
I 
M 

I 

August 14, 1997 

Ms. Jennifer Huffman 

\Visconsin Department of Natural Resources 

1125 North Military A venue 

P.O. Box 10448 

Green Bay, Wisconsin 54307-0448 

Re: Final Report, Kewaunee Marsh Arsenic Site, Kewaunee, Wisconsin -- STS Project No. 

20716XA 

Dear Ms. Huffman: 

STS Consultants, Ltd., (STS) is submitting this report to document work conducted to meet the 

requirements of Consent Order No. 96-LMEE-006. Based on the terms of the Consent Order, the 

work required of the Railroad has been completed. Submittal of this report, including 

monitoring results, groundwater modeling, and revisions to the surface water model requested by 

the Department, fulfills our client's obligations. We appreciate your review of this project. If 

you have any questions or comments, please contact Mike Berger or Mark Bergeon at 414-468-

1978. 

Sincerely, 

STS CONSULTANTS LTD. 

�r� 
Michael T. Berger, CHMM 

Environmental Scientist 

-!��G 
Associate 

MTB/ljs.wd 

STS Consultants Ltd. 
Consulting Engineers 

1035 Kepler Drive 
Green Bay, Wisconsin 54311 
414.468.1978/Fax 414.468.3312 
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Copy to: 

(c416n017) 

Mr. Thomas P. McElligott 

Quarles & Brady 

4 11 East Wisconsin A venue 

Milwaukee, Wisconsin 53202-4497 

Mr. Robert E. Dowdy 

Anixter International 

10422 Elderberry Lane 

Orland Park, Illinois 60462 

Ms. Janet Gilbert 

Fox Valley & Western Ltd. 

P.O. Box 5062 

Rosemont, Illinois 60017-5062 
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FINAL REPORT 

KEWAUNEE MARSH ARSENIC SITE -.!i' 
KEWAUNEE, WISCONSIN 

STS PROJECT NO. 20716XA --JULY 1997 

1.0 REMEDIAL ACTION 

The action chosen for the site included placement of a geotextile and wood chip cover, and 

installation of a security fence. Fence and cover placement was conducted to prevent direct 

contact exposure to arsenic-impacted sediments. 

�over placement was conducted during the first quarter of 1996. Work was conducted in 

substantial accordance with the Wisconsin Department of Natural Resources (WDNR) approved 

STS Consultants, Ltd., (STS) "Work Plan" dated July 26, 1995, and the STS "Work Plan 

Addendum" dated December 29, 1995. Installation of the fence and cover system was 

documented in the STS "Construction Documentation Report" dated June 11, 1996. Copies of 

as-built drawings of the cover system are included in this report as Sheet Nos. 20716XA-AB1 

and 20716XA-AB2. 
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STS Project No. 20716XA 
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2.0 SITE MONITORING 

2.1 Cover i\1onitoring 

Cover and surrounding marsh elevations were surveyed immediately following cover placement 

during March 1996, and again during August 1996. Cover surveys are illustrated on Sheet 

No. 20716XA-AB3. Comparison of the two surveys indicates that no significant settling (greater 

than 1 foot) has occurred. In addition, gross differential settling has not been observed. Based 

on observed performance, STS anticipates that the cover will continue to function as designed. 

2.2 Groundwater and Surface Water Monitoring 

Six monitoring points and a staff gauge were installed to monitor marsh groundwater and river 

elevations, respectively. Locations for monitoring point and staff gauge placement Vlere 

reviewed with the WDNR prior to installation and are indicated on Sheet No. 20716XA-AB 1. 

Monitoring Points MP-1, MP-2, MP-3, and M P-4 were installed immediately downgradient of 

the cover. Monitoring point MP-6 was installed in the marsh upgradient of the cover and 

Monitoring Point MP-5 was installed in the marsh south of the railroad tracks adjacent to the 

cover. The staff gauge was installed in the Kewaunee River on the railroad trestle. 

Groundwater elevation measurements and staff gauge readings were taken monthly from April 

through November, 1996. From December 1996 through March 1997, the Kewaunee River and 

groundwater in the monitoring points were frozen. Monitoring point elevations were surveyed 

by STS during March, June, and August 1996. 

Groundwater samples were collected from the monitoring points during April, July, and October 

1996. Both filtered and unfiltered groundwater samples were collected for arsenic analyses. 

- 2 -
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In-field measurements of groundwater included temperature and specific conductance. 

Groundwater color, odor, and sample turbidity were also noted in the field. 

Lnfiltered surface water samples were collected from the right downstream bank of the 

Kewaunee River, directly east of the cover. In-field measurements of the surface water included 

temperature and conductivity. Both groundwater and river water samples vlere submitted to 

HES, Inc., of Madison, Wisconsin, for arsenic analyses. Results f groundwater and surface 

water monitoring are included in 1ables 1 and 2, respecti_vely. Laboratory analytical reports are 

included in Appendix A. 

Laboratory analyses indicated that the highest recorded arsenic concentrations were observed in 

groundwater samples collected from Monitoring Points MP-1, MP-2, MP-3 and MP-4. Arsenic 

concentrations were recorded above the Wisconsin Administrative Code NR 140 arsenic 

enforcement standard (ES) of 50 micrograms per liter (f.!g/1). These monitoring points are 

located immediately downgradient of the cover and within the security fence. 

Arsenic concentrations recorded in samples recovered from Monitoring Point MP-5 were above 

the NR 140 arsenic preventive action limit of 5 f.!g/1. No arsenic ES exceedances were recorded 

at this monitoring point. Arsenic concentrations recorded in samples recovered from Monitoring 

Point MP-6 were typically just over the NR 140 arsenic ES. Monitoring Points MP-5 and MP-6 

are outside of the security fence. 

Results of site monitoring indicate that the most heavily impacted groundwater is found within 

the fenced area. The fence functions to limit access to areas of highest impact. 

Results of river water analyses indicate that elevated arsenic concentrations (118 flg/1, 1 08 flg/1 

and 50 f.!g/1) were recorded during April, May, and June of 1996, respectively. These recorded 

concentrations were above the Wisconsin Administrative Code NR 105 Table 9 Arsenic Human 

" - .) -
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Cancer Criteria of 50 11g/l. Arsenic concentrations were not recorded above the NR 105 Table 1 

Arsenic Acute Toxicity Criteria of 363 .8 11gll or above the NR 105 Arsenic Chronic Toxicity 

Criteria of 153 11g/l . 

From February to June 1996, the area of marsh immediately south of the cover was still 

unvegetated and disturbed from cover construction. It is likely that elevated arsenic 

concentrations recorded in the Kewaunee River in April, May, and June were due to increased 

surface water transport of arsenic-impacted sediment from this unvegetated area. 

Arsenic concentrations recorded in surface water samples declined in July and October, 1996. 

Recorded concentrations were 3 .7 11gll and 3 .2 11g/l, respectively. The decline in recorded 

surface water arsenic concentrations coincided with the revegetation of the area immediately 

south of the cover. 

Arsenic concentrations were not detected above the method detection limit in a surface water 

sample collected during June 1997. This indicates that the revegetated marsh is not impacting 

the surface \\'ater quality ofthe Kewaunee River above NR 105 standards. 

-4 -
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3.0 GROUND\VATER MODELING 

Groundwater modeling was conducted by HSI GeoTrans, Inc., (GeoTrans) of Boulder, Colorado, 

to determine fate and transport of arsenic in groundwater. GeoTrans conducted modeling using 

the BIOID model. The BIOID code was developed by GeoTrans for simulating the transport of 

organic, inorganic, metals, and radioactive contaminants. The BIOID code is a proprietary, but 

publicly available code that has been benchmarked and verified against analytical and other 

numerical models. The main advantage in using the BIOID code is that it can simulate the one

dimensional transport of arsenic from the marsh to the river and accurately account for the 

adsorption/desorption of arsenic as a function of time. 

A copy of the GeoTrans report is included in Appendix B. Monitoring data collected by both the 

WDNR and STS were used to conduct modeling. Results of groundwater modeling indicate that 

the maximum concentration that may discharge to the river will be about 200 milligrams per liter 

in approximately 2, 700 years. 

- 5 -
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4.0 SURFACE WATER MODELING 

Surface water modeling was conducted by STS using the HYDROCAD stormwater modeling 

system. This model is based on the Soil Conservation Service Technical R(�iease 20 

Methodology and generates synthetic flood hydrographs identical to the U.S. Army Corps of 

Engineers HEC-1 computer model. 

Monitoring data collected by both the WDNR and STS were used to conduct the modeling. In 

addition, results from groundwater modeling were used in conjunction with surface water 

modeling results to determine the total load of arsenic which could enter the Kewaunee River. 

Based on the maximum marsh arsenic concentration from surface water data and the modeled 

maximum groundwater discharge concentrations, the potential maximum downstream arsenic 

concentration in the Kewaunee River was calculated to be 28.3 Jlg/1. Calculated concentrations 

are comparable to concentrations measured in water samples collected from the Kewaunee River 

adjacent to the cover area. Results of STS surface water modeling are included in Appendix C. 

- 6 -
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5.0 CONCLUSIONS 

A cover system has been installed that, in conjunction with the security fence, limits direct 

cont1ct exposure to arsenic within the marsh. One year of site monitoring has also been 

completed as specified in the Consent Order. Based on the data collected, the areas with the 

highest arsenic concentrations are either covered or enclosed within the security fence. Results 

of site monitoring indicate that arsenic in the marsh is not impacting the Kewaunee River above 

NR 105 standards. Modeling results indicate that arsenic in the marsh will not impact the 

Kewaunee River above NR I 05 standards in the foreseeable future. Based on the foregoing, the 

railroad has satisfied its obligations under the Consent Order. 

- 7 -
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6.0 GENERAL QUALIFICATIONS 

The scope of this report is limited to the specific project and locations described herein. 

Conclusions presented are based on site conditions as revealed through sample collection, 

surface conditions noted at the time of the study, subcontractor laboratory analysis, and our 

professional interpretation of this information. Our interpretation of results and conclusions 

represents our professional judgment based on the available information; no other warranties are 

expressed or implied. 

- 8 -
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Monitoring Point Date 

Notes: 

MP-1 19-MAR-96 

MP-2 

MP-3 

23-APR-96 

20-MAY-96 

18-JUN-96 

12-JUL-96 

20-AUG-96 

20-SEP-96 

23-0CT-96 

19-NOV-96 

24-DEC-96 

20-JAN-97 

19-MAR-96 

23-APR-96 

20-MAY-96 

18-JUN-96 

12-JUL-96 

20-AUG-96 

20-SEP-96 

23-0CT-96 

19-NOV-96 

24-DEC-96 

20-JAN-97 

19-r-.1AR-96 

23-APR-96 

20-MAY-96 

18-JUN-96 

12-JUL-96 

20-AUG-96 

20-SEP-96 

23-0CT-96 

19-NOV-96 

24-DEC-96 

20-JAN-97 

TPVC =top of pvc 

Table 1 

Kewaunee Marsh Monitoring Results 
Monitoring Point Data 

TPVC Water Groundwater Arsenic (ug/L) Conductivity 

Elevation Level Elevation 

583.26 2.72 580.54 

583.26 2.44 580.82 

583.26 2.55 580.71 

583.29 2.4 580.89 

583.29 2.42 580.87 

unable to locate 

583.29 2.41 580.88 

583.29 2.19 581.1 

583.29 . 2.5 580.79 

583.29 2.37 580.92 

583.29 2.41 580.88 

583.12 2.82 580.3 

583.12 2.43 580.69 

583.12 2.28 580.84 

583.19 2.28 580.91 

583.19 2.32 580.87 

583.22 2.32 580.9 

583.22 2.35 580.87 

583.22 2.22 581 

583.22 2.33 580.89 

583.22 2.31 580.91 

583.22 2.34 580.88 

583.19 2.28 580.91 

583.19 2.28 580.91 

583.19 2.28 580.91 

583.12 2.28 580.84 

583.12 2.35 580.77 

583.23 2.82 580.41 

583.23 2.37 580.86 

583.23 2.09 581.14 

583.23 2.32 580.91 

583.23 2.25 580.98 

583.23 2.27 580.96 

Filtered Sample 

-

-

-

-
. 136 r. 

-

frozen 

282 

595 

frozen 

frozen 

frozen 

527 

927 

frozen 

frozen 

frozen 

640 

856 

frozen 

frozen 

=exceeds NR 140 arsenic Enforcement Standard of 50 ug!l 

ug/1 = micrograms per liter 

mg/1 = milligrams per liter 

Temperature 

(Celcius) 

frozen 

8.7 

10.4 

frozen 

frozen 

frozen 

10.1 

10.2 

frozen 

frozen 

frozen 

10.6 

10.5 

frozen 

frozen 

A:\arsenic\monttor 

Color Turbidity Odor 

frozen frozen frozen 

none slight swampy 

brown turbid swampy 

frozen frozen frozen 

frozen frozen frozen 

frozen frozen frozen 

brown turbid swampy 

brown turbid swampy 

frozen frozen frozen 

frozen frozen frozen 

frozen frozen frozen 

none slight swampy 

brown turbid swampy 

frozen frozen frozen 

frozen frozen frozen 

\' 



Monitoring Point Date 

MP-4 19-MAR-96 

23-APR-96 

20-MAY-96 

18-JUN-96 

12-mL-96 

20-AUG-96 

20-SEP-96 

23-0CT-96 

19-NOV-96 

24-DEC-96 

20-JAN-97 

MP-5 19-MAR-96 

23-APR-96 

20-MAY-96 

18-JUN-96 

12-mL-96 

20-AUG-96 

20-SEP-96 

23-0CT-96 

19-NOV-96 

24-DEC-96 

20-JAN-97 

MP-6 19-MAR-96 

23-APR-96 

20-MAY-96 

18-JUN-96 

12-mL-96 

20-AUG-96 

20-SEP-96 

23-0CT-96 

19-NOV-96 

24-DEC-96 

20-JAN-97 
otes: 

TPVC =top of pvc 

Table 1 
Kewaunee Marsh Monitoring Results 

Monitoring Point Data 

TPVC Water Groundwater Arsenic (ug!L) Conductivity 

Elevation Level Elevation Filtered Sample 

583.46 2.92 580.54 frozen 

583.46 2.78 580.68 frozen 

583.46 2.6 580.86 

583.5 2.56 580.94 

583.5 2.7 580.8 

583.51 2.6 580.91 

583.51 2.63 580.88 

583.51 2.32 581.19 - ·  707 

583.51 2.54 580.97 

583.51 2.51 581 frozen 

583.51 2.54 580.97 frozen 

583.69 2.22 581.47 frozen 

583.69 2.29 581.4 <16 751 

583.69 2.36 581.33 

583.71 2.32 581.39 

583.71 2.44 581.27 9.9 

583.71 2.61 581.1 

583.71 3.01 580.7 

583.67 2.53 581.14 5.7 800 

583.67 2.47 581.2 

583.67 2.34 581.33 frozen 

583.67 2.36 581.31 frozen 

583.58 2.05 581.53 frozen 

583.58 2.22 581.36 46 912 

583.58 2.32 581.26 

583.67 2.34 581.33 

583.67 2.31 581.36 

583.62 2.47 581.15 

583.62 2.99 580.63 

583.62 2.37 581.25 19 902 

583.62 2.4 581.22 

583.62 2. 1 7  581.45 frozen 

583.62 2.2 581.42 frozen 

exceeds NR 140 arsenic Enforcement Standard of 50 ug/1 

ug/1 =micrograms per liter 

mg/1 =milligrams per liter 

A:\arsenic\monftor 

Temperature Color Turbidity Odor 

(Celcius) 

frozen frozen frozen frozen 

frozen frozen frozen frozen 

11.4 brown turbid swampy 

frozen frozen frozen frozen 

frozen frozen frozen frozen 

frozen frozen frozen frozen 

9.4 none slight swampy 

10.6 brown turbid swampy 

frozen frozen frozen frozen 

frozen frozen frozen frozen 

frozen frozen frozen frozen 

7.1 brown turbid swampy 

10.9 brown turbid swampy 

frozen frozen frozen frozen 

frozen frozen frozen frozen 



Table 2 
Kewaunee Marsh Monitoring Results 

Kewaunee River Data 

Date Staff Gauge River Arsenic (ug/1) 

Reading Elevation Unfiltered 

19-Mar-96 2.00 579.34 
.. 

-

23-APR-96 2.40 579.74 118.0 

20-MAY-96 2.90 580.24 108.0 

18-JUN-96 3.55 580.89 50.0 

12-illL-96 3.50 580.84 3.7 

20-AUG-96 3.57 580.91 -

20-SEP-96 3.58 580.92 -

23-0CT-96 3.77 581.11 3.2 

19-NOV-96 3.27 580.61 -

24-DEC-96 3.47 580.81 -

20-JAN-97 3.47 580.81 -

6-JUN-97 4.45 581.79 <2.0 

Notes: 

ug/1 = micrograms per liter 

L--____ _..1= exceeds NR 105 arsenic Human Cancer Criteria 
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APPENDIX A 

Analytical Laboratory Data 
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5/13/96 

Mike Berger 
STS Consultants Ltd. 
1 035 Kepler Drive 
Green Bay, WI 54311 

Re: STS Consultants Ltd. Project Kewaunee Marsh 
HES Batch Number 60400751 

Dear Mr. Berger: 

Enclosed are the analytical results for the water samples received by HES, Inc. on 4/24/96 
(HES sample numbers 60400751-60400761). The original chain of custody form for these 
samples is included with this report. 

If you need any additional information, please contact Peggy Popp at (608) 232-3335, or 
myself at (608)232-3332. 

Sincerely, 

J0cc!t...p� Tina Shipley 
Client Service Representative 

Wisconsin Laboratory Certification Number 113172950 

enclosure 

cc: Central File 

Phone 608-232-3300 

HES,Inc. 

Fox 608-233-0502 



REPORT OF ANALYSIS 

ML:E BERGER 
STS CONSULTANTS, LTD 
1035 KEPLER DRIVE 
GREEN BAY, WI 54311 

WATER,MP-1,4/23,TOTAL 
PROJECT NAME:KEWAUNEE MARSH/20716XA 

PURCHASE ORDER NUMBER: 20716XA 

ICP SPECTROSCOPY 

ARSENIC 

DATE DIGESTED 
DATE ANALYZED 

EDIT MNEMONIC-INORGANICS 

LOD 
MG/L 
0.016 

05/01/96 
05/08/96 

LOQ 
MG/L 
0.049 

WISCONSIN DNR CERTIFICATION NUMBER: 113172950 

SIGNED {\.,..- t...� v-A ._ 

JOHN C. WALTON 
SUPERVISOR, INORGANICS 

METHOD REFERENCES 

ICP SPECTROSCOPY 

HES, Inc. 

SAMPLE NUMBER: 60400?-1 

DATE ENTERED: 04/24/.E 

REPORT PRINTED: 05/13/lk 

RESULTS 
MG/L 
0.771 

FLAGS 

N/A 

METHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES, EPA PUBLICATION NO. 600/ 
4-79-020, METHOD 200.7, U.S. EPA, CINCINNATI, OH (ADDED DECEMBER 1982) 
TEST METHODS FOR EVALUATING SOLID WASTE, SW-&461 SECOND EDITION, METHOD 60101 
EDITION, METHOD 6010, U.S. EPA, WASHINGTON DC (REVISED APRIL 1984) 

EDIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYSIS 

5 2 5  S C I E N C E  D R I V E  • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1 P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  0 printed on recycled paper 



REPORT OF ANALYSIS 

�IKE BERGER 
STS CONSULTANTS, LTD 
�035 KEPLER DRIVE 
3REEN BAY, WI 54311 

lkATER,MP-1,4/23,FILTERED 
PROJECT NAME:KEWAUNEE MARSH/20716XA 

PURCHASE ORDER NUMBER: 20716XA 

fCP SPECTROSCOPY 

!\RSENIC 

hATE DIGESTED fATE ANALYZED 

tDIT MNEMONIC-INORGANICS 

LOD 
MG/L 
0.016 

05/01/96 
05/08/96 

LOQ 
MG/L 
0.049 

�ISCONSIN DNR CERTIFICATION NUMBER: 113172950 

SIGNED �=���������-------------
JOHN C. WALTON 
SUPERVISOR, INORGANICS 

lrETHOD REFERENCES 

ICP SPECTROSCOPY 

HES, Inc. 

SAMPLE NUMBER: 60400752 

DATE ENTERED: 04/24/96 

REPORT PRINTED: 05/13/96 

RESULTS 
MG/L 
0.763 

FLAGS 

N/A 

�ETHODS FOR CHEMICAL AN

. 

ALYSIS OF WATER AND WASTES, EPA PUBLICATION NO. 600/ �-79-020, METHOD 200.7, U.S. EPA, CINCINNATI, OH (ADDED DECEMBER 1982) 
rEST METHODS FOR EVALUATING SOLID WASTE, SW-846, SECOND EDITION, METHOD 6010, rDITION, METHOD 6010, U.S. EPA, WASHINGTON DC (REVISED APRIL 1984) 

EDIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYSIS 

5 2 5  S C I E N C E  D R I V E  • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1  P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

MIKE BERGER 
STS CONSULTANTS, LTD 
1035 KEPLER DRIVE 
GREEN BAY, WI 54311 

WATER,MP-2,4/23,TOTAL 
PROJECT NAME:KEWAUNEE MARSH/20716XA 

PURCHASE ORDER NUMBER: 20716XA 

ICP SPECTROSCOPY 

ARSENIC 

DATE DIGESTED 
DATE ANALYZED 

EDIT MNEMONIC-INORGANICS 

LOD 
MG/L 
0.016 

05/01/96 
05/08/96 

LOQ 
MG/L 
0.049 

WISCONSIN DNR CERTIFICATION NUMBER: 113172950 

SIGNED � � � '-
JOHN C. WALTON 
SUPERVISOR, INORGANICS 

METHOD REFERENCES 

ICP SPECTROSCOPY 

HES, Inc. 

SAMPLE NUMBER: 604007 I 

DATE ENTERED: 04/24/M f 
REPORT PRINTED: 05/13/� �  

RESULTS 
MG/L 
0.837 

FLAGS 

N/A 

METHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES, EPA PUBLICATION NO. 600/ 
4-79-020, METHOD 200.7, U.S. EPA, CINCINNATI, OH (ADDED DECEMBER 1982) 
TEST METHODS FOR EVALUATING SOLID WASTE, SW-846, SECOND EDITION, METHOD 6010, 
EDITION, METHOD 6010, U.S. EPA, WASHINGTON DC (REVISED APRIL 1984) 

EDIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYSIS 

5 2 5  S C I E N C E  D R I V E • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1  P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

MIKE BERGER 
STS CONSULTANTS, LTD 
1035 KEPLER DRIVE 
GREEN BAY, WI 54311 

WATER,MP-2,4/23,FILTERED 
PROJECT NAME:KEWAUNEE MARSH/20716XA 

PURCHASE ORDER NUMBER: 20716XA 

ICP SPECTROSCOPY 

ARSENIC 

DATE DIGESTED 
DATE ANALYZED 

EDIT MNEMONIC-INORGANICS 

LOD 
MG/L 
0.016 

05/01/96 
05/08/96 

LOQ 
MG/L 
0.049 

WISCONSIN DNR CERTIFICATION NUMBER: 113172950 

SIGNED tv- e.---.>o.r..t. '-
JOHN C. WALTON 
SUPERVISOR, INORGANICS 

METHOD REFERENCES 

ICP SPECTROSCOPY 

HES, Inc. 

SAMPLE NUMBER: 60400754 

DATE ENTERED: 04/24/96 

REPORT PRINTED: 05/13/96 

RESULTS 
MG/L 
0.877 

FLAGS 

N/A 

METHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES, EPA PUBLICATION NO. 600/ 
4-79-020, METHOD 200.7, U.S. EPA, CINCINNATI, OH (ADDED DECEMBER 1982) 
TEST METHODS FOR EVALUATING SOLID WASTE, SW-846, SECOND EDITION, METHOD 6010, 
EDITION, METHOD 6010, U.S. EPA, WASHINGTON DC (REVISED APRIL 1984) 

EDIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYSIS 

5 2 5  S C I E N C E  D R I V E  • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1 P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

MIKE BERGER 
STS CONSULTANTS, LTD 
1035 KEPLER DRIVE 
GREEN BAY, WI 54311 

WATER,MP-3,4/23,TOTAL 
PROJECT NAME:KEWAUNEE MARSH/20716XA 

PURCHASE ORDER NUMBER: 20716XA 

ICP SPECTROSCOPY 

ARSENIC 

DATE DIGESTED 
DATE ANALYZED 

EDIT MNEMONIC-INORGANICS 

LOD 
MG/L 
0.016 

05/01/96 
05/08/96 

LOQ 
MG/L 
0.049 

WISCONSIN DNR CERTIFICATION NUMBER: 113172950 

SIGNED � e! � � ......... 
JOHN C. WALTON 
SUPERVISOR, INORGANICS 

METHOD REFERENCES 

ICP SPECTROSCOPY 

HES, Inc. 

SAMPLE NUMBER: 604007 5 

DATE ENTERED: 04/24/,[ 
REPORT PRINTED: 05/13/ 

RESULTS 
MG/L 
0.282 

FLAGS 

N/A 

METHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES, EPA PUBLICATION NO. 600/ 
4-79-020, METHOD 200.7, U.S. EPA, CINCINNATI, OH (ADDED DECEMBER 1982) 
TEST METHODS FOR EVALUATING SOLID WASTE, SW-846, SECOND EDITION, METHOD 6010, 
EDITION, METHOD 6010, U.S. EPA, WASHINGTON DC (REVISED APRIL 1984) 

EDIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYSIS 

5 2 5  S C I E N C E  D R I V E  • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1 P h o n e  6 0 8 -2 32 - 3 3 0 0  F a x  6 0 8 -2 3 3 - 0 5 02 

a printed on recycled paper 



REPORT OF ANALYSIS 

HIKE BERGER 
�TS CONSULTANTS, LTD 
�035 KEPLER DRIVE 
GREEN BAY, WI 54311 

�ATER,MP-3,4/23,FILTERED �ROJECT NAME:KEWAUNEE MARSH/20716XA 

:PURCHASE ORDER NUMBER: 20716XA 

ICP SPECTROSCOPY 

ARSENIC 

"DATE DIGESTED 
.DATE ANALYZED 

�DIT MNEMONIC-INORGANICS 

LOD 
MG/L 
0.016 

05/01/96 
05/08/96 

LOQ 
MG/L 
0.049 

�ISCONSIN DNR CERTIFICATION NUMBER: 113172950 

SIGNED \..........._ (!... w ea..t... v..--
JOHN C. WALTON 
SUPERVISOR, INORGANICS 

METHOD REFERENCES 

ICP SPECTROSCOPY 

HES, Inc. 

SAMPLE NUMBER: 60400756 

DATE ENTERED: 04/24/96 

REPORT PRINTED: 05/13/96 

RESULTS 
MG/L 
0.333 

FLAGS 

N/A 

�ETHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES, EPA PUBLICATION NO. 600/ 
4-79-020, METHOD 200.7, U.S. EPA, CINCINNATI, OH (ADDED DECEMBER 1982) 
�EST METHODS FOR EVALUATING SOLID WASTE, SW-846, SECOND EDITION, METHOD 6010, 
EDITION, METHOD 6010, U.S. EPA, WASHINGTON DC (REVISED APRIL 1984) 

�DIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYSIS 

5 2 5  S C I E N C E  D R I V E  • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1 P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

MIKE BERGER 
STS CONSULTANTS, LTD 
1035 KEPLER DRIVE 
GREEN BAY, WI 54311 

WATER, MP-5,4/23, TOTAL 
PROJECT NAME:KEWAUNEE MARSH/20716XA 

PURCHASE ORDER NUMBER: 20716XA 

ICP SPECTROSCOPY 

ARSENIC 

DATE DIGESTED 
DATE ANALYZED 

EDIT MNEMONIC-INORGANICS 

LOD 
MG/L 
0.016 

05/01/96 
05/08/96 

LOQ 
MG/L 
0.049 

WISCONSIN DNR CERTIFICATION NUMBER: 113172950 

SIGNED � ��t-
JOHN C. WALTON 
SUPERVISOR, INORGANICS 

METHOD REFERENCES 

ICP SPECTROSCOPY 

HES, Inc. 

SAMPLE NUMBER: 60400?'J 

DATE ENTERED: 04/24/Jf 
REPORT PRINTED: 05/13� 

RESULTS 
MG/L 

<0.016 

FLAGS 

N/A 

METHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES, EPA PUBLICATION NO. 600/ 
4-79-020, METHOD 200.7, U.S. EPA, CINCINNATI, OH (ADDED DECEMBER 1982} 
TEST METHODS FOR EVALUATING SOLID WASTE, SW-846, SECOND EDITION, METHOD 6010, 
EDITION, METHOD 6010, U.S. EPA, WASHINGTON DC (REVISED APRIL 1984} 

EDIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYSIS 

5 25 S C I E N C E  D R I V E  • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1  P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

I-liKE BERGER 
�TS CONSULTANTS, LTD 
�035 KEPLER DRIVE 
GREEN BAY, WI 54311 

�ATER,MP-5,4/23,FILTERED PROJECT NAME:KEWAUNEE MARSH/20716XA 

:PURCHASE ORDER NUMBER: 20716XA 

ICP SPECTROSCOPY 

.ARSENIC 

"DATE DIGESTED 
.DATE ANALYZED 

�DIT MNEMONIC-INORGANICS 

LOD 
MG/L 
0.016 

05/01/96 
05/08/96 

LOQ 
MG/L 
0.049 

�ISCONSIN DNR CERTIFICATION NUMBER: 113172950 

SIGNED � t..c_.0o..t, t.-
�J�O�HN

��C� .-=w=AL
==

T
=
o

= N�----------
---

SUPERVISOR, INORGANICS 

�ETHOD REFERENCES 

ICP SPECTROSCOPY 

HES, Inc. 

SAMPLE NUMBER: 60400758 

DATE ENTERED: 04/24/96 

REPORT PRINTED: 05/13/96 

RESULTS 
MG/L 

<0.016 

FLAGS 

N/A 

�ETHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES, EPA PUBLICATION NO. 600/ 
4-79-020, METHOD 200.7, U.S. EPA, CINCINNATI, OH {ADDED DECEMBER 1982 ) 
�EST METHODS FOR EVALUATING SOLID WASTE, SW-846, SECOND EDITION, METHOD 6010, 
EDITION, METHOD 6010, U.S. EPA, WASHINGTON DC {REVISED APRIL 1984 ) 

�DIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYSIS 

5 2 5  S C I E N C E  D R I V E  • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1  P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

MIKE BERGER 
STS CONSULTANTS, LTD 
1035 KEPLER DRIVE 
GREEN BAY, WI 54311 

WATER,MP-6,4/23,TOTAL 
PROJECT NAME:KEWAUNEE MARSH/20716XA 

PURCHASE ORDER NUMBER: 20716XA 

ICP SPECTROSCOPY 

ARSENIC 

DATE DIGESTED 
DATE ANALYZED 

EDIT MNEMONIC-INORGANICS 

LOD 
MG/L 
0.016 

05/01/96 
05/08/96 

LOQ 
MG/L 
0.049 

WISCONSIN DNR CERTIFICATION NUMBER: 113172950 

SIGNED �=�=-������=���--------------------
JOHN C. WALTON 
SUPERVISOR, INORGANICS 

METHOD REFERENCES 

ICP SPECTROSCOPY 

HES, Inc. 

SAMPLE NUMBER: 60400?=3 

DATE ENTERED: 04/24/jf 
REPORT PRINTED: 05/13rlt 

RESULTS 
MG/L 
0.067 

FLAGS 

N/A 

METHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES, EPA PUBLICATION NO. 600/ 
4-79-020, METHOD 200.7, U.S. EPA, CINCINNATI, OH (ADDED DECEMBER 1982) 
TEST METHODS FOR EVALUATING SOLID WASTE, SW-846, SECOND EDITION, METHOD 6010, 
EDITION, METHOD 6010, U.S. EPA, WASHINGTON DC (REVISED APRIL 1984) 

EDIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYSIS 

5 2 5  S C I E N C E  D R I V E  • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1 P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

MIKE BERGER 
STS CONSULTANTS, LTD 
1035 KEPLER DRIVE 
GREEN BAY, WI 54311 

WATER,MP-6,4/23,FILTERED 
PROJECT NAME:KEWAUNEE MARSH/20716XA 

PURCHASE ORDER NUMBER: 20716XA 

ICP SPECTROSCOPY 

ARSENIC 

LOD 
MG/L 
0.016 

LOQ 
MG/L 
0.049 

HES, Inc. 

SAMPLE NUMBER: 60400760 

DATE ENTERED: 04/24/96 

REPORT PRINTED: 05/13/96 

RESULTS 
MG/L 
0.046 

FLAGS 

y 

Y=ANALYTE CONCENTRATION IS BETWEEN THE LOD AND THE LOQ. 

DATE DIGESTED 
DATE ANALYZED 

EDIT MNEMONIC-INORGANICS 

05/01/96 
05/08/96 

WISCONSIN DNR CERTIFICATION NUMBER: 113172950 

SIGNED � L �d-.t. \.-
�J�o=HN

��c�.-=w�AL�T
�
O�N

��-----------

SUPERVISOR, INORGANICS 

METHOD REFERENCES 

ICP SPECTROSCOPY 
METHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES, EPA PUBLICATION NO. 600/ 
4-79-020, METHOD 200.71 U.S. EPA, CINCINNATI, OH (ADDED DECEMBER 1982) 
TEST METHODS FOR EVALUATING SOLID WASTE, SW-846, SECOND EDITION, METHOD 6010, 
EDITION, METHOD 6010, U.S. EPA, WASHINGTON DC (REVISED APRIL 1984) 

EDIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYSIS 

52 5 S C I E N C E  D R I V E • M A D I S O N , W I S C O N S I N  5 3 7 1 1  P h o n e  6 0 8 -232 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

MIKE BERGER 
STS CONSULTANTS, LTD 
1035 KEPLER DRIVE 
GREEN BAY, WI 54311 

WATER,RIVER SAMPLE,4/23,TOTAL 
PROJECT NAME:KEWAUNEE MARSH/20716XA 

PURCHASE ORDER NUMBER: 20716XA 

ICP SPECTROSCOPY 

ARSENIC 

DATE DIGESTED 
DATE ANALYZED 

EDIT MNEMONIC-INORGANICS 

LOD 
MG/L 
0.016 

05/01/96 
05/08/96 

LOQ 
MG/L 
0.049 

WISCONSIN DNR CERTIFICATION NUMBER: 113172950 

SIGNED � � CAo-{.. ._ 
JOHN C. WALTON 
SUPERVISOR, INORGANICS 

METHOD REFERENCES 

ICP SPECTROSCOPY 

HES, Inc. 

SAMPLE NUMBER: 60400� 

DATE ENTERED: 04/24/.6 

REPORT PRINTED: 05/13/� 

RESULTS 
MG/L 
0.118 

FLAGS 

N/A 

METHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES, EPA PUBLICATION NO. 600/ 
4-79-020, METHOD 200.7, U.S. EPA, CINCINNATI, OH (ADDED DECEMBER 1982) 
TEST METHODS FOR EVALUATING SOLID WASTE, SW-846, SECOND EDITION, METHOD 6010, 
EDITION, METHOD 6010, U.S. EPA, WASHINGTON DC (REVISED APRIL 1984) 

EDIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYSIS 

5 2 5  S C I E N C E  D R I V E  • M A D I S O N ,  W I S C O N S I N  5 3 7 11 P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



Terms and Conditions 

1. Reports are submitted to clients on a confidential basis. No reference to the work, the results, or HES, Inc., 
in any form of advertising, news release, or other public announcements may be made without written 
authorization from HES. 

2. The term "Less Than" or the symbol (<) is used to signify the lower limit of quantitation of the procedure under the 
conditions employed. The use of the term "Less Than" or (<) does not imply that traces of analyte were present. 

The term "None Detected" is used to report assay results where detection limits have been established for the 
method but acceptable residue levels have not been defined by the industry or by federal law or when the method 
does not define detection limits. The term will specify the fixed amount of sample employed in the analysis and does 
not imply that traces of the analyte were present. 

3. Samples submitted to HES for routine analysis will be retained for a minimum of six1y (60) days after the report of 
analysis is issued. Extended storage requirements must be brought to the attention of HES prior to or at the time of 
sample submission. HES, at its discretion, may charge for such extended storage. Records and specimens from all 
government regulated studies will be maintained in accordance with federal regulations. 

4. Analytical Method Summaries will be supplied to the client upon request. Detailed copies of in-house laboratory 
procedures may be reviewed by the client or his agent during a site visit, but may not be copied without the 
expressed consent of HES. 

5. All work performed by HES will be conducted in accordance with the HES Quality Assurance Program. Specific 
documentation requirements of the client for work performed by HES must be made known to HES prior to the start 
of the requested work. 

6. Records of the raw data, reports, etc., will be maintained by HES in its data archives for a minimum of five (5) years 
unless otherwise specified by government regulations after the completion of the requested work. One (1 ) duplicate 
report will be made available free of charge for a period of one ( 1 )  year. HES reserves the right to charge for copies 
made after one ( 1 )  year and to charge for any and all copies of raw data requested. 

7. Raw data, chromatograms, calibration data, etc., are the sole property of HES. Copies will be made available upon 
request when the quality of the original document is such that duplication is possible. 

8. Clients and/or their agents may, with prior notice, inspect/audit the records, facilities, etc., of HES pertinent to their 
study. All data not pertinent to the specific study is confidential and will not be made available. 

9. Routine inquiry concerning work performed by HES should be made to the Client Service Center. The client is also 
encouraged to bring any concerns or questions to the attention of management, technical staff, or the facility Quality 
Assurance Unit. 
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6/3/96 

Mike Berger 
STS Consultants Ltd. 
1 035 l<epler Drive 
G reen Bay, WI 5431 1 

Re: STS Project #2071 6XA (Kewaunee Marsh) 
H ES Batch Number 60501 21 7 

Dear Mr. Berger: 

Enclosed are the analytical results for the water sample received by HES, Inc. on 5/23/96 
(H ES sample number 60501 21 7). A copy of the original chain of custody form is included 
with this report. 

HES,Inc. 

If I can be of assistance, or provide additional information, please call me at (608) 232-3335. 

Sincerely, 

�1} Popp 
Project Manager 

Wisconsin Laboratory Certification Number 1 1 31 72950 

En c. : Laboratory Analytical Report 

c: Central File 

Phone 608-232-3300 Fax 608-233-0502 



REPORT OF ANALYSIS 

MIKE BERGER 
STS CONSULTANTS, LTD 
1035 KEPLER DRIVE 
GREEN BAY, WI 54311 

WATER,RIVER (5-20-96) ,5/20/96,2P 
PROJECT NAME : ARSENIC PARK/20716XA 

PURCHASE ORDER NUMBER : 20716XA 

ICP SPECTROSCOPY 

ARSENIC 

DATE DIGESTED 
DATE ANALYZED 

EDIT MNEMONIC-INORGANICS 

LOD 
MG/L 
0.016 

05/29/96 
05/29/96 

LOQ 
MG/L 
0.049 

WISCONSIN DNR CERTIFICATION NUMBER : 113172950 

SIGNED __ (\._.___ ____ -e ____ 0......__...,...�--�-----
JOHN C. WALTON 
SUPERVISOR, INORGANICS 

METHOD REFERENCES 

ICP SPECTROSCOPY 

HES, Inc. 

SAMPLE NUMBER : 

DATE ENTERED : 

REPORT PRINTED : 

RESULTS 
MG/L 
0.108 

FLAGS 

N/A 

6050121 
05/24/96 

06/03/1 

METHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES, EPA PUBLICATI ON NO. 600/ 
4-79-020, METHOD 200.7, U . S .  EPA, CINCINNATI, OH (ADDED DECEMBER 1982) 
TEST METHODS FOR EVALUATING SOLID WASTE, SW-846, SECOND EDITION, METHOD 6010, 
EDITION, METHOD 6010, U . S . EPA, WASHINGTON DC (REVISED APRIL 1984) 

EDIT MNEMONIC-INORGANICS 
S IGNATURE BLOCK FOR INORGANIC ANALYSIS 

5 2 5  S C I E N C E  D R I V E  • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1 P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



Terms and Conditions 

1 .  Reports are submitted to clients on a confidential basis. No reference to the work, the results, or HES, Inc. , 
in any form of advertising, news release, or other public announcements may be made without written 
authorization from HES. 

2. The term "Less Than" or the symbol (<) is used to signify the lower limit of quantitation of the procedure under the 
conditions employed. The use of the term "Less Than" or (<) does not imply that traces of analyte were present. 

'The term "None Detected" is used to report assay results where detection l imits have been established for the 
method but acceptable residue levels have not been defined by the industry or by federal law or when the method 
does not define detection limits. The term will specify the fixed amount of sample employed in the analysis and does 
not imply that traces of the analyte were present. 

3. Samples submitted to HES for routine analysis will be retained for a minimum of sixty (50) days after the report of 
analysis is issued. Extended storage requirements must be brought to the attention of HES prior to or at the time of 
sample submission. HES, at its discretion, may charge for such extended storage. Records and specimens from all 
government regulated studies will be maintained in accordance with federal regulations. 

4. Analytical Method Summaries will be supplied to the client upon request. Detailed copies of in-house laboratory 
procedures may be reviewed by the client or his agent during a site visit, but may not be copied without the 
expressed consent of HES. 

5. All work performed by HES will be conducted in accordance with the HES Quality Assurance Program. Specific 
documentation requirements of the client for work performed by HES must be made known to HES prior to the start 
of the requested work. 

6. Records of the raw data, reports, etc., will be maintained by HES in its data archives for a minimum of five (5) years 
unless otherwise specified by government regulations after the completion of the requested work. One (1) duplicate 
report will be made available free of charge for a period of one ( 1 )  year. HES reserves the right to charge for copies 
made after one (1) year and to charge for any and all copies of raw data requested. 

7. Raw data, chromatograms, calibration data, etc., are the sole property of HES. Copies will be made available upon 
request when the quality of the original document is such that duplication is possible. 

8. Clients and/or their agents may, with prior notice, inspecVaudit the records, facilities, etc., of HES pertinent to their 
study. All data not pertinent to the specific study is confidential and will not be made available. 

9. Routine inquiry concerning work performed by HES should be made to the Client Service Center. The client is also 
encouraged to bring any concerns or questions to the attention of management, technical staff, or the facility Quality 
Assurance Unit. 
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7/9/96 

Mike Berger 
STS Consultants Ltd.  
1 035 Kepler Drive 
Green Bay, WI 5431 1 

Re: P roject #2071 6XA (Kewaunee Marsh) 
H ES Batch Number 6060061 1 

Dear Mr. Berger: 

Enclosed are the analytical results for the water samples received by HES, Inc. on 6/21/96 
(HES sample numbers 6060061 1 - 6060061 2). A copy of  the original chain of  custody form 
is included with this report. 

HES,Inc. 

If I can be of assistance, or provide additional information, please call me at (608) 232-3335. 

Sincerely, 

��opp 
Project Manager 

Wisconsin Laboratory Certification Number 1 1 31 72950 

Enc. : Laboratory Analytical Report 

c: Centrai File 

Phone 608-232-3300 Fax 608-233-0502 



REPORT OF ANALYSIS 

MIKE BERGER 
STS CONSULTANTS ,  LTD 
1 0 3 5  KEPLER DRIVE 
GREEN BAY , WI 5 4 3 1 1  

WATER , RIVER , 6 I 18 , 1 : 0 0 
PROJECT NAME : KEWAUNEE MARSH 

PURCHASE ORDER NUMBER : 2 07 1 6XA 

ICP SPECTROSCOPY 

ARSENIC 

DATE DIGESTED 
DATE ANALYZED 

EDIT MNEMONI C-INORGANICS 

LOD 
MG/ L  
0 . 0 1 6  

0 6 / 2 6 / 9 6  
0 6 / 2 7 / 9 6  

LOQ 
MG/L 
0 . 04 9  

WI SCONSIN DNR CERTIFICATION NUMBER : 1 1 3 17 2 9 5 0  

SIGNED 
� L � u..L '-.... 

JOHN C .  WALTON 
SUPERVISOR , INORGANICS 

METHOD REFERENCES 

ICP SPECTROSCOPY 

HES, Inc. 

SAMPLE NUMBER : 6 0 6 0 0 6  __ 

DATE ENTERED : 0 6 l 2 2 l � fl 
REPORT PRINTED : 0 7 I 0 9 I 1· 1 

RESULTS 
MG/ L  
< 0 . 0 1 6  

FLAGS 

NIA 

METHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES , EPA PUBLICATION NO . 6 0 0 /  
4 -7 9 - 0 2 0 ,  METHOD 2 0 0 . 7 ,  U . S .  EPA , CINCINNATI , OH {ADDED DECEMBER 1 9 8 2 ) 
TEST METHODS FOR EVALUATING SOLID WASTE , SW-8 4 6 ,  SECOND EDITION , METHOD 6 0 1 0 , 
EDITION , METHOD 6 0 1 0 , U . S .  EPA , WASHINGTON DC {REVISED APRIL 1 9 8 4 ) 

EDIT MNEMONI C-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYSIS 

5 2 5  S C I E N C E  D R I V E  • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1 P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



LIKE BERGER ISTs coNSULTANTs , LTD 
1 0 3 5 KEPLER DRIVE 
3REEN BAY , WI 5 4 3 11 

ILATER , R  BANK , 6 / 18 , 1 : 0 0 �ROJECT NAME : KEWAUNEE MARSH 

REPORT OF ANALYSIS 

tURCHASE ORDER NUMBER : 2 0 7 16XA 

I CP SPECTROSCOPY 

(SENIC 

TE DIGESTED fATE ANALYZED 

EDIT MNEMONIC-INORGANICS 

LOD 
MG/ L  
0 . 0 1 6  

0 6 / 2 6 / 9 6  
0 6 / 2 7 / 9 6  

LOQ 
MG/ L  
0 . 04 9  

lri SCONSIN DNR CERTIFICATION NUMBER : 

SIGNED � €. � tJ._  L-
1 1 3 17 2 9 5 0  

JOHN C .  WALTON 
SUPERVISOR ,  INORGANICS 

ICETHOD REFERENCES 

CP SPECTROSCOPY 

HES, Inc. 

SAMPLE NUMBER : 6 0 6 0 0 612 

DATE ENTERED : 0 6 / 2 2 / 9 6  

REPORT PRINTED : 0 7 / 0 9 / 9 6  

RESULTS 
MG/L 

0 . 0 5 0  

FLAGS 

N/A 

�ETHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES , EPA PUBLICATION NO . 6 0 0 /  
- 7 9 - 0 2 0 ,  METHOD 2 0 0 . 7 ,  U . S .  EPA , CINCINNATI , OH {ADDED DECEMBER 1 9 8 2 ) 
EST METHODS FOR EVALUATING SOLID WASTE , SW-8 4 6 ,  SECOND EDITION , METHOD 6 0 1 0 , 

EDITION ,  METHOD 6 0 1 0 , U . S .  EPA , WASHINGTON DC ( REVISED APRIL 1 9 8 4 ) 

EDIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYSIS 

5 2 5  S C I E N C E  D R I V E  • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1 P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



Terms and Conditions 

1 .  Reports are submitted to clients on a confidential basis. No reference to the work, the results, or HES, Inc., 
in any form of advertising, news release, or other public announcements may be made without written 
authorization from HES. 

2. The term "Less Than" or the symbol (<) is used to s ignify the lower limit of quantitation of the procedure under the 
conditions employed. The use of the term "Less Than" or (<) does not imply that traces of analyte were present. 

The term "None Detected" is used to report assay results where detection limits have been established for the 
method but acceptable residue levels have not been defined by the industry or by federal law or when the method 
does not define detection limits. The term will specify the fixed amount of sample employed in the analysis and does 
not imply that traces of the analyte were present. 

3. Samples submitted to HES for routine analysis will be retained for a minimum of sixty (60) days after the report of 
analysis is issued. Extended storage requirements must be brought to the attention of HES prior to or at the time of 
sample submission. HES, at its discretion, may charge for such extended storage. Records and specimens from all 
government regulated studies will be maintained in accordance with federal regulations. 

4. Analytical Method Summaries will be supplied to the client upon request. Detailed copies of in-house laboratory 
procedures may be reviewed by the client or his agent during a site visit, but may not be copied without the 
expressed consent of HES. 

5. All work performed by HES will be conducted in accordance with the HES Quality Assurance Program. Specific 
documentation requirements of the client for work performed by HES must be made known to HES prior to the start 
of the requested work. 

6. Records .of the raw data, reports, etc., will be maintained by HES in its data archives for a minimum of five (5) years 
unless otherwise specified by government regulations after the completion of the requested work. One (1) duplicate 
report will be made available tree of charge for a period of one (1 ) year. HES reserves the right to charge for copies 
made after one (1) year and to charge for any and all copies of raw data requested. 

7. Raw data, chromatograms, calibration data, etc., are the sole property of HES. Copies will be made available upon 
request when the quality of the original document is such that duplication is possible. 

B. Clients and/or their agents may, with prior notice, inspect/audit the records, facilities, etc., of HES pertinent to their 
study. All data not pertinent to the specific study is confidential and will not be made available. 

9. Routine inquiry concerning work performed by HES should be made to the Client Service Center. The client is also 
encouraged to bring any concerns or questions to the attention of management, technical staff, or the facility Qual ity 
Assurance Unit. 
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8/1 2/96 

Mike Berger 
STS Consultants Ltd. 
1 035 Kepler Drive 
Green Bay, WI 5431 1 

Re: Project #2071 6XA (Kewaunee Marsh) 
l-IES Batch Number 60700352 

Dear M r. Berger: 

Enclosed are the analytical results for the water samples received by HES, Inc. on 7/1 €.'96 
(HES sample numbers 60700352 - 60700365). A copy of the original chain of custody form 
is included with this report. 

If I can be of assistance, or provide additional information, please call me at (608) 232-3335. 

Sincerely, 

��tpp 
Project Manager 

Wisconsin Laboratory Certification Number 1 1 31 72950 

Enc. : Laboratory Analytical Report 

c: Central File 

Phone 608-232-3300 

HES,Inc. 

Fax 608·233-0502 
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REPORT OF ANALYS I S  

MIKE BERGER 
�TS CONSULTANTS , LTD 
1 0 3 5  KEPLER DRIVE lfREEN BAY , WI 5 4 3 1 1  

ILATER , MP-1 FILTERED , 7-12 -19 9 6  �ROJECT N0 . 2 0 7 16XA 

PURCHASE ORDER NUMBER : 2 07 1 6XA 

ARSENIC 

bATE DIGESTED fATE ANALYZED 

EDIT MNEMONIC-INORGANICS 

LOD 
UG/ L  
1 . 0  

0 7 / 2 6 / 9 6  
0 7 / 3 1 / 9 6  

LOQ 
UG/L 
3 . 5  

lriSCONSIN DNR CERTIFICATION NUMBER : 113 17 2 9 5 0  

SIGNED (\_.___ e._ -.) � 0-
JOHN C .  WALTON 
SUPERVISOR , INORGANICS 

lfETHOD REFERENCES 

ARSENIC 

HES, Inc. 

SAMPLE NUMBER : 6 0 7 0 0 3 52 

DATE ENTERED : 0 7 / 17 / 9 6  

REPORT PRINTED : 0 8 / 12 / 9 6  

RESULTS 
UG/ L  
7 3 3 . 

FLAGS 

N/A 

[ETHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES , EPA PUBLICATION NO . 6 0 0 /  
- 7 9 -02 0 ,  METALS 1 - 1 9  AND METHOD 2 0 6 . 2 ,  U . S .  EPA , CINCINNATI , OH 
EST METHODS FOR EVALUATING SOLID WASTE , EPA PUBLICATION NO . SW-8 4 6 ,  SECOND 

EDITION , METHODS 3 0 2 0  AND 7 0 6 0 , U . S .  EPA , WASHINGTON , DC {REVISED APRIL 19 8 4 ) 

EDIT MNEMONIC-INORGANICS 
S IGNATURE BLOCK FOR INORGANIC ANALYS I S  

I 5 2 5  S C I E N C E  D R I V E . M A D I S O N ,  W I S C O N S I N  5 3 7 1 1 P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

MIKE BERGER 
STS CONSULTANTS ,  LTD 
1 0 3 5  KEPLER DRIVE 
GREEN BAY , WI 5 4 3 1 1  

WATER, MP- 1  UNFILTERED , 7 -12-1 9 9 6  
PROJECT N0 . 2 0 7 16XA 

PURCHASE ORDER NUMBER : 2 07 16XA 

ARSENIC 

DATE DIGESTED 
DATE ANALYZED 

EDIT MNEMONI C-INORGANICS 

LOD 
UG/ L  
1 . 0 

07 / 2 6 / 9 6  
0 7 / 3 1 / 9 6  

LOQ 
UG/L 
3 . 5  

WISCONSIN DNR CERTIFICATION NUMBER : 1 1 3 17 2 9 5 0  

SIGNED =-=�=-=--=��- ��=-��--- _L-________ __ 

JOHN C .  WALTON 
SUPERVISOR, INORGANICS 

METHOD REFERENCES 

ARSENIC 

HES, Inc. 

SAMPLE NUMBER : 607003E  

DATE ENTERED : 0 7 / 17 / 9 6  

REPORT PRINTED : 0 8 / 12 / �  

RESULTS 
UG/ L  
9 8 3 . 

FLAGS 

N/A 

METHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES ,  EPA PUBLICATION NO . 6 0 0 /  
4 - 7 9 -0 2 0 , METALS 1 - 1 9  AND METHOD 2 0 6 . 2 ,  U . S .  EPA , CINCINNATI , OH 
TEST METHODS FOR EVALUATING SOLID WASTE ,  EPA PUBLICATION NO . SW-8 4 6 ,  SECOND 
EDITION , METHODS 3 02 0  AND 7 0 6 0 , U . S .  EPA , WASHINGTON , DC (REVISED APRIL 19 8 4 )  

EDIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYS I S  

5 2 5  S C I E N C E  D R I V E  • M A D I S O N , W I S C O N S I N  5 3 7 1 1  P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

MIKE BERGER 
�TS CONSULTANTS ,  LTD 
� 0 3 5  KEPLER DRIVE 
GREEN BAY , WI 5 4 3 1 1  

�ATER, MP-2 FILTERED , 7-12-19 9 6  PROJECT N0 . 2 0 7 1 6XA 

�URCHASE ORDER NUMBER : 2 0 7 1 6XA 

ARSENIC 

�ATE DIGESTED fATE ANALYZED 

�DIT MNEMONIC-INORGANICS 

LOD 
UG/ L  
1 . 0 

0 7 / 2 6 / 9 6  
07 / 3 1 / 9 6  

LOQ 
UG/L 
3 . 5  

�ISCONSIN DNR CERTIFICATION NUMBER : 113 172 9 5 0  

SIGNED ����--�������---�----------
JOHN C .  WALTON 
SUPERVISOR , INORGANICS 

�ETHOD REFERENCES 

ksENIC 

HES, Inc. 

SAMPLE NUMBER : 6 0 7 0 0 3 54 

DATE ENTERED : 07 / 17 / 9 6  

REPORT PRINTED : 0 8 / 12 / 9 6  

RESULTS 
UG/L 
4 3 6 . 

FLAGS 

N/A 

�ETHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES , EPA PUBLICATION NO . 6 0 0 /  
t - 7 9 - 0 2 0 ,  METALS 1 - 1 9  AND METHOD 2 0 6 . 2 ,  U . S .  EPA , CINCINNATI , OH 
TEST METHODS FOR EVALUATING SOLID WASTE , EPA PUBLICATION NO . SW-84 6 ,  SECOND 
EDITION , METHODS 3 0 2 0  AND 7 0 6 0 , U . S .  EPA , WASHINGTON , DC (REVISED APRIL 19 8 4 ) 

EDIT MNEMONIC-INORGANICS 
S IGNATURE BLOCK FOR INORGANIC ANALYS I S  

5 2 5  S C I E N C E  D R I V E  • M A D I S O N .  W I S C O N S I N  5 3 7 1 1 P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

MIKE BERGER 
STS CONSULTANTS ,  LTD 
1 0 3 5  KEPLER DRIVE . 
GREEN BAY , WI 5 4 3 11 

WATER, MP-2 UNFILTERED , ? -12 -19 9 6  
PROJECT N0 . 2 07 16XA 

PURCHASE ORDER NUMBER : 2 07 1 6XA 

ARSENI C  

DATE DIGESTED 
DATE ANALYZED 

EDIT MNEMONIC-INORGANICS 

LOD 
UG/ L  
1 . 0 

0 7 / 2 6 / 9 6  
0 7 / 3 1 / 9 6  

LOQ 
UG/L 
3 . 5  

WISCONSIN DNR CERTIFICATION NUMBER : 1 1 3 17 2 9 5 0  

SIGNED ������������---�---------
JOHN C .  WALTON 
SUPERVISOR , INORGANICS 

METHOD REFERENCES 

ARSENIC 

HES, Inc. 

SAMPLE NUMBER : 6 0 7 0 0 3 - ; 

DATE ENTERED : 07 / 17 / 9 6  

REPORT PRINTED : 0 8 / 1 2 / - • 

RESULTS 
UG/ L  
6 4 3 . 

FLAGS 

N/A 

METHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES , EPA PUBLICATION NO . 6 0 0 /  
4 - 7 9 - 0 2 0 ,  METALS 1 - 1 9  AND METHOD 2 0 6 . 2 ,  U . S .  EPA , CINCINNATI , OH 
TEST METHODS FOR EVALUATING SOLID WASTE , EPA PUBLICATION NO . SW-8 4 6 ,  SECOND 
EDITION , METHODS 3 02 0  AND 7 0 6 0 , U . S .  EPA , WASHINGTON , DC (REVISED APRIL 19 8 4 )  

EDIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYS I S  

5 2 5  S C I E N C E  D R I V E  • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1 P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

tiiKE BERGER tTS CONSULTANTS ,  LTD 
1 0 3 5  KEPLER DRIVE 
�REEN BAY , WI 5 4 3 1 1  

�ATER, MP-3 FILTERED , 7 -12-19 9 6  
�ROJECT N0 . 2 07 16XA 

;?URCHASE ORDER NUMBER : 2 07 1 6XA 

ARSENIC 

�ATE DIGESTED fATE ANALYZED 

�DIT MNEMONIC-INORGANICS 

LOD 
UG/L 
1 . 0 

07 / 2 6/ 9 6  
07 / 3 1/ 9 6  

LOQ 
UG/L 
3 . 5  

�ISCONSIN DNR CERTIFICATION NUMBER : 113 17 2 9 5 0  

�IGNED � � �CL)_ 'L-
JOHN C .  WALTON 
SUPERVISOR , INORGANICS 

rETHOD REFERENCES 

ARSENIC 

RES, Inc. 

SAMPLE NUMBER : 6 0 7 0 0 3 5 6  

DATE ENTERED : 07 / 17/ 9 6  

REPORT PRINTED : 08/ 12 /9 6  

RESULTS 
UG/L 
1 3 6 .  

FLAGS 

N/A 

tETHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES , EPA PUBLICATION NO . 6 0 0/ 
- 7 9 - 0 2 0 ,  METALS 1 - 1 9  AND METHOD 2 0 6 . 2 ,  U . S .  EPA , CINCINNATI , OH 
EST METHODS FOR EVALUATING SOLID WASTE , EPA PUBLICATION NO . SW-8 4 6 ,  SECOND 

EDITION , METHODS 3 02 0  AND 7 0 6 0 , U . S .  EPA , WASHINGTON , DC (REVISED APRIL 1984 ) 
EDIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYSIS 

5 2 5  S C I E N C E  D R I V E  • M A D I S O N . W I S C O N S I N  5 3 7 1 1 P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

MIKE BERGER 
STS CONSULTANTS ,  LTD 
1 0 3 5  KEPLER DRIVE 
GREEN BAY , WI 5 4 3 1 1  

WATER , MP-3 UNFILTERED , ?-12-19 9 6  
PROJECT N0 . 2 07 1 6XA 

PURCHASE ORDER NUMBER : 2 07 1 6 XA 

ARSENIC 

DATE DIGESTED 
DATE ANALYZED 

EDIT MNEMONIC-INORGANICS 

LOD 
UG/ L  
1 . 0 

0 7 / 2 6 / 9 6  
0 7 / 3 1 / 9 6  

LOQ 
UG/L 
3 . 5  

WISCONSIN DNR CERTIFICATION NUMBER : 113 17 2 9 5 0  

SIGNED � � v..-9 � L...-
JOHN C .  WALTON 
SUPERVISOR , INORGANICS 

METHOD REFERENCES 

ARSENIC 

HES, Inc. 

SAMPLE NUMBER : 6 0 7 0 0 3 =  

DATE ENTERED : 0 7 / 17 /1 1 
REPORT PRINTED : 08 / 12 / 5 � 

RESULTS 
UG/ L  
1 6 7 . 

FLAGS 

N/A 

METHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES ,  EPA PUBLICATION NO . 6 0 0 /  
4 -7 9 - 0 2 0 ,  METALS 1 - 1 9  AND METHOD 2 0 6 . 2 ,  U . S .  EPA , CINCINNATI , OH 
TEST METHODS FOR EVALUATING SOLID WASTE , EPA PUBLICATION NO . SW-8 4 6 ,  SECOND 
EDITION , METHODS 3 0 2 0  AND 7 0 6 0 ,  U . S .  EPA , WASHINGTON , DC ( REVISED APRIL 1 9 8 4 )  

EDIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYSIS 

5 2 5  S C I E N C E  D R I V E  • M A D I S O N .  W I S C O N S I N  5 3 7 1 1 P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

fiiKE BERGER 
�TS CONSULTANTS ,  LTD + 0 3 5  KEPLER DRIVE �REEN BAY , WI 5 4 3 11 

�ATER, MP-4 FILTERED , 7 -12 -19 9 6  
PROJECT N0 . 2 07 16XA 

?URCHASE ORDER NUMBER : 2 0 7 16XA 

ARSENIC 

hATE DIGESTED 

PATE ANALYZED 

tOIT MNEMONIC-INORGANICS 

LOD 
UG/ L  
1 . 0  

0 7 / 2 6 / 9 6  
0 7 / 3 1 / 9 6  

LOQ 
UG/L 
3 . 5  

lriSCONSIN DNR CERTIFICATION NUMBER : 113 17 2 9 5 0  

SIGNED (\..A.._ Q_ "--"-' et..1... L.. 
JOHN C .  WALTON 
SUPERVISOR , INORGANICS 

IFETHOD REFERENCES 

ARSENIC 

HES, Inc. 

SAMPLE NUMBER : 6 0 7 0 0 3 5 8  

DATE ENTERED : 0 7 / 17 / 9 6  

REPORT PRINTED : 0 8 / 12 / 9 6  

RESULTS 
UG/L 
3 5 8 . 

FLAGS 

N/A 

!ETHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES , EPA PUBLICATION NO . 6 0 0 /  
-7 9 - 02 0 ,  METALS 1 - 1 9  AND METHOD 2 0 6 . 2 ,  U . S .  EPA , CINCINNATI , OH 
EST METHODS FOR EVALUATING SOLID WASTE , EPA PUBLICATION NO . SW-8 4 6 ,  SECOND 

EDITION , METHODS 3 02 0  AND 7 0 6 0 , U . S .  EPA , WASHINGTON , DC ( REVI SED APRIL 1 9 8 4 ) 

3DIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYSIS 

5 2 5  S C I E N C E  D R I V E • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1 P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

MIKE BERGER 
STS CONSULTANTS ,  LTD 
1 0 3 5  KEPLER DRIVE 
GREEN BAY , WI 5 4 3 11 

WATER , MP-4 UNFILTERED , 7 - 12-19 9 6  
PROJECT N0 . 2 07 1 6XA 

PURCHASE ORDER NUMBER : 2 07 1 6XA 

ARSENIC 

DATE DIGESTED 
DATE ANALYZED 

EDIT MNEMONIC-INORGANICS 

LOD 
UG/ L  
1 . 0  

07 / 2 6 / 9 6  
0 7 / 3 1 / 9 6  

LOQ 
UG/L 
3 . 5  

WISCONSIN DNR CERTIFICATION NUMBER : 1 1 3 17 2 9 5 0  

SIGNED 
JOHN C .  WALTON 
SUPERVISOR , INORGANICS 

METHOD REFERENCES 

ARSENIC 

HES, Inc. 

SAMPLE NUMBER : 6 0 7 0 0 3 =  

DATE ENTERED : 0 7 / 17 / ! " 
REPORT PRINTED : 0 8 / 12 /  u 

RESULTS 
UG/L 
4 5 4 . 

FLAGS 

N/A 

METHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES , EPA PUBLICATION NO . 6 0 0 /  
4 -7 9 -0 2 0 ,  METALS 1 - 1 9  AND METHOD 2 0 6 . 2 ,  U . S .  EPA , CINCINNATI , OH 
TEST METHODS FOR EVALUATING SOLID WASTE , EPA PUBLICATION NO . SW-8 4 6 ,  SECOND 
EDITION , METHODS 3 0 2 0  AND 7 0 6 0 , U . S .  EPA , WASHINGTON , DC (REVISED APRIL 19 8 4 )  

EDIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYSI S  

5 2 5  S C I E N C E  D R I V E  • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1  P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

LrKE BERGER -sTs CONSULTANTS , LTD 
1 0 3 5  KEPLER DRIVE 
3REEN BAY , WI 5 4 3 11 

ILATER, MP-5 FILTERED , 7-12-19 9 6  �ROJECT N0 . 2 0 7 1 6XA 

?URCHASE ORDER NUMBER : 2 0 7 16 XA 

ARSENIC 

bATE DIGESTED 
DATE ANALYZED 

EDIT MNEMONIC-INORGANICS 

LOD 
UG/L 
1 . 0 

0 7 / 2 6 / 9 6  
07 / 3 1/ 9 6  

LOQ 
UG/L 
3 . 5  

lri SCONSIN DNR CERTIFICATION NUMBER : 113 17 2 9 5 0  

SIGNED � Q__ � �  � 
JOHN C .  WALTON 
SUPERVISOR , INORGANICS 

�HOD REFERENCES 

SENIC 

HES, Inc. 

SAMPLE NUMBER : 6 0 7 0 0 3 6 0  

DATE ENTERED : 07 / 17 / 96 

REPORT PRINTED : 08 / 12 /9 6  

RESULTS 
UG/L 

9 . 9  

FLAGS 

N/A 

�ETHODS FOR CHEMICAL ANALYS I S  OF WATER AND WASTES , EPA PUBLICATION NO . 6 0 0/ 
- 7 9 -02 0 ,  METALS 1-19 AND METHOD 2 0 6 . 2 ,  U . S .  EPA , CINCINNATI , OH 
EST METHODS FOR EVALUATING SOLID WASTE , EPA PUBLICATION NO . SW-8 4 6 ,  SECOND 

EDITION , METHODS 3 02 0  AND 7 0 6 0 ,  U . S .  EPA , WASHINGTON , DC (REVISED APRIL 1 9 8 4 ) 
tDIT MNEMONIC-INORGANICS S IGNATURE BLOCK FOR INORGANIC ANALYSIS 

5 2 5 S C I E r\ C E D R I V E • M A D  I S 0 N . W I  S C 0 N S I N 5 3  7 1 1 P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

MIKE BERGER 
STS CONSULTANTS ,  LTD 
1 0 3 5  KEPLER DRIVE 
GREEN BAY , WI 5 4 3 11 

WATER, MP-5 UNFILTERED , 7-12-19 9 6  
PROJECT N0 . 2 0 7 1 6XA 

PURCHASE ORDER NUMBER : 2 07 1 6 XA 

ARSENIC 

DATE DIGESTED 
DATE ANALYZED 

EDIT MNEMONIC-INORGANICS 

LOD 
UG/L 
1 . 0  

0 7 / 2 6 / 9 6  
0 7 / 3 1/ 9 6  

LOQ 
UG/L 
3 . 5  

WISCONSIN DNR CERTIFICATION NUMBER : 113 17 2 9 5 0  

SIGNED � <:___ �CL..-'--"'-
JOHN C .  WALTON 
SUPERVISOR , INORGANICS 

METHOD REFERENCES 

ARSENIC 

HES, Inc. 

SAMPLE NUMBER : 6 0 7 003� 
DATE ENTERED : 0 7 / 17 / 9 6  

REPORT PRINTED : 0 8 / 12 / �  

RESULTS 
UG/ L  

1 2 . 2  

FLAGS 

N/A 

METHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES , EPA PUBLICATION NO . 6 0 0 /  
4 -7 9 -02 0 ,  METALS 1 - 1 9  AND METHOD 2 0 6 . 2 ,  U . S .  EPA , CINCINNATI , OH 
TEST METHODS FOR EVALUATING SOLID WASTE , EPA PUBLICATION NO . SW-8 4 6 ,  SECOND 
EDITION , METHODS 3 02 0  AND 7 0 6 0 ,  U . S .  EPA , WASHINGTON , DC ( REVISED APRIL 1 9 8 4 ) 

EDIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYSIS 

5 2 5  S C I E N C E  D R I V E • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1 P h o n e  6 0 8 - 2 3 2 - 3 3 0 0 F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

1-iiKE BERGER 
�TS CONSULTANTS , LTD 
� 0 3 5  KEPLER DRIVE 
�REEN BAY , WI 5 4 3 1 1 

�ATER , MP-6 FILTERED , 7-12-19 9 6  �ROJECT N0 . 2 0 7 1 6XA 

:PURCHASE ORDER NUMBER : 2 07 1 6XA 

ARSENIC 

"DATE DIGESTED 
-DATE ANALYZED 

EDIT MNEMONIC-INORGANICS 

LOD 
UG/L 
1 . 0  

0 7 / 2 6 / 9 6  
0 7 / 3 1 / 9 6  

LOQ 
UG/L 
3 . 5  

�ISCONSIN DNR CERTIFICATION NUMBER : 1 1 3 17 2 9 5 0  

SIGNED � � � u_,{ '-
�J�O�H�N�C�.-=w�A�L�T�O�N�-------------

SUPERVISOR , INORGANICS 

�ETHOD REFERENCES 

ARSENIC 

HES, Inc. 

SAMPLE NUMBER : 6 0 7 0 0 3 62 

DATE ENTERED : 07 / 17 / 9 6  

REPORT PRINTED : 0 8 / 12 / 9 6  

RESULTS 
UG/L 
4 15 . 

FLAGS 

N/A 

�ETHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES , EPA PUBLICATION NO . 6 0 0 /  
4 -7 9 -02 0 ,  METALS 1 - 1 9  AND METHOD 2 06 . 2 ,  U . S .  EPA , CINCINNATI , OH 

�EST METHODS FOR EVALUATING SOLID WASTE , EPA PUBLICATION NO . SW-8 4 6 ,  SECOND 
EDITION , METHODS 3 02 0  AND 7 0 6 0 , U . S .  EPA , WASHINGTON , DC ( REVI SED APRIL 1 9 8 4 ) 

EDIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYSIS 

5 2 5  S C I E N C E  D R I V E  • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1  P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

MIKE BERGER 
STS CONSULTANTS , LTD 
1 0 3 5  KEPLER DRIVE 
GREEN BAY , WI 5 4 3 11 

WATER , MP-6 UNFILTERED , 7 - 1 2 - 19 9 6  
PROJECT N0 . 2 0 7 1 6XA 

PURCHASE ORDER NUMBER : 2 07 1 6XA 

ARSENIC 

DATE DIGESTED 
DATE ANALYZED 

EDIT MNEMONIC-INORGANICS 

LOD 
UG/L 
1 . 0  

0 7 / 2 6 / 9 6  
07 / 3 1 / 9 6  

LOQ 
UG/L 
3 . 5  

WISCONSIN DNR CERTIFICATION NUMBER : 1 1 3 1 7 2 9 5 0  

SIGNED � L t.-0 � L.. 
�J�o=HN=-�c

-
.-=w�A�L�T�O�N�-------------

SUPERVISOR, INORGANICS 

METHOD REFERENCES 

ARSENIC 

HES, Inc. 

SAMPLE NUMBER : 6 0 7 0 0 3 E  

DATE ENTERED : 0 7 / 17 /ln 
REPORT PRINTED : 0 8 / 12 /  u 

RESULTS 
UG/L 
3 9 3 . 

FLAGS 

N / A  

METHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES ,  EPA PUBLICATION NO . 6 0 0 /  
4 -7 9 -02 0 ,  METALS 1-19 AND METHOD 2 0 6 . 2 ,  U . S .  EPA , CINCINNATI , OH 
TEST METHODS FOR EVALUATING SOLID WASTE , EPA PUBLICATION NO . SW-8 4 6 ,  SECOND 
EDITION , METHODS 3 02 0  AND 7 0 6 0 , U . S .  EPA , WASHINGTON , DC ( REVISED APRIL 19 8 4 )  

EDIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYSIS 

5 2 5  S C I E N C E  D R I V E  • M A D I S O N .  W I S C O N S I N  5 3 7 1 1 P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

LIKE BERGER . �TS CONSULTANTS ,  LTD t 0 3 5  KEPLER DRIVE fREEN BAY , WI 5 4 3 1 1  

lbATER, R. R. BRIDGE , 7-12-1 9 9 6  �ROJECT N0 . 2 0 7 1 6XA 

=>URCHASE ORDER NUMBER : 2 07 1 6XA 

ISENIC 

bATE DIGESTED 

PATE ANALYZED 

lDIT MNEMONI C-INORGANICS 

LOD 
UG/L 
1 . 0  

07 / 2 6/ 9 6  
07 / 3 1/ 9 6  

LOQ 
UG/L 
3 . 5  

�ISCONSIN DNR CERTIFICATION NUMBER : 1 1 3 17 2 9 5 0  

SIGNED =�{\--=-=--=----=-=-=�=-=-=�==-cJ_--....._----
JOHN C .  WALTON 
SUPERVISOR ,  INORGANICS 

�ETHOD REFERENCES IRsENic 

HES, Inc. 

SAMPLE NUMBER : 6 0 7 0 0 3 6 4  

DATE ENTERED : 0 7 / 17/ 9 6  

REPORT PRINTED : 0 8/ 12 / 9 6  

RESULTS 
UG/L 

6 . 4  

FLAGS 

N/A 

lETHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES , EPA PUBLICATION NO . 6 0 0/ 
- 7 9 -02 0 ,  METALS 1-19 AND METHOD 2 0 6 . 2 ,  U . S .  EPA , CINCINNATI , OH 
EST METHODS FOR EVALUATING SOLID WASTE , EPA PUBLICATION NO . SW-8 4 6 ,  SECOND 

IDITION,  METHODS 3 0 2 0  AND 7 0 6 0 , u . s .  EPA , WASHINGTON , DC (REVI SED APRIL 1984 ) 
�DIT MNEMONI C-INORGANICS 
SIGNATURE BLOCK FOR INORGANI C  ANALYSIS 

5 2 5  S C I E N C E  D R I V E  • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1 P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  0 printed on recycled paper 



REPORT OF ANALYSIS 

MIKE BERGER 
STS CONSULTANTS ,  LTD 
1 0 3 5  KEPLER DRIVE 
GREEN BAY , WI 5 4 3 1 1  

WATER , RIVER EMBANKMENT , 7 / 12 / 1 9 9 6  
PROJECT N0 . 2 07 1 6XA 

PURCHASE ORDER NUMBER : 2 07 1 6XA 

ARSENIC 

DATE DIGESTED 
DATE ANALYZED 

EDIT MNEMONIC-INORGANICS 

LOD 
UG/ L  
1 . 0 

0 7 / 2 6 / 9 6  
0 7 / 3 1 / 9 6  

LOQ 
UG/ L  
3 . 5 

WISCONSIN DNR CERTIFICATION NUMBER : 1 1 3 17 2 9 5 0  

SIGNED 
JOHN C .  WALTON 
SUPERVISOR, INORGANICS 

METHOD REFERENCES 

ARSENIC 

HES, Inc. 

SAMPLE NUMBER : 6 0 7 003 E 

DATE ENTERED : 07 / 17 / 91 
REPORT PRINTED : 0 8 / 12 / $� 

RESULTS 
UG/ L  

3 . 7  

FLAGS 

N/A 

METHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES ,  EPA PUBLICATION NO . 6 0 0 /  
4 - 7 9 -02 0 ,  METALS 1 - 1 9  AND METHOD 2 0 6 . 2 ,  U . S .  EPA , CINCINNATI , OH 
TEST METHODS FOR EVALUATING SOLID WASTE , EPA PUBLICATION NO . SW-8 4 6 ,  SECOND 
EDITION , METHODS 3 0 2 0  AND 7 0 6 0 , U . S .  EPA , WASHINGTON , DC (REVISED APRIL 1 9 8 4 ) 
EDIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYSIS 

5 2 5  S C I E N C E  D R I V E  • M A D I S O N , W I S C O N S I N  5 3 7 1 1 P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



Terms and Conditions 

1 .  Reports are submitted to clients o n  a confidential basis. N o  reference to the work, the results, or HES, Inc., 
in any form of advertising, news release, or other public announcements may be made without written 
authorization from HES. 

2. The term "Less Than" or the symbol (<) is used to signify the lower limit of quantitation of the procedure under the 
conditions employed. The use of the term "Less Than" or (<) does not imply that traces of analyte were present. 

The term "None Detected" is used to report assay results where detection limits have been established for the 
method but acceptable residue levels have not been defined by the industry or by federal law or when the method 
does not define detection limits. The term will specify the fixed amount of sample employed in the analysis and does 
not imply that traces of the analyte were present. 

3. Samples submitted to HES for routine analysis will be retained for a minimum of sixty (60) days after the report of 
analysis is issued. Extended storage requirements must be brought to the attention of HES prior to or at the time of 
sample submission. HES, at its discretion, may charge for such extended storage. Records and specimens from all 
government regulated studies will be maintained in accordance with federal regulations. 

4. Analytical Method Summaries will be supplied to the client upon request. Detailed copies of in-house laboratory 
procedures may be reviewed by the client or his agent during a site visit, but may not be copied without the 
expressed consent of HES. 

5. All work performed by HES will be conducted in accordance with the HES Quality Assurance Program. Specific 
documentation requirements of the client for work performed by HES must be made known to HES prior to the start 
of the requested work. 

6. Records of the raw data, reports, etc., will be maintained by HES in its data archives for a minimum of five (5) years 
unless otherwise specified by government regulations after the completion of the requested work. One (1 ) duplicate 
report will be made available free of charge for a period of one (1) year. HES reserves the right to charge for copies 
made after one ( 1 )  year and to charge for any and all copies of raw data requested. 

7. Raw data, chromatograms, calibration data, etc., are the sole property of HES. Copies will be made available upon 
request when the quality of the original document is such that duplication is possible. 

8. Clients and/or their agents may, with prior notice, inspect/audit the records, facilities, etc.,  of HES pertinent to their 
study. All data not pertinent to the specific study is confidential and will not be made available. 

9. Routine inquiry concerning work performed by HES should be made to the Client Service Center. The client is also 
encouraged to bring any concerns or questions to the attention of management, technical staff, or the facility Quality 
Assurance Unit. 
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525 SCIENCE DRIVE MADISON. WISCONSIN 5371 1 

1 1 /26/96 

Mike Berger 
STS Consultants Ltd. 
1 035 Kepler Drive 
Green Bay, WI 5431 1 

Re: Project #2071 6XA (Kewaunee Marsh) 
H ES Batch Number 61 001 1 96 

Dear M r. Berger: 

Enclosed are the analytical results for the water samples received by HES, Inc. on 1 0/24/96 
(H ES sample numbers 61 001 1 96 - 61 001 208). A copy of the original chain of custody form 
is included with this report. 

i :  I can be of assistance, or provide additional information, please call me at (608) 232--3335. 

Sincerely, 

�1;�pp 
Project Manager 

Wisconsin Laboratory Certification Number 1 1 31 72950 

Enc.: Laboratory Analytical Report 

c: Central File 

Phone 608-232-3300 

HES, Inc. 

Fax 608-233-05()11 



REPORT OF ANALYSIS 

MIKE BERGER 
STS CONSULTANTS , LTD 
1 0 3 5 KEPLER DRIVE 

GREEN BAY , WI 5 4 3 1 1  

�ATER, MP-1 , 10 / 2 3 , UNFILTERED 
�ROJECT NAME : KEWAUNEE MARSH/ 2 07 1 6XA 

:PURCHASE ORDER NUMBER : 2 07 1 6XA 

ARSENIC 

"DATE DIGESTED 
.DATE ANALYZED 

�DIT MNEMONIC-INORGANICS 

LOD 
UG/ L  
1 . 0  

1 1 / 19 / 9 6  
1 1 / 2 1 / 9 6  

LOQ 
UG/L 
3 . 5 

�ISCONSIN DNR CERTIFICATION NUMBER : 113 17 2 9 5 0  

I 
SIGNED ���-=-��--'�=���-------------

JOHN C .  WALTON 
SUPERVISOR , INORGANICS 

METHOD REFERENCES 

ARSENIC 

HES, Inc. 

SAMPLE NUMBER : 6 1 0 0 1196 

DATE ENTERED : 1 0 / 2 4 / 9 6  

REPORT PRINTED : 11/ 2 6 / 9 6  

RESULTS 
UG/L 
4 8 6 .  

FLAGS 

N/A 

�ETHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES ,  EPA PUBLICATI ON NO . 6 0 0 /  
4-7 9 - 0 2 0 ,  METALS 1 - 1 9  AND METHOD 2 0 6 . 2 ,  U . S .  EPA , CINCINNATI , OH 
�EST METHODS FOR EVALUATING SOLID WASTE , EPA PUBLICATION NO . SW-8 4 6 ,  SECOND 
EDITION , METHODS 3 02 0  AND 7 0 6 0 , U . S .  EPA , WASHINGTON , DC (REVISED APRIL 19 8 4 )  

�DIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANI C  ANALYSIS 

5 2 5  S C I E N C E  D R I V E  • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1  P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

MIKE BERGER 
STS CONSULTANTS ,  LTD 
1 0 3 5  KEPLER DRIVE 
GREEN BAY , WI 5 4 3 1 1  

WATER, MP-1 , 10 / 2 3 , F ILTERED 
PROJECT NAME : KEWAUNEE MARSH/ 2 0 7 1 6XA 

PURCHASE ORDER NUMBER: 2 07 1 6XA 

ARSENIC 

DATE DIGESTED 
DATE ANALYZED 

EDIT MNEMONIC-INORGANICS 

LOD 
UG/L 
1 . 0  

1 1 / 19 / 9 6  
1 1 / 2 1 / 9 6  

LOQ 
UG/L 
3 . 5  

WISCONSIN DNR CERTIFICATION NUMBER : 1 1 3 17 2 9 5 0  

SIGNED � t ...__, vJ- '--

JOHN C .  WALTON 
SUPERVISOR , INORGANICS 

METHOD REFERENCES 

ARSENIC 

HES, Inc. 

SAMPLE NUMBER : 6 1 0 0 1 L  • 

DATE ENTERED : 1 0 / 2 4 / 9 6  

REPORT PRINTED : 1 1 / 2 6 /  5 

RESULTS 
UG/L 
3 18 .  

FLAGS 

N / A  

METHODS FOR CHEMICAL ANALYS I S  OF WATER AND WASTES , EPA PUBLICATION NO . 6 0 0 /  
4 -7 9 -0 2 0 ,  METALS 1 - 1 9  AND METHOD 2 06 . 2 ,  U . S .  EPA , CINCINNATI , OH 
TEST METHODS FOR EVALUATING SOLID WASTE , EPA PUBLICATION NO . SW-8 4 6 ,  SECOND 
EDITION , METHODS 3 0 2 0  AND 7 0 6 0 , U . S .  EPA , WASHINGTON , DC ( REVI SED APRIL 1 9 8 4 ) 

EDIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANI C  ANALYSIS 

5 2 5  S C I E N C E  D R I V E  • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1 P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYS I S  

liKE BERGER 
STS CONSULTANTS , LTD 
� 0 3 5 KEPLER DRIVE 
3REEN BAY , WI 5 4 3 1 1  

�ATER, MP-2 , 10 / 2 3 , UNFILTERED 
PROJECT NAME : KEWAUNEE MARSH/ 2 07 16 XA 

I?URCHASE ORDER NUMBER : 2 07 1 6XA 

ISENIC 

hATE 

PATE 

�DIT 

DIGESTED 
ANALYZED 

MNEMONIC-INORGANICS 

LOD 
UG/ L  
1 . 0 

1 1 / 19 / 9 6  
1 1 / 2 1 / 9 6  

LOQ 
UG/ L  
3 . 5  

lriSCONSIN DNR CERTIFICATION NUMBER : 1 1 3 17 2 9 5 0  

SIGNED � t ......Jc.vl ......_ 

JOHN C .  WALTON 
SUPERVISOR , INORGANICS 

�ETHOD REFERENCES 

ARSENI C  

HES, Inc. 

SAMPLE NUMBER : 6 1001198 

DATE ENTERED : 1 0 / 2 4 / 9 6  

REPORT PRINTED : 11/ 2 6 / 9 6  

RESULTS 
UG/ L  
17 0 .  

FLAGS 

N/A 

EETHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES , EPA PUBLICATION NO . 6 0 0 /  
-7 9 - 02 0 ,  METALS 1 - 1 9  AND METHOD 2 0 6 . 2 ,  U . S .  EPA , CINCINNATI , OH 
EST METHODS FOR EVALUATING SOLID WASTE , EPA PUBLICATION NO . SW- 84 6 ,  SECOND 

EDITION , METHODS 3 02 0  AND 7 0 6 0 , U . S .  EPA , WASHINGTON , DC (REVISED APRIL 19 8 4 )  

EDIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYS I S  

5 2 5  S C I E N C E  D R I V E  • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1 P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

MIKE BERGER 
STS CONSULTANTS , LTD 
1 0 3 5  KEPLER DRIVE 
GREEN BAY , WI 5 4 3 11 

WATER , MP-2 , 10 / 2 3 , FILTERED 
PROJECT NAME : KEWAUNEE MARSH/ 2 07 1 6XA 

PURCHASE ORDER NUMBER : 2 07 1 6XA 

ARSENIC 

DATE DIGESTED 
DATE ANALYZED 

EDIT MNEMONIC-INORGANICS 

LOD 
UG/ L  
1 . 0 

1 1 / 1 9 / 9 6  
1 1/ 2 1/ 9 6  

LOQ 
UG/ L  
3 . 5  

WISCONSIN DNR CERTIFICATION NUMBER : 1 1 3 17 2 9 5 0  

SIGNED � e. ......J � L-
JOHN C .  WALTON 
SUPERVISOR , INORGANICS 

METHOD REFERENCES 

ARSENIC 

HES, Inc. 

SAMPLE NUMBER : 

DATE ENTERED : 

REPORT PRINTED : 

RESULTS 
UG/ L  
6 5 . 8  

FLAGS 

N/A 

6 1 0 0 1 11 
1 0 / 2 4 / 9 6  

11/ 2 6 /1 

METHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES , EPA PUBLI CATION NO . 6 0 0 /  
4 -7 9 -0 2 0 ,  METALS 1 - 1 9  AND METHOD 2 0 6 . 2 ,  U . S .  EPA , CINCINNATI , OH 
TEST METHODS FOR EVALUATING SOLID WASTE , EPA PUBLICATION NO . SW-8 4 6 ,  SECOND 
EDITION , METHODS 3 0 2 0  AND 7 0 6 0 , U . S .  EPA , WASHINGTON , DC ( REVISED APRIL 19 8 4 )  

EDIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYSIS 

5 2 5  S C I E N C E  D R I V E • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1  P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

liKE BERGER 
STS CONSULTANTS ,  LTD 
�0 3 5  KEPLER DRIVE 
3REEN BAY , WI 5 4 3 11 

�ATER, MP-3 , 10 / 2 3 , UNFILTERED 
PROJECT NAME : KEWAUNEE MARSH/ 2 07 16XA 

�URCHASE ORDER NUMBER : 2 07 16 XA 

ARSENIC 

hATE �ATE 

�DIT 

DIGESTED 
ANALYZED 

MNEMONIC-INORGANICS 

LOD 
UG/ L  
1 . 0  

11 / 19 / 9 6  
1 1/ 2 1 / 9 6  

LOQ 
UG/L 
3 . 5  

lriSCONSIN DNR CERTIFICATION NUMBER : 1 1 3 17 2 9 5 0  

SIGNED ('-_ e. V'""'� c..-. 
JOHN C .  WALTON 
SUPERVISOR , INORGANICS 

lrETHOD REFERENCES 

ARSENI C  

HES, Inc. 

SAMPLE NUMBER : 6 1 0 0 1 2 0 0  

DATE ENTERED : 1 0 / 2 4 / 9 6  

REPORT PRINTED : 1 1 / 2 6 / 9 6  

RESULTS 
UG/L 
17 5 .  

FLAGS 

N/A 

EETHODS FOR CHEMICAL ANALYS I S  OF WATER AND WASTES , EPA PUBLICATION NO . 6 0 0 /  
- 7 9 - 0 2 0 ,  METALS 1-19 AND METHOD 2 0 6 . 2 ,  U . S .  EPA , CINCINNATI , OH 
EST METHODS FOR EVALUATING SOLID WASTE , EPA PUBLICATION NO . SW-8 4 6 ,  SECOND rD:TION , METHODS 3 02 0  AND 7 0 6 0 , U . S .  EPA , WASHINGTON , DC (REVISED APRIL 19 8 4 )  

EDIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANI C  ANALYSIS 

5 2 5  S C I E N C E  D R I V E  • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1  P h o n e  6 0 8 - 2 3 2 - 3 3 0 0 F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

MIKE BERGER 
STS CONSULTANTS ,  LTD 
1 0 3 5  KEPLER DRIVE 
GREEN BAY , WI 5 4 3 1 1  

WATER, MP-3 , 1 0/ 2 3 , FILTERED 
PROJECT NAME : KEWAUNEE MARSH / 2 07 1 6XA 

PURCHASE ORDER NUMBER : 2 07 1 6XA 

ARSENIC 

DATE DIGESTED 
DATE ANALYZED 

EDIT MNEMONIC-INORGANICS 

LOD 
UG/ L  
1 . 0  

1 1 / 19 / 9 6  
1 1/ 2 1/ 9 6  

LOQ 
UG/ L  
3 . 5  

WISCONSIN DNR CERTIFICATION NUMBER : 1 1 3 1 7 2 9 5 0  

SIGNED t'-- t. """" ,u. ....... 
JOHN C .  WALTON 
SUPERVISOR, INORGANICS 

METHOD REFERENCES 

ARSENIC 

HES, Inc. 

S/I.MPLE NUMBER : 6 1 00 1 2  _ 

DATE ENTERED : 1 0 / 2 4 /lr 
REPORT PRINTED : 1 1 / 2 6 / : 5  

RESULTS 
UG/L 
15 6 .  

FLAGS 

N/A 

METHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES , EPA PUBLICATION NO . 6 0 0 /  
4 - 7 9 -0 2 0 ,  METALS 1 - 1 9  AND METHOD 2 0 6 . 2 ,  U . S .  EPA , CINCINNATI , OH 
TEST METHODS FOR EVALUATING SOLID WASTE , EPA PUBLICATION NO . SW-8 4 6 ,  SECOND 
EDITION , METHODS 3 0 2 0  AND 7 0 6 0 , u . s .  EPA , WASHINGTON , DC (REVISED APRIL 1 9 8 4 ) I 
EDIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANI C  ANALYSIS 

5 2 5  S C I E N C E  D R I V E  • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1 P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

LIKE BERGER �TS CONSULTANTS , LTD } 0 3 5  KEPLER DRIVE fREEN BAY , WI 5 4 3 1 1  

�ATER, MP-4 , 10 / 2 3 , UNFILTERED 
PROJECT NAME : KEWAUNEE MARSH/ 2 07 1 6XA 

?URCHASE ORDER NUMBER : 2 07 1 6XA 

ARSENI C  

�ATE 

PATE 

�DIT 

DIGESTED 
ANALYZ ED 

MNEMONIC-INORGANICS 

LOD 
UG/ L  
1 . 0  

1 1 / 1 9 / 9 6  
11/ 2 1/ 9 6  

LOQ 
UG/L 
3 . 5  

IFISCONSIN DNR CERTIFICATION NUMBER : 1 1 3 17 2 9 5 0  

SIGNED t:'-- -e ._._j ......t. �..-
JOHN C .  WALTON 
SUPERVISOR , INORGANICS 

lrETHOD REFERENCES 

ARSENIC 

HES, Inc. 

SAMPLE NUMBER : 6 1 0 0 1 2 0 2  

DATE ENTERED : 1 0 / 2 4 / 9 6  

REPORT PRINTED : 11/ 2 6 / 9 6  

RESULTS 
UG/L 
3 9 1 .  

FLAGS 

N / A  

EETHODS FOR CHEMICAL ANALYSIS O F  WATER AND WASTES , EPA PUBLICATION NO . 6 0 0 /  
-7 9 - 02 0 ,  METALS 1 - 1 9  AND METHOD 2 0 6 . 2 ,  U . S .  EPA , CINCINNATI , OH 
EST METHODS FOR EVALUATING SOLID WASTE , EPA PUBLICATION NO . SW-8 4 6 ,  SECOND fDITION ,  METHODS 3 02 0  AND 7 0 6 0 1 U . S .  EPA , WASHINGTON , DC ( REVI SED APRIL 1 9 8 4 ) 

EDIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYSIS 

5 2 5  S C I E N C E  D R I V E • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1  P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

MIKE BERGER 
STS CONSULTANTS ,  LTD 
1 0 3 5  KEPLER DRIVE 
GREEN BAY , WI 5 4 3 11 

WATER, MP-4 , 10 / 2 3 , FILTERED 
PROJECT NAME : KEWAUNEE MARSH/ 2 07 16XA 

PURCHASE ORDER NUMBER : 2 07 1 6XA 

ARSENIC 

DATE DIGESTED 
DATE ANALYZ ED 

EDIT MNEMONIC-INORGANICS 

LOD 
UG/ L  
1 . 0  

1 1 / 1 9 / 9 6  
1 1/ 2 1 / 9 6  

LOQ 
UG/L 
3 . 5  

WISCONSIN DNR CERTIFICATION NUMBER : 1 1 3 17 2 9 5 0  

SIGNED t\.A..- e.. .....J eLL '-
JOHN C .  WALTON 
SUPERVISOR , INORGANICS 

METHOD REFERENCES 

ARSENIC 

HES, Inc. 

SAMPLE NUMBER : 6 1 0 0 12 3 

DATE ENTERED : 1 0 / 2 4 /r r  
REPORT PRINTED : 1 1/ 2 6 / � 5 

RESULTS 
UG/L 
3 1 1 .  

FLAGS 

N / A  

METHODS FOR CHEMICAL ANALYSIS O F  WATER AND WASTES , EPA PUBLICATION NO . 6 0 0 /  
4-79-0 2 0 ,  METALS 1-19 AND METHOD 2 0 6 . 2 ,  U . S .  EPA , CINCINNATI , OH 
TEST METHODS FOR EVALUATING SOLID WASTE , EPA PUBLICATION NO . SW-8 4 6 , SECOND 
EDITION , METHODS 3 0 2 0  AND 7 0 6 0 , U . S .  EPA , WASHINGTON , DC ( REVISED APRIL 1 9 8 4 ) 

EDIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYSIS 

5 2 5  S C I E N C E  D R I V E  • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1 P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

�IKE BERGER �TS CONSULTANTS , LTD l 0 3 5  KEPLER DRIVE fREEN BAY , WI 5 4 3 11 

�ATER, MP-5 , 10 / 2 3 , UNFILTERED 
PROJECT NAME : KEWAUNEE MARSH/ 2 07 1 6XA 

::::JURCHASE ORDER NUMBER : 2 07 1 6XA 

ARSENIC 

bATE DIGESTED 

PATE ANALYZED 

lDIT MNEMONIC-INORGANICS 

LOD 
UG/ L  
1 . 0 

1 1 / 19 / 9 6  
1 1 / 2 1 / 9 6  

LOQ 
UG/L 
3 . 5  

�ISCONSIN DNR CERTIFICATION NUMBER : 1 1 3 17 2 9 5 0  

SIGNED � L '""'-' u r...... 
JOHN C .  WALTON 
SUPERVISOR ,  INORGANICS 

lfETHOD REFERENCES 

ARSENIC 

HES, Inc. 

SAMPLE NUMBER : 6 10 0 1 2 04 

DATE ENTERED : 1 0 / 2 4 / 9 6  

REPORT PRINTED : 11/ 2 6 / 9 6  

RESULTS 
UG/L 
5 . 1  

FLAGS 

N/A 

iETHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES ,  EPA PUBLICATION NO . 6 0 0 /  
-7 9 - 02 0 ,  METALS 1-19 AND METHOD 2 0 6 . 2 ,  U . S .  EPA , CINCINNATI , OH 
EST METHODS FOR EVALUATING SOLID WASTE , EPA PUBLICATION NO . SW-8 4 6 , SECOND 

EDITION , METHODS 3 02 0  AND 7 0 6 0 , U . S .  EPA , WASHINGTON , DC (REVI SED APRIL 1 9 8 4 ) 

�DIT MNEMONIC-INORGANICS 
SIGNATURE BLOCK FOR INORGANI C  ANALYS I S  

5 2 5  S C I E N C E  D R I V E  • M A D I S O N .  W I S C O N S I N  5 3 7 1 1  P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

MIKE BERGER 
STS CONSULTANTS , LTD 
1 0 3 5  KEPLER DRIVE 
GREEN BAY , WI 5 4 3 11 

WATER , MP-5 , 10 / 2 3 , FILTERED 
PROJECT NAME : KEWAUNEE MARSH/ 2 07 1 6XA 

PURCHASE ORDER NUMBER : 2 07 1 6XA 

ARSENIC 

DATE DIGESTED 
DATE ANALYZ ED 

EDIT MNEMONIC-INORGANICS 

LOD 
UG/ L  
1 . 0  

1 1 / 19 / 9 6  
1 1 / 2 1 / 9 6  

LOQ 
UG/L 
3 . 5  

WISCONSIN DNR CERTIFICATI ON NUMBER : 1 1 3 17 2 9 5 0  

SIGNED �==���-=�=������-------------
JOHN C .  WALTON 
SUPERVISOR , INORGANICS 

METHOD REFERENCES 

ARSENIC 

HES, Inc. 

SAMPLE NUMBER : 6 1 0 0 12 5 

DATE ENTERED : 10/ 2 4 / if 
REPORT PRINTED : 11/ 2 6 / � 5 

RESULTS 
UG/L 
5 . 7  

FLAGS 

N/A 

METHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES , EPA PUBLICATION NO . 6 0 0 /  
4-79-02 0 ,  METALS 1-19 AND METHOD 2 0 6 . 2 ,  U . S .  EPA , CINCINNATI , OH 
TEST METHOD S  FOR EVALUATING SOLID WASTE , EPA PUBLICATION NO . SW-8 4 6 , SECOND 
EDITION , METHODS 3 02 0  AND 7 0 6 0 , U . S .  EPA , WASHINGTON , DC ( REVISED APRIL 1 9 8 4 ) 

EDIT MNEMONI C-INORGANICS 
SIGNATURE BLOCK FOR INORGANIC ANALYS I S  

5 2 5  S C I E N C E  D R I V E  • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1 P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 



REPORT OF ANALYSIS 

MIKE BERGER 
STS CONSULTANTS ,  LTD 

� 0 3 5 KEPLER DRIVE 
�REEN BAY , WI 5 4 3 1 1  

MATER , MP-6 , 10 / 2 3 , UNFILTERED 
PROJECT NAME : KEWAUNEE MARSH/ 2 07 1 6XA 

:PURCHASE ORDER NUMBER : 2 07 1 6XA 

ARSENIC 

DATE DIGESTED 
DATE ANALYZED 

EDIT MNEMONIC-INORGANICS 

LOD 
UG/L 
1 . 0  

11/ 1 9 / 9 6  
11 / 2 1 / 9 6  

LOQ 
UG/L 
3 . 5  

�ISCONSIN DNR CERTIFICATION NUMBER : 1 1 3 17 2 9 5 0  

SIGNED � e.  ....v u'--
JOHN C .  WALTON 
SUPERVISOR ,  INORGANICS 

NETHOD REFERENCES 

ARSENIC 

HES, Inc. 

SAMPLE NUMBER : 6 1 0 0 1 2 0 6  

DATE ENTERED : 10/ 2 4 / 9 6  

REPORT PRINTED : 11/ 2 6 / 9 6  

RESULTS 
UG/L 
4 8 . 1  

FLAGS 

N/A 

EETHODS FOR CHEMICAL ANALYS I S  OF WATER AND WASTES , EPA PUBLICATION NO . 6 0 0 /  
-7 9 - 0 2 0 ,  METALS 1-19 AND METHOD 2 0 6 . 2 ,  U . S .  EPA , CINCINNATI , OH 
EST METHODS FOR EVALUATING SOLID WASTE , EPA PUBLICATION NO . SW-8 4 6 ,  SECOND 

EDITION , METHODS 3 02 0  AND 7 0 6 0 , U . S .  EPA , WASHINGTON , DC ( REVISED APRIL 1 9 8 4 )  

EDIT MNEMONIC-INORGANI CS 
SIGNATURE BLOCK FOR INORGANI C  ANALYSIS 

5 2 5  S C I E N C E  D R I V E  • M A D I S O N ,  W I S C O N S I N  5 3 7 1 1 P h o n e  6 0 8 - 2 3 2 - 3 3 0 0  F a x  6 0 8 - 2 3 3 - 0 5 0 2  

0 printed on recycled paper 
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1.0 INTRODUCTION 

In 1 994, an area of arsenic impact was discovered by the Wisconsin Department of 
National Resources (DNR) in the C.D. Besadny Wildlife Area. Arsenic concentrations in the 
soil and groundwater exceeded 1 0,000 mg/kg and 900 mg/1, respectively. The DNR was 
concerned that arsenic-contaminated groundwater and surface water would seep into an adjacent 
major river system, which discharges into Lake Michigan. The proposed remediation at the site 
consisted ofthe installation of a floating HDL cap, which was covered with an organic substrata 
to promote wetlands vegetation growth. The installation of the cap effectively eliminated the 
potential for humans and wildlife coming in contact with the more highly contaminated areas. In 
addition, the cap reduced the potential for the migration of arsenic contaminated sediments 
through surface-water transport. A secondary concern of the DNR was the potential for 
groundwater transport of dissolved arsenic compounds. 

HSI GeoTrans was subcontracted to perform a geochemical analysis of the arsenic 
contamination, and to perform fate and transport modeling. HSI GeoTrans reviewed the data
collection program, performed an extensive geochemical literature search on arsenic 
contamination in wetlands, and develop nonlinear sorption parameter values for the predictive 
transport model simulations. Given the uniform groundwater flow system and the limited 
historical data available for the site, HSI GeoTrans proposed the use of a one-dimensional fate 
and transport code, BIOID.  The use of a one-dimensional model provided reasonable estimates 
of travel times and concentration breakthroughs at the river. 
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2.0 SITE HYDROGEOLOGY AND GEOCHEMISTRY 

2.1 REGIONAL SETTING 

The site is located in the flood plain of the Kewaunee River approximately 1.5 miles 
upstream from where it discharges into Lake Michigan. The marsh area is on the inside of a 
broad river meander (approximately 0.5 miles across), with the river to the east, west and north 
of the marsh. Regional groundwater flow in the alluvial deposits is most likely from the 
northwest to the southeast, following the approximate orientation of the valley in this area; 
however, water-level fluctuations within the peat/clay deposits in the marsh are probably 
dominated by changes in river stage. The permeability of the upper peat/clay deposit is high and 
readily transmits changes in river stage back into the marsh. 

2.2 SITE HYDROGEOLOGY 

The marsh was formed by the deposition of alluvial sediments and the formation of peat 
through the decay of organic matter. The upper 8 feet of deposits at the site are predominantly 
peat, and alluvial silts and muds. The amount of fine-grained alluvial sediments interbedded 
with peat deposits increases with depth. Deposits beneath the peat consist of interbedded alluvial 
deposits of clay, silty clay, gravelly-silty sand, and coarse sand. Based on borings through the 
peat at the site, the predominant alluvial material beneath the peat is clay to silty clay. 

Shallow piezometers were installed by both the DNR and STS Consultants to monitor 
shallow water levels and to collect water samples for analysis. Aquifer slug tests were performed 
in the STS piezometers to estimate the horizontal permeability of the peat deposits. Results of 
these six tests indicated that the permeability of the peat/clay deposits ranged from 6.7 x I 0-5 to 
1.5 X 1 Q-3 em/sec, with a geometric mean value of 2.1 X 1 Q-4 em/sec. R,emoving the highest and 
lowest measured value of hydraulic conductivity from the data set results in a geometric mean 
value of 1. 7 x I 0-4 em/sec. 

Potentiometric surface contours were developed based on monthly water-level data 
collected by the DNR from May to November 1996. The location of monitoring wells and 
piezometers at the site are shown in Figure 1. The shallow potentiometric surface for the months 
of May, August and November are shown in Figures 2, 3 and 4. The September water-level data 
contained measurement errors and were not used in the analysis. Temporal changes in the 
potentiometric surface are minimal for the period May to November 1996. The potentiometric 
surface contours for the marsh approximately parallel the river indicating that the direction of 
groundwater flow is perpendicular to the river and that the river is a discharge point for shallow 
groundwater. The shape of the potentiometric surface contours have remained approximately 
constant for the period of record, with the exception of small shifts in the contours near the river. 

STS Consultants 

N l 08-000 

2-1 

Arsenic Fate and 

Transport Modeling 



A potentiometric surface valley is centered on the approximate location of the HDL cap. 
This low point in the potentiometric surface may be due to the cap diverting a portion of the 
shallow groundwater flow around this area. 

The groundwater flow directions do not appea to be impacted by the presence of the 
railroad track fill material. Previous conceptual models for the shallow flow in this area were 
based on the railroad track fill material acting as a 'rain to shallow groundwater flow. B_esed on 
the water-level data for 1 996, it does not appear that the fill material is acting as a drain. 

2.3 ARSENIC TRANSPORT PROPERTIES 

The transport of arsenic in groundwater systems is strongly retarded by surface 
adsorption reactions, resulting in arsenic transport rates that are significantly slower than the 
groundwater velocities. Both arsenite and arsenate are strongly sorbed to oxyhydroxides 
(especially iron and aluminum) in the pH range of 5 to 7. Sorption occurs very quickly and the 
surface complexation appears to form very stable complexes. Laboratory experiments using iron 
oxyhydroxides indicate that the process is reversible; however, weathered oxyhydroxides have 
much greater surface area and a significant fraction of arsenic may bond irreversibly to the 
oxides (oral communication, Dr. James Leckie, at Stanford University, 8/29/96). 

Both Freundlich and Langmuir isotherms have been successfully used to model arsenic 
adsorption data from field and laboratory experiments (Luo and others, 1 99 1 ;  Jiang, 1 983 ;  
Elkhatib and others, 1 984; Olsen and others, 1 99 1 ;  Rai and Zachara, 1 984). The Freundlich 
isotherm will tend to predict greater arsenic adsorption than the Langmuir isotherm at higher 
concentrations. The Freundlich isotherm predicts that adsorption continues with increasing 
solute concentrations, whereas the Langmuir isotherm approaches an asymptotic value as solute 
concentrations increase. The equations that define the Freundlich and Langmuir isotherms are 
the following: 

Freundlich Isotherm: 

Langmuir Isotherm: 
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3.1 APPROACH 

3.0 TRANSPORT MODEL 

A one-dimensional transport model was chosen to model fate and transport at this site. 
This approach is sufficient to establish the approximate arrival time of the arsenic plume at the 
river, the shape of the concentration breakthrough curve as a function of time, and the time 
required for the majority of the arsenic to be naturally flushed from the marsh. Neither the 
decisions dependent on this model nor the data that currently exist for the site justify the 
development of a more complex model. While the data indicate that the flow field is 
a.Qproximately one dimensional, tbe approach wil l  tend to overestimate concentrations at the 
river because lateral dispersion is ignored. 

3.2 MODEL CODE DESCRIPTION 

HSI GeoTrans proposed the use of a one-dimensional transport code entitled "BIO l D". 
The BIO l D  code was developed by HSI GeoTrans for simulating the transport of organic, 
inorganic, metals and radioactive contaminants. The BIO l D  code is capable of simulating the 
biodegradation of organic contaminants, and the radioactive decay of radionuclides. BIO l D  is a 
proprietary, but publicly available code that has been bench marked and verified against 
analytical and other numerical models. It is widely used by government agencies, universities, 
and private industry. 

The BIO l D  code uses a finite-difference solution scheme to solves the one-dimensional 
solute transport equation: 

Freundlich Isotherm: 
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Where: 

X is the mass of analyte adsorbed, M; 
M is the mass of sorbent,M; 
C is the dissolved concentration of analyte, M/V; 

Kd is the distribution coefficient, VIM; 
KL is the Langmuir distribution coefficient, VIM; 
n is the Freundlich isotherm exponent, dimensionless; and 
Am is a Langmuir constant; dimensionless. 

The parameters used to define the Freundlich and Langmuir isotherms were determined 
by manually adjusting the parameter values to obtain the best fit to the arsenic concentration data 
for the site. The arsenic concentration data for the site were obtained from soil samples and 
surface-water samples collected in November 1 994 and from pore-water samples collected in 
February 1 995 by STS Consultants. Paired soil and water-sample arsenic concentration data do 
not exists for the site. Hence, the soil-sample concentrations were extrapolated to the water 
sampling locations based on isoconcentration contours developed by STS Consultants. The soil 
concentration data were based on a total analysis of the soil and wate contained in the sample. 
Therefore, the soil concentration data need to be corrected for the dissolved arsenic contained in 
the residual wat€r in the soil samples. The water sample arsenic concentration data and the 
extrapolated soil concentration points are presented in Table 1 .  

A plot of arsenic concentration data, and the calculated Freundlich and Langmuir 
isotherms are presented in Figure 5 .  Both the Freundlich and Langmuir isotherms fit the data 
equally well  in the concentration range of 0 to 1 75 mg/1. For Goncentrations above 
approximately 1 75 mg/1, the Freundlich and Langmuir isotherms deviate significantly. The 
Langmuir isotherm predicts that arsenic adsorption ceases above a solute concentration of about 
200 mg/1, whereas, the Freundlich isotherm predicts that the arsenic adsorption continues to 
increase as solute concentrations increase. Therefore, the use of a Langmuir isotherm will tend 
to predict higher arsenic concentrations at the river than the Freundlich isotherm, since a smaller 
percentage of the arsenic will be absorbed in the marsh areas with arsenic concentrations above 
200 mg/1. 
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Langmuir Isotherm: 

Where: 

p K A  
R = l  + b L m 

f 8 ( 1  +K C)2 e L 

ee effective porosity, dimensionless; 

Pb aquifer bulk density M!U; 
Dx longitudinal dispersion, U/t; and 
Vx groundwater velocity in the x direction, Lit. 

3.3 MODEL DESIGN 

(5) 

The one-dimensional BI0 1 D  model does not explicitly solve the groundwater flow 
equation. The groundwater velocity is specified by the user, and is assumed to be constant and 
uniform along a chosen flow path. The groundwater velocity for the Kewaunee marsh was 
calculated from the Darcy equation: 

Where: 
k 
I 

v = (k *i) 
X e e 

is the hydraulic conductivity, Lit; 
is the hydraulic gradient, LIL. 

(6) 

The geometric mean hydraulic-conductivity value was obtained from the aquifer tests performed 
at the site and the hydraulic gradient was obtained from the May 1 996 potentiometric surface 
map (Figure 2). The highest and lowest measured hydraulic-conductivity values were eliminated 
from the hydraulic-conductivity data set, so that the calculated value is more representative of the 
mean value for the site. The parameter values used to calculate the average groundwater velocity 
are the following: 

Hydraulic conductivity 
Hydraulic gradient 
Effective Porosity 
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and yield an estimate of the average groundwater pore velocity of 0.3 7 ftlyr. This fairly low 
groundwater velocity is due to the small hydraulic gradient for the marsh and high effective 
porosity of the peat deposit. 

The arsenic transport was simulated with a I:angmuir isotherm. Either the Langmuir or 
Freundlich isotherms could have been used to simulate the transport of the arsenic plume; 
however, the Langmuir isotherm is the more conservative of the two. The parameter values used 
to simulate the Langmuir isotherm are the following: 

KL 0. 1 5  1/mg 
Am "'- d 8.3 mg/g / 

} ,S.,vv ppD;)e. io b_ d I /'YLM1 5 1  o-r p 55 
The longitudinal-dispersivity value was estimated based on the scale of the transport problem 
and the model grid dimensions. The longitudinal-dispersivity value was set equal to 20.0 feet 
for all transport simulations. 

Two flow paths were chosen for simulation of the groundwater transport of arsenic at the 
Kewaunee marsh. The flow paths were based on the May 1 996 potentiometric surface and were 
chosen to represent the highest arsenic concentrations through the centei of the plume and the 
lower concentrations along the northern edge of the plume. The central flow path and northern 
flow path are shown in Figure 6 .  

The objective of the model simulations was to calculate the arsenic concentration in the 
groundwater discharging to the river. Therefore, it is important that the downstream model 
boundary does not artificially impact the calculated arsenic concentrations at the river. A 
common modeling technique for minimizing the impacts of the boundary is to place it 
sufficiently far away so that the plume does not reach it during the simulation period. The 
up gradient boundary was located approximately 60 feet west of the railroad track where arsenic 
contamination was 0 mg/1 and the downgradient boundary was specified at an arbitrary large 
distance away from the river. lfhe grid spacing was adjusted during the initial model simulations 
to ensure that the arsenic plume did not encounter the downgradient boundary. 

Both the upgradient and downgradient concentration boundaries were set to a specified 
value (Dirichlet boundary) of 0. The upgradient boundary condition is based on the assumption 
that arsenic is not entering the model from the upgradient boundary. The flow paths were 
simulated with the maximum number of grid nodes (20 1 ) . 

The central flow path grid spacing was set to 20 feet and the northern flow path grid 
spacing was set to 1 0 feet. The central flow path's  larger grid spacing was required because a 
longer simulation period was needed to model the peak arsenic concentration breakthrough at the 
river. The longer simulation time (8000 years) required for the central flow path also required 
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that the downstream boundary be moved farther away to prevent the plume from hitting it. 
Hence, the grid spacing was doubled to move the boundary twice as far away. The simulation 
time (3000 years) for the northern flow path was less and therefore, a smaller grid spacing was 
appropriate for modeling arsenic transport along this flow path. 

The initial starting groundwater concentrations for arsenic is based on the current 
distribution of arsenic in the marsh (Figure 7). In general, the maximum arsenic concentration 
detected in the groundwater and surface water, during the period of record at the marsh, was 
extrapolated to the central and northern flow paths. The maximum arsenic concentration for the 
central flow path is 920,000 �-tg/1 near the area of stressed vegetation and the maximum arsenic 
concentration for the northern flow path is 3 000 �-tg/1 near the center of the marsh (Figure 7) .  

3.5 RESULTS 

The results of the model simulations indicate that the arsenic is not very mobile in the 
gr.:mndwater system. It will take approximately 400 years for the central flow path groundwater 
arsenic conGentration to increase to a value of 0 .05 mg/1 at the river (Figure 8). The arsenic 
concentration will  peak after about 2800 years at 200 mg/1 and then slowly decline. The model 
predicts that the groundwater arsenic concentration will decrease to about 4 mg/1 at the river after 
8000 years. The distribution of the arsenic concentrations along the c entral flow path at 8 000 
years is shown in Figure 9. The majority of the arsenic contaminants have been flushed from the 
system by this time. 

It will take about 450 years for the groundwater concentration along the northern flow 
path to increase to 0 .05 mg/1 (Figure 1 0). The groundwater arsenic concentration along the 
northern flow path will gradually increase to a value of 0.5 mg/1 at the river after about 1 700  
years and will remain at this value for about the next 1 000 years. The model was not run for a 
long enough time period to predict the actual peak concentration at the river for this flow path; 
however, based on the arsenic distribution at 3000 years (Figure 1 1 ) the arsenic concentration 
will peak at less than 2 mg/1 after 3000 years . 

A one-dimensional transport model will overestimate the arsenic concentration at the 
river because it does not account for lateral dispersion. Therefore, the arsenic concentrations 
calculated by the model at the river are higher than the concentrations that would be calculated 
by a more complex model . 

STS Consultants 
N I 08-000 

3-4 

Arsenic Fate and 

Transport Modeling 



4.0 CONCLUSION 

The results of the transport simulations indicate that arsenic transport via the groundwater 
system is extremely slow. The accuracy of the model predictions decrease as the simulation time 
increases. One reason for the decrease in the accuracy of the model is that the assumptions 
implicit in the development of the model may change with time. Future changes to the 
hydrologic system up gradient of the marsh can change the present day groundwater velocities 
calculated at the site. If the groundwater velocities increase by a factor of two, the arsenic 
transport rate will also approximately increase by a factor of two. Given the current conditions at 
the site and the assumptions used to develop the model, the arsenic transport rate is extremely 
slow and groundwater concentrations at the river will not peak for 1 OOOs of years into the future. 

Based on the model results, it appears that the current distribution of arsenic at the site is 
not due to groundwater transport. The groundwater transport rates are much too low to explain 
the current distribution. One potential explanation for the current distribution of arsenic is that 
surface-water and sediment transport during river flooding are responsible for the distribution of 
arsenic. With the HDL cap currently in place at the site, the potential for the surface-water 
transport of arsenic has been significantly reduced. 
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Table I .  

Water 
Sample 

ID 

H-4 

H-3 

H-5 

P-2 

P-1 

H-2 

H-1 

P-3 

H-6 

STS--Arsenic concentrations in paired sediment and water samples. 
(Sediment samples adjusted for mass of As in water of dried sample.) 

Porosity 
Peat Density 
Bulk Density 

As Concentration 
Water (mg/1) 

c 

920.0 

1 48.0 

24.8 

800.0 

1 7.2 

5 .7 

1 9.3 

2 1 .0 

1 9. 1  

0.4 
1 .44 (g/cm"3) 
0.86 (g/cm"3) 

Sediment and 
Water (mglkg) 

1 0700 

8000 

8000 

7000 

5500 

2200 

3 1 00 

4200 

2440 

As Mass in Water Sediment As 
per kg of Sediment Concentration 

(mg) (mg/kg) 
XIM 

425.9 1 0274 . 1  

68.5 793 1 .5 

1 1 .5 7988.5 

370.4 6629.6 

8.0 5492.0 

2.6 2 1 97.4 

8.9 309 1 . 1  

9.7 4 1 90.3 

8 .8 243 1 .2 
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Figure 1 .  Location of monitoring wells and piezometers at the Kewaunee marsh. 
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Figure 2. Potentiometric surface for the Kewaunee marsh , May 1 996. 
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Figure 3. Potentiometric surface for the Kewaunee marsh, August 1 996. 
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Figure 4. Potentiometric surface for the Kewaunee marsh, November 1 996. 



Figure 5 .  Measured arsenic concentration data for sediments and water, and fitted 
Langmuir and Freundlich isotherms. 
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Figure 6.  8101 D flow paths for arsenic transport simulations at the Kewaunee Marsh. 
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May 29, 1 997 

Mr. James R. Reyburn 
Wisconsin Department ofNatural Resources 
1 1 25 North Military Avenue 
P.O. Box 1 0448 
Green Bay, Wisconsin 54307-0448 

Re: Revision No. 1 to Surface Water Modeling Report for the C.D. Besadny Wildlife Area, 
Kewaunee, Wisconsin -- STS Project No. 207 1 6XA 

Dear Jim, 

Enclosed are the results of our revised surface water model for the above-referenced site. 
Modeling was revised to address comments in the Wisconsin Department of Natural Resources 
(WDNR) review letter dated March 20, 1 997. 

In the original submittal, surface modeling was performed using SCS Curve Numbers from 83 to 
86. These curve numbers were thought to most accurately represent the site characteristics. As 
suggested in the WDNR review letter. the surface water model was revised to take into account 
the extremes in the assignment of hydrologic soil groups and SCS Runoff Curve Numbers. For 
one extreme, a curve number of 95 was used. This represents a high groundwater table at the soil 
surface, and saturated organic soils with little or no storage capacity. This would cause most 
rainfall to run off. For the other extreme, a curve number of 30 was used. This represents a 
groundwater table being below the surface and unsaturated organic soils with high intake 
capacities. This results in very little rainfall runoff. 

In addition, the upstream arsenic concentration used in the surface modeling was changed from 
0 micrograms per liter (11g/L) to 3 11g/L to adequately reflect sampling data. This upstream 
arsenic concentration was used in the water balance calculations to determine arsenic loading to 
the Kewaunee River. 

Revisions to the surface water model indicate downstream arsenic concentrations m the 
Kewaunee River are not likely to exceed the Wisconsin Administrative Code NR 1 05 Human 
Cancer Criteria Standard of 50 11g/L. 

STS Consultants Ltd. 
Consulting Engineers 

1035 Kepler Drive 
Green Bay, Wisconsin 54311 
414 .468.1978/Fax 414.468.3312 
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Wisconsin Department ofNatural Resources 
STS Project No. 207 1 6XA 
May 29, 1 997 
Page 2 

Please call Mike Berger at 41 4-468- 1 978 if you have any questions or comments. 

Sincerely, 

STS CONSULTANTS LTD. 

Mindy E. Reed 
Assistant Project Engineer 

Michael T. Berger, CHMM 
Environmental Scientist 

Mark A. Bergeon, P.O. 
Associate 

MER/vmv.wd 

Copy to: Mr. Thomas McElligott 
Quarles & Brady 

(C416AOI5) 

41 1 East Wisconsin A venue 
Milwaukee, Wisconsin 53202-4497 
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RESULTS OF SURF ACE WATER MODELING 
(REVISION #1) 

C.D. BESADNY WILDLIFE AREA 
KEWAUNEE, WISCONSIN 

STS PROJECT NO. 20716XA -- MAY 1997 

1.0 INTRODUCTION 

To determine potential arsenic loading into the Kewaunee River due to surface water transport, 

surface water modeling was conducted. In addition, results of groundwater fate and transport 

modeling conducted by HSI GeoTrans, Inc., were used to determine total potential arsenic 

loading into the Kewaunee River. Data generated by HSI GeoTrans, Inc., was presented in their 

report, "Fate and Transport Modeling of Arsenic at the Kewaunee Marsh," dated May 1 997. 

1 . 1 Surface Water Modeling 

This section explains the methodology and results of modeling completed to estimate peak runoff 

flow rate from the Kewaunee marsh area to the Kewaunee River. 

1 . 1 . 1  Methodology 

The "HydroCAD Stormwater Modeling System" was used to analyze the Kewaunee Marsh 

watersheds. This model is based on the Soil Conservation Service (SCS) Technical Release 20 

Methodology and generates synthetic flood hydrographs identical to the U.S. Army Corps of 

Engineers HEC-1 computer model. The HydroCAD model simulates watershed response to 

precipitation by representing the drainage basins as a system of interconnected hydrologic and 

hydraulic components. Typical input parameters to the program include basin area, overland 

flow travel time, soil permeability, soil infiltration relationships, land use characteristics, 

precipitation amounts, distribution, and base flow. 
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1 . 1 .2 Hydrologic Parameters 

For purposes of surface water modeling, the fenced area at the site was broken into three 

subareas. See Appendix A for stormwater runoff model site map. The following table 

summarizes hydrologic parameters used to model surface water runoff from the site. See 

Appendix A for details of the hydrologic parameters. 

Subarea 

1 (north) 

2 (center) 

3 (south) 

Area 

TABLE 1 

HYDROLOGIC PARAMETERS 

Trial #1  Trial #2 
SCS Curve SCS Curve 

(acres) Number Number 

6.50 83 95 

4.57 86 95 

3 . 1 0  83 95 

Trial #3 
SCS Curve 

Number 

30 

30  

30  

Note that three different trials were run to vary the curve numbers used. Trial #1  uses the curve 

numbers which were thought to most accurately represent the site characteristics. Trials #2 

and #3 were run to represent the extremes of the hydrologic soil groups and SCS runoff curve 

numbers. 

Trial #2 (CN = 95) represents a high water table at the soil surface, with water standing in 

depressions. The organic soils in this situation would be saturated with no storage capacity. 

Generally, very little rainfall would infiltrate and all would run off from the site. 
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Trial #3 (CN = 30) represents a groundwater table being below the surface which would result in 

the upper strata of the organic soils being unsaturated and having a lot of storage capacity. The 

organic soils would have high intake capacities and subsurface permeability resulting in very 

little runoff. 

It must also be noted that the drainage from the highlands surrounding the marsh were not taken 

into account when determining the hydrologic parameters. Because this would have caused a 

higher dilution factor, the downstream Kewaunee River arsenic concentrations computed will be 

more conservative. 

1 . 1 .3 Surface Model Results 

The hydrologic parameters described in the previous section were used as input data to the 

"HydroCAD Stormwater Modeling System." Utilizing this data, the HydroCAD model 

computed the peak flow from each subarea. The results are shown below in Tables 2A, 2B, and 

2C. See Appendix B for HydroCAD model printouts. 
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TABLES 2A, 2B, and 2C 

PEAK FLOWS FROM MARSH SUBAREAS 

Rainfall Event Type II-24 
Return Period Hour Rainfall 

(yr) (inches) 

2 2.4 
5 3.2 
1 0  3 .7 
25 4.2 
50 4.7 
1 00 5.0 

TABLE 2A 

CN = 95 

Subarea 1 Subarea 2 
Peak Flow Peak Flow 

(cfs) (cfs) 

6.46 4.32 
9.03 6.04 
1 0.02 7. 1 1  
1 2.2 1 8. 1 7  
1 3 .80 9.23 
1 4.70 9.87 

Subarea 3 
Peak Flow 

(cfs) 

3 .48 
4.86 
5.71 
6.57 
7.42 
7.93 

Total 
Peak F low 

(cfs) 

1 4.3  
1 9.9 
22.8 
27.0 
30.5 
32.5 

1 - A Type II, 24-hour rainfall is a national weather service designation which represents the duration-frequency of 
rainfall events in the Midwest. 

Rainfall Event Type II 24-' 
Return Period Hour Rainfall 

(yr) (inches) 

2 2.4 
5 3.2 
1 0  3 .7 
25 4.2 
50 4.7 
1 00 5.0 

TABLE 2B 

CN = 83 to 86 

Subarea 1 Subarea 2 
Peak Flow Peak Flow 

(cfs) (cfs) 

2.29 2.02 
3 .88 3 .23 
4.93 4.02 
6.0 1 4.82 
7. 1 1  5.63 
7.77 6. 1 2  

Subarea 3 Total 
Peak Flow Peak Flow 

(cfs) (cfs) 

1 .25 5 .6  
2. 1 1  9.2 
2.68 1 1 .6 
3 .26 14 . 1 
3 .86 1 6.6 
4.22 1 8 . 1  

1 - A Type II, 24-hour rainfall i s  a national weather service designation which represents the duration-frequency of 
rainfall events in the Midwest. 
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Rainfall Event Type II-24 

TABLE 2C 

CN = 30 

Subarea 1 Subarea 2 
Return Period Hour Rainfall Peak Flow Peak Flow 

(yr) (inches) (cfs) . (cfs) 

2 2.4 0.00 0.00 
5 3 .2 0.00 0.00 
1 0  3 .7 0.00 0.00 
25 4.2 0.00 0.00 
50 4.7 0.00 0.00 
1 00 5.0 0.00 0.00 

Subarea 3 Total 
Peak Flow Peak Flow 

(cfs) (cfs) 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 

1 - A Type II, 24-hour rainfall is a national weather service designation which represents the duration-frequency of 
rainfall events in the Midwest. 

1 .2 Arsenic Water Balance 

This section explains the methodology and results of modeling completed to estimate the 

concentration of arsenic which will  reach the Kewaunee River j ust downstream of the marsh. 

1 .2 . 1  Methodology 

A water balance was conducted using the peak stormwater runoff from the marsh, marsh 

groundwater flow, recorded flow from the upstream Kewaunee River, and the arsenic 

concentration found to be present in each of these areas. 

Upstream Kewaunee River flow data were obtained from the U. S. Geological Survey (U.S.G.S.) 

Water Resources Investigations, Open-File Report 9 1 -4128 Flood-Frequency Characteristics of 

Wisconsin Streams (see Appendix C). Groundwater flow was determined from groundwater fate 

and transport modeling conducted by HSI GeoTrans, Inc. 
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1 .2.2 Arsenic Concentration in Surface Water Flowing out of Marsh 

The arsenic concentration in the surface water flowing out of the marsh was calculated using the 

arsenic concentration present in each subarea and the peak flow leaving each subarea. 

The following table shows the arsenic concentrations found in the samples collected from the 

marsh. 

TABLE 3 

ARSENIC CONCENTRATIONS IN MARSH 

SURF ACE WATER SAMPLES 

Arsenic 
Subarea Sample No. Concentration (W:giL) 

1 (north) SW03-01 (WDNR) 360 

SWOS-01 (WDNR) 76 

SW06-01 (WDNR) 60 

SW07-01 (WDNR) 1 1 0 

2 (center) Impacted area covered with 0 
compacted wood chips, (assumed) 

assumed arsenic concentration 

3 (south) SW08-01 (WDNR) 4.6 

H-6 (STS) 1 9, 1 00 

River River Water Sample 3.5 
(adjacent to site) 

Upstream Arsenic 3 
Concentration (assumed) 

Note: JlgiL - micrograms per liter 
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Two scenarios were used to estimate potential arsemc concentrations. In each scenario, the 

conservative assumption was made that all surface water runoff which comes in contact with the 

marsh will transport the total arsenic concentration. The two water balance scenarios included: 

1. Surface water runoff concentrations equal to the maximum observed marsh surface 

water arsenic concentration within each subarea 

2. Surface water runoff concentrations equal to the average observed marsh surface water 

arsenic concentrations within each subarea 

Tables 4A and 4B show the arsenic concentrations in the surface water flowing out of the marsh. 

See Appendix D for sample calculations. 

T ABLE 4 A  

MAXIMUM ARSENIC CONCENTRATIONS FLOWING OUT OF MARSH 

Rainfall Event Subarea I Subarea 2 Subarea 3 Max. Arsenic Cone. In Surface Water* 

Return Period Max. Arsenic Max. Arsenic Max. Arsenic Flowing Out of Marsh 

(yr) Cone. Cone. Cone. (ug/L) 

(ug/L) (ug/L) (ug/L) 

CN=95 CN=83 TO 86 CN=3 0 

2 360 0 1 9, 1 00 4,824.2 4,442 .3 0.0 

5 3 6 0  0 1 9. 1 00 4,820.7 4,522.5 0.0 

1 0  360 0 1 9, 1 00 4,932.9 4,554.0 0.0 

25 360 0 1 9, 1 00 4, 8 1 9.4 4,572.7 0 .0  

50 3 60 0 1 9, 1 00 4 , 8 1 7 . 4  4,595 .5  0.0 

1 00 360 0 1 9. 1 00 4,823 .2 4,605 . 1  0.0 
. .  

1 - Util izes a Type I I ,  24-hour ramfall ,  which IS a national weather service designation which represents the 
duration-frequency of rainfall  events in the M i dwest. 

*Max.  Arsenic  Cone. In 

Surf Water Flowing Out 

o f  Marsh 

(R4 1 6A003) 

(Subarea I 

Max. Arsenic 

Cone.) 

( Subarea I (Subarea 2 
x Peak Flow) + Max. 

Arsenic 

Cone.) 

X 
(Subarea 2 
Peak Flow) 

Total Peak Flow Out of Marsh 
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TABLE 4B 

AVERAGE ARSENIC CONCENTRATIONS FLOWING OUT OF MARSH 

Rainfall  Event Subarea I Subarea 2 Subarea 3 Ave. Arsenic Cone. In Surface Water* 

Return Period Ave. Arsenic Ave. Arsenic A ''e. Arsenic Flowing Out of M arsh 

(yr) Cone.  Cone. Cone. (ug/L) 

(ug/L) (ug/L) (ug/L) 

CN=95 CN=83 TO 86 CN=30 

2 ! 52 0 9,553 2,400.2 2,2 1 0.3  0.0 

5 ! 52 0 9,553 2,398.4 2,25 0.2 0.0 

1 0  ! 52 0 9,553 2,454.9 2,265 . 8  0.0 

25 ! 52 0 9,553 2,397.7 2,275 . 1  0.0 

50 ! 52 0 9,553 2,396.7 2,286.5 0.0 

1 00 ! 52 0 9,553 2,399.7 2,29 1 .3 0 .0  

I - Uti l izes a Type II ,  24-hour rainfall ,  which is  a national weather service designation which represents the 
duration-frequency of rainfall events in the Midwest. 

* Ave. Arsenic Cone. In 

Surf. Water Flowing Out 

of Marsh 

(Subarea I 
Ave. Arsenic 

Cone.) 

(Subarea I 
x Peak Flow) 

(Subarea 2 
+ Ave. Arsenic 

Cone.) 

(Subarea 2 
x Peak Flow) 

Total Peak Flow Out of Marsh 

(Subarea 3 
+ Ave. Arseni c  x 

Cone.)  

(Subarea 3 
Peak 

Flow) 

It should be noted that both the average and maximum arsenic concentrations used for each subarea 

are conservative. This is due to the fact that solubility, adsorption, and dilution were not accounted 

for. We assumed that the maximum or average arsenic concentrations found in the marsh samples 

were representative of the entire subarea where each sample was taken from. 

1 .2.3 Downstream Kewaunee River Flow 

The downstream Kewaunee River flow was calculated as a sum of the upstream Kewaunee River 

flow, the marsh surface water peak flow, and the marsh groundwater flow. 

Table 5 shows the calculated downstream Kewaunee River flows. Sample calculations can be 

found in Appendix D.  
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The upstream Kewaunee River flow data were obtained from the U.S.G.S. Water Resource 

Investigations, Open File Report 9 1 -4 128 Flood Frequency Characteristics of Wisconsin 

Streams. A copy can be found in Appendix C. 

Groundwater flow was calculated using data from the groundwater fate and transport modeling 

conducted by HSI GeoTrans, Inc. Marsh groundwater flow calculations can be found in 

Appendix D. 

TABLE S 

KEWAUNEE RIVER DOWNSTREAM FLOWS 

Rainfall Event Kewaunee Marsh Surface Marsh * Downstream 

Return Period River Upstream Water Peak Flow Groundwater Kewaunee River 

(yr) Flow (cfs) (cfs) Flow (cfs) Flow (cfs) 

CN=95 CN=83 CN=30 CN=95 CN=83 
to 86 T0 86 

2 2,700 1 4.3 5 .6 0.0 0.00023 2,7 1 4.3 2,705.6 
5 4,370 1 9.9 9.2 0.0 0 .00023 4,389.9 4,379.2 
1 0  5,490 22.8 1 1 .6 0.0 0 .00023 5,5 1 2 .8 5 ,50 1 .6 
25 6,880 27.0 1 4. 1  0.0 0 .00023 6,907.0 6,894 . 1  
50  7,870 30.5 1 6.6 0.0 0.00023 7,920.5 7,906.6 
1 00 8,8 1 0  32.5 1 8. 1  0.0 0 .00023 8,902.5 8,888 . 1  

I - Utilizes a Type I I ,  24-hour rainfall, which is a national weather service designation which represents the 
duration-frequency of rainfall events in the Midwest. 

CN=30 
2,700 
4,370 
5,490 
6,880 
7,870 
8,8 1 0  

* Downstream = (Upstream Kewaunee River Flow) + (Marsh Surface Water Peak Flow) + (Marsh Groundwater Flow) 

Kewaunee River Flow 

1 .2.4 Downstream Kewaunee River Arsenic Concentrations 

The last step in the arsenic water balancing was to calculate the downstream Kewaunee River 

Arsenic Concentrations, using the results described in the previous sections. 
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The following tables summarize the results. The marsh groundwater arsenic concentration was 

obtained from the groundwater modeling conducted by HSI GeoTrans, Inc. See Appendix D for 

all other sample calculations. 

Rainfall 
Event Return 

Period 

(year) 

2 

5 

1 0  

25 

50 

1 00 

* Downstream 
Kewaunee 

River Arsenic 
Cone . .  

TABLES 6A, 6B and 6C 

CONCENTR.t\ TIONS OF ARSENIC DOWNSTREAM IN THE KEWAUNEE RIVER 
(USING MAX. ARSENIC CONC. FROM EACH SUBAREA) 

Type I I  
24-Hour 
Rainfall  
(inches) 

2.4 

3 .2 

3 .7 

4.2 

4.7 

5.0 

(Upstream 
Kewaunee 

River Flow) 

T ABLE 6 A  

CN = 95 

Upstream M arsh M arsh 

Kewaunee River Surface Water Groundwater 

Flow As Cone. Flow As Cone. Flow 

(cfs) ()lg/1) (cfs) ()lg/1) (cfs) 

2,700 " 1 4 .3 4,824.2 0 .00023 .) 

4,370 3 1 9.9 4,820.7 0.00023 

5 ,490 " 22 . 8  4,932.9 0 .00023 .) 

6,880 3 27.0 4,8 1 9.4 0.00023 

7,870 " 3 0 . 5  4,8 1 7.4 0.00023 .) 

8,870 3 32.5 4,823 .2 0 .00023 

(Upstream Kewaunee (Marsh Surface (Marsh Surface 

As Cone . 
()lg/1) 

200,000.0 

200,000 .0 

200,000.0 

200,000.0 

200,000.0  

200,000.0 

(Marsh 

Downstream 
Kewaunee River 

Flow As Cone* . 

(cfs) ()lg/1) 
2,7 1 4.3  28.3 

4,3 89 .9  24.9 

5 , 5 1 2 . 8  23.4 

6,907.0 2 1 .8 

7,92 0 . 5  2 1 .5 

8,902 .5  20.6 

(M arsh 

x River Arsenic Cone.) + Water Flow) x Water Arsenic + Groundwater x Groundwater 

Cone.) Flow) Arsenic Cone.) 

Downstream Kewaunee River Flow 

1 - A Type I I ,  24-hour rainfall  i s  a national weather service designation which represents the duration-frequency of 
rainfa l l  events in the Midwest. 
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Rainfall Type I I  Upstream 
Event R eturn 24-Hour Kewaunee River 

Period Rainfall  Flow As Cone. 
(year) (inches) (cfs) (J.lgll) 

2 2 .4  2,700 3 

5 3 .2 4,370 3 

1 0  3 .7 5 ,490 3 

25 4.2 6,880 3 

5 0  4 . 7  7,870 3 

1 00 5 .0  8,870 3 

TABLE 6B 
CN = 83 TO 86 

Marsh 
Surface Water 

Flow As Cone. 
(cfs) (J.lg/1) 

5.6 4,442.3 

9.2 4,522 .5  

1 1 .6 4,554.0 

1 4. 1  4,572.7 

1 6.6 4,595 .5  

1 8 . 1  4,605 . 1  

Marsh 
Groundwater 

Flow As Cone. 
(cfs) (J.lg/1) 

0.00023 200,000.0 

0.00023 200,000.0 

0. 00023 200,000.0 

0 .00023 200,000.0 

0.00023 200,000.0 

0.00023 200,000.0 

(Upstream Kewaunee (Marsh Surface (Marsh Surface (Marsh 

Downstream 
Kewaunee River 

Flow As Cone. *  
(cfs) (J.lg/1)  

2,705.6 1 2. 1  

4,3 79.2 1 2.5  

5 , 5 0 1 . 6 1 2.6 

6,894 . 1  1 2 .3 

7,906.6 1 2 .6 

8 ,88 8 . 1 1 2.4 

(Marsh * Downstream 
Kewaunee 

River Arsenic 

Cone. 

(Upstream 
Kewaunee 

River Flow) 

x River Arsenic Cone.) + Water Flow) x Water Arsenic + Groundwater x Groundwater 

Rainfall 
Event Return 

Period 
(year) 

2 

5 

1 0  

25 

5 0  

1 00 

* Downstream 
Kewaunee 

River Arsenic 
Cone. 

Cone.) 

Downstream Kewaunee River Flow 

TABLE 6C 
CN = 30 

Flow) 

Type I I  Upstream Marsh M arsh 

24-Hour Kewaunee River Surface Water Groundwater 

Rainfall  Flow As Cone. Flow As Cone. Flow 

(inches) (cfs) (J.lg/1) (cfs) (J.lg/1) (cfs) 

2 .4  2,700 3 0.0 0.0 0.00023 

3 .2 4,370 3 0.0 0.0 0.00023 

3 . 7  5 ,490 3 0.0 0.0 0 .00023 

4 .2 6,880 .., 0.0 0.0 0 .00023 .) 

4 . 7  7,870 3 0.0 0.0 0 .00023 

5 . 0  8,870 3 0 .0  0.0 0.00023 

(Upstream (Upstream Kewaunee (Marsh Surface (Marsh Surface 

Kewaunee x River Arsenic Cone.) + Water Flow) x Water Arsenic 

River Flow) Cone.) 

Downstream Kewaunee River Flow 

As Cone. 

(J.lg/1) 

200,000.0 

200,000.0 

200,000.0 

200,000.0 

200,000.0 

200,000.0 

(Marsh 
+ Groundwater 

Flow) 

Arsen i c  Cone.) 

Downstream 
Kewaunee River 

Flow As Cone. *  
(cfs) (J.lg/1) 

2,700 3.0 

4 ,370 3 .0  

5 ,490 3.0 

6,880 3.0 

7,870 3 .0  

8,870 3 .0 

(Marsh 
x Groundwater 

Arsenic Cone.) 

1 - A Type I I ,  24-hour rainfall  is a national weather service designation wh ich represents the duration-frequency of 
rainfall events in the Midwest. 
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TABLES 7 A, 7B, and 7C 
CONCENTRATIONS OF ARSENIC DOWNSTREAM IN THE KEW �UNEE RIVER 

(USING AVE. ARSENIC CON C. FROM EACH SUBAREA) 

Rainfall  
Event Return 

Period 
(year) 

2 

5 

1 0  

25 

50 

1 00 

* Downstream 

Kewaunee 
River Arsenic 
Cone. 

Type I I  
24-Hour 

Rainfal l  
(inches) 

2.4 

3 .2 

3 . 7  

4.2 

4.7 

5 . 0  

(U pstream 

Kewaunee 
River Flow) 

TABLE 7A 
CN = 95 

Upstream Marsh Marsh 
Kewaunee River Surface Water Groundwater 

Flow A s  Cone. Flow As Cone. Flow 

(cfs) (f.lg/1) (cfs) (f.lg/1) (cfs) 

2,700 3 1 4.3  2,400.2 0 .00023 

4,370 3 1 9.9 2,398.4 0 .00023 

5 ,490 3 22 . 8  2,454.9 0. 00023 

6,880 3 27.0 2,397.7 0 . 00023 

7,870 3 3 0 . 5  2,396.7 0 .00023 

8,870 3 32 .5  2,399.7 0 .00023 

(Upstream Kewaunee (Marsh Surface (Marsh Surface 

As Cone. 

(f.lg/1) 

200,000.0 

200,000.0 

200,000.0 

200,000.0 

200,000.0 

200,000.0 

(Marsh 

Downstream 
Kewaunee River 

Flow As Cone.* 
(cfs) (f.lg/1) 

2,7 1 4.3 1 5 .6 

4,389.9 1 3 .9 

5 ,5 1 2 . 8  1 3 .2 

6,907.0 1 2.3  

7,920.5  1 2.2 

8,902.5 1 1 .7 

(Marsh 

x River Arsenic Cone.) + Water Flow) x Water Arsenic + Groundwater x Groundwater 

Cone.) Flow) Arsenic Cone.) 

Downstream Kewaunee River Flow 

1 - A Type I I ,  24-hour rainfall is a national weather service designation which represents the duration-frequency of 
rainfall  events in the M idwest. 
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TABLE 7B 
CN = 83 T0 86 

Rainfall Type II Upstream Marsh Marsh 
Event Return 24-Hour 

Period Rainfall 
(year) (inches) 

2 2.4 

5 3 .2 

I O  3 .7 

25 4 .2 

50 4.7 

1 00 5 .0 

Kewaunee River Surface Water Groundwater 
Flow As Cone. Flow As Cone. Flow 
(cfs) (llg/1) (cfs) (llg/1) (cfs) 

2,700 3 5.6 2,2 1 0.3 0.00023 

4,370 3 9.2 2,250.2 0.00023 

5,490 3 I l .6 2,265.8 0.00023 

6,880 3 I 4 . I  2,275. I  0.00023 

7,870 3 I 6.6 2,286.5 0.00023 

8,870 3 I 8. I 2,29 1 .3 0.00023 

(Upstream Kewaunee (Marsh Surface (Marsh Surface 

As Cone. 
(llg/1) 

200,000.0 

200,000.0 

200,000.0 

200,000.0 

200,000.0 

200,000.0 

(Marsh 

Downstream 
Kewaunee River 

Flow As Cone.* 
(cfs) (llgll) 

2,705.6 7.5 

4,379.2 7.7 

5,50 1 .6 7.8 

6,894 . I  7.6 

7,906.6 7.8 

8,888. 1 7.7 

(Marsh *Downstream 
Kewaunee 
River Arsenic 

Cone. 

(Upstream 
Kewaunee 
River Flow) 

x River Arsenic Cone.) + Water Flow) x Water Arsenic + Groundwater x Groundwater 
Cone.) Flow) Arsenic Cone.) 

Downstream Kewaunee River Flow 

I - A Type II, 24-hour rainfall i s  a national weather service designation which represents the duration-frequency of 
rainfall events in the Midwest. 
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TABLE 7C 
CN = 30 

Rainfall Type II Upstream Marsh Marsh 
Event Return 24-Hour 

Period Rainfall 
(year) (inches) 

2 2.4 

5 3.2 

1 0  3.7 

25 4 .2 

50 4.7 

1 00 5 .0 

Kewaunee River Surface Water Groundwater 
Flow As Cone. Flow As Cone . .  Flow 
(cfs) (�g/1) (cfs) (J.lg/1) (cfs) 

2,700 3 0.0 0.0 0.00023 

4,370 3 0.0 0.0 0.00023 

5,490 3 0.0 0.0 0.00023 

6,880 3 0.0 0.0 0.00023 

7,870 3 0.0 0.0 0.00023 

8,870 3 0.0 0.0 0.00023 

(Upstream Kewaunee (Marsh Surface (Marsh Surface 

As Cone. 
(J.lg/1) 

200,000.0 

200,000.0 

200,000.0 

200,000.0 

200,000.0 

200,000.0 

(Marsh 

Downstream 
Kewaunee River 

Flow As Cone*. 
(cfs) (f.lg/1) 

\ 
2,700.0 3.0 

4,370.0 3 .0 

5 ,490.0 3 .0 

6,880.0 3.0 

7,890.0 3 .0 

8,870.0 3 .0 

(Marsh *Downstream 
Kewaunee 
River Arsenic 

Cone. 

(Upstream 
Kewaunee 
River Flow) 

x River Arsenic Cone.) + Water Flow) x Water Arsenic + Groundwater x Groundwater 

Cone.) Flow) Arsenic Cone.) 

Downstream Kewaunee River Flow 

1 - A Type II, 24-hour rainfall i s  a national weather service designation which represents the duration-frequency of 
rainfall events in the Midwest. 

It should be noted that the marsh groundwater arsenic concentrations used are conservative. This 

is due to the following reasons: 

1 .  We used the maximum arsenic concentration from the groundwater modeling done by HSI 

GeoTrans, Inc. 

2. The groundwater model forces the arsenic plume to move towards the river. It is possible that 

the plume may be stable, and the projected arsenic concentrations may not reach the river. 

- 1 4 -
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2.0 C ONCLUS IONS 

Based on average marsh arsenic concentrations from each marsh subarea and a runoff rate using 

a curve number of 95,  the potential maximum downstream arsenic concentration in the 

Kewaunee River was calculated to be 1 5.6 )lg!L. 

Based on maximum marsh arsenic concentrations from each marsh subarea and runoff rate using 

a curve number of 95,  the potential maximum downstream arsenic concentration in the 

Kewaunee River was calculated to be 28.3 )lg/L. 

In addition, both the average and maximum arsenic concentrations mentioned above are very 

conservative due to the following model characteristics :  

1 .  Does not account for solubility, adsorption, or dilution. It assumes that the maximum (or 

average) arsenic concentrations found in the marsh samples were representative of the entire 

subarea where each sample was taken from. 

2. Does not account for the drainage from the surrounding highlands into the marsh. If this 

additional drainage was accounted for, there would be a higher dilution factor. 

3 .  Assumes the maximum arsemc concentration from the groundwater model done by HSI 

GeoTrans, Inc. 

4.  The groundwater model forces the arsenic plume to move towards the river. However, it is 

possible that the plume may be stable, and the projected arsenic concentration may not reach 

the river. 

- 1 5  -
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The Wisconsin Administrative Code NR 1 05 Human Cancer Criteria Standard for arsenic is 

5 0  flg/L. Therefore, results of surface water and groundwater modeling indicate that arsenic 

transported to the Kewaunee River should not exceed surface water standards. 
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APPENDIX B 

HydroCAD Runoff Model Printouts 





I 

I 

CN = 95 

2 YR. STORM 



Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUP2 
TYPE II 24 -HOUR RAINFALL= TWO YR . - 2 .  4 IN (...tV � '1 ,; ) 

Prepared by Applied Microcomputer Systems 

Page 4 3  

12 May 97  
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

WATERSHED ROUTING = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

SUBCATCHMENT 1 

SUBCATCHMENT 2 

SUBCATCHMENT 3 

POND 1 

North Area ( marsh) 

Central Area and Cap 

South Area 

Kewaunee River 

- >  POND 1 

- >  POND 1 

- >  POND 1 

- >  



I 

I 

Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUP2 
TYPE II 2 4 -HOUR RAINFALL= TWO YR . - 2 . 4 IN > GN '= q s

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  (c)  1 9 8 6 - 1996  Applied Mi crocomputer Systems 

Page 4 4  

1 2  May 9 7  

RUNOFF BY SCS TR- 2 0  METHOD : TYPE II 2 4 - HOUR RAINFALL= 2 . 4  IN, SCS U . H .  

SUBCAT AREA 
NUMBER (ACRE) 

1 6 . 5 0 

2 4 . 5 7 

3 3 . 1 0 

RUNOFF SPAN = 1 0 - 2 0  HRS , dt= . 10 HRS , 101 POINTS 

WGT ' D  Tc 
(MIN) - -GROUND COVERS (%CN) - - CN C 

5 8 . 9  1 0 0 % 9 5  

6 3 . 1  79%95  2 1% 9 5  

4 9 . 8  1 0 0 % 9 5  

9 5  

9 5  

9 5  

PEAK 
(CFS) 

6 . 4 6  

4 . 3 2 

3 . 4 8 

Tpeak 
(HRS ) 

12 . 54 

12 . 5 9 

12 . 4 3 

VOL 
(AF) 

. 8 9 

. 63 

. 4 2 



Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUP2 
TYPE II 2 4 -HOUR RAINFALL= TWO YR .  - 2 . 4  IN .> OJ ::: Cf;;' 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  (c)  198 6 - 1 9 9 6  Appl ied Microcomputer Systems 

REACH 
NO . DIAM 

( IN) 

BOTTOM 
WIDTH 

(FT) 

REACH ROUTING BY STOR - IND+TRANS METHOD 

DEPTH 
(FT) 

S IDE 
SLOPES 
( FT/FT) 

n LENGTH 
(FT) 

SLOPE 
(FT/FT) 

PEAK 
VEL . 
(FPS ) 

TRAVEL 
TIME 
{MIN) 

Page 4 5  

1 2  May 9 7  

PEAK 
Qout 
{CFS) 



I 

I 

Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUP2 
TYPE II 24 -HOUR RAINFALL= TWO YR . - 2 .  4 IN 1 C. 1\J <!. q '{ 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 51 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Appl ied Microcomputer Systems 

POND ROUTING BY STOR- IND METHOD 

Page 4 6  

1 2  May 9 7  

POND START FLOOD PEAK PEAK - - - - - - PEAK FLOW - - - - - - - - - -Qout - - -
NO . ELEV . ELEV . ELEV . STORAGE Qin Qout Qpri Qsec ATTEN . LAG 

( FT) (FT) ( FT) (AF) ( CFS ) (CFS) (CFS ) ( CFS ) ( % )  (MIN) 

1 1 0 0 . 0  11 0 . 0  1 0 0 . 0  1 . 94 1 4 . 0 5 . 0 1 1 0 0  4 4 8 . 5  
-



Data for Kewaunee Marsh Runof -Curve Number ( lag) Me DUP2 
TYPE J:J: 24 -HOUR RAINFALL= TWO YR . - 2 .  4 J:N 1 OJ "' Cf  '{'" 

Prepared by Appl ied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

LINK 
NO . NAME SOURCE 

Page 4 7  

1 2  May 9 7  

Qout 
( CFS) 



I 

I 

Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUP2 
TYPE II 2 4 -HOUR RAINFALL= TWO YR . - 2 .  4 IN) C...I\J ::.q S 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  (c)  1 9 8 6 - 1 9 9 6  Appl ied Microcomputer Systems 

SUBCATCHMENT 1 North Are a  (marsh) 

PEAK= 6 . 4 6 CFS @ 12 . 54 HRS , VOLUME= . 8 9 AF 

ACRES CN 
6 . 5 0 9 5  Marsh 

SCS TR- 2 0  METHOD 
TYPE I I  2 4 -HOUR 
RAINFALL= 2 . 4  IN 

Page 4 8  

1 2  May 97  

SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Method Comment 
CURVE NUMBER ( LAG) METHOD Flow thru marsh 
L=106 0 '  S= . 0 0 1  ' / '  

SUBCATCHMENT 2 Central Area and Cap 

PEAK= 4 . 3 2 CFS @ 12 . 5 9 HRS , VOLUME= . 6 3 AF 

ACRES CN 
3 . 6 0 9 5  Wood Chip Cap 

. 9 7 95  Marsh 
4 . 5 7 9 5  

Method 
CURVE NUMBER ( LAG) METHOD 
L=7 8 0 ' s= . 0 0 1  ' / '  
CURVE NUMBER ( LAG) METHOD 
L=2 2 5 ' S= . 0 0 1  ' / '  

Comment 
Wood chips 

Marsh 

SCS TR- 2 0  METHOD 
TYPE I I  24 -HOUR 
RAINFALL= 2 . 4  IN 

Tc (min) 
5 8 . 9  

SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Tc (min) 
4 6 . 1  

1 7 . 0  

Total Length= 1 0 0 5  ft Total Tc= 6 3 . 1  

SUBCATCHMENT 3 South Area 

PEAK= 3 . 4 8 CFS @ 12 . 4 3 HRS , VOLUME= . 42 AF 

ACRES CN 
3 . 1 0 9 5  Marsh 

Method Comment 
CURVE NUMBER ( LAG) METHOD Marsh 
L=8 6 0 ' S= . 0 0 1  ' / '  

SCS TR- 2 0  METHOD 
TYPE I I  2 4 -HOUR 
RAINFALL= 2 . 4  IN 
SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Tc (min) 
4 9 . 8  



Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUP2 
TYPE II 2 4 -HOUR RAINFALL= TWO YR . - 2 . 4  IN > C.f'J '=-CfS 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

POND 1 Kewaunee River 

Page 4 9  

12 May 97 

Qin 14 . 0 5 CFS ® 12 . 52 HRS , 
Qout= . 01 CFS ® 2 0 . 0 0 HRS , 

VOLUME= 1 . 94 AF 
VOLUME= 0 . 0 0 AF , ATTEN= 1 0 0 % , LAG= 4 4 8 . 5  MIN 

ELEVATION AREA INC . STOR CUM . STOR 
(FT} (AC} (AF} (AF} 
1 0 0 . 0  3 0 . 0 0 0 . 0 0 0 . 0 0 
1 1 0 . 0  1 0 0 . 0 0 6 5 0 . 0 0 6 5 0 . 0 0 

# ROUTE INVERT OUTLET DEVICES 
1 p 1 0 0 . 0 '  10 0 "  CULVERT 

STOR- IND METHOD 
PEAK STORAGE = 
PEAK ELEVATION= 
FLOOD ELEVATION= 
START ELEVATION= 
SPAN= 1 0 -2 0  HRS , 
Tdet= 3 8 7 . 2  MIN 

n= . 0 3 L=1 0 0 ' S= . 0 01 ' / '  Ke= . 6  Cc= . 9  Cd= . 5 6 

1 .  94 AF 
1 0 0 . 0  FT 
1 1 0 . 0  FT 
1 0 0 . 0  FT 

dt= . 1  HRS 
( 0  AF) 



ll')
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Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUP2 
TYPE II 2 4 -HOUR RAINFALL= 5 YR . - 3 . 2 IN, CN=9 5  

Prepared by Appl ied Microcomputer Systems 

Page s o  

12 May 97  
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Appl ied Microcomputer Systems 

WATERSHED ROUTING = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

SUBCATCHMENT 1 

SUBCATCHMENT 2 

SUBCATCHMENT 3 

POND 1 

North Area (marsh)  

Central Area and Cap 

South Area 

Kewaunee River 

- >  POND 1 

- >  POND 1 

- >  POND 1 

- >  



I 

I 

Data for Kewaunee Marsh Runof -Curve Number ( lag} Me DUP2 
TYPE II 2 4 -HOUR RAINFALL= 5 YR . - 3 . 2 IN, CN=95 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  19 8 6 - 1 9 9 6  Appl ied Microcomputer Systems 

Page 5 1  

12 May 97 

RUNOFF BY SCS TR- 2 0  METHOD : TYPE II 2 4 -HOUR RAINFALL= 3 . 2 IN, SCS U . H .  

SUBCAT AREA 
NUMBER (ACRE) 

1 6 . 5 0 

2 4 . 5 7 

3 3 . 10 

RUNOFF SPAN = 1 0 - 2 0  HRS , dt= . 10 HRS , 1 0 1  POINTS 

WGT ' D  Tc 
(MIN) - -GROUND COVERS ( �CN) - - CN C 

5 8 . 9  1 0 0 % 9 5  

6 3 . 1  7 9 % 9 5  2 1 � 9 5  

4 9 . 8  1 0 0 % 9 5  

9 5  

9 5  

9 5  

PEAK 
(CFS ) 

9 . 03 

6 . 04 

4 . 8 6 

Tpeak 
(HRS ) 

12 . 54 

12 . 5 9 

12 . 4 2 

VOL 
(AF) 

1 .  2 5  

. 8 8 

. 5 9 



Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUP2 
TYPE II 2 4 -HOUR RAINFALL= 5 YR . - 3 . 2  IN, CN=95 

Prepared by Appl ied Microcomputer Systems 
HydroCAD 4 . 51 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

REACH 
NO . DIAM 

( IN) 

BOTTOM 
WIDTH 

( FT) 

REACH ROUTING BY STOR- IND+TRANS METHOD 

DEPTH 
(FT) 

S IDE 
SLOPES 
( FT/FT) 

n LENGTH 
(FT) 

SLOPE 
( FT/FT) 

PEAK 
VEL .  
(FPS) 

TRAVEL 
T IME 
(MIN) 

Page 5 2  

12  May 97  

PEAK 
Qout 
(CFS) 



I 

I 

Data for Kewaunee Marsh Runof -Curve Number ( lag) Me DUP2 
TYPE II 24 -HOUR RAINFALL= 5 YR . - 3 . 2  IN, CN=95 

Prepared by Appl ied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 96 Applied Microcomputer Systems 

POND ROUTING BY STOR- IND METHOD 

Page 5 3  

12 May 9 7  

POND START FLOOD PEAK PEAK - - - - - - PEAK FLOW - - - - - - - - - -Qout - - -
NO . ELEV . ELEV . ELEV . STORAGE Qin Qout Qpri Qsec ATTEN . LAG 

(FT) (FT) (FT) (AF) (CFS ) (CFS ) (CFS ) (CFS) ( % )  (MIN) 

1 10 0 . 0  110 . 0  1 0 0 . 0  2 .  7 1  19 . 6 5 . 0 1 1 0 0  4 4 8 . 7  



Data for Kewaunee Marsh Runof -Curve Number ( lag) Me DUP2 
TYPE II 2 4 - HOUR RAINFALL= 5 YR . - 3 . 2  IN, CN= 95 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

LINK 
NO . NAME SOURCE 

Page 54  

12  May 97 

Qout 
( CFS ) 



I 

I 

Data for Kewaunee Marsh Runof -Curve Number ( lag) Me DUP2 
TYPE II 24 -HOUR RAINFALL= 5 YR . - 3 . 2  IN, CN=9 5  

Prepared by Applied Microcomputer Sys t ems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  {c)  1 9 8 6 - 1996  Applied Microcomputer Systems 

SUBCATCHMENT 1 North Area (marsh) 

PEAK= 9 . 03 CFS @ 12 . 54 HRS , VOLUME= 1 . 2 5  AF 

ACRES CN 
6 . 5 0 95 Marsh 

SCS TR- 2 0  METHOD 
TYPE I I  2 4 -HOUR 
RAINFALL= 3 . 2 IN 

Page 5 5  

1 2  May 9 7  

SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Method Comment 
CURVE NUMBER (LAG) METHOD Flow thru marsh 
L=10 6 0 ' S= . 0 0 1  ' / '  

SUBCATCHMENT 2 Central Area and Cap 

PEAK= 6 . 04 CFS @ 12 . 5 9 HRS , VOLUME= . 8 8 AF 

ACRES CN 
3 . 6 0 95  Wood Chip Cap 

. 9 7 95  Marsh 
4 . 5 7 95  

Method 
CURVE NUMBER (LAG) METHOD 
L=7 8 0 ' S= . 0 0 1  ' / '  
CURVE NUMBER (LAG) METHOD 
L=22 5 ' S= . 0 0 1  ' / '  

Comment 
Woo d  chips 

Marsh 

SCS TR- 2 0  METHOD 
TYPE I I  24 -HOUR 
RAINFALL= 3 . 2 IN 

Tc {min) 
5 8 . 9  

SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Tc (min) 
4 6 . 1  

1 7 . 0  

Total Length= 1005 ft Total Tc= 6 3 . 1  

SUBCATCHMENT 3 South Area 

PEAK= 4 . 8 6 CFS ® 12 . 4 2 HRS , VOLUME= . 5 9 AF 

ACRES CN 
3 . 1 0 95  Marsh 

Method Comment 
CURVE NUMBER (LAG) METHOD Marsh 
L=8 6 0 ' S= . 0 0 1  ' / '  

SCS TR- 2 0  METHOD 
TYPE I I  2 4 -HOUR 
RAINFALL= 3 . 2  IN 
SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Tc (min) 
4 9 . 8  



Data for Kewaunee Marsh Runof -Curve Number ( lag) Me DUP2 
TYPE II 2 4 - HOUR RAINFALL= 5 YR . - 3 . 2 IN, CN=95 

Prepared by Appl ied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1996  Applied Microcomputer Systems 

POND 1 Kewaunee River 

VOLUME= 2 .  72 AF 

Page 5 6  

12  May 9 7  

Qin 1 9 . 6 5 CFS @ 12 . 52 HRS , 
Qout= . 01 CFS @ 2 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF , ATTEN=100 % ,  LAG= 4 4 8 . 7  MIN 

ELEVATION 
(FT) 
1 0 0 . 0  
110 . 0  

# ROUTE 
1 p 

AREA INC . STOR CUM . STOR 
(AC) (AF) (AF) 
3 0 . 0 0 0 . 0 0 0 . 0 0 

1 0 0 . 0 0 6 5 0 . 0 0 6 5 0 . 0 0 

INVERT OUTLET DEVICES 
1 0 0 . 0 '  1.00 " CULVERT 

n= . 03 L=1 0 0 ' S= . 0 01 ' / '  Ke= . 6  

STOR- IND METHOD 
PEAK STORAGE = 2 . 7 1 AF 
PEAK ELEVATION= 1 0 0 . 0  FT 
FLOOD ELEVATION= 1 1 0 . 0  FT 
START ELEVATION= 1 0 0 . 0  FT 
SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 
Tdet= 3 8 8 . 4  MIN (0 AF ) 

Cc= . 9  Cd= . 5 6 



I 

I 

CN = 95 

lO YR. STORM 



Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUP2 
TYPE II 2 4 - HOUR RAINFALL= 10 YR . - 3 . 7 IN, CN:9 5  

Prepared by Appl ied Microcomputer Systems 

Page 5 7  

12  May 97  
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1996 Appl ied Microcomputer Systems 

WATERSHED ROUTING = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

SUBCATCHMENT 1 

SUBCATCHMENT 2 

SUBCATCHMENT 3 

POND 1 

North Area (marsh) 

Central Area and Cap 

South Area 

Kewaunee River 

- >  POND 1 

- >  POND 1 

- >  POND 1 

- >  



I 
I 

Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUP2 
TYPE II 24 -HOUR RAINFALL= 10 YR . - 3 . 7 IN, CN=95 

Prepared by Appl ied Microcomputer Systems 
HydroCAD 4 . 51 0 0 0 8 0 0  (c)  1 9 8 6 - 1 9 9 6  Appl ied Microcomputer Systems 

RUNOFF BY SCS TR- 2 0  METHOD : TYPE II 2 4 -HOUR RAINFALL= 3 . 7 IN, 

RUNOFF SPAN = 10 - 2 0  HRS , dt= . 10 HRS , 1 0 1  POINTS 

SUB CAT AREA Tc WGT ' D  PEAK 
NUMBER (ACRE) (MIN) - -GROUND COVERS ( %CN) - - CN c (CFS) 

1 6 . 5 0 5 8 . 9  1 0 0 % 9 5  9 5  1 0 . 6 2 

2 4 . 5 7 6 3 . 1  7 9 % 9 5  2 1% 9 5  9 5  7 . 11 

3 3 . 10 4 9 . 8  1 0 0 % 9 5  9 5  5 . 7 1 

Page 5 8  

1 2  May 9 7  

SCS U . H .  

Tpeak VOL 
(HRS) (AF) 

1 2 . 54 1 . 4 7 

1 2 . 5 9 1 . 03 

12 . 4 2 . 7 0 



Data for Kewaunee Marsh Runof -Curve Number ( l ag) Me DUP2 
TYPE II 2 4 - HOUR RAINFALL= 10 YR . - 3 . 7 IN, CN=95 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Appl ied Microcomputer Systems 

REACH 
NO . DIAM 

( IN) 

BOTTOM 
WIDTH 

( FT) 

REACH ROUTING BY STOR- IND+TRANS METHOD 

DEPTH 
( FT) 

S IDE 
SLOPES 
( FT /FT) 

n LENGTH 
( FT) 

SLOPE 
( FT/FT) 

PEAK 
VEL . 
( FPS) 

TRAVEL 
TIME 
(MIN) 

Page 5 9  

1 2  May 9 7  

PEAK 
Qout 
(CFS ) 

I 



I 

I 

Data for Kewaunee Marsh Runof-Curve Number ( lag) Me DUP2 
TYPE II 2 4 -HOUR RAINFALL= 10 YR . - 3 . 7 IN, CN=95 

Prepared by Appl ied Microcomputer Systems 

Page 6 0  

1 2  May 9 7  
HydroCAD 4 . 5 1 0 0 0 8 0 0 ( c )  1986 - 1 9 96 Applied Microcomputer Systems 

POND ROUTING BY STOR- IND METHOD 

POND START FLOOD PEAK PEAK - - - - - - PEAK FLOW - - - - - - - - - -Qout - - -
NO . ELEV . ELEV . ELEV . STORAGE Qin Qout Qpri Qsec ATTEN . LAG 

( FT) ( FT)  ( FT)  (AF) (CFS ) ( CFS ) ( CFS) ( CFS ) ( % )  (MIN) 

1 1 0 0 . 0  1 1 0 . 0  1 0 0 . 0  3 . 19 2 3 . 12 . 01 1 0 0  4 4 8 . 8  



Data for Kewaunee Marsh Runof - Curve Number ( lag} Me DUP2 
TYPE XX 2 4 -HOUR RAINFALL= 10 YR . - 3 . 7 XN, CN=95 

Prepared by Appl ied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

LINK 
NO . NAME SOURCE 

Page 6 1  

1 2  May 97  

Qout 
(CFS ) 



I 

Data for Kewaunee Marsh Runof -Curve Number ( lag) Me DUP2 
TYPE II 2 4 -HOUR RAINFALL= 10 YR .  - 3 . 7 IN, CN= 9 5  

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  { c )  1 9 8 6 - 1 9 9 6  Appl ied Microcomputer Systems 

SUBCATCHMENT 1 North Area (marsh) 

PEAK= 1 0 . 62 CFS @ 12 . 54 HRS , VOLUME= 1 . 4 7 AF 

ACRES CN 
6 . 5 0 95  Marsh 

SCS TR- 2 0  METHOD 
TYPE I I  24 -HOUR 
RAINFALL= 3 . 7  IN 

Page 62 

12 May 97 

SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Method Comment 
CURVE NUMBER (LAG) METHOD Flow thru marsh 
L=106 0 '  S= . 0 0 1  ' / '  

SUBCATCHMENT 2 Central Area and Cap 

PEAK= 7 . 11 CFS @ 12 . 5 9 HRS , VOLUME= 1 .  03  AF 

ACRES CN 
3 . 6 0 95  Wood Chip Cap 

. 97 95  Marsh 
4 . 5 7 95  

Method 
CURVE NUMBER ( LAG) METHOD 
L= 7 8 0 '  S= . 001  ' / '  
CURVE NUMBER ( LAG) METHOD 
L=2 2 5 ' 5= . 0 0 1  ' / '  

Comment 
Wood chips 

Marsh 

SCS TR- 2 0  METHOD 
TYPE I I  2 4 -HOUR 
RAINFALL= 3 . 7  IN 

Tc {min) 
5 8 . 9  

SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Tc {min) 
4 6 . 1  

17 . 0  

Total Length= 1 0 0 5  f t  Total Tc= 6 3 . 1  

SUBCATCHMENT 3 South Area 

PEAK= 5 . 71 CFS ® 12 . 4 2 HRS , VOLUME= 

ACRES CN 
3 . 1 0 95  Marsh 

. 7 0 AF 

Method Comment 
CURVE NUMBER ( LAG) METHOD Marsh 
L= 86 0 '  S= . 001  ' / '  

SCS TR- 2 0  METHOD 
TYPE I I  2 4 - HOUR 
RAINFALL= 3 . 7  IN 
SPAN= 1 0 -2 0  HRS , dt= . 1  HRS 

Tc {min) 
4 9 . 8  



Data for Kewaunee Marsh Runo f -Curve Number ( lag} Me DUP2 
TYPE II 2 4 -HOUR RAINFALL= 10 YR . - 3 . 7 IN, CN=95 

Prepared by Appl ied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  (c)  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

POND 1 Kewaunee River 

Qin 2 3 . 12 CFS @ 12 . 52 HRS , VOLUME= 3 . 2 0 AF 
Qout= . 0 1 CFS @ 2 0 . 0 0 HRS , VOLUME= . 0 1 AF , ATTEN=1 0 0 % , LAG= 

ELEVATION AREA INC . STOR CUM . STOR STOR- IND METHOD 
(FT} (AC} (AF} (AF} PEAK STORAGE = 
1 0 0 . 0  3 0 . 0 0 0 . 0 0 0 . 0 0 PEAK ELEVATION= 
1 1 0 . 0  1 0 0 . 0 0 6 5 0 . 0 0 6 5 0 . 0 0 FLOOD ELEVATION= 

START ELEVATI ON= 
SPAN= 1 0 - 2 0  HRS , 
Tdet= 3 8 6  MIN ( 0  

tf ROUTE INVERT OUTLET DEVICES 
1 p 1 0 0 . 0 '  1 0 0 "  CULVERT 

n= . 0 3 L=1 0 0 ' S= . 0 0 1 ' / '  Ke= . 6  CC= . 9  Cd= . 5 6 

Page 63 

1 2  May 97 

4 4 8 . 8  MIN 

3 . 1 9 AF 
1 0 0 . 0  FT 
1 10 . 0  FT 
1 0 0 . 0  FT 

dt= . 1  HRS 
AF) 



-



Data for Kewaunee Marsh Runof -Curve Number ( lag) Me DUP2 
TYPE II 2 4 -HOUR RAINFALL= 2 5  YR . - 4 . 2  IN, CN=95 

Prepared by Appl ied Microcomputer Systems 

Page 64 

12  May 97 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

WATERSHED ROUTING = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

SUBCATCHMENT 1 

SUBCATCHMENT 2 

SUBCATCHMENT 3 

POND 1 

North Area { marsh) 

Central Are a  and Cap 

South Area 

Kewaunee River 

- >  POND 1 

- >  POND 1 

- >  POND 1 

- >  



I 

Data for Kewaunee Marsh Runof -CUrve Number ( lag) Me DUP2 
TYPE II 24 -HOUR RAINFALL= 2 5  YR . - 4 . 2  IN, CN:95 

Prepared by Appl ied Microcomputer Systems 
HydroCAD 4 . 51 0 0 0 8 0 0  ( c )  1 9 8 6 - 1996  Appl ied Microcomputer Systems 

RUNOFF BY SCS TR- 2 0  METHOD : TYPE I I  2 4 -HOUR RAINFALL= 4 . 2 IN, 

RUNOFF SPAN = 1 0 - 2 0  HRS , dt= . 10 HRS , 1 0 1  POINTS 

SUB CAT AREA Tc WGT ' D  PEAK 
NUMBER (ACRE) (MIN) - -GROUND COVERS ( %CN) - - CN c ( CFS ) 

1 6 . 5 0 58 . 9  1 0 0 % 9 5  95  12 . 2 1 

2 4 . 5 7 63 . 1  7 9 % 9 5  2 1 % 9 5  95  8 . 1 7 

3 3 . 1 0 4 9 . 8  1 0 0 % 9 5  95  6 . 5 7 

Page 65  

12  May 97  

SCS U . H .  

Tpeak VOL 
(HRS ) (AF) 

12 . 54 1 . 6 9  

12 . 5 9 1 . 1 9 

12 . 42 . 8 0 



Data for Kewaunee Marsh Runof -Curve Number ( lag} Me DUP2 
TYPE II 2 4 -HOUR RAINFALL= 25 YR . - 4 . 2  IN, CN=95 

Prepared by Appl ied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 96 Appl ied Microcomputer Systems 

REACH ROUTING BY STOR- IND+TRANS METHOD 

REACH 
NO . 

BOTTOM 
WIDTH 

( FT) 

SIDE 
SLOPES 
(FT/FT) 

PEAK TRAVEL 
DIAM 
( IN) 

DEPTH 
(FT) 

n LENGTH 
(FT) 

SLOPE 
(FT /FT) 

VEL . 
( FPS) 

TIME 
(MIN) 

Page 6 6  

12  May 9 7  

PEAK 
Qout 
(CFS ) 

I 



I 

Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUP2 
TYPE II 2 4 -HOUR RAINFALL= 25 YR . - 4 . 2  IN, CN=9 5  

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  {c)  1986 - 1996  Appl ied Microcomputer Systems 

POND ROUTING BY STOR- IND METHOD 

Page 6 7  

1 2  May 9 7  

POND START FLOOD PEAK PEAK - - - - - - PEAK FLOW - - - - - - - - - -Qout - - -
NO . ELEV . ELEV . ELEV . STORAGE Qin Qout Qpri Qsec ATTEN . LAG 

{FT) {FT) { FT) {AF) { CFS ) { CFS)  {CFS ) {CFS ) { % )  {MIN) 

1 1 0 0 . 0  110 . 0  1 0 0 . 1  3 . 6 7 2 6 . 5 8 . 01 1 0 0  4 4 8 . 9  



Data for Kewaunee Marsh Runof - Curve Number ( l ag )  Me DUP2 
TYPE II 2 4 -HOUR RAINFALL= 2 5  YR . - 4 . 2  IN, CN=95 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1  0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

LINK 
NO . NAME SOURCE 

Page 6 8  

1 2  May 9 7  

Qout 
(CFS) 

I 



I 

Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUP2 
TYPE II 2 4 -HOUR RAINFALL= 2 5  YR . - 4 . 2 IN, CN= 95 

Prepared by Appl ied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  {c)  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

SUBCATCHMENT 1 North Area (marsh) 

PEAK= 12 . 2 1 CFS @ 12 . 54 HRS , VOLUME= 1 . 6 9 AF 

ACRES CN 
6 . 5 0 9 5  Marsh 

SCS TR- 2 0  METHOD 
TYPE I I  2 4 - HOUR 
RAINFALL= 4 . 2  IN 

Page 6 9  

1 2  May 9 7  

SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Method Comment 
CURVE NUMBER ( LAG) METHOD Flow thru marsh 
L=10 6 0 ' S = . 0 0 1  ' / '  

SUBCATCHMENT 2 Central Area and Cap 

PEAK= 8 . 17 CFS @ 12 . 5 9 HRS , VOLUME= 1 . 19 AF 

ACRES CN 
3 . 6 0  9 5  Wood Chip Cap 

. 9 7 9 5  Marsh 
4 . 5 7 9 5  

Method 
CURVE NUMBER ( LAG) METHOD 

L=7 8 0 ' S= . 0 0 1  ' / '  
CURVE NUMBER ( LAG) METHOD 
L=22 5 ' S= . 0 0 1  ' / '  

Comment 
Wood chips 

Marsh 

SCS TR- 2 0  METHOD 
TYPE I I  2 4 - HOUR 
RAINFALL= 4 . 2 IN 

Tc {min) 
5 8 . 9  

SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Tc {min) 
4 6 . 1  

1 7 . 0  

Total Length= 1 0 0 5  ft Total Tc= 6 3 . 1  

SUBCATCHMENT 3 South Area 

PEAK= 6 . 5 7 CFS @ 12 . 4 2 HRS , VOLUME= . 8 0 AF 

ACRES CN 
3 . 1 0 9 5  Marsh 

Method Comment 
CURVE NUMBER ( LAG) METHOD Marsh 
L=8 6 0 ' S= . 0 0 1  ' / '  

SCS TR- 2 0  METHOD 
TYPE I I  2 4 -HOUR 
RAINFALL= 4 . 2  IN 
SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Tc {min) 
4 9 . 8  



Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUP2 
TYPE II 2 4 -HOUR RAINFALL= 25 YR . - 4 . 2  IN, CN=95 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  { c )  1 9 8 6 - 1 9 96 Applied Microcomputer Systems 

POND 1 Kewaunee River 

Qin 
Qout= 

2 6 . 5 8 CFS @ 12 . 5 2 HRS , 
. 0 1 CFS @ 2 0 . 0 0 HRS , 

ELEVATION AREA INC . STOR 
(FT) (AC) (AF) 
1 0 0 . 0  3 0 . 0 0 0 . 0 0 
1 1 0 . 0  1 0 0 . 0 0 6 5 0 . 0 0 

VOLUME= 
VOLUME= 

CUM . STOR 
(AF) 

0 . 0 0 
6 5 0 . 0 0 

# ROUTE INVERT OUTLET DEVICES 
1 p 1 0 0 . 0 '  1 0 0 "  CULVERT 

3 . 6 8 AF 
. 0 1 AF , ATTEN= 1 0 0 % , LAG= 

STOR- IND METHOD 
PEAK STORAGE = 
PEAK ELEVATION= 
FLOOD ELEVATION= 
START ELEVATION= 
SPAN= 1 0 - 2 0  HRS , 
Tdet= 3 8 7 . 8  MIN 

n= . 0 3 L=1 0 0 ' S= . 0 01 ' / '  Ke= . 6  Cc= . 9  Cd= . 5 6 

Page 7 0  

1 2  May 9 7  

4 4 8 . 9  MIN 

3 . 6 7 AF 
1 0 0 . 1  FT 
110 . 0  FT 
1 0 0 . 0  FT 

dt= . 1  HRS 
( .  01 AF ) 



I 

tr)
 

0\
 

II 

z u 
. � 0
 

tr)
 

-



Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUP2 
TYPE II 2 4 - HOUR RAINFALL= 5 0  YR . - 4 . 7 IN, CN=95 

Prepared by Applied Microcomputer Systems 

Page 7 1  

12  May 9 7  
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

WATERSHED ROUTING = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

SUBCATCHMENT 1 

SUBCATCHMENT 2 

SUBCATCHMENT 3 

POND 1 

North Area (marsh) 

Central Area and Cap 

South Area 

Kewaunee River 

- >  POND 1 

- >  POND 1 

- >  POND 1 

- >  



I 

Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUP2 
TYPE II 2 4 -HOUR RAINFALL= 50 YR . - 4 . 7  IN, CN= 9 5  

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

RUNOFF BY SCS TR- 2 0  METHOD : TYPE I I  2 4 -HOUR RAINFALL= 4 . 7  IN, 

RUNOFF SPAN = 10 - 2 0  HRS , dt= . 10 HRS , 1 0 1  POINTS 

SUB CAT AREA Tc WGT ' D  PEAK 
NUMBER (ACRE) (MIN) - -GROUND COVERS (%CN) - - CN c (CFS ) 

1 6 . 5 0 5 8 . 9  1 0 0 % 9 5  95  13 . 8 0 

2 4 . 5 7 6 3 . 1  7 9 % 9 5  2 1 % 9 5  95  9 . 2 3 

3 3 . 10 4 9 . 8  1 0 0 % 9 5  95  7 . 4 2  

Page 72  

12  May 97  

S C S  U . H .  

Tpeak VOL 
(HRS ) (AF) 

12 . 53 1 .  91 

12 . 5 9 1 .  3 4  

12 . 4 2 . 9 1 



Data for Kewaunee Marsh Runo f -Curve Number ( lag) Me DUP2 
TYPE II 2 4 -HOUR RAINFALL= 5 0  YR . - 4 . 7  IN, CN=95 

Prepared by Appl ied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 96 Applied Microcomputer Sys tems 

REACH 
NO . DIAM 

( IN) 

BOTTOM 
WIDTH 

( FT) 

REACH ROUTING BY STOR- IND+TRANS METHOD 

DEPTH 
(FT) 

S IDE 
SLOPES 
( FT/FT) 

n LENGTH 
( FT) 

SLOPE 
( FT/FT) 

PEAK 
VEL . 
(FPS ) 

TRAVEL 
T IME 
(MIN) 

Page 73  

12 May 97  

PEAK 
Qout 
(CFS ) 

I 



I 

Data for Kewaunee Marsh Runof - Curve Number {lag) Me DUP2 
TYPE II 2 4 -HOUR RAINFALL= 5 0  YR . - 4 . 7  IN, CN=95 

Prepared by Appl ied Microcomputer Syst ems 

Page 74 

1 2  May 97 
HydroCAD 4 . 51 0 0 0 8 0 0 {c)  198 6 - 1 9 9 6  Applied Microcomputer Systems 

POND ROUTING BY STOR - IND METHOD 

POND START FLOOD PEAK PEAK - - - - - - PEAK FLOW - - - - - - - - - - Qout - - -
NO . ELEV . ELEV . ELEV . STORAGE Qin Qout Qpri Qsec ATTEN . LAG 

{FT) { FT) {FT) {AF) { CFS ) {CFS) {CFS) {CFS) { % )  {MIN) 

1 10 0 . 0  1 1 0 . 0  1 0 0 . 1  4 . 1 5 3 0 . 03 . 0 1 1 0 0  4 4 9 . 0  



Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUP2 
TYPE II 2 4 -HOUR RAINFALL= 5 0  YR . - 4 . 7  IN, CN:95 

Prepared by Appl ied Microcompute r  Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  { c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

LINK 
NO . NAME SOURCE 

Page 7 5  

1 2  May 97  

Qout 
{CFS ) 

I 



I 

Data for Kewaune e  Marsh Runof -Curve Number ( lag) Me DUP2 
TYPE II 2 4 -HOUR RAINFALL= 50 YR . - 4 . 7 IN, CN=9 5  

Prepared by App l i ed Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 96 Applied Microcomputer Systems 

SUBCATCHMENT 1 North Are a  (marsh) 

PEAK= 13 . 8 0 CFS @ 12 . 53 HRS , VOLUME= 1 . 91 AF 

ACRES CN 
6 . 5 0 95  Marsh 

SCS TR- 2 0  METHOD 
TYPE I I  2 4 -HOUR 
RAINFALL= 4 . 7  IN 

Page 76  

12 May 9 7  

SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Method Comment 
CURVE NUMBER ( LAG) METHOD Flow thru marsh 
L=10 60 ' S = . 0 0 1  ' / '  

SUBCATCHMENT 2 Central Area and Cap 

PEAK= 9 . 2 3 CFS @ 12 . 5 9 HRS , VOLUME= 1 . 34 AF 

ACRES 
3 . 6 0  

. 97 
4 . 5 7  

Method 

CN 
9 5  
9 5  
9 5  

Wood Chip Cap 
Marsh 

CURVE NUMBER ( LAG) METHOD 

L= 7 8 0 ' s= . 0 0 1  ' / '  
CURVE NUMBER ( LAG) METHOD 
L=2 2 5 ' S= . 0 0 1  ' / '  

Comment 
Wood chips 

Marsh 

SCS TR- 2 0  METHOD 
TYPE I I  2 4 -HOUR 
RAINFALL= 4 . 7  IN 

Tc (min) 
5 8 . 9  

SPAN= 10 - 2 0  HRS , dt= . 1  HRS 

Tc (min) 
4 6 . 1  

17 . 0  

Total Length= 1 0 0 5  ft Total Tc= 6 3 . 1  

SUBCATCHMENT 3 South Are a  

PEAK= 7 . 4 2 CFS @ 12 . 4 2 HRS , VOLUME= . 91 AF 

ACRES CN 
3 . 1 0 9 5  Marsh 

Method Comment 
CURVE NUMBER ( LAG) METHOD Marsh 
L= 8 6 0 ' S= . 0 0 1  ' / '  

SCS TR- 2 0  METHOD 
TYPE I I  2 4 -HOUR 
RAINFALL= 4 . 7  IN 
SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Tc (min) 
4 9 . 8  



Data for Kewaunee Marsh Runof - Curve Number (lag) Me DUP2 
TYPE II 2 4 -HOUR RAINFALL= 5 0  YR .  - 4 . 7 IN, CN= 95 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

POND 1 Kewaunee River 

Qin 
Qout= 

3 0 . 03 CFS @ 12 . 52 HRS , 
. 0 1 CFS @ 2 0 . 0 0 HRS , 

ELEVATION AREA INC . STOR 
(FT) (AC) (AF) 
1 0 0 . 0  3 0 . 0 0 0 . 0 0 
110 . 0  1 0 0 . 0 0 6 5 0 . 0 0 

VOLUME= 
VOLUME= 

CUM . STOR 
(AF) 

0 . 0 0 
6 5 0 . 0 0 

# ROUTE INVERT OUTLET DEVICES 
1 p 10 0 . 0 '  10 0 "  CULVERT 

4 . 16 AF 
. 01 AF , ATTEN=1 0 0 % , LAG= 

STOR- IND METHOD 
PEAK STORAGE = 
PEAK ELEVATION= 
FLOOD ELEVATION= 
START ELEVATION= 
SPAN= 1 0 - 2 0  HRS , 
Tdet= 3 8 5 . 5  MIN 

n= . 03 L= 1 0 0 ' S = . 0 01 ' / '  Ke= . 6  Cc= . 9  Cd= . 5 6 

Page 7 7  

12 May 97  

4 4 9 . 0  MIN 

4 . 15 AF 
1 0 0 . 1  FT 
1 1 0 . 0  FT 
1 0 0 . 0  FT 

dt= . 1  HRS 
( .  01 AF) 

I 



CN = 95 

100 YR. STORM 

I 



Data for Kewaunee Marsh Runof -Curve Number ( l ag) Me DUP2 
TYPE II 2 4 -HOUR RAINFALL= 1 0 0  YR . - 5 . 0  IN, CN=95 

Prepared by Applied Microcomputer Systems 

Page 7 8  

12  May 9 7  
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Sys tems 

WATERSHED ROUTING = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

SUBCATCHMENT l 

SUBCATCHMENT 2 

SUBCATCHMENT 3 

POND l 

North Area (marsh) 

= Central Area and Cap 

South Area 

Kewaunee River 

- >  POND l 

- >  POND l 

- >  POND l 

- >  

I 



I 

Data for Kewaunee Marsh Runof - Curve Number ( l ag )  Me DUP2 
TYPE II 24 -HOUR RAINFALL= 1 0 0  YR . - 5 . 0  IN, CN=9 5  

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  { c )  1 9 8 6 - 1996  Appl ied Microcomputer Systems 

RUNOFF BY SCS TR- 2 0  METHOD : TYPE II 2 4 -HOUR RAINFALL= 5 . 0  IN, 

RUNOFF SPAN = 10 - 2 0  HRS , dt= • 1 0  HRS , 1 0 1  POINTS 

SUB CAT AREA Tc WGT ' D  PEAK 
NUMBER {ACRE) {MIN) - -GROUND COVERS {%CN) - - CN c {CFS ) 

1 6 . 5 0 5 8 . 9  1 0 0 % 9 5  95  14 . 74 

2 4 . 5 7 6 3 . 1  7 9 % 9 5  2 1%95 95  9 . 8 7 

3 3 . 1 0 4 9 . 8  1 0 0 % 9 5  95  7 . 93 

Page 7 9  

1 2  May 9 7  

SCS U . H  • 

Tpeak VOL 
{HRS ) {AF) 

12 . 53 2 . 04 

12 . 5 9 1 . 4 4 

12 . 4 2 . 9 7 



Data for Kewaunee Marsh Runof -Curve Number ( lag) Me DUP2 
TYPE II 2 4 -HOUR RAINFALL= 1 0 0  YR . - 5 . 0  IN, CN:95 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 96 Applied Microcomputer Sys tems 

REACH 
NO . DIAM 

( IN) 

BOTTOM 
WIDTH 

( FT) 

REACH ROUTING BY STOR- IND+TRANS METHOD 

DEPTH 
(FT) 

S IDE 
SLOPES 
( FT/FT) 

n LENGTH 
(FT) 

SLOPE 
( FT/FT) 

PEAK 
VEL . 
( FPS ) 

TRAVEL 
TIME 
(MIN) 

Page 8 0  

12 May 97  

PEAK 
Qout 
(CFS) 

I 



I 

Data for Kewaunee Marsh Runof -Curve Number ( lag) Me DUP2 
TYPE II 2 4 -HOUR RAINFALL= 100 YR . - 5 . 0  IN, CN:9 5  

Prepared by Appl ied Microcomputer Systems 
HydroCAD 4 . 5 1  0 0 0 8 0 0  ( c )  19 8 6 - 1 9 9 6  Applied Microcomputer Systems 

POND ROUTING BY STOR- IND METHOD 

Page 8 1  

1 2  May 9 7  

POND START FLOOD PEAK PEAK - - - - - - PEAK FLOW - - - - - - - - - - Qout - - -
NO . ELEV . ELEV . ELEV . STORAGE Qin Qout Qpri Qsec ATTEN . LAG 

(FT) ( FT) ( FT)  (AF) (CFS ) (CFS) (CFS ) (CFS ) ( %- )  (MIN) 

1 1 0 0 . 0  1 10 . 0  1 0 0 . 1  4 . 4 4  32 . 0 9 . 0 1 1 0 0  4 4 9 . 0  
--



Data for Kewaunee Marsh Runof -Curve Number ( lag) Me DUP2 
TYPE II 2 4 -HOUR RAINFALL= 1 0 0  YR . - 5 . 0  IN, CN=95 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Appl ied Microcomputer Systems 

LINK 
NO . NAME SOURCE 

Page 8 2  

1 2  May 9 7  

Qout 
(CFS) 



I 

Data for Kewaunee Marsh Runof -Curve Number ( lag) Me DUP2 
TYPE II 24 -HOUR RAINFALL= 1 0 0  YR . - 5 . 0  IN, CN= 9 5  

Prepared by Appl ied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  (c)  1 9 8 6 - 1 9 9 6  Applied Mi crocomputer Systems 

SUBCATCHMENT 1 North Area (marsh) 

PEAK= 14 . 74 CFS @ 12 . 5 3 HRS , VOLUME= 2 . 04 AF 

ACRES CN 
6 . 5 0 9 5  Marsh 

SCS TR- 2 0  METHOD 
TYPE I I  2 4 -HOUR 
RAINFALL= 5 . 0  IN 

Page 83 

12 May 97 

SPAN= 10 - 2 0  HRS , dt= . 1  HRS 

Method Comment 
CURVE NUMBER ( LAG) METHOD Flow thru marsh 

L=106 0 '  S = . 0 0 1  ' / '  

SUBCATCHMENT 2 Central Area and Cap 

PEAK= 9 . 8 7 CFS @ 12 . 5 9 HRS , VOLUME= 1 . 44 AF 

ACRES 
3 . 6 0 

. 9 7 
4 . 5 7 

Method 

CN 
9 5  
9 5  
9 5  

Wood Chip Cap 
Marsh 

CURVE NUMBER ( LAG) METHOD 
L= 7 8 0 ' s= . 0 0 1  ' / '  
CURVE NUMBER ( LAG) METHOD 
L=2 25 ' S= . 0 0 1  ' / '  

Comment 
Wood chips 

Marsh 

SCS TR- 2 0  METHOD 
TYPE II 2 4 -HOUR 
RAINFALL= 5 . 0  IN 

Tc (min) 
5 8 . 9  

SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Tc (min) 
46 . 1  

17 . 0  

Total Length= 1 0 0 5  ft Total TC= 63 . 1  

SUBCATCHMENT 3 South Area 

PEAK= 7 . 9 3 CFS @ 12 . 4 2 HRS , VOLUME= . 97 AF 

ACRES CN 
3 . 1 0 95  Marsh 

Method Comment 
CURVE NUMBER ( LAG) METHOD Marsh 
L= 8 6 0 ' S = . 0 0 1  ' / '  

SCS TR- 2 0  METHOD 
TYPE I I  2 4 -HOUR 
RAINFALL= 5 . 0  IN 
SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Tc (min) 
4 9 . 8  



Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUP2 
TYPE II 2 4 -HOUR RAINFALL= 1 0 0  YR . - 5 . 0  IN, CN= 9 5  

Prepared by Appl ied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Appl ied Microcomputer Systems 

POND 1 Kewaunee River 

Qin 
Qout= 

3 :2 . 0 9 CFS ® 12 . 52 HRS , 
. 0 1 CFS @ :2 0 . 0 0 HRS , 

ELEVATION AREA INC . STOR 
(FT) (AC) (AF) 
1 0 0 . 0  3 0 . 0 0 0 . 0 0 
1 10 . 0  1 0 0 . 0 0 6 5 0 . 0 0 

VOLUME= 
VOLUME= 

CUM . STOR 
(AF) 

0 . 0 0 
6 5 0 . 0 0 

# ROUTE INVERT OUTLET DEVICES 
1 P 1 0 0 . 0 '  1 0 0 "  CULVERT 

4 . 4 5 AF 
. 01 AF , ATTEN= 1 0 0 % , LAG= 

STOR- IND METHOD 
PEAK STORAGE = 
PEAK ELEVATION= 
FLOOD ELEVATI ON= 
START ELEVATION= 
SPAN= 10 - 2 0  HRS , 
Tdet= 3 8 5 . 4  MIN 

n= . 0 3 L=1 0 0 ' S= . 0 0 1 ' / '  Ke= . 6  Cc= . 9  Cd= . 5 6 

Page 84  

1 2  May 97  

4 4 9 . 0  MIN 

4 . 4 4 AF 
1 0 0 . 1  FT 
1 1 0 . 0  FT 
1 0 0 . 0  FT 

dt= . 1  HRS 
{ .  0 1  AF) 



\0 00 0 � ('f'l 00 II z u 

•
 



CN = 83 T0 86 

2 YR. STORM 



,. 

I 

- ' 
Data for Kewaunee Marsh Runof-CUrva Number (lag) Me thod 

TYPE II 2 4 -HOUR RAINFALL= 2 . 4  IN 1- y  (' Prepared by Applied Microcomputer Sys tems 

Page 1 

12 Nov 96 
HydroCAD 4 . 52 0 0 0 8 0 0  ( c )  1986 -1 9 9 6  Applied Microcomputer Systems 

WATERSHED ROUTING ============== = = = = = = ====== = = = = = = = = = = = = = = = == = = = = = = = = = ========= 

SUBCATCHMENT l 

SUBCATCHMENT 2 

SUBCATCHMENT 3 

POND l 

= North Area (marsh) 

= Central Area and Cap 

= South Area 

= Kewaunee River 

- >  POND 1 

- >  POND 1 

- >  POND 1 

- >  



Data for Kewaunee Marsh Runof-CUrve Number ( lag) Method 
TYPE J:J: 24 -HOUR RAINFALL= 2 . 4 J:N 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 52 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 96 Applied Microcomputer Sys tems 

RUNOFF BY SCS 'l'R- 2 0  METHOD : TYPE J:J: 24 -HOUR RAINFALL= 2 . 4 m, 

RUNOFF SPAN = 1 0 - 2 0  HRS , dt= . 10 HRS , 101 POJ:NTS 

SUB CAT AREA Tc WGT ' D  PEAK 
NUMBER (ACRE) (MIN) - -GROUND COVERS ('oCN) - - CN c ( CFS ) 

1 6 . 5 0 95 . 6  1 0 0 \ 8 3  8 3  2 . 2 9 

2 4 . 57 92 . 3  7 9 \ 8 7  2 1 \ 8 3  8 6  2 . 02 

3 3 . 10 8 0 . 8  1 00\83  8 3  1 . 2 5 

Page 2 

12 Nov 96 

SCS 'O.H.  

Tpeak VOL 
(HRS) (AF) 

13 . 0 8 . 4 7 

13 . 02 . 3 9  

12 . 8 9 . 22 



I 

Data for Kewaunee Marsh Runof-CUrve Number ( lag) Method 
'l'YPE II 24 -HO'O'R RAINFALL= 2 . 4  IN 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 52 0 0 0 8 0 0  ( c )  1986-1996  Appl ied Microcomputer Systems 

REACH ROUTING BY STOR-IND+TRANS METHOD 

Page 3 

12 Nov 96 

REACH 
NO . 

BOTTOM S IDE PEAK TRAVEL PEAK 
DIAM 
(IN) 

WIDTH DEPTH SLOPES 
(FT) (FT) (FT/FT) 

n LENGTH SLOPE 
(FT) (FT /FT) 

VEL . 
(FPS) 

TIME 
(MIN) 

Qout 
(CFS) 



Data for Kewaune e  Marsh Runo f - CUrve Number ( lag) Method 

TYPE I:I: 24 -HOUR RAI:NP'ALL= 2 .  4 I:N 
Prepared by Applied Microcomputer Systems 

Page 4 

12 Nov 9 6  
HydroCAD 4 . 52 0 0 0 8 0 0  ( c )  1 9 8 6 - 1996 Appl ied Microcomputer Systems 

POND 
NO . 

1 

START 
ELEV . 
( FT) 

1 0 0 . 0  

FLOOD 
ELEV . 
( FT) 

110 . 0  

POND RO'OTI:NG BY STOR-IND METHOD 

PEAK 
ELEV. 
(FT) 

1 0 0 . 0  

PEAK 
STORAGE 

(AF) 

- - - - - - PEAK FLOW - - - - - - -
Qin 

( CFS) 
Qout 
(CFS )  

1 . 0 8 :�.,0 o . o o 

-\ 

Qpri 
( CFS) 

Qsec 
( CFS ) 

- - -Qout- - 
ATTEN . LAG 

(t) (MIN) 

1 0 0  419 . 3  



I 

Data for Kewaunee Marsh Runof-CUrve Number {lag) Method 
TYPE :r:r 24 -HOUR RA.l:NP'ALL"" 2 . 4 I:N 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 52 000800  (c)  19 8 6 - 1 9 9 6  Applied Microcomputer Systems 

LINK 
NO . NAME SOURCE 

Page 5 

12 Nov 96 

Qout 
( CFS) 



Data for Kewaunee Marsh Runof-Curve Number (lag) Method Page 6
TYPE II 24-HOUR RAINFALLs 2.4 IN

Prepared by Applied Microcomputer Systems 12 Nov 96
HydroCAD 4.52 000800 (c) 1986-1996 Applied Microcomputer Systems

SUBCATCHMENT 1 North Area (marsh)

PEAK= 2.29 CFS ® 13.08 HRS, VOLXJME= .47 AF

ACRES CN
6.50 83 Marsh

Method _Comment

SCS TR-20 METHOD

TYPE II 24-HOUR

RAINFALL= 2.4 IN

SPANs 10-20 HRS, dt=.1 HRS

Tc (min)
CURVE NUMBER (LAG) METHOD
L=1060" s=.001 '/•

Flow thru marsh 95.6

SUBCATCHMENT 2 Central Area and Cap

PEAK= 2.02 CFS ® 13.02 HRS, VOLUMEs .39 AF

ACRES CN
3.

4.

Method

60
97
57

87
83
86

Wood Chip
Marsh

Cap

^Comment

SCS TR-20 METHOD

TYPE II 24-HOUR

RAINFALL= 2.4 IN

SPAN= 10-20 HRS, dts.l HRS

Tc (min)
CURVE NUMBER (LAG) METHOD
L=780" s=.001 '/•

CURVE NUMBER (LAG) METHOD
L=225* s=.001 '/'

Wood chips 67.4

Marsh 24.9

Total Lengths 1005 ft Total Tc= 92.3

SUBCATCHMENT 3 South Area

PEAK= 1.25 CFS ® 12.89 HRS, VOLUMEs .22 AF

ACRES CN
3.10 83 Marsh

Method Comment

SCS TR-20 METHOD

TYPE 11 24-HOUR

RAINFALL= 2.4 IN

SPAN= 10-20 HRS, dt=.1 HRS

Tc (min)
CURVE NUMBER (LAG) METHOD
L=860" s=.001 '/•

Marsh 80.8



Data for Kewaunee Marsh Runof-Curve Number (lag) Method Page 7

TYPE II 24-HOUR RAINFALL= 2.4 IN

Prepared by Applied Microcomputer Systems 12 Nov 96
HvdroCAD 4.52 000800 (c) 1986-1996_Apj3lied MicrocomDuter Systems

POND 1 Kewaunee River

Qin = 5.52 CFS ® 13.01 HRS, VOLUME= 1.08 AF
Qout= 0.00 CFS ® 20.00 HRS, VOLUME= 0.00 AF, ATTEN=100%, LAG= 419.3 MIN

ELEVATION
(FT)

AREA
(AC)

INC.STOR

(AF)
100.0

110.0

30.00

100.00

0.00

650.00

CUM.STOR

(AF)
0.00

650.00

STOR-IND METHOD

PEAK STORAGE s

PEAK ELEVATION=

FLOOD ELEVATION=

START ELEVATION=

SPAN= 10-20 HRS,

1.08 AF

100.0 FT

110.0 FT

100.0 FT
dt=.l HRS

Tdet= 378.9 MIN (0 AF)

ft ROUTE INVERT OUTLET DEVICES

100.0' 100" CULVERT
n=.03 L=100' S=.001'/' Ke=.6 Cc=.9 Cd=.56



Data for Kewaunee Marsh Runof-Curve Number (lag) Method Page 8
TYPE II 24-HOUR RAINFALL= 3.2 IN r-' . .^i

Prepared by Applied Microcomputer Systems *-/ / ' 12 Nov 96

HydroCAD 4.52 000800 (c) 1986-1996 Auplied Microcomputer Svstems_

WATERSHED ROUTING ========================================

SUBCATCHMENT 1 = North Area (marsh) -> POND 1

SUBCATCHMENT 2 = Central Area and Cap -> POND 1

SUBCATCHMENT 3 = South Area -> POND 1

POND 1 = Kewaunee River ->



CN = 83 TO 86

5 YR. STORM



Data for Kewaunee Marsh Runof-Curve Number (lag) Method Page 9
TYPE IX 24-HOUR RAINFALLe 3.2 IN

Prepared by Applied Microcomputer Systems 12 Nov 96
HvdroCAD 4.52 000800 (c) 1986-1996 Applied Microcomputer Systems

RUNOFF BY SCS TR-20 METHOD: TYPE II 24-HOUR RAINFALLe 3.2 IN, SCS U.H.

RUNOFF SPAN s 10-20 HRS, dt= .10 HRS, 101 POINTS

SUBCAT AREA Tc WGT'D PEAK Tpeak VOL
NUMBER (ACRE) (MIN) --GROUND COVERS (%CN)-- CN C (CFS) (HRS) _CAF}_

1 6.50 95.6 100%83 - - - 83 - 3.88 13.05 .77

2 4.57 92.3 79»87 21%83 - - 86 - 3.23 13.00 .62

3 3.10 80.8 100%83 - - - 83 - 2.11 12.86 .37



1

Data for Kewaunee Marsh Runof-Curve Number (lag) Method Page 10
TYPE II 24-HOUR RAINFALL= 3.2 IN

Prepared by Applied Microcomputer Systems 12 Nov 96
HvdroCAD 4.52 000800 (c) 1986-1996 Applied Microcomputer Systems

REACH ROUTING BY STOR-IND+TRANS METHOD

REACH BOTTOM SIDE PEAK TRAVEL PEAK
NO. DIAM WIDTH DEPTH SLOPES n LENGTH SLOPE VEL. TIME Qout

(IN) _(FT) (FT) (FT/FT) _(FT) (FT/FT) (FPS) (MIN) (CFSl



Data for Kewaunee Marsh Runof-CUrve Number (lag) Me thod 
TYPE I:I: 24 -HOUR RAI:NFALL= 3 . 2 I:N 

Prepared by Applied Microcomputer Systems 

Page 11 

12 Nov 9 6  
HydroCAD 4 . 52 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

POND 
NO . 

1 

START 
ELEV . 
(FT) 

1 00 . 0  

FLOOD 
ELEV . 
(FT) 

11 0 . 0  

POND ROOTI:NG BY STOR-I:ND METHOD 

PEAK 
ELEV . 
(FT) 

100 . 0  

PEAK 
STORAGE 

(AF) 

- - - - - - PEAK FLOW - - - - - - -
Qin 

(CFS) 

1 . 76 � 
\ 

Qout 
( CFS) 

. 01 

Qpri 
(CFS) 

Qsec 
( CFS) 

- - -Qout- - 
ATTEN . LAG 

( % )  (MIN) 

1 0 0  4 2 0 . 5  



Data for Kewaunee Marsh Runof-CUrve Number ( lag) Method 
TYPE J:I 2 4 - HOOR RAJ:NFALL= 3 . 2  J:N 

Prepared by Applied Microcomputer systems 
HydroCAD 4 . 52 0 0 0 8 00 (c)  1 9 8 6 - 1 9 9 6  Appl ied Microcomputer Systems 

LINK 
NO . NAME SOURCE 

Page 12 

12 Nov 96 

Qout 
(CFS) 



Data for Kewaune e  Marsh Runof-CUrva Number ( lag) Me thod 
TYPE I:I: 24 -BOOR RAJ:NFALL= 3 .  2 I:N 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 52 0 0 0 800 (c)  1986 - 1996  Applied Microcomputer Systems 

SUBCATCHMENT 1 North Area (marsh) 

PEAK= 3 . 8 8 CFS ® 13 . 05 HRS , VOLUME= . 77 AF 

ACRES CN 
6 . 5 0 8 3  Marsh 

SCS TR-2 0  METHOD 
TYPE II 24 -HOUR 
RAINFALL= 3 • 2 IN 

Page 13 

12 Nov 96 

SPAN= 10 -2 0  HRS , dt= . 1  HRS 

Method Comment 
CURVE NUMBER (LAG) METHOD Flow thru marsh 

L=1060 ' S= . 0 0 1  ' / '  

SUBCATCHMENT 2 Central Area and Cap 

PEAK= 3 . 23 CFS @ 13 . 00 HRS , VOLUME= . 62 AF 

ACRES CN 
3 . 6 0 8 7  Wood Chip 

. 97 83 Marsh 
4 . 5 7 8 6  

Method 
CURVE NUMBER ( LAG) METHOD 
L=780 ' s= . 001  ' / '  
CURVE NUMBER ( LAG) METHOD 
L=225 ' S= . 001  ' / '  

Cap 

Comment 
Wood chips 

Marsh 

SCS TR- 2 0  METHOD 
TYPE II 24 -HOUR 
RAINFALL= 3 . 2  IN 

Tc (min) 
95 . 6  

SPAN= 10-20  HRS , dt= . 1  HRS 

Tc (min) 
67 . 4  

24 . 9  

Total Length= 1 0 05 ft Total Tc= 92 . 3  

SUBCATCHMENT 3 South Area 

PEAK= 2 . 11 CFS ® 12 . 86 HRS , VOLUME= 

ACRES CN 
3 . 1 0  8 3  Marsh 

. 3 7  AF 

Method Comment 
CURVE NUMBER (LAG) METHOD 
L=8 60 ' s= . 001  ' / '  

Marsh 

SCS TR-2 0  METHOD 
TYPE II 24 -HOUR 
RAINFALL= 3 • 2 IN 
SPAN= 10-2 0  HRS , dt= . 1  HRS 

Tc (min) 
80 . 8  



Data for Kewaunee Marsh Runof - CUrve Number ( lag) Method 
TYPE J:J: 2 4 -HOUR RAJ:NFALL= 3 . 2 J:N 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 52 0 0 0 8 0 0  ( c )  1 9 8 6 - 1996 Appl i ed Microcomputer Systems 

POND l Kewaunee River 

Qin = 
Qout= 

9 . 15 CFS ® 12 . 9 9 HRS , 
. 01 CFS @ 2 0 . 0 0 HRS , 

ELEVATION AREA INC . STOR 
!FT} !AC} !AF} 
100 . 0  3 0 . 0 0 0 . 0 0 
110 . 0  100 . 0 0 650 . 0 0 

VOLUME= 
VOLUME= 

CUM. STOR 
!AF} 
0 . 0 0 

650 . 00 

# ROUTE INVERT OUTLET DEVICES 
1 p 1 0 0 . 0 1  100•  CULVERT 

1 . 77 AF 
0 . 0 0 AF ,  ATTEN=lOO% I LAG= 

STOR- IND METHOD 
PEAK STORAGE = 
PEAK ELEVATION= 
FLOOD ELEVATION= 
START ELEVATION= 
SPAN= 10 -2 0  HRS , 
Tdet= 3 99 . 3  MIN 

n= . 03 L=1 00 1  S= . 001·• f •  Ke= . 6  Cc= . 9  Cd= . 5 6 

Page 14 

12 Nov 9 6  

4 2 0 . 5  MIN 

1 . 76 AF 
100 . 0  FT 
110 . 0  FT 
100 . 0  FT 

dt= . 1  HRS 
( 0  AF) 



\0
 

00
 

0 E-4 ('f)
 

00
 II 

z u 



Data for Kewaune e  Marsh Runof-Curve Number ( lag) Method 
TYPE J:J: 24 -HOUR RAJ:NFALL= 3 .  7 J:N I () c..J r 

Prepared by Applied Microcomputer Systems / 

Page 15  

12 Nov 96 
HydroCAD 4 . 52 0 0 08 0 0  ( c )  198 6 - 1 9 9 6  Applied Microcomputer Systems 

WATERSHED ROUTING ============ = = = = = = ====== = == = = = == = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

SUBCATCHMENT 1 

SUBCATCHMENT 2 

SUBCATCHMENT 3 

POND 1 

= North Area (marsh) 

= Central Area and Cap 

= South Area 

= Kewaunee River 

- >  POND 1 

- >  POND 1 

- >  POND 1 

- >  



Data for Kewaunee Marsh Runof - CUrve Number ( lag) Me thod 

TYPE II 2 4 - HOO'R RAINFALL= 3 .  7 IN 
Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 52 0 0 0 8 0 0  (c) 1 9 8 6 - 1996 Applied Microcomputer Systems 

RUNOFF BY SCS TR- 2 0  METHOD : TYPE II 2 4 -HOUR RAINFALL= 3 . 7  I:N, 

RUNOFF SPAN = 1 0 - 2 0  HRS , dt= . 10 HRS , 101 POIN'l'S 

SUB CAT AREA Tc WGT ' D  PEAK 
NUMBER (ACRE) (MIN) - -GROUND COVERS ( \-CN) - - CN c ( CFS) 

1 6 . 5 0  95 . 6  100\-83  83  4 . 93 

2 4 . 5 7 92 . 3  7 9 \- 8 7  2 1%83 8 6  4 . 02 

3 3 . 10 8 0 . 8  100\-83  8 3  2 . 6 8 

Page 16 

12 Nov 9 6  

S CS U . H .  

Tpeak VOL 
(HRS) (AF) 

13 . 04 . 9 8 

1 2 . 99 . 7 7 

1 2 . 85 . 4 7  



Data for Kewaunee Marsh Runof - CUrve Number (lag) Me thod 

TYPE I:I: 2 4 -HOUR RAI:NFALL= 3 .  7 I:N 
Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 52 0 0 0 8 00 (c) 198 6 - 1 9 9 6  Applied Microcomputer Systems 

REACH ROUTI:NG BY STOR- I:ND+TRANS METHOD 

REACH 
NO . 

BOTTOM SIDE 
SLOPES 
(FT/FT) 

PEAK TRAVEL 
DIAM 
( IN) 

WIDTH DEPTH 
(FT) (FT) 

n LENGTH 
(FT) 

SLOPE 
( FT/FT) 

VEL . 
(FPS) 

TIME 
(MIN) 

Page 17 

12 Nov 96 

PEAK 
Qout 
(CFS) 



Data for Kewaune e  Marsh Runo f - CUrve Number (lag) Method 
TYPE :n: 24 -HOUR RA:INFALL= 3 .  7 IN 

Prepared by Applied Microcomputer Systems 

Page 18 

12 Nov 96 
HydroCAD 4 . 5 2 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 996 Appl ied Microcomputer Systems 

POND RO'O'T:ING BY STOR-:IND METHOD 

POND START FLOOD PEAK PEAK - - - - - - PEAK FLOW - - - - - - - - - -Qout- - -

NO . ELEV . ELEV. ELEV . S TORAGE Qin Qout Qpri Qsec ATTEN . LAG 
{FTl {FTl {FTl {AFl {CFSl {CFSl {CFSl {CFSl !tl {MINl 

.. ------, 
1 1 0 0 . 0  110 . 0  1 0 0 . 0  2 . 2 2  ·.� . 01 1 0 0  421 . 0  



Data for Kewaunee Marsh Runof-CUrve Number ( lag) Me thod 
TYPE :I:J: 24 -HOUR RAINFALL= 3 .  7 IN 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 52 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

LINK 
NO . NAME SOURCE 

Page 19 

12 Nov 96 

Qout 
(CFS ) 



Data for Kewaunee Marsh Runof - Curve Number (lag) Method 
'l'YPE II 2 4 ·HOUR RAINFALL= 3 .  7 IN 

Prepared by Applied Microcomput e r  Systems 
HydroCAD 4 . 52 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Appl ied Microcomputer Systems 

SUBCATCHMENT l North Area (marsh) 

PEAK= 4 . 93 CFS ® 13 . 04 HRS , VOLUME= 

ACRES 
6 . 5 0 

CN 
8 3  Marsh 

. 9 8 AF 

SCS TR- 2 0  METHOD 
TYPE II 2 4 -HOUR 
RAINFALL= 3 • 7 IN 

Page 2 0  

12 Nov 9 6  

SPAN= 1 0 -2 0  HRS , dt= . 1  HRS 

Method Comment 
CURVE NUMBER (LAG) METHOD Flow thru marsh 
L=l06 0 ' S = . OOl ' / '  

SUBCATCHMENT 2 Central Area and Cap 

PEAK= 4 . 02 CFS @ 12 . 99 HRS , VOLUME= . 7 7 AF 

ACRES CN 
3 . 6 0 8 7  Wood Chip 

. 97 8 3  Marsh 
4 . 57 8 6  

Method 
CURVE NUMBER (LAG) METHOD 
L= 78 0 '  S = . 001  ' / '  
CURVE NUMBER (LAG) METHOD 
L=225 ' S = . 0 01 ' / '  

Cap 

Comment 
Wood chips 

Marsh 

SCS TR-2 0  METHOD 
TYPE I I  2 4 -HOUR 
RAINFALL= 3 . 7  IN 

Tc (min) 
95 . 6  

SPAN= 1 0 -2 0  HRS , dt= . 1  HRS 

Tc (min) 
67 . 4  

24 . 9  

Total Length= 1005  ft Total TC= 92 . 3  

SUBCATCHMENT 3 South Area 

PEAK= 2 . 6 8 CFS ® 12 . 8 5 HRS , VOLUME= 

ACRES 
3 . 10 

CN 
8 3  Marsh 

. 4 7  AF 

Method Comment 
CURVE NUMBER (LAG) METHOD Marsh 
L=86 0 '  S= . OOl ' / '  

SCS TR- 2 0  METHOD 
TYPE II 24 -HOUR 
RAINFALL= 3 • 7 IN 
SPAN= 1 0- 2 0  HRS , dt= . 1  HRS 

Tc (min) 
8 0 . 8  



Data for Kewaunee Marsh Runof -Curve Number (lag) Method 
TYPE II 2 4 -HOUR RAINFALL= 3 .  7 IN 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 52 0 0 0 8 0 0  (c) 1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

POND l Kewaunee River 

Qin = 11 . 54 CFS ® 12 . 9 8 HRS , VOLUME= 2 . 22 AF 

Page 2 1  

1 2  Nov 9 6  

Qout= . 01 CFS ® 2 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF, ATTEN=1 0 0 % ,  LAG= 4 21 . 0  MIN 

ELEVATION AREA INC . STOR CUM. STOR 
{FT} 
10 0 . 0  
110 . 0  

# ROUTE 
1 p 

{AC} {AF} {AF} 
3 0 . 0 0 0 . 0 0 0 . 0 0 

1 0 0 . 0 0 650 . 0 0 6 5 0 . 0 0 

INVERT OUTLET DEVICES 
10 0 . 0 1  100"  CULVERT 

n= . 03 L=10 0 ' S = . 0 0 1 ' / '  

STOR- IND METHOD 
PEAK STORAGE = 2 . 2 2  AF 
PEAK ELEVATION= 1 0 0 . 0  FT 
FLOOD ELEVATION= 110 . 0  FT 
START ELEVATION= 100 . 0  FT 
SPAN= 1 0 -2 0  HRS , dt= . 1  HRS 
Tdet= 4 02 . 8  MIN { 0  AF) 

Ke= . 6  Cc= . 9  Cd= . 56 



Data for Kewaunee Marsh Runof - CUrve Number ( lag) Method 
'l'YPE :n: 24 -HOUR RAINFALL= 4 . 2 IN 

Prepared by Applied Microcomputer Systems �5 Y f' 
Page 22 

12 Nov 96 
HydroCAD 4 . 52 0 0 0 8 0 0  (c)  1 9 8 6 - 1 9 96 Appl ied Microcomputer Systems 

WATERSHED ROUTING = = = = = = = = = = = = = = = = = = = = = = = = = = = = == = = == = = = = = = = = = = = = = = = = = = = = = = = = = = =  

SUBCATCHMENT l 

SUBCATCHMENT 2 

SUBCATCHMENT 3 

POND l 

= North Are a  (marsh) 

= Central Area and Cap 

= South Area 

= Kewaunee River 

- >  POND l 

- >  POND l 

- >  POND l 

- >  



CN = 83 T0 86 

25 YR. STORM 



Data for Kewaunee Marsh Runof-CUrve Number ( lag) Method 
TYPE J:J: 24 -HOUR RAJ:NFALL= 4 .  2 J:N 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 52 000800  (c)  1986 - 1 9 9 6  Applied Microcomputer Systems 

RUNOFF BY SCS 'l'R-20 METHOD : TYPE J:J: 24 -HOUR RAJ:NFALL= 4 . 2  J:N, 

RUNOFF SPAN = 10 - 2 0  HRS , dt= . 10 HRS , 101 POJ:NTS 

SUB CAT AREA Tc WGT ' D  PEAK 
NUMBER (ACRE) (MIN) - -GROUND COVERS ( %CN) - - CN c (CFS) 

1 6 . 50 95 . 6  100%83 8 3  6 . 01 

2 4 . 57 92 . 3  79%87  21%83  86  4 . 82 

3 3 . 10 8 0 . 8  100%83  8 3  3 . 26 

Page 23 

12 Nov 96 

SCS U . H .  

Tpeak VOL 
(HRS) (AF) 

13 . 03 1 . 19 

1 2 . 99 . 93 

1 2 . 84 . 57 



Data for Kewaunee Marsh Runof-CUrve Number ( lag) Me thod 
"l'YPE II 24 -HOt:JR RAINFALL= 4 .  2 IN 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 52 000800  (c)  1 9 8 6 - 1 9 9 6  Appl ied Microcomputer Systems 

REACH ROOTING BY STOR-IND+TRANS METHOD 

REACH 
NO . 

BOTTOM S IDE 
S LOPES 
( FT/FT) 

PEAK TRAVEL 

DIAM 
( IN) 

WIDTH DEPTH 
(FT) ( FT) 

n LENGTH 
(FT) 

SLOPE 
( FT/FT) 

VEL . 
( FPS) 

TIME 
(MIN) 

Page 24 

12 Nov 96 

PEAK 
Qout 
( CFS) 



Data for Kewaunee Marsh Runof-CUrve Number ( lag) Method 
TYPE :II: 24 -HOUR RAJ:NFALL= 4 .  2 J:N 

Prepared by Applied Microco�puter Systems 
HydroCAD 4 . 52 000 800 (c)  1986 - 1 9 9 6  Applied Microcomputer Systems 

POND ROUTJ:NG BY STOR-J:ND METHOD 

Page 2 5  

12 Nov 9 6  

POND 
NO . 

START FLOOD PEAK PEAK - - - - - - PEAK FLOW - - - - - - - - - -Qout- - -

ELEV. ELEV. ELEV . STORAGE Qin Qout Qpri Qsec ATTEN . LAG 
(FT) (FT) (FT) (AF) (CFS) (CFS) (CFS) (CFS) ( % )  (MIN) 

/� 
1 100 . 0  1 10 . 0  100 . 0  2 . 6 8 1 13 . 9 8 ) . 01 1 0 0  421 . 4  

----� \ 



Data for Kewaunee Marsh Runof -CUrve Number (lag)  Method 
TYPE :II: 2 4 -HOUR RAJ:NFALL= 4 . 2  J:N 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 52 0 0 0 8 0 0  (c) 1 9 8 6 - 1 9 96 Appl ied Microcomputer Systems 

LINK 
NO . NAME SOURCE 

Page 2 6  

1 2  Nov 9 6  

Qout 
(CFS) 



I 

· Data for Kewaunee Marsh Runof -CUrve Number (lag) Method 
TYPE I: I: 24 -HOUR RA:I:NFALL= 4 .  2 IN 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 52 0 0 0 8 0 0  ( c )  1986 - 1 9 9 6  Applied Microcomputer Systems 

S'OBCATCHMENT 1 North Are a  (marsh) 

PEAK= 6 . 01 CFS ® 13 . 03 HRS , VOLUME= 1 . 19 AF 

ACRES CN 
6 . 50  8 3  Marsh 

SCS TR- 2 0  METHOD 
TYPE II 24 -HOUR 
RAINFALL= 4 . 2 IN 

Page 27  

1 2  Nov 96 

SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Method 
CURVE NUMBER (LAG) METHOD 
L=1060 1 5= . 0 0 1  1 / 1 

S'OBCATCHMENT 2 

Comment 
Flow thru marsh 

Central Area and Cap 

PEAK= 4 . 82 CFS @ 12 . 9 9 HRS , VOLUME= . 93 AF 

ACRES CN 
3 . 6 0 8 7  Wood Chip 

. 9 7 8 3  Marsh 
4 . 57 8 6  

Method 
CURVE NUMBER (LAG) METHOD 
L=78 0 1  5= . 0 0 1  1 / 1 
CURVE NUMBER (LAG) METHOD 
L=225 1 S= . 0 0 1  1 / 1 

Cap 

Comment 
Wood chips 

Marsh 

SCS TR- 2 0  METHOD 
TYPE II 24 -HOUR 
RAINFALL= 4 • 2 IN 

Tc (min) 
95 . 6  

SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Tc (min) 
67 . 4  

24 . 9  

Total Length= 1 0 0 5  ft Total TC= 92 . 3  

SUBCATCHMENT 3 South Are a  

PEAK= 3 . 26 CFS ® 12 . 8 4 HRS , VOLUME= 

ACRES CN 
3 . 10 8 3  Marsh 

. 57 AF 

Method Comment 
CURVE NUMBER (LAG) METHOD Marsh 

L= 860 ' 5= . 0 0 1  ' / '  

SCS TR- 2 0  METHOD 
TYPE II 2 4 -HOUR 
RAINFALL= 4 • 2 IN 
SPAN= 10 -2 0  HRS , dt= . 1  HRS 

Tc (min) 
8 0 . 8  



Data for Kewaunee Marsh Runof-CUrve Number ( lag) Method 
TYPE II 24 -HOUR RAINFALL= 4 . 2 IN 

Prepared by Applied Microcomputer Systems 

HydroCAD 4 . 52 000800  ( c) 1 9 8 6 - 1 9 96 Applied Microcomputer Systems 

POND l Kewaunee River 

Qin = 
Qout= 

13 . 9 8 CFS ® 12 . 9 8 HRS , 

. Ol CFS ® 2 0 . 0 0 HRS , 

ELEVATION AREA INC . STOR 
{FT} {AC} {AF} 
100 . 0  3 0 . 0 0 0 . 0 0 

110 . 0  100 . 0 0 650 . 0 0 

VOLUME= 
VOLUME= 

CUM . STOR 
{AF} 

0 . 0 0 
650 . 0 0 

2 . 69 AF 
0 . 0 0 AF ,  ATTEN=lO O%,  LAG= 

STOR- IND METHOD 
PEAK STORAGE = 
PEAK ELEVATION= 
FLOOD ELEVATION= 
START ELEVATION= 
SPAN= 10 - 2 0  HRS , 

Page 2 8  

1 2  Nov 96 

421 . 4  MIN 

2 . 68 AF 
100 . 0  FT 
110 . 0  FT 
1 0 0 . 0  FT 

dt= . 1  HRS 
Tdet= 4 03 MIN ( 0  AF) 

# ROUTE 
1 p 

INVERT OUTLET DEVICES 
1 0 0 . 0 '  100"  COLVERT 

n= . 03 L=1 0 0 ' S= . 0 01 ' / '  Ke= . 6  Cc= . 9  Cd= . 56 



CN = 83 T0 86 

SO YR. STORM 



Data for Kewaunee Marsh Runof -CUrve Number ( lag) Method Page 29  
TYPE :IJ: 24 -HOUR RAINFALL= 4 .  7 IN 

Prepared by Applied Microcomputer Systems 5o yr 
12 Nov 9 6  

HydroCAD 4 . 52 000800  (c)  19 8 6 - 1 996  Applied Microcomputer Systems 

WATERSHED ROUTING ===== ===== = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = == = = == 

SUBCATCHMENT 1 = North Area (marsh) 

SUBCA'l'CHMENT 2 = Central Area and Cap 

SUBCA'l'CHMENT 3 = South Area 

POND 1 = Kewaunee River 

-> POND 1 

- >  POND 1 

- >  POND 1 

- >  



Data for Kewaunee Marsh Runof - CUrve Number (lag) Me thod 
TYPE :IJ: 2 4 -HOUR RAINFALL= 4 .  7 IN 

Prepared by Applied Microcomputer Systems 

HydroCAD 4 . 52 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 996 Appl ied Microcomputer Systems 

RtJNOFF BY SCS TR- 2 0  METHOD : TYPE II 2 4 -HOUR RAINFALL= 4 . 7  IN, 

RtJNOFF SPAN = 1 0 - 2 0  HRS , dt= . 10 HRS , 101  POINTS 

SUB CAT AREA Tc WGT ' D PEAK 

NUMBER (ACRE) (MIN) - -GROUND COVERS ( %CN) - - CN c ( CFS ) 

1 6 . 5 0 95 . 6  1 0 0 % 8 3  83  7 . 11 

2 4 . 57 92 . 3  79t 8 7  21%83 86 5 . 63 

3 3 . 1 0  8 0 . 8  1 0 0 % 8 3  8 3  3 . 86 

Page 3 0  

12 Nov 96 

SCS U . H .  

Tpeak VOL 
(HRS ) (AF) 

13 . 03 1 . 4 0  

12 . 98 l .  08 

12 . 84 . 6 7 



Data for Kewaunee Marsh Runof-Curve Number ( lag) Me thod 
TYPE I:I: 2 4 -HOUR RAI:NFALL= 4 .  7 I:N 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 52 000800  (c)  1986 -1 9 9 6  Applied Microcomputer Systems 

REACH ROU'l'I:NG BY STOR-I:ND+TRAN'S METHOD 

REACH 
NO . 

BOTTOM S IDE PEAK TRAVEL 
DIAM 
(IN) 

WIDTH DEPTH SLOPES 
( FT) (FT) ( FT/FT) 

n LENGTH 
( FT) 

SLOPE 
( FT/FT) 

VEL . 
(FPS) 

TIME 
(MIN) 

Page 31 

�2 Nov 96 

PEAK 
Qout 
(CFS) 



Data for Kewaunee Marsh Runof - CUrve Number (lag) Method 
TYPE :II: 24 -HOOR RAINFALL= 4 .  7 IN 

Prepared by Appl ied Microcomput e r  Systems 

Page 3 2  

12 Nov 9 6  

HydroCAD 4 . 52 0 0 0 8 0 0  ( c )  1 9 8 6 - �996 Appl ied Microcomputer Sys tems 

POND ROUTING BY STOR-IND METHOD 

POND START FLOOD PEAK PEAK - - - - - - PEAK FLOW - - - - - - - - - -Qout- - -

NO . ELEV. ELEV . ELEV . STORAGE Qin Qout Qpri Qsec ATTEN . LAG 

{FTl {FTl · {FTl {AFl {CFSl {CFSl {CFSl {CFSl {%1  {MINl 

1 100 . 0  110 . 0  100 . 0  3 . 15 - -� 16 . 4  . 0 1 1 0 0  421 . 7  
/ 

--t \ 



Data for Kewaune e  Marsh Runof-CUrve Number {lag)  Method 
'l'YPE J:J: 2 4 -HOUR RAJ:NFALL= 4 .  7 J:N 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 52 0 0 0 8 0 0  (c) 1986 - 1 9 9 6  Applied Microcomputer Systems 

LINK 
NO . NAME SOURCE 

Page 33 

12 Nov 96 

Qout 
(CFS) 



Data for Kewaunee Marsh Runof - Curve Number ( lag) Method 
TYPE J:J: 24 -HOUR. RAJ:NFALL= 4 .  7 J:N 

Prepared by Applied Microcomput e r  Systems 
HydroCAD 4 . 52 0 0 0800  (c)  1 9 8 6 - 1 996 Applied Microcomputer Systems 

SUBCATCHMENT l North Area (marsh) 

PEAK= 7 . 11 CFS ® 13 . 03 HRS , VOLUME= 1 . 4 0  AF 

ACRES CN 
6 . 5 0 8 3  Marsh 

SCS TR-2 0  METHOD 
TYPE I I  24 -HOUR 
RAINFALL= 4 . 7  IN 

Page 34 

12 Nov 96 

SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Method 
CURVE NUMBER (LAG) METHOD 

L=106 0 ' 5 = . 0 0 1  ' / '  

SUBCATCHMENT 2 

Comment 
Flow thru marsh 

Central Area and Cap 

PEAK= 5 . 63 CFS @ 12 . 9 8 HRS , VOLUME= 1 . 08 AF 

ACRES CN 
3 . 6 0 8 7  Wood Chip 

. 97 8 3  Marsh 
4 . 5 7 8 6  

Method 
CURVE NUMBER (LAG) METHOD 

L=7 8 0 ' S= . 0 0 1  ' / ' 

CURVE NUMBER (LAG) METHOD 
L=225 1 5 = . 0 0 1  ' / '  

Cap 

Comment 
Wood chips 

Marsh 

SCS TR-2 0  METHOD 
TYPE II 24 -HOUR 
RAINFALL= 4 . 7  IN 

Tc (min) 
95 . 6  

SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Tc (min) 
67 . 4  

24 . 9  

Total Length= 1 0 0 5  ft Total Tc= 92 . 3  

StJBCATCHMENT 3 South Area 

PEAK= 3 . 8 6 CFS ® 12 . 84 HRS , VOLUME= 

ACRES CN 
3 . 10 8 3  Marsh 

. 6 7 AF 

Method Comment 
CURVE NUMBER (LAG) METHOD 

L=86 0 '  S= . 0 0 1  ' / '  

Marsh 

SCS TR- 2 0  METHOD 
TYPE I I  2 4 -HOUR 
RAINFALL= 4 . 7 IN 
SPAN= 1 0 -2 0  HRS , dt= . 1  HRS 

Tc (min) 
80 . 8  



Data for Kewaunee Marsh Runof-CUrve Number ( lag) Method 
TYPE J:J: 24 -HOUR RAJ:NFALL= 4 .  7 J:N 

Prepared by Applied Microcomputer Sys tems 
HydroCAD 4 . 52 000800  (c)  1986 - 1 9 9 6  Applied Microcomputer Systems 

POND 1 Kewaune e  River 

Qin = 
Qout= 

16 . 4 6 CFS ® 12 . 97 HRS , 
. 01 CFS ® 2 0 . 00 HRS , 

VOLUME= 
VOLUME= 

ELEVATION AREA INC . STOR CUM . STOR 
{FT} 
100 . 0  
110 . 0  

# ROUTE 
1 p 

{AC} {AF} {AF} 
3 0 . 00 0 . 0 0 0 . 0 0 

1 0 0 . 0 0 650 . 0 0 6 5 0 . 0 0 

INVERT OUTLET DEVICES 
10 0 . 0 '  100"  CULVERT 

3 . 16 AF 
0 . 0 0 AF, 

n= . 03 L=10 0 ' S = . 0 01 ' / '  Ke= . 6  

ATTEN=10 0 %- ,  LAG= 

STOR- IND METHOD 
PEAK STORAGE = 
PEAK ELEVATION= 
FLOOD ELEVATION= 
START ELEVATION= 
SPAN= 1 0 -2 0  HRS , 
Tdet= 4 00 . 8  MIN 

Cc= . 9  Cd= . 5 6 

Page 3 5  

12 Nov 9 6  

4 2 1 . 7  MIN 

3 . 15  AF 
1 0 0 . 0  FT 
110 . 0  FT 
1 00 . 0  FT 

dt= . 1  HRS 
( 0  AF) 



Data for Kewaunee Marsh Runof-CUrve Number (lag) Method 
TYPE J:J: 2 4 -HOUR RAJ:NFALL= 5 .  0 J:N i j?) t::::> y r 

Prepared by Applied Microcomputer Systems 

Page 36  

1 2  Nov 96 
HydroCAD 4 . 52 000800  {c) 1 9 8 6 - 1 9 96 Appl ied Mic rocomputer Systems 

WATERSHED ROUTING = = = = == = = = = = = = = ======== = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

SUBCATCHMENT l = North Area (marsh) - >  POND 1 

SUBCATCHMENT 2 = Central Area and Cap - > POND l 

SUBCATCHMENT 3 = S outh Area -> POND 1 

POND l = Kewaune e  River - >  



CN = 83 T0 86 

100 YR. STORM 



Data for Kewaunee Marsh Runof-CUrve Number (lag) Method 
TYPE :II: 24 -HOUR RAINFALL= 5 .  0 m 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 52 0 0 0 8 0 0  ( c )  1986 - 1 9 9 6  Applied Microcomputer Systems 

RUNOFF BY SCS TR-20 METHOD : TYPE :r:t 24 -HOUR RAINFALL= 5 . 0  IN, 

RUNOFF SPAN = 10 - 2 0  HRS , dt= • 10 HRS , 101 POINTS 

SUB CAT AREA Tc WGT ' D  PEAK 
NUMBER (ACRE) (MIN) - - GROUND COVERS ( \-CN) - - CN c (CFS ) 

1 6 . 5 0 9 5 . 6  100%83 83  7 .  7 7  

2 4 . 57 92 . 3  79%87 2 1 % 8 3  8 6  6 . 12 

3 3 . 10 8 0 . 8  100%83 83  4 . 22 

Page 3 7  

12 Nov 9 6  

SCS U . H  • 

Tpeak VOL 
(HRS) (AF) 

13 . 02 1 . 53 

12 . 9 8 1 . 17 

12 . 84 . 73 



Data for Kewaunee Marsh Runof - CUrve Number ( lag) Method 
TYPE :I:J:: 24 -HOUR R.AI:NFALL= 5 .  0 J:N 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 2 0 0 0 8 0 0  (c)  1 9 8 6 - 1 9 96 Appl ied Microcomputer Systems 

REACH 
NO . DIAM 

( IN) 

REACH RO'OTJ:NG BY STOR-J:ND+TRANS METHOD 

BOTTOM 
WIDTH DEPTH 

(FT) (FT) 

S IDE 
S LOPES 
( FT/FT) 

n LENGTH 
(FT) 

SLOPE 
( FT/FT) 

PEAK TRAVEL 
VEL . TIME 
(FPS) (MIN) 

Page 3 8  

1 2  Nov 96 

PEAK 
Qout 
(CFS) 



Data for Kewaunee Marsh Runof-CUrve Number ( lag) Method 
TYPE J:J: 2 4 -HOOR RAJ:NFALL= 5 .  0 J:N 

Prepared by Applied Microcomputer Systems 

Page 3 9  

�2 Nov 9 6  
HydroCAD 4 . 52 0 0 0 8 0 0  ( c )  198 6 - 1 9 9 6  Applied Microcomputer Systems 

POND 
NO . 

� 

START 
ELEV . 
(FT) 

100 . 0  

POND ROUTJ:NG BY STOR- J:ND METHOD 

FLOOD 
ELEV. 
(FT) 

PEAK 
ELEV. 
(FT) 

110 . 0 . 100 . 1  

PEAK 
STORAGE 

(AF} 

- - - - - - PEAK FLOW - - - - - - -
Qin 

(CFS) 

- - -

Qout 
(CFS ) 

3 . 4 3  , 17 . 96" , . 01 \__ ! 

7,\ .. I 
I 

Qpri 
{CFS) 

Qsec 
(CFS) 

- - -Qout- - 

ATTEN . LAG 
( % )  (MIN) 

1 0 0  4 2� . 8  



Data for Kewaunee Marsh Runof - CUrve Number ( lag) Method 
TYPE II 24 -HOUR RAINFALL= 5 . 0  IN 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 52 000800 (c)  1 9 8 6 - 1 9 96 Appl ied Microcomputer Systems 

LINK 
NO . NAME SOURCE 

Page 4 0  

1 2  Nov 9 6  

Qout 
( CFS ) 



Data for Kewaune e  Marsh Runof -curve Number ( lag) Method 
'l'YPE J:J: 24-HOOR RAJ:NFALL= 5 .  0 J:N 

Prepared by Applied Microcompute r  Systems 
HydroCAD 4 . 52 0 0 0 8 0 0  ( c )  1986 - 1 9 9 6  Applied Microcomputer Systems 

SUBCATCHMENT 1 North Ar e a  (marsh) 

PEAK= 7 . 77 CFS ® 13 . 02 HRS , VOLUME= 1 . 53 AF 

ACRES CN 
6 . 5 0  8 3  Marsh 

SCS TR-2 0  METHOD 
'l'YPE II 24 -HOUR 
RAINFALL= 5 .  0 IN 

Page 4 1  

1 2  Nov 96 

SPAN= 10 -2 0  HRS , dt= . 1  HRS 

Method 
CURVE NUMBER (LAG) METHOD 
L=1060 1 S= . 0 0 1  ' / '  

SUBCATCHMENT 2 

Comment 
Flow thru marsh 

Central Area and Cap 

PEAK= 6 . 12 CFS @ 12 . 98 HRS , VOLUME= 1 . 17 AF 

ACRES CN 
3 . 6 0 8 7  Wood Chip 

. 97 8 3  Marsh 
4 . 5 7 8 6  

Method 
CURVE NUMBER (LAG) METHOD 
L=78 0 '  S = . 0 0 1  ' / '  
CURVE NUMBER (LAG) METHOD 
L=225 ' S= . 0 0 1  ' / '  

Cap 

Comment 
Wood chips 

Marsh 

SCS TR-2 0  METHOD 
TYPE II 24-HOUR 
RAINFALL= 5 .  0 IN 

Tc (min) 
95 . 6  

SPAN= 10 -2 0  HRS , dt= . 1  HRS 

Tc (min) 
6 7 . 4  

24 . 9  

Total Length= 1005  ft Total TC= 92 . 3  

SUBCATCHMENT 3 South Ar e a  

PEAK= 4 . 2 2  CFS ® 12 . 84 HRS , VOLUME= • 73 AF 

ACRES CN 
3 . 10 8 3  Marsh 

Method Comment · ·  
CURVE NUMBER (LAG) MEritOD Marsh 
L=860 ' S = . 0 0 1  ' / '  

SCS TR- 2 0  METHOD 
TYPE II 24 -HOUR 
RAINFALL= 5 . 0  IN 
SPAN= 10-2 0  HRS , dt= . 1  HRS 

Tc (min) 
8 0 . 8  



Data for Kewaunee Marsh Runof-Curve Number ( l ag)  Method 
TYPE I:I: 24 -HOUR RAJ:NFALL= 5 . 0  I:N 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 52 000800  (c) 1 9 8 6 - 1 996 Appl ied Microcomputer Systems 

POND l Kewaune e  River 

Qin = 1 7 . 96 CFS ® 12 . 97 HRS , VOLUME= 3 . 4 4  AF 

Page 42 

12 Nov 96 

Qout= . 01 CFS ® 2 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF, ATTEN=100% , LAG= 4 2 1 . 8  MIN 

ELEVATION AREA INC . STOR CUM . STOR STOR- IND METHOD 
{FT} {AC} {AF} {AF} PEAK STORAGE = 3 . 43 AF 
100 . 0  30 . 00 0 . 0 0 0 . 0 0 PEAK ELEVATION= 100 . 1  FT 
110 . 0  100 . 0 0 650 . 0 0 650 . 0 0 FLOOD ELEVATION= 110 . 0  FT 

START ELEVATION= 100 . 0  FT 
SPAN= 10-2 0  HRS , dt= . 1  HRS 
Tdet= 402 . 6  MIN ( 0  AF) 

# ROUTE INVERT OUTLET DEVICES 
1 P 1 0 0 . 0 1  100•  CULVERT 

n= . 03 L=1 0 0 1  S= . 001 1 / 1  Ke= . 6  Cc= . 9  Cd= . 5 6 
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Data for Kewaunee Marsh Runof-CUrve Number (lag) Me DUPl 
TYPE II 24 -HOUR RAINFALL= TWO YR . -2 . 4  IN ; C rJ -:.  30 

Prepared by Applied Microcomputer Systems 

Page 1 

12 May 97 
HydroCAD 4 . 5 1 0 0 0 8 0 0  (c)  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

WATERSHED ROUTING = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

SUBCATCHMENT 1 

SUBCATCHMENT 2 

SUBCATCHMENT 3 

POND 1 

North Area ( marsh) 

Central Area and Cap 

South Area 

Kewaunee River 

- >  POND 1 

- >  POND 1 

- >  POND 1 

- >  



Data for Kewaunee Marsh Runof- Curve Number (lag) Me DUP1 
TYPE II 2 4 -HOUR RAINFALL= TWO YR. -2 . 4  IN , Crv '=- 30 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6 Applied Microcomputer Systems 

Page 2 

1 2  May 97  

RUNOFF BY SCS TR- 2 0  METHOD : TYPE II 24 -HOUR RAINFALL= 2 . 4  IN, SCS U . H .  

SUBCAT AREA 
NUMBER (ACRE} 

1 6 . 5 0 

2 4 . 5 7 

3 3 . 1 0 

RUNOFF SPAN = 10 -2 0  HRS , dt= . 10 HRS , 1 0 1  POINTS 

WGT ' D  Tc 
(MIN} - -GROUND COVERS ( %CN} - - CN C 

4 0 9 . 1  1 0 0 %3 0 

4 3 8 . 5  7 9 % 3 0  2 1 % 3 0  

3 4 6 . 1  1 0 0 % 3 0 

3 0  

3 0  

3 0  

PEAK 
(CFS} 

0 . 0 0 

0 . 0 0 

0 . 0 0 

Tpeak 
(HRS } 

0 . 0 0 

0 . 0 0 

0 . 0 0 

VOL 
(AF} 

0 . 0 0 

0 . 0 0 

0 . 0 0 



Data for Kewaunee Marsh Runof -Curve Number ( lag) Me DUP1 
TYPE II 24 -HOUR RAINFALL= TWO YR . - 2 . 4 IN, UJ � 3o 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0 (c)  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

REACH 
NO . DIAM 

( IN) 

REACH ROUTING BY STOR- IND+TRANS METHOD 

BOTTOM 
WIDTH DEPTH 

(FT) (FT) 

S IDE 
SLOPES 
( FT/FT) 

n LENGTH 
( FT) 

SLOPE 
( FT /FT) 

PEAK 
VEL . 
( FPS) 

TRAVEL 
TIME 
(MIN) 

Page 3 

1 2  May 97  

PEAK 
Qout 
(CFS ) 



Data for Kewaunee Marsh Runo f -Curve Number ( lag) Me DUP1 
TYPE J:J: 24 -HOUR RAJ:NFALL= TWO YR . -2 . 4  J:N , C..tJ = 3 o 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

POND ROUTJ:NG BY STOR- J:ND METHOD 

Page 4 

1 2  May 97 

POND START FLOOD PEAK PEAK - - - - - - PEAK FLOW - - - - - - - - - -Qout - - -
NO . ELEV . ELEV . ELEV . STORAGE Qin Qout Qpri Qsec ATTEN . LAG 

(FT) ( FT) (FT) (AF) ( CFS) (CFS ) ( CFS) (CFS) ( % )  (MIN) 

1 1 0 0 . 0  1 1 0 . 0  10 0 . 0  0 . 0 0 0 . 0 0 0 . 0 0 0 0 . 0  



Data for Kewaunee Marsh Runof - Curve Number ( l ag )  Me DUPl 
TYPE II 24 -HOUR RAINFALL= TWO YR . - 2 . 4  IN , C. t.J  � 30 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  { c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

LINK 
NO . NAME SOURCE 

Page 5 

12 May 9 7  

Qout 
{ CFS ) 



Data for Kewaunee Marsh Runof -Curve Number ( lag) Me DUPl 
TYPE J:J: 24 -HOUR RAINFALL= TWO YR . - 2 .  4 J:N., c. tJ : ::,o 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Sys tems 

SUBCATCHMENT l North Area (marsh) 

PEAK= 0 . 0 0 CFS @ 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF 

ACRES CN 
6 . 5 0 3 0  Marsh 

SCS TR- 2 0  METHOD 
TYPE I I  2 4 -HOUR 
RAINFALL= 2 . 4  IN 

Page 6 

12 May 9 7  

SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Method Comment 
CURVE NUMBER (LAG) METHOD Flow thru marsh 
L= 106 0 ' S = . 0 0 1  ' / '  

SUBCATCHMENT 2 Central Area and Cap 

PEAK= 0 . 0 0 CFS @ 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF 

ACRES CN 
3 . 6 0 3 0  Wood Chip 

. 97 3 0  Marsh 
4 . 5 7 3 0  

Method 
CURVE NUMBER (LAG) METHOD 
L= 78 0 '  S = . 001  ' / '  
CURVE NUMBER (LAG) METHOD 
L=2 25 ' S = . 001  ' / '  

Cap 

Comment 
Wood chips 

Marsh 

SCS TR- 2 0  METHOD 
TYPE I I  2 4 -HOUR 
RAINFALL= 2 . 4  IN 

Tc (min) 
4 0 9 . 1  

SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Tc (min) 
3 2 0 . 1  

1 1 8 . 4  

Total Length= 1 0 0 5  ft Total TC= 4 3 8 . 5  

SUBCATCHMENT 3 South Area 

PEAK= 0 . 0 0 CFS @ 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF 

ACRES CN 
3 . 1 0 3 0  Marsh 

Method Comment 
CURVE NUMBER (LAG) METHOD Marsh 
L= 8 60 ' S = . 001  ' / '  

SCS TR- 2 0  METHOD 
TYPE I I  2 4 -HOUR 
RAINFALL= 2 . 4  IN 
SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Tc (min) 
3 4 6 . 1  



Data for Kewaunee Marsh Runof - Curve Number (lag)  Me DUPl 
TYPE II 2 4 -HOUR RAINFALL= TWO YR . - 2 . 4  IN , C. rJ :  30 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Appl ied Microcomputer Systems 

POND 1 Kewaunee River 

Qin 0 . 0 0 CFS @ 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF 
Qout= 0 . 0 0 CFS @ 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF , ATTEN= 0 % ,  LAG= 

ELEVATION AREA INC . STOR CUM . STOR STOR - IND METHOD 
{FT} {AC} {AF} {AF} PEAK STORAGE = 
1 0 0 . 0  3 0 . 0 0 0 . 0 0 0 . 0 0 PEAK ELEVATION= 
110 . 0  1 0 0 . 0 0 6 5 0 . 00 6 5 0 . 0 0 FLOOD ELEVATION= 

START ELEVATION= 
SPAN= 1 0 - 2 0  HRS , 

I! ROUTE INVERT OUTLET DEVICES 
1 p 10 0 . 0 '  10 0 "  CULVERT 

n= . 03 L= 100 ' S = . 0 01 ' / '  Ke= . 6  CC= . 9  Cd= . 5 6 

Page 7 

12  May 9 7  

0 . 0  MIN 

0 . 0 0 AF 
1 0 0 . 0  FT 
110 . 0  FT 
1 0 0 . 0  FT 

dt= . 1  HRS 



CN = 30 

S YR. STORM 



Data for Kewaunee Marsh Runof - Curve Number ( l ag)  Me DUPl 
TYPE II 24  -HOUR RAINFALL= FIVE YR .  - 3 .  2 IN, C N  � 30 

Prepared by Applied Microcomputer Systems 

Page 8 

12 May 97  
HydroCAD 4 . 51 0 0 0 8 0 0  (c)  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

WATERSHED ROUTING = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

SUBCATCHMENT l 

SUBCATCHMENT 2 

SUBCATCHMENT 3 

POND l 

North Area ( marsh) 

Central Area and Cap 

South Area 

Kewaunee River 

- >  POND 1 

- >  POND 1 

- >  POND 1 

- >  



Data for Kewaunee Marsh Runof - Curve Number ( l ag) Me DUP1 
TYPE :I:I 2 4 -HOUR RAINFALL= FIVE YR . - 3 . 2 :IN J c..tJ � 3o 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

RUNOFF BY SCS TR- 2 0  METHOD : TYPE :I:I 2 4 -HOUR RAINFALL= 3 . 2 :IN, 

RUNOFF SPAN = 10 - 2 0  HRS , dt= . 10 HRS , 101 POINTS 

SUB CAT AREA Tc WGT ' D  PEAK 
NUMBER (ACRE) (MIN) - -GROUND COVERS (%CN) - - CN c (CFS ) 

1 6 . 5 0 4 09 . 1  1 0 0 % 3 0  3 0  0 . 0 0 

2 4 . 5 7 4 3 8 . 5  7 9 %3 0 2 1 % 3 0 3 0  0 . 0 0 

3 3 . 1 0 3 4 6 . 1  1 0 0 % 3 0  3 0  0 . 0 0 

Page 9 

12 May 97  

SCS U . H .  

Tpeak VOL 
(HRS ) (AF) 

0 . 0 0 0 . 0 0 

0 . 0 0 0 . 0 0 

0 . 0 0 0 . 0 0 



Data for Kewaunee Marsh Runof -Curve Number (lag) Me DUPl 
TYPE II 24 -HOUR RAINFALL= FIVE YR . - 3 . 2 IN, C.. F'J � 3 0  

Prepared by Appl ied Microcompute r  Systems 
HydroCAD 4 . 51 0 0 0 8 0 0 (c)  1 9 8 6 - 1 9 96 Applied Microcomputer Sys tems 

REACH ROUTING BY STOR- IND+TRANS METHOD 

REACH 
NO . 

BOTTOM 
WIDTH 

( FT) 

S IDE 
SLOPES 
( FT /FT) 

PEAK TRAVEL 
DIAM 
( IN) 

DEPTH 
(FT) 

n LENGTH 
(FT) 

SLOPE 
(FT/FT) 

VEL . 
(FPS) 

TIME 
(MIN) 

Page 1 0  

12 May 9 7  

PEAK 
Qout 
(CFS ) 



Data for Kewaunee Marsh Runof- Curve Number ( lag) Me DUP1 
TYPE I I  2 4 - HOUR RAINFALL= FIVE YR . - 3 . 2 IN ... (.. W -:.  30 

Prepared by Appl ied Microcomputer Systems 

Page 11 

1 2  May 9 7  
HydroCAD 4 . 51 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

POND ROUTING BY STOR- IND METHOD 

POND START FLOOD PEAK PEAK - - - - - - PEAK FLOW - - - - - - - - - - Qout - - -
NO . ELEV . ELEV . ELEV . STORAGE Qin Qout Qpri Qsec ATTEN . LAG 

(FT) ( FT) ( FT) (AF) (CFS ) (CFS ) (CFS ) (CFS ) ( % )  (MIN) 

1 1 0 0 . 0  1 1 0 . 0  1 0 0 . 0  0 . 0 0 0 . 0 0 0 . 0 0 0 0 . 0  



Data for Kewaunee Marsh Runof -Curve Number ( lag) Me DUPl 
TYPE II 24 -HOUR RAINFALL= FIVE YR . - 3 . 2 IN > c... tJ -:.  3 �  

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

LINK 
NO . NAME SOURCE 

Page 12 

12  May 97 

Qout 
(CFS ) 



Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUP1 
TYPE II 24 -HOUR RAINFALL= FIVE YR . - 3 . 2 INl C.tJ � 30 

Prepared by Appl ied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

SUBCATCHMENT 1 North Area (marsh) 

PEAK= 0 . 0 0 CFS @ 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF 

ACRES CN 
6 . 5 0 3 0  Marsh 

SCS TR- 2 0  METHOD 
TYPE I I  2 4 -HOUR 
RAINFALL= 3 . 2  IN 

Page 13 

12 May 97 

SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Method Comment 
CURVE NUMBER ( LAG) METHOD Flow thru marsh 
L= 106 0 '  S = . 0 0 1  ' / '  

SUBCATCHMENT 2 Central Area and Cap 

PEAK= 0 . 0 0 CFS @ 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF 

ACRES CN 
3 . 6 0 3 0  Wood Chip 

. 97 3 0  Marsh 
4 . 57 3 0  

Method 
CURVE NUMBER (LAG) METHOD 
L=7 8 0 ' s= . 0 0 1  ' / '  
CURVE NUMBER ( LAG) METHOD 
L=2 2 5 ' S= . 0 0 1  ' / '  

Cap 

Comment 
Wood chips 

Marsh 

SCS TR- 2 0  METHOD 
TYPE I I  2 4 -HOUR 
RAINFALL= 3 . 2  IN 

Tc (min) 
4 0 9 . 1  

SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Tc (min) 
3 2 0 . 1  

118 . 4  

Total Length= 1 0 0 5  ft Total Tc= 4 3 8 . 5  

SUBCATCHMENT 3 South Area 

PEAK= 0 . 0 0 CFS @ 0 . 0 0 HRS , VOLUME= . 0 . 0 0 AF 

ACRES CN 
3 . 1 0 3 0  Marsh 

Method Comment 
CURVE NUMBER ( LAG) METHOD Marsh 
L=8 6 0 ' S= . 0 0 1  ' / '  

SCS TR- 2 0  METHOD 
TYPE I I  2 4 -HOUR 
RAINFALL= 3 . 2  IN 
SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Tc (min) 
3 4 6 . 1  



Data for Kewaunee Marsh Runof - Curve Number ( l ag )  Me DUPl 
TYPE II 2 4 -HOUR RAINFALL= FIVE YR . - 3 . 2 IN J C..tJ -:.  30 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  { c )  1 9 8 6 - 1 9 96 Applied Microcomputer Systems 

POND l Kewaunee River 

Qin 0 . 0 0 CFS @ 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF 
Qout= 0 . 0 0 CFS @ 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF , ATTEN= 0 % ,  LAG= 

ELEVATION AREA INC . STOR CUM . STOR STOR- IND METHOD 
(FT) (AC) (AF) (AF) PEAK STORAGE = 
10 0 . 0  3 0 . 0 0 0 . 0 0 0 . 0 0 PEAK ELEVATION= 
110 . 0  1 0 0 . 0 0 6 5 0 . 0 0 6 5 0 . 0 0 FLOOD ELEVATION= 

START ELEVATION= 
SPAN= 1 0 - 2 0  HRS , 

# ROLITE INVERT OliTLET DEVICES 
1. p 10 0 . 0 '  100 11 CULVERT 

n= . 03 L= 1 0 0 ' S= . 0 01 ' / '  Ke= . 6  Cc= . 9  Cd= . 56 

Page 14 

1.2 May 97  

0 . 0  MIN 

0 . 0 0 AF 
1 0 0 . 0  FT 
1 1.0 . 0  FT 
1.00 . 0  FT 

dt= . 1  HRS 



CN = 30 

lO YR. STORM 



Data for Kewaunee Marsh Runof- Curve Number ( lag) Me DUP1 
TYPE II 24 -HOUR RAINFALL= 10 YR . - 3 .  7 IN J C � -= 30 

Prepared by Applied Microcomputer Systems 

Page 1 5  

12  May 9 7  
HydroCAD 4 . 5 1 0 0 0 8 0 0  { c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

WATERSHED ROUTING = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

SUBCATCHMENT 1 

SUBCATCHMENT 2 

SUBCATCHMENT 3 

POND 1 

North Area {marsh) 

Central Area and Cap 

South Area 

= Kewaunee River 

- >  POND 1 

- >  POND 1 

- >  POND 1 

- >  



Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUP1 
TYPE II 2 4 -HOUR RAINFALL= 10 YR . - 3 .  7 IN GtJ -=- 30 .) 

Prepared by Appl ied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 96 Appl ied Microcomputer Systems 

RUNOFF BY SCS TR- 2 0  METHOD : TYPE II 2 4 -HOUR RAINFALL= 3 . 7 IN, 

RUNOFF SPAN = 1 0 - 2 0  HRS , dt= . 10 HRS , 1 0 1  POINTS 

SUB CAT AREA Tc WGT ' D  PEAK 
NUMBER (ACRE) (MIN) - - GROUND COVERS (%CN) - - CN c (CFS) 

1 6 . 5 0 4 0 9 . 1  1 0 0 % 3 0  3 0  0 . 0 0 

2 4 . 5 7 4 3 8 . 5  7 9 % 3 0 2 1 % 3 0  3 0  0 . 0 0 

3 3 . 1 0 3 4 6 . 1  1 0 0 % 3 0  3 0  0 . 0 0 

Page 1 6  

12 May 9 7  

SCS U . H .  

Tpeak VOL 
(HRS ) (AF) 

0 . 0 0 0 . 0 0 

0 . 0 0 0 . 0 0 

0 . 0 0 0 . 0 0 



Data for Kewaunee Marsh Runof-Curve Number ( l ag) Me DUPl 
TYPE II 24 -HOUR RAINFALL= 10 YR . - 3 .  7 IN

; 
C...rJ -; 3 0  

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

REACH 
NO . DIAM 

( IN) 

BOTTOM 
WIDTH 

(FT) 

REACH ROUTING BY STOR- IND+TRANS METHOD 

DEPTH 
(FT) 

S IDE 
SLOPES 
( FT/FT) 

n LENGTH 
(FT) 

SLOPE 
( FT/FT) 

PEAK 
VEL . 
( FPS) 

TRAVEL 
TIME 
(MIN) 

Page 1 7  

1 2  May 9 7  

PEAK 
Qout 
(CFS ) 



Data for Kewaunee Marsh Runof - Curve Number ( l ag) Me DUPl 
TYPE II 24 -HOUR RAINFALL= 10 YR . - 3 .  7 IN C... tJ � 30 ) 

Prepared by Applied Microcomputer Systems 

Page 18 

12 May 97  
HydroCAD 4 . 51 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 96 Applied Microcomputer Systems 

POND ROUTING BY STOR- IND METHOD 

POND START FLOOD PEAK PEAK - - - - - - PEAK FLOW - - - - - - - - - -Qout - - -
NO . ELEV . ELEV . ELEV . STORAGE Qin Qout Qpri Qsec ATTEN . LAG 

(FT) ( FT) (FT) (AF) (CFS ) (CFS ) ( CFS) (CFS ) ( % )  (MIN) 

1 1 0 0 . 0  1 10 . 0  1 0 0 . 0  0 . 0 0 0 . 0 0 0 . 0 0 0 0 . 0  



Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUP1 
TYPE II 2 4 -HOUR RAINFALL= 10 YR . - 3 .  7 IN> C..tJ � 3C> 

Prepared by Appl ied Microcomputer Systems 
HydroCAD 4 . 51 0 0 0 8 0 0 ( c )  1 98 6 - 19 9 6  Applied Mi crocomputer Systems 

LINK 
NO . NAME SOURCE 

Page 1 9  

1 2  May 9 7  

Qout 
(CFS) 



Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUPl 
TYPE II 2 4 -HOUR RAINFALL= 10 YR . - 3 . 7  INJ C...tJ "' 30 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  { c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

SUBCATCHMENT 1 North Area (marsh) 

PEAK= 0 . 0 0 CFS ® 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF 

ACRES CN 
6 . 5 0 3 0  Marsh 

SCS TR- 2 0  METHOD 
TYPE I I  2 4 -HOUR 
RAINFALL= 3 . 7  IN 

Page 2 0  

1 2  May 97  

SPAN= 10 - 2 0  HRS , dt= . 1  HRS 

Method Comment 
CURVE NUMBER ( LAG) METHOD Flow thru marsh 
L= 10 60 ' S = . 0 0 1  ' / '  

SUBCATCHMENT 2 Central Area and Cap 

PEAK= 0 . 0 0 CFS @ 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF 

ACRES CN 
3 . 6 0 3 0  Wood Chip Cap 

. 9 7 3 0  Marsh 
4 . 5 7 3 0  

Method 
CURVE NUMBER ( LAG) METHOD 
L=7 8 0 ' s = . 0 0 1  ' / '  
CURVE NUMBER ( LAG) METHOD 
L=2 2 5 ' S= . 0 0 1  ' / '  

Comment 
Wood chips 

Marsh 

SCS TR- 2 0  METHOD 
TYPE I I  24 -HOUR 
RAINFALL= 3 . 7  IN 

Tc {min) 
4 0 9 . 1  

SPAN= 10 - 20  HRS , dt= . 1  HRS 

Tc (min) 
3 2 0 . 1  

1 1 8 . 4  

Total Length= 1 0 0 5  ft Total Tc= 4 3 8 . 5  

SUBCATCHMENT 3 South Area 

PEAK= 0 . 0 0 CFS @ 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF 

ACRES CN 
3 . 1 0 3 0  Marsh 

Method Comment 
CURVE NUMBER ( LAG) METHOD Marsh 
L= 8 60 ' S= . 0 0 1  ' / '  

SCS TR- 2 0  METHOD 
TYPE I I  24 -HOUR 
RAINFALL= 3 . 7  IN 
SPAN= 10 - 20  HRS , dt= . 1  HRS 

Tc {min) 
3 4 6 . 1  



Data for Kewaunee Marsh Runof -Curve Number ( l ag)  Me DUP1 
TYPE II 2 4 -HOUR RAINFALL= 10 YR . - 3 . 7 IN "' c...N -=- 30 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

POND 1 Kewaunee River 

Qin = 0 . 0 0 CFS @ 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF 
Qout= 0 . 0 0 CFS @ 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF , ATTEN= o g.. o I LAG= 

ELEVATION AREA INC . STOR CUM . STOR STOR - IND METHOD 
(FT} 'AC} (AF} (AF} PEAK STORAGE = 
1 0 0 . 0  3 0 . 0 0 0 . 0 0 0 . 0 0 PEAK ELEVATION= 
1 1 0 . 0  1 0 0 . 0 0 6 5 0 . 0 0 6 5 0 . 0 0 FLOOD ELEVATION= 

START ELEVATION= 
SPAN= 1 0 - 2 0  HRS , 

tf ROUTE INVERT OUTLET DEVICES 
1 p 1 0 0 . 0 '  100 " CULVERT 

n= . 03 L=1 0 0 ' S= . 0 01 ' / '  Ke= . 6  Cc= . 9  Cd= . 56 

Page 2 1  

12 May 97  

0 . 0  MIN 

0 . 0 0 AF 
1 0 0 . 0  FT 
1 10 . 0  FT 
1 0 0 . 0  FT 

dt= . 1  HRS 



CN = 30 

25 YR. STORM 



Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUPl 
TYPE II 24 -HOUR RAINFALL= 25 YR . - 4 . 2  IN ., C.. N � 30 

Prepared by Applied Microcomputer Systems 

Page 2 2  

1 2  May 9 7  
HydroCAD 4 . 5 1 0 0 0 8 0 0  (c)  19 8 6 - 1 9 9 6  Applied Microcomputer Systems 

WATERSHED ROUTING = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

SUBCATCHMENT 1 

SUBCATCHMENT 2 

SUBCATCHMENT 3 

POND 1 

North Area (marsh} 

Central Area and Cap 

South Area 

Kewaunee River 

- >  POND 1 

- >  POND 1 

- >  POND 1 

- >  



Data for Kewaunee Marsh Runof - Curve Number (lag)  Me DUP1 
TYPE II 24 -HOUR RAINFALL= 2 5  YR . - 4 . 2  IN -, C. N  '=' 3D 

Prepared by Appl ied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  { c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

RUNOFF BY SCS TR- 2 0  METHOD : TYPE II 24 -HOUR RAINFALL= 4 . 2  IN, 

RUNOFF SPAN = 1 0 - 2 0  HRS , dt= . 10 HRS , 1 0 1  POINTS 

SUB CAT AREA Tc WGT ' D  PEAK 
NUMBER {ACRE) {MIN) - - GROUND COVERS { %CN) - - CN c {CFS) 

1 6 . 5 0 4 0 9 . 1  1 0 0 %3 0 3 0  0 . 0 0 

2 4 . 5 7 4 3 8 . 5  7 9 % 3 0  2 1 % 3 0  3 0  0 . 0 0 

3 3 . 1 0 3 4 6 . 1  100%3 0 3 0  0 . 0 0 

Page 23 

12  May 97 

SCS U . H .  

Tpeak VOL 
{HRS ) {AF) 

0 . 0 0 0 . 0 0 

0 . 0 0 0 . 00 

0 . 0 0 0 . 0 0 



Data for Kewaunee Marsh Runof -Curve Number ( l ag) Me DUPl 
TYPE II 2 4 -HOUR RAINFALL= 25 YR . - 4 . 2  IN � C.. !V � 3 0  

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 51 0 0 0 8 0 0  (c)  1 9 8 6 - 1 9 9 6  Applied Mi crocomputer Systems 

REACH 
NO . DIAM 

( IN) 

BOTTOM 
WIDTH 

(FT) 

REACH ROUTING BY STOR- IND+TRANS METHOD 

DEPTH 
( FT) 

S IDE 
SLOPES 
{ FT/FT) 

n LENGTH 
{ FT) 

SLOPE 
{ FT/FT) 

PEAK 
VEL . 
{ FPS) 

TRAVEL 
TIME 
{MIN) 

Page 2 4  

1 2  May 9 7  

PEAK 
Qout 
{ CFS) 



Data for Kewaunee Marsh Runof - Curve Number ( l ag) Me DUP1 
TYPE II 24 -HOUR RAINFALL= 2 5 YR . - 4 .  2 IN :> c.,N � 30 

Prepared by Applied Microcomputer Systems 

Page 2 5  

12 May 9 7  
HydroCAD 4 . 5 1 0 0 0 8 0 0  { c )  19 8 6 - 1 9 96 Applied Microcomputer Systems 

POND ROUTING BY STOR-IND METHOD 

POND START FLOOD PEAK PEAK - - - - - - PEAK FLOW - - - - - - - - - -Qout - - -

NO . ELEV . ELEV . ELEV . STORAGE Qin Qout Qpri Qsec ATTEN . LAG 
{FT) { FT) {FT) {AF) {CFS ) {CFS ) {CFS) {CFS ) ( % )  {MIN) 

1 1 0 0 . 0  1 10 . 0  1 0 0 . 0  0 . 0 0 0 . 0 0 0 . 0 0 0 0 . 0  



Data for Kewaunee Marsh Runof -Curve Number ( lag) Me DUPl 
TYPE I I  2 4 -HOUR RAINFALL= 2 5  YR . - 4 . 2 IN> (... N :::: 30 

Prepared by Appl ied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Mi crocomputer Systems 

LINK 
NO . NAME SOURCE 

Page 2 6  

1 2  May 9 7  

Qout 
(CFS } 



Data for Kewaunee Marsh Runof - Curve Number ( l ag) Me DUPl 
TYPE I I  2 4 -HOUR RAINFALL= 25 YR . - 4 . 2  IN :, C.. tJ = 30 

Prepared by App l i ed Microcomputer Sys tems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

SUBCATCHMENT 1 North Area (marsh) 

PEAK= 0 . 0 0 CFS @ 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF 

ACRES CN 
6 . 5 0 3 0  Marsh 

SCS TR- 2 0  METHOD 
TYPE I I  2 4 -HOUR 
RAINFALL= 4 . 2  IN 

Page 2 7  

1 2  May 97 

SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Method Comment 
CURVE NUMBER ( LAG) METHOD Flow thru marsh 
L=10 60 ' S = . 0 0 1  ' / '  

SUBCATCHMENT 2 Central Area and Cap 

PEAK= 0 . 0 0 CFS @ 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF 

ACRES CN 
3 . 6 0 3 0  Wood Chip Cap 

. 9 7 3 0  Marsh 
4 . 5 7 3 0  

Method 
CURVE NUMBER ( LAG) METHOD 
L=7 8 0 ' s = . 0 0 1  ' / '  
CURVE NUMBER ( LAG) METHOD 
L=2 2 5 ' S = . 0 0 1  ' / '  

Comment 
Wood chips 

Marsh 

SCS TR- 2 0  METHOD 
TYPE I I  2 4 - HOUR 
RAINFALL= 4 . 2  IN 

Tc (min) 
4 0 9 . 1  

SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Tc (min) 
3 2 0 . 1  

118 . 4  

Total Length= 1 0 0 5  ft Total Tc= 4 3 8 . 5  

SUBCATCHMENT 3 South Are a  

PEAK= 0 . 0 0 C F S  ® 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF 

ACRES CN 
3 . 1 0 3 0  Marsh 

Method Comment 
CURVE NUMBER ( LAG) METHOD Marsh 
L= 8 6 0 ' S= . 0 0 1  ' / '  

SCS TR- 2 0  METHOD 
TYPE I I  2 4 -HOUR 
RAINFALL= 4 . 2  IN 
SPAN= 1 0 -2 0  HRS , dt= . 1  HRS 

Tc (min) 
3 4 6 . 1  



Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUPl Page 2 8  
TYPE I I  2 4 -HOUR RAINFALL= 2 5  YR . - 4 . 2 IN . 

Prepared by Appl ied Microcomputer Systems 12 May 9 7  
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Microcom: Jter Systems ������=---------------

POND 1 Kewaunee River 

Qin 0 . 0 0 CFS @ 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF 
Qout= 0 . 0 0 CFS @ 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF , ATTEN= 0 % ,  LAG= 0 . 0  MIN 

ELEVATION AREA INC . STOR CUM . STOR STOR- IND METHOD 
{FT} {AC} {AF} {AF} PEAK STORAGE = 0 . 0 0 AF 
1 0 0 . 0  3 0 . 0 0 0 . 0 0 0 . 0 0 PEAK ELEVATION= 100 . 0  FT 
110 . 0  1 0 0 . 0 0 6 5 0 . 0 0 6 5 0 . 0 0 FLOOD ELEVATION= 110 . 0  FT 

START ELEVATION= 1 0 0 . 0  FT 
SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

# ROUTE INVERT OUTLET DEVICES 
1 p 1 0 0 . 0 '  10 0 "  CULVERT 

n= . 03 L= 1 0 0 ' S = . 0 0 1 ' / '  Ke= . 6  Cc= . 9  Cd= . 5 6 



CN = 30 

SO YR. STORM 



Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUP1 
TYPE II 2 4 -HOUR RAINFALL= 5 0  YR . - 4 .  7 IN > c.. rJ � 3 0  

Prepared by Appl ied Microcomputer Systems 

Page 2 9  

1 2  May 97  
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

WATERSHED ROUTING = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

SUBCATCHMENT 1 

SUBCATCHMENT 2 

SUBCATCHMENT 3 

POND 1 

North Area (marsh) 

Central Area and Cap 

South Area 

Kewaunee River 

- >  POND 1 

- >  POND 1 

- >  POND 1 

- >  



Data for Kewaunee Marsh Runof - Curve Number ( l ag) Me DUP1 
TYPE I I  2 4 -HOUR RAINFALL= 5 0  YR . - 4 . 7 IN> c. tJ = 3 0 

Prepared by Appl ied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  { c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

RUNOFF BY SCS TR- 2 0  METHOD : TYPE II 2 4 - HOUR RAINFALL= 4 . 7  IN, 

RUNOFF SPAN = 1 0 - 2 0  HRS , dt= . 10 HRS , 1 0 1  POINTS 

SUB CAT AREA Tc WGT ' D  PEAK 
NUMBER {ACRE) {MIN) - -GROUND COVERS {%CN) - - CN c {CFS) 

1 6 . 5 0 4 0 9 . 1  1 0 0 % 3 0 3 0  0 . 0 0 

2 4 . 5 7 4 3 8 . 5  7 9 % 3 0  2 1 % 3 0  3 0  0 . 0 0 

3 3 . 1 0 3 4 6 . 1  1 0 0 % 3 0  3 0  0 . 0 0 

Page 3 0  

1 2  May 9 7  

scs U . H .  

Tpeak VOL 
{HRS) {AF) 

0 . 0 0 0 . 0 0 

0 . 0 0 0 . 0 0 

0 . 0 0 0 . 0 0 



Data for Kewaunee Marsh Runof -Curve Number ( l ag) Me DUPl 
TYPE II 2 4 -HOUR RAINFALL= 5 0  YR . - 4 .  7 IN.) c.. tJ =- '&:) 

Prepared by Appl ied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c) 1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

REACH 
NO . DIAM 

( IN) 

REACH ROUTING BY STOR- IND+TRANS METHOD 

BOTTOM 
WIDTH 

( FT) 
DEPTH 
( FT) 

SIDE 
SLOPES 
( FT/FT) 

n LENGTH 
( FT) 

SLOPE 
( FT/FT) 

PEAK 
VEL . 
( FPS) 

TRAVEL 
TIME 
(MIN) 

Page 3 1  

1 2  May 9 7  

PEAK 
Qout 
(CFS) 



Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUPl 
TYPE II 2 4 -HOUR RAINFALL= 5 0  YR .  - 4 .  7 IN, G tJ "' 3b 

Prepared by Appl ied Microcomputer Systems 

Page 3 2  

1 2  May 9 7  
HydroCAD 4 . 51 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

POND ROUTING BY STOR- IND METHOD 

POND START FLOOD PEAK PEAK - - - - - - PEAK FLOW - - - - - - - - - -Qout - - -
NO . ELEV . ELEV . ELEV . STORAGE Qin Qout Qpri Qsec ATTEN . LAG 

( FT) ( FT) (FT)  (AF) (CFS ) ( CFS ) (CFS) (CFS) ( % )  (MIN) 

1 1 0 0 . 0  1 10 . 0  100 . 0  0 . 0 0 0 . 0 0 0 . 0 0 0 0 . 0  



Data for Kewaunee Marsh Runof -Curve Number ( lag) Me DUPl 
TYPE II 2 4 -HOUR RAINFALL= 5 0  YR . - 4 .  7 IN� Cr0 = 30 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0 (c) 1 9 8 6 - 1 9 9 6  Appl ied Microcomputer Systems 

LINK 
NO . NAME SOURCE 

Page 3 3  

12 May 97  

Qout 
(CFS ) 



Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUP1 
TYPE II 2 4 -HOUR RAINFALL= 5 0  YR . - 4 .  7 IN J C.. 0 -:.  3D 

Prepared by Applied Microcompute r  Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  { c )  1 9 8 6 - 1 9 9 6  Applied Mi crocomputer Systems 

SUBCATCHMENT 1 North Area (marsh) 

PEAK= 0 . 0 0 CFS @ 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF 

ACRES CN 
6 . 5 0 3 0  Marsh · SCS TR- 2 0  METHOD 

TYPE I I  2 4 -HOUR 
RAINFALL= 4 . 7  IN 

Page 3 4  

12  May 9 7  

SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Method Comment 
CURVE NUMBER ( LAG) METHOD Flow thru marsh 
L= 106 0 '  S= . 0 0 1  ' / '  

SUBCATCHMENT 2 Central Area and Cap 

PEAK= 0 . 0 0 CFS @ 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF 

ACRES CN 
3 . 60 3 0  Wood Chip 

. 9 7 3 0  Marsh 
4 . 5 7 3 0  

Method 
CURVE NUMBER ( LAG) METHOD 
L=7 8 0 ' S= . 0 0 1  ' / '  
CURVE NUMBER (LAG) METHOD 
L=2 2 5 ' S= . 0 0 1  ' / '  

Cap 

Comment 
Wood chips 

Marsh 

SCS TR- 2 0  METHOD 
TYPE I I  2 4 -HOUR 
RAINFALL= 4 . 7  IN 

Tc {min) 
4 0 9 . 1  

SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Tc {min) 
3 2 0 . 1  

118 . 4  

Total Length= 1 0 0 5  ft  Total Tc= 4 3 8 . 5  

SUBCATCHMENT 3 South Area 

PEAK= 0 . 0 0 CFS @ 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF 

ACRES CN 
3 . 1 0 3 0  Marsh 

Method Comment 
CURVE NUMBER ( LAG) METHOD Marsh 
L= 8 6 0 ' S= . 0 0 1  ' / '  

SCS TR- 2 0  METHOD 
TYPE I I  2 4 - HOUR 
RAINFALL= 4 . 7  IN 
SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Tc {min) 
3 4 6 . 1  



Data for Kewaunee Marsh Runof- Curve Number ( l ag) Me DUPl 
TYPE II 24 -HOUR RAINFALL= 5 0  YR . - 4 .  7 IN , c..tJ " 30 

Prepared by Appl ied Microcomputer Sys tems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  {c)  1986 - 1 9 9 6  Appl ied Microcomputer Systems 

POND 1 Kewaunee River 

Qin 0 . 0 0 CFS @ 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF 
Qout= 0 . 0 0 CFS @ 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF , ATTEN= 0 % ,  LAG= 

ELEVATION AREA INC . STOR CUM . STOR STOR- IND METHOD 
(FT} (AC} (AF} (AF} PEAK STORAGE = 
10 0 . 0  3 0 . 0 0 0 . 0 0 0 . 0 0 PEAK ELEVATION= 
110 . 0  1 0 0 . 0 0 6 5 0 . 0 0 6 5 0 . 0 0 FLOOD ELEVATION= 

START ELEVATION= 
SPAN= 1 0 - 2 0  HRS , 

H ROUTE INVERT OUTLET DEVICES 
1 p 1 0 0 . 0 '  lo o n  CULVERT 

n= . 03 L=100 ' S = . 0 0 1 ' / '  Ke= . 6  Cc= . 9  Cd= . 5 6 

Page 3 5  

1 2  May 9 7  

0 . 0  MIN 

0 . 0 0 AF 
10 0 . 0  FT 
11 0 . 0  FT 
100 . 0  FT 

dt= . 1  HRS 



CN = 30 

100 YR. STORM 



Data for Kewaunee Marsh Runof- Curve Number ( lag) Me DUP1 
TYPE J:J: 2 4 -HOUR RAINFALL= 1 0 0  YR . - 5 .  0 :IN

) 
C.. N ::: '30 

Prepared by Applied Microcomputer Systems 

Page 3 6  

12 May 9 7  
HydroCAD 4 . 51 0 0 0 8 0 0 (c)  1986 - 1 9 9 6  Appl ied Microcomputer Systems 

WATERSHED ROUTING = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

SUBCATCHMENT 1 

SUBCATCHMENT 2 

SUBCATCHMENT 3 

POND 1 

North Area (marsh) 

Central Area and Cap 

= South Area 

Kewaunee River 

- >  POND 1 

- >  POND 1 

- >  POND 1 

- >  



Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUPl 
TYPE II 2 4 -HOUR RAINFALL =  100 YR . - 5 . 0  IN ) c. t-J  '=- 3:? 

Prepared by Appl ied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  { c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

Page 3 7  

1 2  May 9 7  

RUNOFF BY SCS TR- 2 0  METHOD : TYPE I I  2 4 -HOUR RAINFALL= 5 . 0  IN, SCS U . H .  

SUB CAT AREA 
NUMBER (ACRE) 

1 6 . 5 0 

2 4 . 5 7 

3 3 . 1 0 

RUNOFF SPAN = 1 0 - 2 0  HRS , dt= . 10 HRS , 1 0 1  POINTS 

Tc WGT ' D  PEAK 
(MIN) - - GROUND COVERS { %CN) - - CN c (CFS) 

4 0 9 . 1  100%3 0 3 0  0 . 0 0 

4 3 8 . 5  79%3 0 2 1 % 3 0  3 0  0 . 0 0 

3 4 6 . 1  1 0 0 % 3 0  3 0  0 . 0 0 

Tpeak VOL 
{HRS) (AF) 

2 0 . 0 0 0 . 0 0 

2 0 . 0 0 0 . 0 0 

2 0 . 0 0 0 . 0 0 



Data for Kewaunee Marsh Runof -Curve Number ( lag) Me DUPl 
TYPE II 2 4 -HOUR RAINFALL= 1 0 0  YR . - 5 . 0  IN J c.. .v ::: ::,o 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1986 - 1 9 9 6  Applied Microcomputer Systems 

REACH 
NO . DIAM 

( IN) 

BOTTOM 
WIDTH 

( FT) 

REACH ROUTING BY STOR- IND+TRANS METHOD 

DEPTH 
(FT) 

S IDE 
SLOPES 
(FT/FT) 

n LENGTH 
(FT) 

SLOPE 
( FT /FT) 

PEAK 
VEL . 
(FPS) 

TRAVEL 
TIME 
(MIN) 

Page 3 8  

1 2  May 9 7  

PEAK 
Qout 
(CFS) 



Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUP1 
TYPE II 2 4 -HOUR RAINFALL= 1 0 0  YR . - 5 .  0 IN C tJ '=- 3CJ ) 

Prepared by Appl ied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 96 Appl ied Microcomputer Systems 

POND ROUTING BY STOR- IND METHOD 

Page 3 9  

1 2  May 97  

POND START FLOOD PEAK PEAK - - - - - - PEAK FLOW - - - - - - - - - -Qout - - -
NO . ELEV . ELEV . ELEV . STORAGE Qin Qout Qpri Qsec ATTEN . LAG 

{ FT) { FT) ( FT)  {AF) {CFS ) ( CFS) { CFS) {CFS) { % )  {MIN) 

1 1 0 0 . 0  1 1 0 . 0  1 0 0 . 0  0 . 0 0 0 . 0 0 0 . 0 0 1 0 0  0 . 0  



Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUPl 
TYPE II 2 4 -HOUR RAINFALL= 100 YR .  - 5 .  0 IN > c.rJ -=- '3D 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1 9 8 6 - 1 9 9 6  Applied Microcomputer Systems 

LINK 
NO . NAME SOURCE 

Page 4 0  

1 2  May 9 7  

Qout 
(CFS) 



Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUPl 
TYPE II 2 4 -HOUR RAINFALL= 1 0 0  YR . - 5 . 0  IN, c. tJ -:.. 3D 

Prepared by Appl ied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0 ( c )  1 9 8 6 - 1996  Applied Microcomputer Systems 

SUBCATCHMENT 1 North Area (marsh) 

PEAK= 0 . 0 0 CFS @ 2 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF 

ACRES CN 
6 . 5 0 3 0  Marsh 

SCS TR- 2 0  METHOD 
TYPE . .I I  2 4 - HOUR 
RAINFALL= 5 . 0  IN 

Page 4 1  

1 2  May 9 7  

SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Method Comment 
CURVE NUMBER ( LAG) METHOD Flow thru marsh 
L=10 6 0 ' S = . 0 0 1  ' / '  

SUBCATCHMENT 2 Central Area and Cap 

PEAK= 0 . 0 0 CFS @ 2 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF 

ACRES CN 
3 . 6 0 3 0  Wood Chip Cap 

. 97 3 0  Marsh 
4 . 5 7 3 0  

Method 
CURVE NUMBER ( LAG) METHOD 
L= 7 8 0 ' S = . 0 0 1  ' / '  
CURVE NUMBER ( LAG) METHOD 
L=2 2 5 ' S = . 0 0 1  ' / '  

Comment 
Wood chips 

Marsh 

SCS TR- 2 0  METHOD 
TYPE I I  2 4 -HOUR 
RAINFALL= 5 . 0  IN 

Tc (min) 
4 0 9 . 1  

SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Tc (min) 
3 2 0 . 1  

1 1 8 . 4  

Total Length= 1 0 0 5  ft Total TC= 4 3 8 . 5  

SUBCATCHMENT 3 South Area 

PEAK= 0 . 0 0 CFS @ 2 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF 

ACRES CN 
3 . 10 3 0  Marsh 

Method Comment 
CURVE NUMBER ( LAG) METHOD Marsh 
L= 8 6 0 ' S= . 0 0 1 ' / '  

SCS TR- 2 0  METHOD 
TYPE I I  2 4 -HOUR 
RAINFALL= 5 . 0  IN 
SPAN= 1 0 - 2 0  HRS , dt= . 1  HRS 

Tc (min) 
3 4 6 . 1  



Data for Kewaunee Marsh Runof - Curve Number ( lag) Me DUPl 
TYPE J:J: 2 4 -HOUR RAINFALL= 1 0 0  YR . - 5 .  0 J:N � C r0 ::.  30 

Prepared by Applied Microcomputer Systems 
HydroCAD 4 . 5 1 0 0 0 8 0 0  ( c )  1986 - 1 9 9 6  Applied Microcomputer Systems 

POND 1 Kewaunee River 

Qin 0 . 0 0 CFS @ 2 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF 
Qout= 0 . 0 0 CFS @ 2 0 . 0 0 HRS , VOLUME= 0 . 0 0 AF , ATTEN= 1 0 0 % ,  LAG= 

ELEVATION AREA INC . STOR CUM . STOR STOR- IND METHOD 
(FT) (AC) (AF) (AF) PEAK STORAGE = 
1 0 0 . 0  3 0 . 0 0 0 . 0 0 0 . 0 0 PEAK ELEVATION= 
1 10 . 0  100 . 0 0 6 5 0 . 0 0 6 5 0 . 0 0 FLOOD ELEVATION= 

START ELEVATION= 
S PAN= 1 0 - 2 0  HRS , 

Page 4 2  

12  May 9 7  

0 . 0  MIN 

0 . 0 0 AF 
1 0 0 . 0  FT 
110 . 0  FT 
1 0 0 . 0  FT 

dt= . 1  HRS 
Tdet= 4 8 . 5  MIN ( 0  AF) 

# ROUTE INVERT OUTLET DEVICES 
1 p 10 0 . 0 '  1 0 0 "  CULVERT 

n= . 03 L=100 ' S= . 0 0 1 ' / '  Ke= . 6  Cc= . 9  Cd= . 56 



APPENDIX C 

U.S.G.S. Upstream Kewaunee River Flow Data 



)( J  

Table 4. Flood discharges at selected recurrence intervals and WRC skew for gaging stations in 
WJSconsin-Continued 

Ib:lw'p fer mdicased � iDtc'YIIl 

Swiao WRC 
Dumber Swiaa zwu --

04075200 EYUJII"MZZ erea: ZIU!' wBlade. W"IL 0.048 
04075500 WaURiv.- aboft W.-t Bruch WaURiver 

11eer � WIA. .311 
040'77000 WaURiv• at JC.blaa Flllla 

11eer � W!A. .356 
04078500 Embarrua River Deu' Embarrua, W"JL ·.D'70 
040711000 WaURlv• at N .. Lcmdaa. Wla. ·.224 

0407i700 Spaul� Creek _.,. Bll Palb, Wla. .10!1 
04080000 Uula WaUJUver at ioyalum, W"JL ·.522 
04081000 Waupaca River Dear Wau,... Wl&. ·Jill 
04081010 Waupa.ca Rivertri!latary DA&r Waupaca. W1a. •.4111 
04081900 Sawy• Creek at o.blullh, Wla. 
04083000 W.-t BraDch P=d du lAc B.iwer 

at Fcmd du 1A.c, W"IL 
04083400 EuL BI'&ZICh Pcmd ella lAc B.iver tribut&rJ 

ZIMI" Edm, W"IL 
04083500 Eut BI'&ZICh Pcmd ella lAc River 

at Pcmd du 1A.c, WIL 
04064500 Foz lUver &1. Bapida Croche Dam. 

ZIMI" Wrisb� WIA. 
04085030 Appl.l Creek Zle&r KenkenM W"IL 

04085100 EuL Riv.- trilNWT at GJW!IIl-t W"IL 

l)CIJ86� �=• �-�·=•· WJL 
�1 r:;u; at . -. W'l&. 

·.001 
·.243 

-.700 

•• n8 

•.'110 

•.768 
-.'135 

•.182 .:.D •.1 
04085300 NMbac.a B.iverUilNWT 118&1' Da!mark, WIA. •.424 
04085400 Killmab lliv•-Cbilum, WJL ·.106 

0408542'1 M.uli'- Rlv• at loWiitGWGC, Wla. •.1154 
0408S700 Sheborrm Rivertrib=arJ 

. 11ear Plrmau\h. WIA. • .()32 04086000 Sbeborrm B.iv• a1. SbUo:rrm, WJL ·.6SI5 
04086150 Mllwaube B.iv• at K-wultlim, W"IA. ·.o58 
04086200 EuL BI'&ZICh Milwa'Uba B.iver 

- N- FaDe, WIL •.137 

040118340 North BI'&ZICh !4ilwavba B.iver 
ZIMI" Pi!lmon, Waa. ·.266 

04086380 Mllwaube Riv• &1. Waubeka, W1.1. ·.381 
04086400 Milwaube Riv• triblltaz7 

ZIMI" Prwdaaia, Wla. ·.588 
04088500 Cedar Creek - Ceclarbarr. 'WIL •.1811 
04081000 Mllwaube Riv• at Milwa\lbe, Wia. • .or:r 
04081030 Mm- Riv• a\ Mamm- Fan., W"IA. .160 
04087050 Uula Mmom_ IUvw_ FnUta.dt, Wia. •.446 
04087088 U11denraod er.lt at Wa11Wat.OI&. WIL ·.295 
04087100 Hcme, Creek at l4i!wa'llbe. Wia. ·.G315 
04087120 14m- B.iv• &1. Wauwasaa&, WIL .G23 
04087200 Oak er-lt ZIMI" 8Giath MiJwaiJbe, Wla. -.111 
0408720C Oak Cr..& at South Milwallbe. Wia. .113 
04087220 .U. lliver Deu' PraDkliD. 'WIA. . .211 
04081230 W.-t Brmch loa& RivvC&Dal trib'US.VJ 

- Harth Cape. WIA. ·.103 
04087233 .Bait River C&Dal _,.  Pra.DkliD, WIA. ·.274 

04087240 .Bait BI¥W at iadDe, W�a. • .()32 
040111250 Pika Cr..& - �. Wil. -.308 
040S7251 Pika Ri¥WDMZ' Bacizle. Wia. •• cs:J 
05332500 NamU&c= Riv• DMZ' Tnco. Wla. .573 
015333100 Uula Fror er.lt Deu' J4iDa:lr, WJL ·.3415 

2 15 

44.5 66.2 
1.740 2,120 
2,410 3.010 
2,340 3,460 
8,120 11,460 

152.5 61.'1 
3,11115 4,8150 1,080 1,540 

4L4 au 
421 861 
1542 1,()20 

780 1.140 

157.8 Sl8.8 

908 1.1560 
12,700 17,000 

787 1.210 

218 3711 

t: reg 
1113 328 
827 1.060 

2,1190 4,270 

113 183 
3,140 15,000 900 1.460 

214 352 

7811 1,380 
2,110 3,530 

1515.0 , 1015 
851 1,860 

4,890 8,11110 

6311 188 
182 272 
8151 1.430 
3111 488 

3,400 11,870 

258 453 
6815 7117 

1.080 1,180 

au 133 
10!1 115 

1,140 2,160 
82.8 135 

878 1.180 . 
1.110 1.820 

2011 3'18 

SB nDOD-FREQUENCY CBABAC'I'EB.IB'l1CS OF WISCONSIN S'I'I1.EAMB 

Yura 
10 25 60 

83.5 '72.11 '18.1 

2,360 2,865 2.1190 

3,520 4,100 4,545 
4,235 6,240 8,000 

11.200 13,400 14,1100 

17.8 90.0 111.2 
15,180 7 ,oilS 7,1130 1.,135 2.1715 2,405 

U.1 113 130 
1.240 1,840 2,370 
1.400 1,1130 2,360 
1.310 1,820 1,780 

123 1158 183 

1,1160 2,440 2,760 

li:J.I)() 21,800 23,000 
1.450 1.730 1,910 

1504 878 818 ;:: ;: :: 
418 638 822 

1,340 1,680 1,1110 

11,510 1,110 8,410 

2315 301 3615 
8,160 7,480 8,380 1,180 2,420 2.1110 

455 1593 . 102 

1,820 2.420 2,880 
4,520 15,710 8,710 

141 1.88 221 2,1100 3,870 4,570 
8,580 10,700 12,300 

1168 1.210 1.400 
328 3915 441 

1,840 2,310 2,780 
6011 'IS II 8114 

7,C30 11,1120 12,000 

. 804 . 811 11811 
887 1,040 1.160 2,1100 3,410 4,:no 

180 190 210 
1.140 1.340 1.480 

3,300 4.000 4,530 
111 217 252 

1,3150 1,540 1.810 
1,180 2,440 2.130 

50S 8815 823 

100 SEuiO Remarbl 

15.3 10.1 

3.120 8.1 

15.000 1.5 
8,780 10.1 

18,400 1.1 
108 11.2 

8,7115 10.7 2,820 u 
14'1 22.15 

2,1110 3L1 
2.1110 215.1 G 

1,130 20.1 

207 23.1 

3,060 26.5 

24:J.I)() 8.7 E 
2,070 1U 

1165 25.1 :�� �:1 t X 
707 111.1 

2.130 111.1 

1,820 27.7 

426 2U 
1,200 13.8 
3,330 28.4 

815 31.1 

3,360 33.5 
1,830 28.8 

254 30.0 
15,530 20.1 

13,1100 10.4 

1.810 21.3 
485 14.5 

3,180 34.8 
1,()20 11.1 

1C,100 23.1 
1.170. 22.15 
1.260 13.1 
15.260 27.3 

228 115.2 
1.810 13.15 

5,070 18.0 
287 111.G 

1.790 115.1 
3,280 12.8 E 

1164 24.2 

I 
I 
I 
o· 
I 
I 
I 
g 
I 
I 
I 
fi 
I 
I 
1. ' 
I 
., 
:t 
:t 



APPENDIX D 

Sample Hand Calculations 

Calculation Spreadsheets 



CALCULATI ON COVER SHEET 
PROJ ECT K-elA.lOJJnte.. ""P; \J-U ArSP-tli t- lrD-Y�spor-T JOB NO. 2D 7-/U; X' A DIVI S I O N  

S U BJ ECT fYlw.s h (;...ro\.1..¥\Jwu:f� F{ t::r1A.r FILE N O. ______ _ 

----------------------------------------------CALC. N O. ______ __ 

O R I G I NATOR ,At �  fL 
CH ECKER p 

N O. D ES C R I PTION 

6 
� 
16 
16 
� 6 

PRELIMI NARY CALC. 0 
SUPERSEDED CALC. 0 

R ECORD OF ISSUES 

BY DATE C H KD. DATE 

FI N A L  CALC. 0 

D ATE .5/zc/91-
NO. OF S H E ETS __ / __ _ 

APPRO.  

B RI E F  SUM MARY OF CALCULATIONS INCLU D I N G  SCOPE AND RESU LT S  
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Water Balance Using Maximum Observed Surface Water Arsenic Concentrations From Marsh 
(CN = 95) 

Kewaunee Marsh Flow Calculations 

Volume (acre-feet) Volume (gallons) Peak Discharge (cfs) 
Storm (yr) Area 1 Area 2 Area 3 Area 1 Area 2 Area 3 Area 1 Area 2 Area 3 

2 0.47 0.39 0.22 1 53,1 44 1 27,077 71 ,684 6.46 4.32 3.48 
5 0.77 0.62 0.37 250,895 202,020 120,560 9.03 6.04 4.86 

1 0  0.98 0.77 0.47 31 9,321 250,895 153, 144 1 0.02 7.1 1 5.71 
25 1 . 1 9  0.93 0.57 387,747 303,029 185,728 1 2.21 8.1 7 6.57 
50 1 .4 1 .08 0.67 456,1 73 351 ,905 21 8,31 1 1 3.80 9.23 7.42 

1 00 1 .53 1 .1 7  0.73 498,532 381 ,230 237,862 14.70 9.87 7.93 

Summary 

Rainfall Event Kewaunee River (down stream) 
(year) Flow As Cone. 

(cfs) (ug/1) 

2 2,714.3 28.3 
5 4,389.9 24.9 

10  5,51 2.8 23.4 
25 6,907.0 21 .8 
50 7,920.5 21 .5 

1 00 8,902.5 20.6 

Page 1 of 3 

Total 

1 4.26 
1 9.93 
22.84 
26.95 
30.45 
32.50 



Maximum Surface Water As Cone 
(ug/1) 

Area 1 Area 2 Area 3 

360 0 1 9, 1 00 
360 0 1 9, 100 
360 0 1 9, 100 
360 0 1 9, 100 
360 0 1 9, 100 
360 0 1 9, 100 

Water Balance Using Maximum Observed Surface Water Arsenic Concentrations From Marsh 
(CN = 95) 

As Cone Flowing from Marsh 
(ug/1) 

4,824.2 
4,820.7 
4,932.9 
4,81 9.4 
4,81 7.4 
4,823.2 

Page 2 of 3 



Rainfall Event 
(year) 

2 
5 

1 0  
25 
50 

1 00 

Water Balance Using Maximum Observed Surface Water Arsenic Concentrations From Marsh 
(CN = 95) 

Kewaunee Marsh 
Kewaunee River Upstream Kewaunee Marsh Ground Water Kewaunee River (down stream) 

Flow As Cone. Flow As Cone. Flow As. Cone. Flow As Cone. 
(cfs) (ug/1) (cfs) (ug/1) (cfs) (ug/1) (cfs) (ug/1) 

2,700 3 1 4.3 4,824.2 0.00023 200,000 2,71 4.3 28.3 
4,370 3 1 9.9 4,820.7 0.00023 200,000 4,389.9 24.9 
5,490 3 22.8 4,932.9 0.00009 200,000 5,51 2.8 23.4 
6,880 3 27.0 4,81 9.4 0.00023 200,000 6,907.0 21 .8 
7,890 3 30.5 4,81 7.4 0.00023 200,000 7,920.5 21 .5 
8,870 3 32.5 4,823.2 0.00023 200,000 8,902.5 20.6 

Page 3 of 3 



Water Balance Using Average Observed Surface Water Arsenic Concentrations In Marsh 
(CN = 95) 

Kewaunee Marsh Flow Calculations 

Volume (acre-feet} Volume (gallons} Peak Discharge (cfs) 
Storm (yr) Area 1 Area 2 Area 3 Area 1 Area 2 Area 3 Area 1 Area 2 Area 3 

2 0.47 0.39 0.22 1 53,1 44 1 27,077 71 ,684 6.46 4.32 3.48 
5 0.77 0.62 0.37 250,895 202,020 1 20,560 9.03 6.04 4.86 

1 0  0.98 0.77 0.47 31 9,321 250,895 1 53,144 1 0.02 7.1 1 5.71 
25 1 . 1 9  0.93 0.57 387,747 303,029 1 85,728 1 2.21 8.1 7  6.57 
50 1 .4 1 .08 0.67 456, 173 351 ,905 21 8,31 1 1 3.80 9.23 7.42 

1 00 1 .53 1 . 1 7  0.73 498,532 381 ,230 237,862 1 4.70 9.87 7.93 

Summary 

Rainfall Event Kewaunee River (down stream) 
(years) Flow As Cone. 

(cfs) (ug/1) 

2 2,71 4.3 1 5.6 
5 4,389.9 1 3.9 

1 0  5,51 2.8 1 3.2 
25 6,907.0 1 2.3 
50 7,920.5 1 2.2 

1 00 8,902.5 1 1 .7 

Page 1 of 3 

Total 

1 4.26 
1 9.93 
22.84 
26.95 
30.45 
32.50 



Average Surface Water As Cone 
(uq/1) 

Area 1 Area 2 Area 3 

1 52 0 9,553 
1 52 0 9,553 
1 52 0 9,553 
1 52 0 9,553 
1 52 0 9,553 
1 52 0 9,553 

Water Balance Using Average Observed Surface Water Arsenic Concentrations In Marsh 
(CN = 95) 

As Cone Flowing from Marsh 
(ug/1) 

2,400.2 
2,398.4 
2,454.9 
2,397.7 
2,396.7 
2,399.7 

Page 2 of 3 



Rainfall Event 
(years} 

2 
5 

1 0  
25 
50 

1 00 

Water Balance Using Average Observed Surface Water Arsenic Concentrations In Marsh 
(CN = 95} 

Kewaunee Marsh 
Kewaunee River Upstream Kewaunee Marsh Ground Water 

Flow As Cone. Flow As Cone. Flow As. Cone. 
(cfs} (ug/1) (cfs) (ug/1) (cfs) (ug/1) 

2,700 3 1 4.3 2,400.2 0.00023 200,000 
4,370 3 1 9.9 2,398.4 0.00023 200,000 
5,490 3 22.8 2,454.9 0.00023 200,000 
6,880 3 27.0 2,397.7 0.00023 200,000 
7,890 3 30.5 2,396.7 0.00023 200,000 
8,870 3 32.5 2,399.7 0.00023 200,000 

Page 3 of 3 

Kewaunee River (down stream} 
Flow As Cone. 
(cfs) (ug/1) 

2,71 4.3 1 5.6 
4,389.9 1 3.9 
5,51 2.8 1 3.2 
6,907.0 1 2.3 
7,920.5 1 2.2 
8,902.5 1 1 .7 
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Water Balance Using Maximum Observed Surface Water Arsenic Concentrations From Marsh 
CN = 83 T0 86 

Kewaunee Marsh Flow Calculations 

Volume {acre-feet) Volume (gallons) Peak Discharge (cfs) 
Storm (yr) Area 1 Area 2 Area 3 Area 1 Area 2 Area 3 Area 1 Area 2 Area 3 

2 0.47 0.39 0.22 1 53,1 44 127,077 71 ,684 2.29 2.02 1 .25 
5 0.77 0.62 0.37 250,895 202,020 1 20,560 3.88 3.23 2.1 1 

1 0  0.98 0.77 0.47 31 9,321 250,895 1 53,144 4.93 4.02 2.68 
25 1 . 1 9  0.93 0.57 387,747 303,029 1 85,728 6.01 4.82 3.26 
50 1 .4 1 .08 0.67 456,1 73 351 ,905 21 8,31 1 7.1 1 5.63 3.86 

1 00 1 .53 1 .1 7  0.73 498,532 381 ,230 237,862 7.77 6.1 2 4.22 

Summary 

Rainfall Event Kewaunee River (down stream) 
(year) Flow As Cone. 

(cfs) (ug/1) 

2 2,705.6 1 2.1  
5 4,379.2 1 2.5 

1 0  5,501 .6 1 2.6 
25 6,894.1 1 2.3 
50 7,906.6 1 2.6 

1 00 8,888.1 1 2.4 

Page 1 of 3 

Total 

5.56 
9.22 
1 1 .63 
1 4.09 
1 6.60 
1 8.1 1 



Maximum Surface Water As Cone 
(uq/if 

Area 1 Area 2 Area 3 

360 0 1 9, 1 00 
360 0 1 9, 1 00 
360 0 1 9, 100 
360 0 1 9, 1 00 . 
360 0 1 9, 1 00 
360 0 1 9, 1 00 

Water Balance Using Maximum Observed Surface Water Arsenic Concentrations From Marsh 
CN = 83 TO 86 

As Cone Flowing from Marsh 
(ug/1) 

4,442.3 
4,522.5 
4,554.0 
4,572.7 
4,595.5 
4,605.1 

Page 2 of 3 



Rainfall Event 
(year} 

2 
5 

1 0  
25 
50 

1 00 

Water Balance Using Maximum Observed Surface Water Arsenic Concentrations From Marsh 
CN = 83 TO 86 

Kewaunee Marsh 
Kewaunee River Upstream Kewaunee Marsh Ground Water Kewaunee River (down stream} 

Flow As Cone. Flow As Cone. Flow As. Cone. Flow As Cone. 
(cfs) (ug/1) (cfs} (ug/1} (cfs) (ug/1} (cfs} (ug/1) 

2,700 3 5.6 4,442.3 0.00023 200,000 2,705.6 1 2.1  
4,370 3 9.2 4,522.5 0.00023 200,000 4,379.2 1 2.5 
5,490 3 1 1 .6 4,554.0 0.00023 200,000 5,501 .6 1 2.6 
6,880 3 14.1  4,572.7 0.00023 200,000 6,894.1 1 2.3 
7,890 3 1 6.6 4,595.5 0.00023 200,000 7,906.6 1 2.6 
8,870 3 1 8.1 4,605.1 0.00023 200,000 8,888.1 1 2.4 

Page 3 of 3 
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Water Balance Using Average Observed Surface Water Arsenic Concentrations In Marsh 
CN = 83 T0 86 

Kewaunee Marsh Flow Calculations 

Volume (acre-feet) Volume (gallons) Peak Discharge {cfs) 
Storm (yr) Area 1 Area 2 Area 3 Area 1 Area 2 Area 3 Area 1 Area 2 Area 3 

2 0.47 0.39 0.22 1 53, 1 44 1 27,077 71 ,684 2.29 2.02 1 .25 
5 0.77 0.62 0.37 250,895 202,020 1 20,560 3.88 3.23 2.1 1 

1 0  0.98 0.77 0.47 31 9,321 250,895 1 53, 1 44 4.93 4.02 2.68 
25 1 . 1 9  0.93 0.57 387,747 303,029 1 85,728 6.01 4.82 3.26 
50 1 .4 1 .08 0.67 456,1 73 351 ,905 21 8,31 1 7.1 1 5.63 3.86 

1 00 1 .53 1 . 1 7  0.73 498,532 381 ,230 237,862 7.77 6.1 2  4.22 

Summary 

Rainfall Event Kewaunee River (down stream} 
(years} Flow As Cone. 

(cfs} (ug/1} 

2 2,705.6 7.6 
5 4,379.2 7.7 

1 0  5,501 .6 7.8 
25 6,894.1 7.6 
50 7,906.6 7.8 

1 00 8,888.1 7.7 

Page 1 of 3 

Total 

5.56 
9.22 
1 1 .63 
1 4.09 
1 6.60 
1 8. 1 1 



Average Surface Water As Cone 
(ug/1) 

Area 1 Area 2 Area 3 

1 52 0 9,553 
1 52 0 9,553 
1 52 0 9,553 
1 52 0 9,553 
1 52 0 9,553 
1 52 0 9,553 

Water Balance Using Average Observed Surface Water Arsenic Concentrations In Marsh 
CN = 83 TO 86 

As Cone Flowing from Marsh 
(ug/1) 

2,210.3 
2,250.2 
2,265.8 
2,275.1 
2,286.5 
2,291 .3 

Page 2 of 3 



Rainfall Event 
(years) 

2 
5 

1 0  
25 
50 

1 00 

Water Balance Using Average Observed Surface Water Arsenic Concentrations In Marsh 
CN = 83 T0 86 

Kewaunee Marsh 
Kewaunee River Upstream Kewaunee Marsh Ground Water 

Flow As Cone. Flow As Cone. Flow As. Cone. 
(cfs) (ug/1) (cfs) (ug/1) (cfs) (ug/1) 

2,700 3 5.6 2,21 0.3 0.00023 200,000 
4,370 3 9.2 2,250.2 0.00023 200,000 
5,490 3 1 1 .6 2,265.8 0.00023 200,000 
6,880 3 1 4.1  2,275.1 0.00023 200,000 
7,890 3 1 6.6 2,286.5 0.00023 200,000 
8,870 3 1 8.1 2,291 .3 0.00023 200,000 

Page 3 of 3 

Kewaunee River (down stream) 
Flow As Cone. 
(cfs) (ug/1) 

2,705.6 7.6 
4,379.2 7.7 
5,501 .6 7.8 
6,894.1 7.6 
7,906.6 7.8 
8,888.1 7.7 
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Water Balance Using Maximum Observed Surface Water Arsenic Concentrations From Marsh 
{CN = 30) 

Kewaunee Marsh Flow Calculations 

Volume (acre-feet) Volume {gallons) Peak Discharge (cfs) 
Storm (yr) Area 1 Area 2 Area 3 Area 1 Area 2 Area 3 Area 1 Area 2 Area 3 

2 0.47 0.39 0.22 1 53,1 44 1 27,077 71 ,684 0.00 0.00 0.00 
5 0.77 0.62 0.37 250,895 202,020 1 20,560 0.00 0.00 0.00 

1 0  0.98 0.77 0.47 31 9,321 250,895 1 53, 1 44 0.00 0.00 0.00 
25 1 . 1 9  0.93 0.57 387,747 303,029 1 85,728 0.00 0.00 0.00 
50 1 .4 1 .08 0.67 456,1 73 351 ,905 21 8,31 1 0.00 0.00 0.00 

1 00 1 .53 1 . 1 7  0.73 498,532 381 ,230 237,862 0.00 0.00 0.00 

Summary 

Rainfall Event Kewaunee River {down stream) 
{year) Flow As Cone. 

{cfs) {ug/1) 

2 2,700.0 3.0 
5 4,370.0 3.0 

1 0  5,490.0 3.0 
25 6,880.0 3.0 
50 7,890.0 3.0 

1 00 8,870.0 3.0 

Page 1 of 3 

Total 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 



Maximum Surface Water As Cone 
(ug/1) 

Area 1 Area 2 Area 3 

360 0 1 9, 1 00 
360 0 1 9, 1 00 
360 0 1 9, 1 00 
360 0 1 9, 1 00 
360 0 1 9, 100 
360 0 1 9, 1 00 

Water Balance Using Maximum Observed Surface Water Arsenic Concentrations From Marsh 
(CN = 30) 

As Cone Flowing from Marsh 
(ug/1) 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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Rainfall Event 
(year) 

2 
5 

1 0  
25 
50 

1 00 

Water Balance Using Maximum Observed Surface Water Arsenic Concentrations From Marsh 
(CN = 30) 

Kewaunee Marsh 

- -

Kewaunee River Upstream Kewaunee Marsh Ground Water Kewaunee River (down stream) 
Flow As Cone. Flow As Cone. Flow As. Cone. Flow As Cone. 
(cfs} (ug/1} (cfs} (ug/1} (cfs} (ug/1} (cfs} (ug/1} 

2,700 3 0.0 0.0 0.00023 200,000 2,700.0 3.0 
4,370 3 0.0 0.0 0.00023 200,000 4,370.0 3.0 
5,490 3 0.0 0.0 0.00023 200,000 5,490.0 3.0 
6,880 3 0.0 0.0 0.00023 200,000 6,880.0 3.0 
7,890 3 0.0 0.0 0.00023 200,000 7,890.0 3.0 
8,870 3 0.0 0.0 0.00023 200,000 8,870.0 3.0 

Page 3 of 3 

-



Water Balance Using Average Observed Surface Water Arsenic Concentrations In Marsh 
(CN = 30} 

Kewaunee Marsh Flow Calculations 

Volume (acre-feet} Volume (gallons} Peak Discharge (cfs} 
Storm (yr} Area 1 Area 2 Area 3 Area 1 Area 2 Area 3 Area 1 Area 2 Area 3 

2 0.47 0.39 0.22 1 53,144 1 27,077 71 ,684 0.00 0.00 0.00 
5 0.77 0.62 0.37 250,895 202,020 1 20,560 0.00 0.00 0.00 

1 0  0.98 0.77 0.47 31 9,321 250,895 1 53,144 0.00 0.00 0.00 
25 1 . 1 9  0.93 0.57 387,747 303,029 1 85,728 0.00 0.00 0.00 
50 1 .4 1 .08 0.67 456,1 73 351 ,905 21 8,31 1 0.00 0.00 0.00 

1 00 1 .53 1 . 1 7  0.73 498,532 381 ,230 237,862 0.00 0.00 0.00 

Summary 

Rainfall Event Kewaunee River (down stream} 
(years} Flow As Cone. 

(cfs} (ug/1} 

2 2,700.0 3.0 
5 4,370.0 3.0 

1 0  5,490.0 3.0 
25 6,880.0 3.0 
50 7,890.0 3.0 

1 00 8,870.0 3.0 

Page 1 of 3 

Total 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

- .. 



Average Surface Water As Cone 
(ug/1) 

Area 1 Area 2 Area 3 

1 52 0 9,553 
1 52 0 9,553 
1 52 0 9,553 
1 52 0 9,553 
1 52 0 9,553 
1 52 0 9,553 

-

Water Balance Using Average Observed Surface Water Arsenic Concentrations I n  Marsh 
(CN = 30} 

As Cone Flowing from Marsh 
(ug/1) 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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Rainfall Event 
(years) 

2 
5 

1 0  
25 
50 

1 00 

Water Balance Using Average Observed Surface Water Arsenic Concentrations In Marsh 
(CN = 30) 

Kewaunee Marsh 
Kewaunee River Upstream Kewaunee Marsh Ground Water 

Flow As Cone. Flow As Cone. Flow As. Cone. 
(cfs) (ug/1) (cfs) (ug/1) (cfs) I (ug/1) 

2,700 3 0.0 0.0 0.00023 200,000 
4,370 3 0.0 0.0 0.00023 200,000 
5,490 3 0.0 0.0 0.00023 200,000 
6,880 3 0.0 0.0 0.00023 200,000 
7,890 3 0.0 0.0 0.00023 200,000 
8,870 3 0.0 0.0 0.00023 200,000 

Page 3 of 3 

Kewaunee River (down stream) 
Flow As Cone. 
(cfs) (ug/1) 

2,700.0 3.0 
4,370.0 3.0 
5,490.0 3.0 
6,880.0 3.0 
7,890.0 3.0 
8,870.0 3.0 

- ,..-
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