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Who are we?

1. A software company, not a consultant

2. Experience developing environmentall data
management systems for more than 12 years

3. Expertise in limnology, environmental’ chemistry,
geology and geotechnicall engineering

Dr. Noell Burns—internationally: renownea
limnologist having studied inland
waters around the glebe for over four
decades
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Who are we?

Clients include:
Over 250 analytical labs
Over 100 consultants
Six U.S. EPA Regions
18 state agencies
Dept. of Defense, Dept. of Energy.
Many: industrial clients

Licenses In Korea, Japan, Vietnam, Kuwalt, SIngapore,
England, Ireland, Italy, Seuth Africa;, Venezuela,

Australia, Canada, Pertugal, Belgium, China, Germany,
UAE
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Who are we?

California DTSC

California Department of Water Resources

City of San Bernardino

San Bernardino Valley: Municipall Water: District
Sacramento County.

Los Angeles Department ofi Water & Power

Santa Clara Valley Water District

Metropolitan Water District of Southern California
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EQuIS 5 Limnology Features

e Data Checking and Import from RUSS, Hydrolab, Licor, ...
o Vertical Profiles

Thornton Lake - Station 3
Surface Elevation = 1745 Date: 12/1/2002
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EQuIS 5 Limnology Features

e Data Checking and Import from RUSS, Hydrolab, Licor, ...
e Vertical Profiles
e Isopleths

Thornton Lake - Station 3 (1999)
Temperature (C)
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In April 2006, EarthSoft teamed with Dr. Noel Burns of
Lakes Consulting in New Zealand and acquired LakeWatch.
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‘Software for Lake and! Reservoir Monitoering
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Case Study
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Case Study

In May 2000, a water authority established a
major lake monitoring program to ensure that
their lake would continue to be a high-guality,
valuable water resource long into the future.

One component of the monitoring program
includes analysis of physicalland chemical
data using EQuIS LakeWaich.
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EQuIS LakeWatch

Detailed review of each parameter.

Display multiple profiles for determination of
ayers.

Deseasonalize data for all parameters.

Detect trends In parameters.

Summarize results in pre-formatted reports,
iIncluding annual trophic state anad prokability: of
change withi time.
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Event Profile

TN (ug/L)
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Conductivity and total nitrogen concentrations help define
plume in top of thermocline
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Profile Table

PROFILE LIST (All Variables)

Lake: Station:

Date Depthim) Tempi{c DO({%) DO{mgl) SpCond Hion conc.
{uSicm) {Units)

2409 2002 0.00 2 1 i 1000.00
1.00 g - 1000.00
200
2.00

4.00
a.00
F.00

710

910

10.00

11.10

12.00
14.00
15.10
16.10
17.00
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Sample Table

SAMPLE LIST

Lake: Station:
Date Depth TP TN Chla NO3-N NHA-N POD4-P EC TOC Fecal E. coli. Bromide Perchlorate
From | {ugPAd) ({ugf/l] | [(mg/m3] {ugN/L) {ugMN/L) {ugP/L) [usfcm)] [mgi] Coli. | (No.MOOmL) {[mg/lL) fugfl)
{m) {(No.M00
mlL}
24/09/2002 B5.00 1325.40 : 921.00 200
34.00 143410 945 00 040
30.00 1534.90 952.00 050
23.00 1489.00 932.00 050
21.00 144570 935.00 050
18.00 2334.60 1030.00 200
17.00 2304.50 1122.00 200
12.00 1478.00 1003.00 050
1.00 151430 1000.00 040
0.00 1391.00 1000.00 040
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Multiple Profiles

«@» 3/09/2002
e 10/09/2002
24/09/2002
e 2/10/2002
e 9/10/2002
e 15/10/2002
e 22/10/2002
= 30/10/2002

14 16 18 20 22 24
Temperature (°C)
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Profile Scatter Points

Residuals Regression: y =45.7 + -1.602x ; R = -0.5964 ; p = 1.897E-7

15 20 25 30
Perchlorate (ug/L)
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Data Trends

1. Data is first deseasonalized by plotting all'data
as a function of day and month only.

2. Polynomial curve is then fit to the data.
Residuals are calculated for each data point.

3. Observed data and residual data are plottedias
a function of time and trended. P-value ofi <
0.05 considered to e significant.
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Deseasonalizing Data

Epilimnion / Isothermal Annualised Data

@ Seasonal
— Trend
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Months of the Year
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Detecting Trends by Plotting Residuals

Time Trend

Seasonal Regression:y = 186.2 + -0.08476x ; R = -0.05929 ; p = 0.3012
Residuals Regression:y = -234 + 0.1173x ; R = 0.3549 ; p = 4.156E-7
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Detecting Trends by Plotting Residuals

Seasonal Regression: y = 186.2 + -0.08476x ; R =-0.05929 ; p = 0.3012
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Detecting Trends by Plotting Residuals

Seasonal Regression: y = 186.2 + -0.08476x ; R =-0.05929 ; p = 0.3012
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Detecting Trends by Plotting Residuals

Seasonal Regression: y = 186.2 + -0.08476x ; R =-0.05929 ; p = 0.3012
Residuals Regression: y =-234 + 0.1173x ; R = 0.3459 ; p = 4.156E-7 0 Seasonal

— Regression
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Detecting Trends by Plotting Residuals

Seasonal Regression: y =4052 +-2.017x ; R =-0.5197 ; p = 1.266E-7
Residuals Regression: y =3234 +-1.615x ; R =-0.5767 ; p = -1.34E-7 -O- Seasonal

— Regression
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Seasonal Regression: y = 1532 +-0.7614x ; R =-0.2794 ; p = 0.0003453 o Rosiduals
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Hypolimnetic Oxygen Depletion

DO Depletion Rate
DO Depletion Regression: y =7.946 +-0.01497x ; R =-0.836 ; p = -8.243E-8 @ DO Depletion
Temperature Regression: y =13.24 + 0.001153x ; R =0.09383 ; p = 0.3482 — Regression

v Temperature

> o ° o v ! — Regression
_I. o ® 9

° )

(o0)

ﬂ

(o7}

E)
E
o
a

(3

100
Days From May 1.

21st Annuall CALMS Conference—October 12, 2006




Hypolimnetic Volumetric Oxygen Depletion Beport

HVOD Analysis

Lake:

Stations:

Date From: 1052000 Date To: 30/04/2005

Average Observed DO Observed Rate
Analysis Period Corrected to 13.0 °C
(mg/m3iday)

01 -Mary-2000 - 16-how-2000 154
01-May-2001 - 16-Mow-2001 181

Oxyg e n d e p Iet i 0 n O -bay-2002 - 16-hloy-2002 214

01-Jun-2003 - O7F-Mow-2003 1749

rate is increasing ) 01-May-2004 - 16-Mov-2004 o

Average 19.0

HYOD Rate

HYOD Regression: y = -2944 + 1 48x ; R = 08569 ; p = 006355
HY0D st 13°C Regression: y = -2862 +1.438x, R=07717, p=01264

= HYoD
— Regression

B HYOD at Std Temp
— Regression
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Annual Sample Averages Report

Annual Sample Averages For Lake

Eplilmnion
Period TR TH Chla NO3-N NHi-M | FO4-F EC TOC | Bromide Perchlorate
[ugP/L] [(ugfl] [mgfn®] [ugML]  [ugWL] [ugPfL] [usfemn ] [mgfl] | [mgfl] [ugiL]
by 2000 to |Apri0o 133 1211.4 16.7 a61 0 16.3 024 1092 ¢ LR oo 507
ety 2001 to Aprio0z 12.7 162455 14 6 230 4 7348 05.0 1068 8 n3.a oo KER
My 2002  to Apr2003 147 131187 08 .6 T4 A 445 0.6 1080 5 (IR oo 240
by 2003 to |Apr2004 11.8 11745 07 & 2200 17.2 04.7 1238 [IER oo 236
by 2004 to |Apr2005 133 12443 0z .2 Q12 4 2683 0z.2 1203 2 D326 oo 171
by 2005  to AprI006 144 12961 0.7 1076 1 15.4 0z 1227 5 [IEXI] oo 134
Averages 128 16349.3 1.8 12861 199.3 17.32 Mazr nay oo A 101.0
Thermocline
Period TR TH Chla NO3-N NHi-M | FO4-F EC TOC | Bromide Perchlorate
fugP/Ll (ugfl] (mafn®] fugML]  fuglL] [ugPfL] fusfemn ] (mafll| Tmgel] [ugsL]
hiay 1994 to Apr 1995 22647 16.3 1721 3 Tad.4 G5.2

Wby 2000 | to |Aprz00d 0y 1161.7 032 TOET 235 044 Q86 5 LI oo x84
iy 2001 to  Apr2002 10.4 1477.8 .4 G849 4 7258 05.2 10113 LR oo 242
Wby 2002  to Apr2003 1.0 12798 A 783 47 .45 037 10346 4 [LECR oo 266
Wy 2003  to | AprIo0d 10.4 9283 181 o7 21.0 048 10887 nay oo 17.3
by 2004 to Apr 2005 0.7 12195 I a2 276 IR 1142 2 LIRS oo 128
by 2005  to Apr2006 18.4 15334 12817 26.4 0z.4 M7 [LECR: oo 1048
Auerages 118 1813.4 157 1304 2 1348 13.0 1072 B Lk oo A EE.7
Hypolimnion
Period TP TH Chla HO2-M MH4-M | PO4-P EC TOC | Bromide Perchlorate
[ugPL]| [ugfl] [mgfm3F] [ugML]  [ugML] [ugPiL] [usdfcm ] [mgfl] [mgdl] [ugiL]
by 2000 Apr200 102 9949 .4 556 5 13.3 05.4 914 4 n:y oo .1 131
oty 2001 Apr200z2 114 12506 107 .3 41 G G8.5 06 G 64 0 03z oo 147
gy 2002 Apr2003 131 1076.0 01.4 590 5 48 6 053 1024 f LI oo 44
oty 2003 Apr 2004 161 1104.8 0s .4 TE2 0 20.7 06 .4 1067 4 LIRS oo 1541
Wty 2004 Apr 20048 126 ann.3 656 0 2685 05 6 104549 4 033 oo [LE
ity 2005 Apr 2006 ndg 77e4 0a.0 G191 16.8 053 1074 4 034 oo [LEX]
Auerages 14.0 18171 224 1325 8 1561 20.0 107 5 0.z oo A 1749.4
All
Period TR TH Chla HNOZ-M MHi-M | PO4-P EC TOC | Bromide Perchlorate
[ugPL] (ugil] [(mgfd) [ugML] [ugKL] [ugPfL] [usfemn )  [mgfl] | [mgfl] [ugiL]
ity 2000 Aprzoo 104 1386.7 16 .6 TR A 176 064 1012 5 [LECR oo 382
oty 2001 Apr2002 1.7 148249 15.0 095 714 054 10223 LR oo 274
gy 2002 Apr2003 144 126467 1.8 T1523 47.0 042 10467 0 LR oo .1 301
oty 2002 Apr 2004 126 108458 0g.0 TYRA 19.2 05,2 11126 nza oo 0.2
Wty 2004 Apr 20048 127 11463 0g.3 47 A 263 041 1162 5 LIRS oo 134
oty 2005 Apr 2006 17.8 12328 0.9 1017 G 19.4 032 1760 [LECR: oo .1 103
134 196935 14.8 1305 7 496 .3 a0z 10480 2 Lk oo A arA
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Trophic Level Index Report

2000-2005 (1 May 2000 - 30 Apr 2005)
Percent Annual Change (PAC)

Lake Chla 50 ™ TH HVYOD P-Value
(mg/ma3) {m) (mgP/m3) (mg/m3) (mg'/m3/day)

Change - Units Per “ear -2.24 [0.02) 0. -r9.aT (1447
Average Crver Period o .62 18.21] 5.27 957.75 [18.97)

Percent Annual Change (%u/Year) -39.86 0.00 §.59 -5.20 0.00

Burns Trophic Level Index Values and Trends

Period Chla sh TP TH TLec TLs TLp TLn TLI Std. Err.  TLI Trend Std. Err. P-Value
{mg/m3) (m} (mgP/m3} (mg/m3) Average TL av uniteiyt  TLItrend

hday 2000 - Apr 2001 11.36 9.00 565 1,049.61 4.90 279 263 245 393 0.73
hday 2001 - Apr 2002 7.453 7.40 7.86 1,162.74 445 305 283 262 3849 0.65
May 2002 - Apr 2003 311 §.00 6.59 §94.69 347 2496 261 2.27 3.58 0.59

| Burns Trophic Level Index (TLI) values are
calculated from annual averages of
chlorophyll, Secchi depth, total
phosphorus and total nitrogen.

02=<=P =03 Possible Change
03 =P Mo Change

ASSESSMENT:

Mesotrophic
No Change
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Trophic Level Index Report

2000-2005 (1 May 2000 - 30 Apr 2005)
Percent Annual Change (PAC)

Lake SD ™ TH HVOD P-Value
(m) (magP/m3) (mg/m3)  (magim3/day)

Change - Units Per “ear [0.02) 0. -r9.aT (1447
Average Crver Period ) 18.21] 5.27 957.75 [18.97)

Percent Annual Change (%u/Year) 0.00 §.59 -5.20 0.00

Burns Trophic Level Index Values and Trends

Period sh TP TH TLec TLs TLp TLn TLI Std. Err.  TLI Trend Std. Err. P-Value
(m} (mgP/m3} (mg/m3) Average TL av uniteiyt  TLItrend

hday 2000 - Apr 2001 9.00 565 1,049.61 4.90 279 263 245 393 0.73
hday 2001 - Apr 2002 7.40 7.86 1,162.74 445 305 283 262 3849 0.65
ey 2002 - Apr 2003 §.00 6.9 394 53 347 296 261 227 3.58 0.33
ey 2003 - Apr 2004 7.40 .93 32751 3.5 3.07 3.00 217 362 0.52
Mary 2004 - Apr 2005 5.93 10.21 841.30 3.04 2.80 316 5.19 3.55 0.55

Averages B.16 B.06 95517 3.82 2.94 2.85 5.35 _3.74 0.25

/

SUMMARY: The guide used in the PAC avera TLI Trend: y = 237.2 + 0.1166x ; R= 0.1528 ; p = 0.52)1

PAC =-7.89 £ 842 % per year P-Value evaluation i o *
P-value = 0.40 T

TU Walue = 3.74 £0.25 TU urits Interpretation
TLI Trend = -0.12 £ 0.18 TLI units per year . Definite Change
P-+alue = 0.5201 Frobable Change
Possible Change
Mo Change

. -

o

oy
L

w
L
L2

ra
L

Trophic Level

ASSESSMENT:

Mesotrophic
No Change

The trophic level of the lake is not changing. EEGEIGEE T




Burns Trophic Level Index

Burns et al. (1999): ‘A monitoring

and classification system for New

Zealand Lakes and Reservoirs.’

Lake and Reservoir Management
15 (4):255-271

Regression Equations:
TLp = 0.218 + 2.92 log (TP)
TLn = -3.61 + 3.01 log (TN)
TLs = 5.10 +2.60 log (1/SD - 1/40)
TLc = 2.22 +2.54 log (Chla)
TLI = 1/4(TLp + TLn + TLs + TLc)

rence—October 12, 2006




Burns Trophic Level Index

Lake Type Trophic Level Chla Secchi Depth TP TN
(mg/m3) (m} (mg P/m3) {(mg N/m3)
Ultra-microtrophic 0.0-1.0 0.13-0.33 33 -25 0.84-1.8 100- 22

Microtrophic 1.0tc 2.0 0.33-0.82 25 -15 1.8 -4.1 22 - 46
Oligotrophic 2.0t0 3.0 0.82 - 2.0 12-7.0 4.1-9.0 46 - 99
Mesotrophic 3.0to 4.0 2.0-50 7.0-2.8 8.0-20 99 - 213

Eutrophic 4.0t0 5.0 5.0-12 2.8-1.1 20 - 43 213 - 458

Supertrophic 50to 6.0 12- 31.0 1.1-0.4 43 - 96 458 - 984
Hypertrophic 6.0to 7.0 >31 <0.4 >06 >9384

Baseline TLI value of a lake can be established. Rate of change of
Trophic Level cani be estimated with probability off change determined
by average PAC.
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Case Study

Determlned cause of-" algal bT’;Qm

'L"‘F?'_‘r il

Drscové?y of oxygen problm WInEIANS developlng

f"‘I 4

Provieleelisisitzlgit ejrzionlies ziplel elzlizl zlplzl\ss) fe)f selectlon
or e clago Weliar [nitelice [oezliiof).
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A Valuable Management Tool

Is It necessary to manage lakes for the future?

Population is growing
Enriched streams running into lakes
More recreational use ofi lakes

Increased agriculture withi more fertilizer run-
off

LAKES ARE SLOWLY BECOMING MORE
EUTROPHIC!
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TLI/TSI: An Important Management Tool

 TLIs or TSls give you an annual, numerical
measure of lake trophic level.

» The TLI or TSI enables close, objective
tracking of lake trophic change — even if very
gradual.

This has been done successiully withi 12" 1akes; in
the Rotorua District off New: Zealana:
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TLI/TSI: An Important Management Tool

Rule: Remedial action be taken when the 3-year moving-
average TLI for exceeds baseline TLI by 0.2 units for 2 years.

Rotoma
Tarawera
Okareka
Rotoiti
Rotomahana

Rotorua
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TLI/TSI: An Important Management Tool

* Now in the Rotorua District, they do not fight
anymore about whether lakes need improvement

» They now fight about the most cost-eiifective
methods to improve the different lakes.

» Serious management action is being taken
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Thank you!

Scot D. Weaver
EarthSoft, Inc.

sweaver@earthsoit.com

4395-245-9853
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