Department of Civil Engineering
Senior Design Project
Fall 2011

Final Report for

Ottawa River East
Storm Water RemediationProject

Submitted to: Dr. Patrick Lawrence

Submittedby: Ashley Frey
Thomas Hasson
Brandon Heaney
Tara Nemcik
Christopher Wancata

Advisor: Cyndee Gruden, Ph.D., P.E.




Table of Contents

EXeCUutive SUMMANY REPOIL..... ..ot enee e e e e e e smmenrnnnees 5
Ottawa River Background INfOrmMation................uuuuuiiiiccceeeeeiicre e e 8
Problem Statement and CONSIIAINTS..........cooiiiiiiiirren bbb ereee e e e as 11
oo 1 1o o TSP POTPOPPPPRR 13
SIte IdENTITICALION. ......eiieeeeeeeeee e erre s e e e e e e e e e e e et eeeeannneeeeeeeeeeeeeeennnnes 14
WALET QUAIITY ...ttt e e e e e e e s e 18
(oSS ] o (=TS Yo ] [0 1o LT 24
Selected SOIULION DESIGN.......uuuiiiiiiiiiiiiii et ees e 33
Economics and Schedule.........coooooooiiiiiieeei e e A
(@0 o Tod 113 0] o PP 47
[T £ST0] RS @] o] = T (= P PPPRRSRR” Lo
Qualifications of Group MEMDEIS..........ooo i e e 50
] (=] = o =R 57
APPENTICES ...ttt e e ettt ettt eneh bbbttt e et ettt e e e e e e e e e aeans 59
F Y o] o 1= 0 QOO PPPPPPSRTPPRN 60
APPENTIX Bt mn—e et e e e e e e e nn e 63
Y 0] o L1 T L5 P 65

F Y o] 01T a0 DGl B OO PPPPPPSRTPPN 67
Y o] o L= T L5 P 69
Page2 of 69

Ottawa River East Remediation Group
Fall 2011
CIVE 4750 Senior Design



Figures

Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
Figure 8:
Figure 9:

Figure 10:
Figure 11:
Figure 12:
Figure 13:
Figure 14:
Figure 15:
Figure 16:
Figure 17:
Figure 18:
Figure 19:
Figure 20:
Figure 21:
Figure 22:
Figure 23:
Figure 24:
Figure 25:
Figure 26:
Figure 27:
Figure 28:
Figure 29:
Figure 30:
Figure 31:
Figure 32:
Figure 33:
Figure 34:
Figure 35:
Figure 36:
Figure 37:

Figure 38

Ottawa River/Ten Mile Creek watershed map.............couvuviiicccierieeeiiiiinn. 9
Picture of Ottawa River warning SIgN............co.ovvuruuuimmmeeereeeeeeeeisesennn s smmeeeeenn 10
Aerial view of University of Toledo identifying areas of concern....................... 13
[0 Tor= 1] o N NP PPPPPRPPPRN 15
AV g (ol o o= 1 o] 1 NSRS 15
LOCALION A 1O NIVEL....coe ettt ettt st e e e e e e e e e e e e e amnnaes 15
(o or= 1 1 o] o = ST PSTPPPP 16
RIVEr t0 10CALION B......ooiiiee ettt e e e e e e e 16
(oot 1 o] o = (o N 41V PP PPPRSR 16
(oo 1 1o o I PP PP UURPPPPPPR 17
A7) g (o N [ Y= i [0 o T o PSP 17
[ ToF= 1T o T O (o I 1 1Y/ =] S 17
E.Coli Results from Dry (1) and Wet (2) Samples............cccuviviieemriiiiiiiiiinnee. 20
River Sample Showing E.COli..........ooooiiicee e 21
Location A & B wet samples showing Colifarm..............cccoovvvieeeeeeiiiiiieiiiiinn, 21
Chlorine test; deionized, tap water, sample 10/11/11 Locatian.C................... 22
Wetlandsurface flow filtration desSign............ccoooiiiiiiiiien e, 26
Activated carbon filter system drawing.............ccoovvvvvieeene e 27
Typical schematic of bio retention/filtering System............ccccuvvvvieemnniiiinnnnnne. 28
Outside view of biological retention/filtering system.............cccuvvvveieeeevvvnnnnnne. 29
Water flow throughermeable pavement..............ooooiiiiiiicce e 30
Example of permeable pavement used for walkway surfaces...................... 31
Group installation of Storm chamber.............oooi e 31
Sediment trap for storm chamber...............oooiii e 31
Placement of rainwater collection tanks at the UT Recreation Center........... 32
Example of a WetlamBIOfilter..............ooovmimiiiiii e 34
Wetland biofilter SECHON VIBW..........cuviiiiiiiiiii e 35
Wetland biofilter plan VIEW...........ooor i 36
Cardinal FIOWEE.......ooeieeeeee et e e e e e e e e e emnn s 37
Eastern Purple CONEflOWET...........ouviiiiiiiii e 37
SilKY DOGWOOM. ...ttt ettt eeee e e ettt e e e e e e e e e e e e s ammeeeeeeens 38
SWAMP ROSE....ceiiiiii et err e et e e et e e et e eaan s 38
WHhite TUIIEN@AM...... .o eeee s 38
Carbon Filter SECION VIEW ... ..uuuuiei et eeee e e eeeeeeees 39
Photo of Centennial Mall @rga.............oooooiiiiieeii e 41
Current pavement in Centennail Mall............cccccoiiiieen e 42
Permeable pavement CroSS SECHON............cevvvvevieeeeeeeeeeeeeeeeeeieiiiimmmeeeeeeee 43

: E. coli results from location A and B (9/29/84MNples..........cccuvvviiiiiiiiiiicecinnnnn) 63
Page3 of 69

Ottawa River East Remediation Group
Fall 2011
CIVE 4750 Senior Design


file://eccldapsamba3/tnemcik/Tara%20Nemcik/SENIOR/Fall%202011/Sr%20Design/Final%20Draft%20(12-13-11).docx%23_Toc311576170
file://eccldapsamba3/tnemcik/Tara%20Nemcik/SENIOR/Fall%202011/Sr%20Design/Final%20Draft%20(12-13-11).docx%23_Toc311576171
file://eccldapsamba3/tnemcik/Tara%20Nemcik/SENIOR/Fall%202011/Sr%20Design/Final%20Draft%20(12-13-11).docx%23_Toc311576172
file://eccldapsamba3/tnemcik/Tara%20Nemcik/SENIOR/Fall%202011/Sr%20Design/Final%20Draft%20(12-13-11).docx%23_Toc311576173
file://eccldapsamba3/tnemcik/Tara%20Nemcik/SENIOR/Fall%202011/Sr%20Design/Final%20Draft%20(12-13-11).docx%23_Toc311576174

Figure 39: E.coli results from location C and the river (9/29/11) samples..........cccccce..e.. 63

Figure 40: E.coli results from locations A, C, and the river (10/11/11) sample................ 64
Figure 41: E.coli results from location B (10/11/11) sample...........cooovvrriviemmeeeeeiirieeiiinnnns 64
Figure 42: Rigid pavement design Charf L............c.uuuuiiiiiimeeiiiiiiieiee e 67
Figure 43: Rigid pavement design Chart 2............c.uuuuiiiiieeeiiiiiiiieie e 68
Figure 44: Methylene gre€n Ay CULVE........ueiiiiiiiiiiii ettt 69
Tables
Table 1: Carbon filter deSIgN......ccoi i i i eeee e smenees 40
Table 2: Wetland biofilter economic analysiS..........ccccceeeeiiiiieeeeii e eeeeeeeeee e A4
Table 3: Wetland biofilter plant economic breakdOMWn................ovvuiiccriiiieiiiee e 45
Table 4: Activated carbon filter economicC analysSiS..........ceeeviiiiiiiceeciiiiiie e eeeeeea, 45
Table 5: Permeable pavement @CONOMIC @NAIYSIS..........uuurrriiiiiimeeiririeiiieeeeeeeeee e e e e e eeeeeees 45
Table 6: Water quality data for loCation. A............ooooiiiiieeee e 65
Table 7: Water quality data for loCation. B.............coooiiiiiiieeni e 65
Table 8: Water quality data for l0Cation. C............couviiiiiiiieeeiie e 66
Table 9: Water quality data for the MNVEL............oviiiiiieeee e 66
Page4 of 69

Ottawa River East Remediation Group
Fall 2011
CIVE 4750 Senior Design



Executive Summary Report

Pageb of 69
Ottawa River East Remediation Group
Fall 2011
CIVE 4750 Senior Design



COLLEGE oF ENGINEERING

THE UNIVERSITY OF TOLEDO

Department of Civil Engineering
Senior Project

Executive Summary Report

Main Campus Storm Water East

Fall Semester 2011

Team Members:
Ashley Frey

Thomas Hasson
Brandon Heaney
Tara Nemcik
Christopher Wancata

Faculty Mentor:
Cyndee Gruden, Ph.D, P.E.
Associate Professor
Cyndee.Gruden@utoledo.edu
419.5304128

Consulting Mentor:
Patrick L. Lawrance, Ph.D.
Chair A&S Dept. Geog. & Professor
419.530.4128

For copies of this final report go to
http://www.eng.utoledo.edu/civil/classes/c32

10.html#4750

Or call 419.53.8120

University of Toledo

Department oCivil Engineering
2801 W. Bancroft Street

Toledo, Ohio 43606

Mail Stop #307

Problem Statement

The University of Toledo has asked for an
evaluation of thesection of theDttawa River
running though main campus, witegards
to present contaminantédditionally, there
have been concerns that theniversity
contributes large flow during heavy
rainfall. The Ohio EPA has previously been
on campus and noted discharge points
belonging to the university as areas of
concern.Our group has beetasked with
determining potential ecbazards and large
flow concentrations discharged by the
university as well as developing solutions
for any problems encountered.

Objectives

e Examine
discharge into theOttawa Rver for
major healthand ecosystem hazard

e Determine areas of campus that
contribute to heavy storm water flow and
look to reduce.

e Trace outfallsfrom the river back to
sourcés).

e Evaluate possible solutisnto reduce
pollution and storm water flows into the
Ottawa River.

e Establish a plan to put solutions into
effect with limited installation and
continuedmaintenance costs.
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Constraints

e Fundingby the University of Toledo and
supporting agencies

¢ Available space on campus for propose
solutions

e Preservation oframal habitats along the
river

e Maintaining theaestheticappeal of the
Universityods campu
Ease of construction

e Sustainability and
maintenance costs

reliability of low

Solution Approach

It is very important that theoncerns about
volume and quality of water discharged by
the university be addressed and correcte
Solutions will be evaluated based

¢ [nitial capitd involved with installation
Aesthetic appeal to the university

¢ Maintenance costs and possible LEED
certifications

e Desgn creativity

e Ability of design to changebased on
future needs

Schedule

Proposal submittal and presentationthe
GEPL delivered October 7, 2011. Final
presentation to Geological Departm@&itair
and interested member of the university
community will be deliveredhe week of
December 52011 The design project will
be showcased in theniversity of Toledo
Senior Design Expo Decemb@r2011 with

a final report being turned iDecember9,
2011.

S

Economics

Estimate for construction materials and
installation will be delivered with final
report.

Implementation Potential

Each solution will be evaluated dine basis
of constructability within the campus limjts
feasibility, and sustainabilityA strategy for
implementation will be delivered with the
final report.

Conclusions and Recommendations

Summary of design project will be included
after final design.

e Overall design of flow reduction and
contaminantreatment system

e Area of impact associated with
construction

e Estimated costs associated with project
implementation

e Benefits from installing designed system
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Ottawa River Background Information
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Located in thecenterof T h e Uni ver si tmgn campus Tisothee @ttawa sRiver;
originating in Fulton County and runninghrough Lucas Countyo eventually drainig into
Maumee Bay and Lake ErieThe Ottawa River wagstablished with the connection of two
creeks; North TeMile Creek and TeMile Creek Roughly 48 miles in lengthwith 220 square
miles of drainagéasin and an average slope of féegt per milethe Ottawa River is home to
approximately40 species of fish Figure 1 below shows a map of the Ottawa River and Ten
Mile Creek waterste

Figurel: Ottawa River/Ten MileCreek watershed map

Ottawa River/Ten Mile Creek Watershed
HUC 0410001 020

OHIO Lake Evie
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Unfortunately signs arepost ed t hrough The Uni ver Puettoy of
water pollution this area of the river is unsafe for swimming, skiing, other watimities and
fishing. Fish caught in this area may t@entaminated and unsafe to @as seen in Figure 2.
Maintenanceof the river isdone primarilyby the cities and municipalitiehrough which the

river passegRestoring The Ottawa River.)
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Figure2: Picture of Ottawa River warning sign
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The river has been the center of cleamupt i ng back to the 199006s a
publication of the Ottawa River Risk Assessment in 2001 by the Ohia ER& document

declared e river a risk due to high concentrations of metals, PCBs (polychlorinated biphenyl),

as well as DDT (dichlorodiphenyltrichloroethane). PCBs areclyi used as dielectrics and

coolants for refrigerated systems. DDT was a commonly ussticjgle until it was banned from

use in agriculture between 1970 ah#8i80. These contaminanted heavyconcentratiosa in

sectionsof the riverdownstream of The klversityof Toleda Pollution is still a concern through

the length of the Ottawa Rivelueto land use and human activitjesow flow and runoff from
contaminated sources such as landfills and s
quality. Because the river drains into Maumee ,Baig seen as one of the major causes of Lake

Eried s pol | ut (Restoring The BttawanRever.)

Theresponsibilityof cleaning and maintaining the Ottawa River stands as a respongdilaly

the surrounding citiewithin its watershedThe University has been, and will continue to focus

on, efforts to maintain or improve water quality through camasnks risel8 feet on average
above the watesurface and are very unstablEhe river through campualso has exeme
variations in water levelhe water level can be seen as lowoasto-two feet in some areas
duringdry weather and suddenly spite 15 feet in depth during heavgin falls This increase

in water levelcan causéloodinginaeas of t he c a faf uasnldeated betwees t h e
the tennis courts and the river as well as the low lying area near Savage Hall and McMaster Hall.
The University of Toledo is interestedaddressinghe quality of the Ottawa Riveespecially in
regards to storm water runoffs well asimproving the aesthetic appeal of the campus.
(Restoring The Ottawa River.)
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Problem Statement and Constraints
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Problem Statement

The water quality of the Ottawa River has been a concern for the University of Toledo for many
years. High levels afontamination such as dissolved solids, oils and greases, and nutnients ha
been a large concern along with thaspicionof E. coli being present The Environmental
Protection AgencyEPA), combined with The University of Toledo, has flagged a few areas of
storm water concernlo address these concerns, two cases need to be addressed: short term
solutions (insitu treatment of current storm water) and long term (ways to reduce quantity of
flow into the Ottawa River) solutions

Short term solutions to the contaminants in the water involve finding a way to reduce
contaminants into the Ottawa River given the current rate of flow of storm water into the river.
During various site visits, the Sto Water East Senior Design Group identified three areas of
concern along the banks of the Ottawa River. Through testing of samples collected from each of
the three sites, The Senior Design Group determined that the follaxabeg quality benchmarks
needto be addressed

e Conductivity e Biochemical Oxygen Demand
e Coliform presence e pH
e Dissolved oxygen (DO)

Currently, storm water is collected from various parts of campus, and is drained into outlets
along the river.Certain university outfalls are of concern because the source of dialv
potential pollutants arenknown. Even during periods of little to no rain fall, these outfdils
exhibit steady flowSome of these outlesohave raised levels of solids adsolved solids,
suggestinghat there may be sanitary sewer issues as well.

Long term solutions to the storm water issue involve finding a way to reduce the amount of
stormwater runoffthat is being drained into the Ottawa Riwer campusAs stated lbove, most

storm water collected on campus is drained into the Ottawa River. By reducing the amount of
flow, you in turn reduce the amount of contaminants in the water.

Constraints
Limiting factors for our design proposal have been established as:

¢ Fundingby the University of Toledo and supporting agencies

¢ Available space on campus for proposed solutions

e Sustainability and relatively low maintenance costs

e Preservation of animal habitats along the river

e Maintaining theaesthetia p p e a | of tdampusUni versityos
e Ease of construction

It is important that the proposed solution meets all environmstatatiards set bihe EPA and
the University of ToledoConstruction needs to be simple and easy to install without interrupting
the everyday flow of the campus.
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Location

Figure3: Aerial view of University of Toledo identifying areas of concern

Site Information

Figure 3 shows an aerial view of the three locations seleci&tie University of Toledo

campus More detailed pictures @fach location can be seen in Figurek?4

Loca t|on A (Figures 46)

(35 bet ween Location A and B)
180 diameter pipe, 2706 from river
Flow rate= approximatel\8 gal/min (wet)

cation B (Figures 79)

3560 between Location A and B)
10 di amepepecoBdbefeom river
low Rate = approximately 4 gal/min (wet)

MmN~
o

Location C (Figures10-12)
210 di ameter red clay pipe with fI
Flow rate= approximatelyb.5 gal/min (wet)
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Site Identification
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Figure7: Location B
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Figurel0: Location C
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Figurel2: Location C to river
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Water Quality
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Testing samples from the three outfalls of concern pritivide a benchmarto determine the
quality of water discharging into the riveAdditionally, water testing will also indicate where
the water is originating allowing for more treatment optionse@xplored.Both the University
of Toledo andhe Ohio EPA have suspecteddh levels ofcontaminagsbeing releasettom the
identified points. During dry weatherflow from these outlet points is still present, raising
guestion of comiogfrom anthvehatéd contding.s

Multiple samples were taken fro®eptember 201Dctober 2011 aéach location during wet

and dry weather to ensutfgat the full spectrum of potential hazards could be identified. During
winter months higher levels of cduactivity is to be expected due tioe additionof road salts.
During times of heavy rainfall, higher levels of suspended soils along with oils and greases will
be flushed from the parking lots into the river.

Due to the flowsobservedduring dry weathe the Ohio EPA has suggestethat a cross
connection betweestorm water and wastewater lines could be present; such a connection would
result inwastewateE. coli contamination of the dischamg waters.

To ensure the most infallible collection of wadischarge, the sample was taken directly from
the pipe outlet point without contacting any outside sources such as soil or surrounding river
water. Each sample bottle was filled and flushed with outfall water prior to sample collection.
Each bottle wa accurately labeled, sealed, and stored until vestsconducted.

The following tests wereonductedn each sample

¢ Dissolved Giygen(DO)

e pH

e Total Organic Carbon (TOC)
e Turbidity

e Escherichia coli (E. coli)

e Biochemical Oxygen Demand (BOD)
e Conductivity

e Total Suspendeddiids (TSS)
e Chlorine (only on Location C)
e Nitrates

e Phosphorus

Procedures for each test canftwend in AppendixA.
An example of whathe US EPA considers healthy levels is provided below

(Basedon USEPA Gold Book standards are safe for fish habitats and human contact)
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e DO: 0.5 mg/L

e pH:6.58.2

e TOC:300 /L

e Turbidity: 5 NTU safe for human swimming
80 NTU shown to cause death to microscopic invertebrates
5000 NTU shown to directlgause fish deaths

e Coliform: Less thar235colony forming unit235 CFUL00mL

e BODs: 2-8 mg/L

e Conductivity: Expected levels of 3aO0pus/cm

e TSS:01000 mg/Lexpected for ecosystems containing mixed cultures of fish

e Chlorine:>0 begins to affect aquatife

¢ Nitrates >0.5 mg/L begins to impact aquatic life

e Phosphorus0.1 mg/L is recommended maximum for rivers and streams

These characteristics are wizat ideal river should contain and what we t@yeng to create in

the Ottawa River. As evident thrdugample collection, the three outlet points in this study are
not maincontributorsto all the water quality issues present in the river. While the three outfall
points do show some signs of water contamination, E. coli was noffiekrat any of the
locations.Figure 13below shows the E. coli test for Location A, B, and C along with a sample
taken from the river.

Figurel3: E.Coli Results from Dry (1) and Wej @amples

Page20 of 69
Ottawa River East Remediation Group
Fall 2011
CIVE 4750 Senior Design



Figurel4: River Sample Showing E.coli

Figurel5: Location A & B wet samples showing Coliform

Theblue colonies associated with entrapped gas are confitmeali asseenin Figure14 above
whereas theed colonies associated with dasbbles se confirmed coliformFigure 15, but not
counted as E.coli. E.coli presence can indicate that human or animal waste is polluting the water,
and although normally benign, some E.coli strains may be deatly.river sample was
collected downstrem of locations A, B, and C, indicating thairther testing of the river water
upstream is needeNOTE: More sample pictures are postedppendixB.

It has been speculatedat septic systems in the Ottawa Hills residential neighborhood are in
disrepai and could be source for sanitary system waseeping into the groundwater river,

Page21 of 69
Ottawa River East Remediation Group

Fall 2011
CIVE 4750 Senior Design



















































































































































