb > £ E 28-Feb 2
E 23-Feb m S = ——+ 2 m b4 E 23-Feb _..,.-.
= mmemsessssssssssseser 18-Feb 18-Feb t 18-Feb
13-Feb 7 13-Feb 13-Feb
8-Feb === 8-Feb 8-Feb
3-Feb — =—f3Feb 3-Feb
E 29-Jan == 29-lan 29-Jan
L E 24-Jan
24-Jan 24-Jan
e |T
E 19-Jan : > E 19-1an 19-Jan
- 14-Jan = 14-Jan 14-Jan




Average Temperature (C)

; \F hAH L ]
Mkl

1/1 1/8

Kalamazoo Temperature and Precipitation

AV

A “ A AN A

1/15 1/22 1/29 2/5 2/12 2/19 2/26 3/5 3/12 3/19 3/26 4/2 4/9 4/16 4/23 4/30 5/7

—Average Daily Temp — Max Daily Temperature ——Rain ——Snow

5/14

=
o

o B N W A~ U OO N O W

Total Precipitation (cm)

C peak 4 likely represents largest
melt event during 2021, only melt
event detected by all stormwater

outfall conductivity loggers

Preceding peak 4, maximum daily
temperatures never exceeded
freezing leading to buildup of road
salt on impervious surfaces

o After 2/22, significant snowmelt
runoff and road salt transport to
surface water outfalls would have
occurred.
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Residence

Spring Valley Chloride Concentrations

49 days after 89 days after

Concentration (mg/L)
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Valley Lake

2021: Road salt runoff to Spring
Valley lake: 1/18 to 3/22

Residence time: 49 days to 89 days
If chloride increases in lake from
road salt runoff via outfalls,
chloride should be detected at site

5 from 3/8-6/19

Does not account for rain events
after 5/14
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Road salt watershed

Greatest so ring to

summer after

and drainage area of
minant transport

Increases in sodium
outfall structures, indica
mechanism to stream and lake

Pulses of road salt derived sodium and chloride are transported through the
watershed in the spring and reside in the lake for months after direct runoff
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Vertical Exaggeration 44X
o
Qéék Wil I Number ~ Static Water Level

~  No Data, Infered

* Screened Interval —~

EPSG:3857 - WGS 84 / Pseudo-Mercator - Projeded

* Spring Valley sub-watershed contains surficial aquifer (0-2.5 m bgs) underlain by a semi-continuous clay
aquitard (2.5-23 m bgs).

* Semi-confined sandy gravel aquifer (18 to 35 m bgs) serves as the supply aquifer for the municipal wells.

 Surficial aquifer and deeper aquifer are connected where aquitard is not present. y



THE OHIO DRILLING COMPANY

MASSILLON, OHIO

GROUND SURFACE

QUTER CASINI

CAPACITY

-~ INNER CASING

— DRIVE SHOE

GRAVEL PACK .
lic

SCREEN

COMPLETED !

Deeper sand and gravel aquifer transmits water to five pumping wells of the Station 14 wellfield

Five pumping wells: average pumping rate for station 14 is 3765 m3/d (670 gpm); screens 19 mto 31 m
bgs, with lengths 8 to 11 m
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2020: mostly negative (-0.03 to -0.28), One positive upward gradient (0.17) observed near well 14-5, one
neutral gradient

2021: mostly negative (-0.01 to -0.4), three positive upward gradients (0.01 to 0.13)
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The fraction o be determined
using a two-com

where 6, is the 680 value of the produced well water, §, and &, represent the two 680
endmembers of lake water and ground water respectively, and f, represent the fraction of lake
water found in production well water (Clark 2015)
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Spring Valley Lake 62H vs 62H Legend:
14-1
14-2
14-3
14-4
14-5

-11
5180

® 14-1 » 14-2  14-3 e 14-4 -+ 14-5 e Site5 —Linear (Evaporative Line) —Linear (LWML)

LMWL from Hurst S and Krishnamurthy R V. (2019)

Increasing surface water capture from wells 14-1 to 14-4 moving north to south, consistent with the
trend of increasingly negative vertical gradient measurements

Differences in 30 enrichment from summer 2020 to summer 2021 are likely a result of the significant
increase in precipitation during summer 2021 23
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Average lake water capture ranges from 0% (14-5) to 32% (14-4); no composite estimates from blending
station.
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Spring Valley Lake Depth Measurement Points
. . — A . Y

T AT o

* Bathymetry survey with sonar depth probe in September 2020: 12,984 spatial points

 These data were then used to interpolate depths throughout the entire lake to compute lake volume:

essential for residence times and chloride mass in lake v
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* Stream gauging s

» Surface water capture
equation:

https://www.geol.wwu.edu/rimitch/discharge midsection.pdf

Q=0q1+q2+ " qn,

outflow values by the

28


https://www.geol.wwu.edu/rjmitch/discharge_midsection.pdf

Spring Valley Lake Streamflow and Pumping Rates
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mping rate of the wells is similar
for all three stream gauging periods

February represents best time to
estimate surface water capture, no ET

Water balance (Feb): 0.26 to 0.38
with 0.32 average

SWC from water balance is biased

high as not all lake water exiting
system is captured by pumping wells
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Annual chlo
Annual mass of ¢

Surface water capture: 0.
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Surface Water Capture Estimates ater balance (Feb): 0.26 to 0.38,
0.32 central tendency (biased high,

temporal snapshot)

e
Y
o

L
w
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Isotope mixing model: 0.15 to
0.33, 0.24 central tendency (no
true composite, temporal
snapshot)

e
W

e
N
©

Chloride mass balance: 0.19 to
0.31, 0.26 central tendency (based
on full water year)

Component of Surface Water Capture
= =)
= N
() (0

=
[y
o

Cl Mass Balance Isotope Tracer Lake Water Balance

Overlap: 0.26 to 0.31, represents
constrained estimate
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Chlorid
soldered

Larson Index (LI): in

all values are in moles/L
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Chloride Sulfate Mass Ratio 2020: Max concentrations at site 5
during the spring (5) and fall (4.5)

e 2021: Max concentrations at site 5,
during spring (3.8) and early fall
(4.8)

—e—Site 5

Corrosivity

—o—Site 4

e Spring Valley Lake is always
moderately corrosive to lead

 Would be highly corrosive if lake

LIRS P P I I I O I A A g i i i g alkalinity ever fell below 50 mg/L
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Corrosivity

| Illicit discharge

Larson Corrosivity Index

Moderate Corrosion

—o—Site 4

—e—Site 5
Light Corrosion

Low Corrosion

LI values 0.4 - 1.3, greatest during
the summer

Increases in LI during the summer
2020 can be attributed to
reductions in lake alkalinity

High LI values in the lake during
summer of 2021 caused by low lake
alkalinity and high chloride
concentration
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A list of possible changes that might be expected in a north temperate lake as the amount of algae changes

along the trophic state gradient.

TSI  Chljpgl) SD(m) Attributes Water Supply Fisheries & t a t e

Recreation

Oligotrophy: Clear Water may be suitable Salmenid X ( C a r I S O n i 1 9 7 7 ) u S e S a | g a I

water, oxygen throughout  for an unfiltered water  fisheries
the year in the supply. dominate.

bypolzion IS for trophic state classification.

Hyvpolimnia of shallower Salmonid

lzkes may become anoxic. fisheries in
deep lakes
only.

S I - -a and P can be used independently to find TSI
esotrophy: Water ron, manganese, taste, vpolimnetic
e e e | niorptiee | s values, as these variables are interrelated through

increasing probability of  worsen. Raw water results in
hypolimnetic anoxia turbidity requires loss of

during summer. filtration. salmonids. I i n e a r reg ress i O n m O d e I S :

Walleye may

predominate.

Eutrophy: Anoxic Warm-water

l:::l:-lln;m;anthrtc erl 204‘ Ny 068(ln Chl)
S . TSI (chl) = 10| 6 — n2

Blue-green algae Episodes of severe taste  Nuisance

dominate ; and odor possible, macrophytes,
and macrophyte algal scums, 4 8

problems. and low l n
transparency

TSI (P) = 10| 6 — —L-
coazge In 2

ming

and boating.

Hypereutrophy: TSI (P) can be used to estimate summer TSI (Chl-a)

limited productivi

Dense algae and .

iraceophyies, during non-summer months
Algal scums, few Rough fish

macrophytes ;

38

https://www.nalms.org/secchidipin/monitoring-methods/trophic-state-equations/
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s with Alk > 1 meg/L, summer DIC depletion
aused by biogenic calcite precipitation.

In summer when algae are present in
abundance, micro algae act as nucleation site

for calcite precipitation.

Release of 1 mole CO2 with net loss of 1 mol DIC
and 2 moles total alkalinity (Khan et al. 2020).

Ca?*+2HCO, > CaCO,+CO, +H,0
Highest lake water corrosivity should occur in

summers after road salt transport to Spring
Valley Lake has persisted into March.
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Unanswere
1.

What is th ride
accumulati
How accurate

How helpful will
capture estimates?

What is the composite iso

What is the ratio of road salt in Sp
watershed?

Should we be concerned about road salt accumulation and impacts to other wellfields? In
other words, should the developed methodology be applied to other wellfields in
Kalmazoo?

nge year-to-year?
ce and associated

otal applied road salt within
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Proposed
e Continue or monthly)
* |sotope sam 4x year)

* Chloride samp

e Stream gauging of i

Other Sites in Kalamazoo
» Similar methodology applied as Spring Valley Lake, modified to fit specific sites
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