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Water Solutions, Inc.

Technical Memorandum

To:  Shannon Ostendorff/City of Redmond

From: Bruce Brody-Heine, RG/GSI Water Solutions, Inc.
Matt Kohlbecker, RG/GSI Water Solutions, Inc.
Rachael Peavler/GSI Water Solutions, Inc.

Date: September 21, 2011

Re:  Pollutant Fate and Transport Model Results in Support of the City of Redmond UIC
 WPCF Permit -~ Groundwater Protectiveness Demonstration and Proposed EDLs

Executive Summary

The City of Redmond (City) uses over 1,600 drywells and drillholes, or Underground Injection
Controls (UICs), to manage urban stormwater within its City boundaries. The City has applied _
for a UIC Water Pollution Control Facilities (WPCF) permit with the Department of é
Environmental Quality (DEQ) and wants to use fate and transport modeling to proactively ‘
demonstrate groundwater protectiveness of the City’s UICs through the DEQ’s risk evaluation
process described in Schedule D.6 of the UIC WPCF Permit Template. GSI Water Solutions, Inc.
(GSI) developed a fate and transport model to support the City’s application for an UIC WPCF
Permit and risk evaluation goals. The objectives of the model simulations were to 1)
demonstrate groundwater protectiveness for stormwater discharged from UICs that potentially
are in the 500-foot well setback or the two-year Time-of-Travel from water wells and 2) propose
Effluent Discharge Limits (EDLs) for the City’s UIC WPCF Permit that meet Oregon’s
groundwater protectiveness standards,

Water discharged from UICs travels downward through the unsaturated zone, which is over
150 feet thick across the City, and in many areas of the City is greater than 400 feet thick.
Downward transport of stormwater occurs along both fractures in the compound basalt flows
underlying the City and through sedimentary and flow top interbeds also present within the
complex geclogic deposits of the region. Percolation of stormwater runoff through UICs is
considered a source of recharge to the groundwater system, however runoff modeling indicates
that this recharge from public and private UICs is a very small percentage of total recharge to
the groundwater aquifer in Redmond (i.e., anticipated to reach less than one percent of total
recharge under full build-out of the urban growth boundary).
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An unsaturated zone fate and transport model (i.e., Fate and Transport Tool) using site-specific
geologic and hydrogeologic conditions was developed to evaluate and demonstrate
groundwater protectiveness of UICs discharging in the vicinity of water wells and propose
EDLs. The Fate and Transport Tool modeled attenuation of representative pollutants (copper,
lead, benzo(a)pyrene, naphthalene, pentachlorophenot (PCP), di(2-ethylhexyl)phthalate
(DEHP), 2,4-D, and toluene) from stormwater during transport through the basalt’s fracture
systems after discharge from the UIC. These pollutants were selected for the model because
they tend to have a higher frequency of detection in Oregon stormwater based on the Oregon
Association of Clean Water Agencies (ACWA) statewide study of municipal stormwater water
quality results and stormwater data from the Cities of Bend and Redmond (Kennedy/Jenks,
2009 and Kennedy/Jenks, 2011), and have relatively high mobility, persistence, and toxicity
when compared to other common stormwater pollutants.

The Fate and Transport Tool uses a one-dimensional pollutant fate and transport equation
[Advection Dispersion Equation {ADE)] to estimate the magnitude of pollutant attenuation
during transport through the unsaturated zone, This constant source ADE incorporates
sorption, degradation (biotic and abiotic), and dispersion to estimate pollutant attenuation
during transport. Two scenarios were evaluated using the Fate and Transport Tool: 1) the
average scenario, which models the central tendency or expected mean value for attenuation
and 2) the reasonable maximum scenario, which models the minimum amount of attenuation
that could potentially occur (i.e., worst-case scenario).

Using the average and reasonable maximum scenario of the Fate and Transport Tool, pollutant
attenuation was simulated for UICs with a separation distance (i.e., vertical unsaturated zone
transport distance between seasonal high groundwater and the bottom of UICs) of five (b) feet.
The pollutant concentrations discharging to UICs used as input to the Fate and Transport Tool
were equal to: ’ -

¢ The existing EDLs (as listed in the UIC WPCF Municipal Stormwater Template) for
copper, 24-D, and toluene, or

e A maximum of ten (10) times the existing EDLs for ubiquitous pollutants that exceed
regulatory standards at a relatively higher frequency based on ACWA studies by
Kennedy/Jenks (2009) and Kennedy/Jenks (2011) (lead, PCP, and DEHP), and
pollutants that have caused noncompliant conditions under other jurisdictions” permits
(benzo(a)pyrene)

Under the average scenario, the eight pollutants evaluated attenuate to below method reporting
limits (MRLs) within five (5) feet of transport. Under the worst-case transport scenario
(reasonable maximum scenario), copper, lead, benzo(a)pyrene, PCP, and DEHP attenuate to
below MRLs within five (5) feet of transport. 2,4-D and teluene require greater than five (5)

feet to attenuate to below the MRL under the reasonable maximum scenario, but do not reach
groundwater due to the large depths to groundwater in the City. Therefore, the Fate and
Transport Tool demonstrates groundwater protectiveness for UICs that are in water well
setbacks or the two-year Time-of-Travel delineation.

The Fate and Transport Tool was also used to develop proposed EDLs for the City of
Redmond’s UIC WPCF Permit for lead, benzo(a)pyrene, PCP, and DEHP. In the Spring 2011
DEQ recommended developing proposed EDLs for these four pollutants because they are
considered more likely to exceed regulatory standards in municipal stormwater in Oregon
based on the ACWA studies (Kennedy/Jenks, 2009 and Kennedy/Jenks, 2011), and/or have
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resulted in noncompliant conditions under other jurisdictions” permits. The proposed EDLs
were developed based on the assumption that groundwater is protected when pollutant
concentrations just above the water table are below the MRL. Proposed EDLs were based on the
average scenario of the Fate and Transport Tool, which DEQ considers the most reasonably
likely scenario based on previous groundwater protectiveness demonstrations approved by
DEQ, and the basis for regulatory decision-making, and a five-foot separation distance between
the bottom of the UIC and seasonal high groundwater. The pollutant concentrations
discharging to UICs used as input to the Fate and Transport Tool were capped at 10 times the
existing EDLs for lead, benzo(a)pyrene, PCP, and DEHP. The Fate and Transport Tool
simulation results indicated that concentrations of lead, benzo(a)pyrene, PCP, and DEHP could
be 1000 times higher than the EDL while still being protective of groundwater. Although the
modeling results indicate that acceptable proposed EDLs for lead, benzo(a)pyrene, PCP, and
DEHP could be greater than 10 times the EDL, to be conservative, 10 times the EDL is suggested
as the proposed EDL. The City of Redmond’s proposed EDLs and separation distance
recommendation for protectiveness are summarized in Tables ES-1 and ES-2.

1.0 Introduction

The City uses 1525 drywells and 169 drillholes, or UICs, to manage urban stormwater within its
City boundaries. The City has applied for a UIC WPCF permit with DEQ and wants to use fate
and transport modeling to proactively demonstrate groundwater protectiveness of the City’s
UICs through the DEQY's risk evaluation process described in Schedule D.6 of the UIC WPCF

Permit Template.

This technical memorandum (TM) presents the technical methodology used to evaluate the fate
and transport of representative stormwater pollutants in the unsaturated zone. GSI used the
Fate and Transport Tool, modified specifically for the geologic and stormwater pollutant
conditions in the City of Redmond, to determine separation distances between the bottom of the
UICs and the seasonal high groundwater needed for pollutants to reach background
concentrations (i.e., the MRL) and to determine proposed EDLs that are protective of
groundwater. :

The Fate and Transport Tool simulation results will be submitted to the Departinent of
Environmental Quality (DEQ) by the City in support of their UIC WPCF permit application.
DEQ has indicated that the Fate and Transport Tool is appropriate for demonstrating
groundwater protectiveness for UICs that are in well setbacks or the two-year Time-of-Travel.
In addition, DEQ has indicated that the Fate and Transport Tool is appropriate for
recommending proposed EDLs as a part of the City’s UIC WPCF permit application.

1.1 Objectives
The objectives of this TM are:

¢ Demonstrate groundwater protectiveness of UICs that potentially are in well setbacks or
the two-year Time-of-Travel.

* Develop proposed EDLs for vertical separation distances of 5 feet that are protective of
groundwater quality in accordance with Oregon Administrative Rules (OAR) 340-040.
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1.2 UIC Conceptual Model

UICs are used to manage stormwater by infiltrating precipitation (e.g., stormwater runoff} into
the ground. For many areas in Redmond, UICs are the only form of stormwater disposal
available. Infiltration of stormwater into the ground contributes to aquifer recharge in
urbanized areas, however in Redmond stormwater infiltration is estimated to be a minor (less
than 1 percent) contributor to ground water recharge.

Two conceptual site models for stormwater infiltration are shown schematically in Figure 1. The
schematic on the left depicts the actual conditions present at and beneath UlCs in Redmond and
the schematic on the right depicts the modeled conditions used for the fate and transport
calculations. The differences between the actual conditions and the modeled conditions are
described in more detail in Sections 3.1 and 3.4 of this TM. UICs in Redmond consist of two
construction types: drywells and drillholes. Note that Figure 1 depicts stormwater infiltration from
a drywell rather than a drillhole; however, the modeled conditions used for the fate and transpbrt
calculations are the same for drywells and driltholes. Both UIC construction types typically contain
a stormwater inlet (e.g., catch basin) and the UIC. Most City-owned drywells are generally 4 feet in
diameter and range in depth from about 4 feet to 22 feet. Most City-owned drillholes are generally
0.5 feet in diameter and range in current depth from about 2 feet to 134 feet. In accordance with the
UIC WPCF Municipal Stormwater Template, the compliance point for EDLs is the end-of-pipe
(EOP}, where stormwater is discharged into the UIC.

As shown in Figure 1, stormwater discharges into the UIC, infiltrates through the unsaturated zone,
and recharges groundwater. Before entering the unsaturated zone, large-size particulate matter
(which pollutants may be sorbed to) falls out of suspension into the bottom of the UIC. During
transport through the unsaturated zone, pollutant concentrations attenuate because of degradation,

' dispersion, volatilization, and retardation. Therefore, pollutant concentrations in the vadose zone
beneath the UIC are lower than pollutant concentrations measured at the stormwater inlet.

1.3 Technical Memorandum Organization
This TM is organized as follows:

¢ Section 1: Introduction. Outlines the TM's objectives, and discusses the conceptual model
for stormwater infiltration fate and transport calculations.

¢ Section 2: Geologic and Hydrogeologic Conditions. Describes the geology and
hydrogeology near Redmond, including the unsaturated zone and the regional aquifer.

s Section 3: Unsaturated Zone Fate and Transport Tool. Describes the Fate and Transport
Tool, including fate and transport processes, rationale for choosing pollutants, governing
equations, and justification for the input parameters,

¢ Section 4: Groundwater Protectiveness Demonstration for UICs within Water Well
Setbacks. Summarizes the results of the fate and transport modeling in the unsaturated
zone with respect to demonstrating groundwater protectiveness for UICs within well
setbacks or the two-year Time-of-Travel.

¢ Section 5: Development of Proposed EDLs. Summarizes the results of the fate and
transport modeling in the unsaturated zone and proposes EDLs for lead, benzo(a)pyrene,
PCP, and DEHP.
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o Section 6: Groundwater Quality Data near Redmond. Presents available groundwater
quality data from Safe Drinking Water Act (SDWA) sampling events at municipal water
supply wells to further demonstrate groundwater protectiveness of UICs.

¢ Section 7: Conclusions
¢ References

2.0 Geologic and Hydrogeologic Conditions

This section describes the geologic and hydrogeclogic conditions near Redmond., Where
applicable, selection of the Fate and Transport Tool input parameters was based on site-specific
geologic and hydrogeologic conditions near Redmond.

2.1 Geology

A geologic map of the Redmond vicinity is shown in Figure 2. The geology of Redmond is
primarily related to volcanic activity from a north-south trending volcanic arc currently
represented by the Cascade Range, fluvial sedimentation from the ancestral Deschutes River
and associated drainages, and volcanic activity within the City (i.e., Forked Horn Butte), east of
the city (i.e., Powell Buttes) and south of the city (i.e.,, Newberry volcano) (Sherrod et al., 2004;
Smith, 1986).

Subsurface geology in Redmond is comprised primarily of volcanic rock with interbeds of
alluvial material reaching thicknesses of several hundred feet. The thick alluvial interbeds are
present because of Redmond’s relatively large distance from eruptive sources (Lite and Gannett,
2002) and deposits from the ancestral Deschutes River and associated tributaries which may
have flowed near or through Redmond (see Figure 8.10 of Smith, 1986, which shows the
location of the ancestral Deschutes River channel as just north of Redmond, but not in
Redmond). The cumulative thickness of sedimentary interbeds in the unsaturated zone beneath
Redmond is shown in Figure 3.

This description of Redmond vicinity geology is divided into two sections: geology of the
Deschutes Formation and geology of volcanic rocks that were erupted after the Deschutes
Formation.

Miocene to Pliocene Deschutes Formation

The Deschutes Formation is a thick (i.e., over 1,400 feet where exposed at Green Ridge)
sequence of over 225 lava flows and interbedded fluvial gravels and pyroclastic deposits
(Conrey, 1985) that were deposited from 7.4 to 4.0 Ma (Armstrong et al,, 1975; Smith, 1986;
Smith et al,, 1987) and erupted primarily from the ancestral Cascade range (Smith, 1986). The
City of Redmond is located in the arc-adjacent alluvial plain and /or ancestral Deschutes River
facies of the Deschutes Formation (Smith, 1986). The arc-adjacent alluvial plain facies contains
lava flows, pyroclastic deposits, volcanoclastic sediment, debris flows, and conglomerate to
sand flood deposits. The ancestral Deschutes River facies contains conglomerate to sand flood
deposits, alluvial-channel deposits, pyroclastic deposits, and inter-canyon lava flows.

Basalts (T'db) and fluvial and tuffaceous sedimentary deposits (Tds) of the Deschutes Formation
outcrop at ground surface just west of the Redmond city limits, and extend beneath Redmond
to the east (Sherrod et al., 2004). Based on driller’s logs, individual sedimentary interbeds range
from less than 20 feet thick (DESC 51647) to over 400 feet thick (DESC 5583). Cuttings logs
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indicate that the sedimentary interbeds are comprised of weakly indurated tuffaceous sands
with fine gravel (Eco:Logic Engineering, 2006), and subrounded to rounded basalt gravels with
some (<10%) felsic clasts (Lite, unpublished data). As is shown in Figure 3, thick fluvial gravel
and sand lenses occur in the unsaturated zone above the water-bearing zones of the Deschutes
Formation in most of the water wells.

Debris flow deposits of the Deschutes Formation (Tddf) are found at ground surface in the
southwest portion of the City and comprise Forked Horn Butte. Debris flow deposits are poorly
sorted and contain clasts as large as 2 meters across (Sherrod et al., 2004).

Pliocene to Pleistocene Volcanic Rocks Erupted After the Deschutes Formation

Basalt of Dry River (Thdr)

The basalt of Dry River was formed during the Pliocene epoch, and erupted from volcanic vents
near Powell Buttes to the east of Redmond. The basalt of Dry River overlies the Deschutes
Formation, is about 100 feet thick in the vicinity of Redmond, and is likely about the same age
as the basalt of Redmond (Sherrod et al., 2004).

According to driller logs, the basalt of Dry River is unsaturated within Redmond’s city limits.
Most driller logs for wells drilled through the basalt of Dry River report interbeds of cinders
(i.e., flow tops/flow bottoms), sands, and gravels ranging from a few feet to several tens of feet
in thickness.

Basalt of Redmond (Thr)

The basalt of Redmond was erupted during the Pliocene epoch, approximately 3,56 million
years ago (Stith, 1986). The basalt of Redmond overlies the Deschutes formation, and is likely
the same age as the basalt of Dry River (Sherrod et al., 2004).

According to driller logs, the basalt of Redmond is unsaturated within Redmond’s city limits.
Most driller logs for wells drilled through the Basalt of Redmond report interbeds of cinders
(i.e., flow tops/ flow bottoms), sands, and gravels ranging from a few feet to several tens of feet
in thickness,

Newberry Basalt (Qbn)

The Newberry basalt is comprised of basalt flows that erupted from the vicinity of Newberry
Volcano south of Bend within the past 780,000 years (Sherrod et al., 2004), and flowed north
across the Deschutes Plain through Bend and Redmond. Individual basalt flow thickness ranges
from a few feet to more than 100 feet (MacLeod et al,, 1981), and the total area covered by
eruptions from Newbery Crater is about 3,000 square kilometers (Jensen et al., 2009). The
Newberry basalt is present in the southeast portion of Redmond where it flowed over the
Deschutes plateau, and locally as canyon flows where it flowed through the ancestral Deschutes
River canyon. Locally, the Newberry basalt overlies the Deschutes Formation, basalt of Dry
River or basalt of Redmond (Sherrod et al., 2004), and based on a natural gamma log for DESC
4656, is approximately 75 feet thick (Lite and Gannett, 2002}.

According to driller logs, the Newberry basalt is unsaturated within Redmond’s city limits.

Most driller logs for wells drilled through the Newberry basalt report interbeds of cinders (i.e.,
flow tops/flow bottoms) ranging from a few feet to about 10 feet in thickness. Occurrence of
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sandstone and conglomerate interbeds is rarely reported in driller’s logs for wells drilled
through the Newberry basalt.

2.2 Hydrogeology

Unsaturated Zone

The unsaturated zone in Redmond is greater than 150 feet thick, and in many areas of the City is
greater than 400 feet thick. The unsaturated zone in Redmond is comprised of the Pliocene to
Pleistocene voleanic rocks erupted after the Deschutes Formation, In much of the City, the
unsaturated zone also is comprised of the upper portion of the Deschutes Formation and is
represented diagrammatically on Figure 1. The thickest unsaturated zones in the Deschutes

-Formation occur where wells were drilled on buttes, and the thinnest unsaturated zones in the
Deschutes Formation occur where wells were drilled near the Deschutes River. Based on water
wells where cuttings were logged by USGS or GSI, the unsaturated zone in the Deschutes
Formation is about 150 to 200 feet thick in Redmond {excluding the buttes or very near the
Deschutes River).

As described above, numerous interbeds and sedimentary deposits, including tephra, sands,
and fluvial gravels, occur between volcanic flows, Figure 3 shows estimates of the combined
thickness of interbed and sedimentary deposits above the water table based on logging of
cuttings collected from water well borings and driller logs. In the City, the average combined
thickness of interbeds and sedimentary deposits above the water table is 130 feet.

The average linear groundwater velocity (pore water velocity) in the unsaturated zone is
directly proportional to the moisture content in the unsaturated zone, Published estimates of
average linear groundwater velocity in the unsaturated zone (i.e., over a month) are based on
the timing of groundwater level response to canal leakage (Gannett et al., 2001). These estimates
do not adequately characterize infiltration from UICs [stormwater flow to UICs is in short
duration and the volume infiltrating into UICs is significantly less than the volume of water
infiltrating from canal leakage (refer to “Aquifer Description and Sources of Groundwater
Recharge” section)]. Therefore, linear groundwater velocity was estimated using the hydraulic
conductivity from infiltration tests conducted at Redmond’s UICs.

The City of Redmond infiltration tests within different geologic units indicated that the younger
volcanic deposits (basalt of Redmond and Dry River flows) have the overall highest infiltration
rate. Based on results from the infiltration tests, the mecian linear vertical velocity in the
unsaturated zone across all geologic deposits in Redmond is 0.86 feet/ day. Because the highest
velocities were found in the youngest volcanic deposits, the Fate and Transport Tool is
conservatively using the median linear groundwater velocity from these deposits of 2.1

feet/ day for the average transport scenario. For the reasonable maximum transpozt scenario,
the Fate and Transport Tool is conservatively using the maximum of the youngest deposits {3.0
ft/day). The infiltration test methods, results, and parameters used are discussed in more detail
in Section 3.5.8 of this TM.

Aquifer Description and Sources of Groundwater Recharge

Saturated basalts and sediments of the Deschutes Formation are highly permeable, and serve as
the principle aquifer in Redmond (Gannett et al., 2001). The water table in the Redmond area is
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generally at least 150 feet below land surface. The water table in the Redmond region is
generally flat (i.e,, very low gradient) between an elevation of about 2,690 feet and 2,720 feet
and slopes towards the northwest.

As shown in Figure 4, sources of recharge to groundwater in Redmond include UlICs,
infiltration of precipitation, canal leakage, stream leakage, infiltration from irrigation (on-farm
losses), and groundwater inflow. The total volume of groundwater recharge per year was
estimated for the various sources of recharge and is shown below in Table 1. Estimates of
recharge from UICs are based on analysis of runcff to UICs in the City conducted by Brown and
Caldwell (2011) (see Appendix A). The analysis conservatively assumed full build out of the
City (i.e., to the urban growth boundary) and includes runoff from City as well as private UICs.
The primary source of groundwater recharge in Redmond city limits is from groundwater
inflow (87.4 percent). The second largest source of groundwater recharge is from leakage from
canals (11.2 percent). Groundwater recharge from all other sources combined (UICs, infiltration
of precipitation, leakage from streams and on-farm losses) comprises 1.4 percent of total
groundwater recharge in Redmond.

Table 1. Groundwater Recharge Sources in the City of Redmond.

City of Redmond, Oregon
Recharge  Percent of Recharge in
(ac-fifyr) Redmond City Limits
- UICs (private and public) 4045 1 ~ 0.9%
 Infiltration of Precipitation 435 2 01%
- Canal Leakage . ~ 48892 2 112%
Stream Leakage 0 : 0.0%
“On'Farm Losses i 1,049 4 - 0.4%
Groundwater Inflow 382,081 5 - ' 87.4%
Total = ~ 437402 7 100.0%
Notes: *

1 From Brown and Caldwell, 2011. Annual Stormwater Runoff Recharge to UICs. Value represents UIC contributions in the City
Urban Growth Boundary at full build out. April 20, 2011. See Appendix A.

2 From USGS WRIR 00-4162, Figure 6. According to the Deep Percolation Model (DPM) developed by Bauer and Vaccaro (1987), the
city of Redmond received about 3.5 inches of recharge per year from precipitation, and the city of Redmond received about 0.5
inches of recharge per year from precipitation during the 1993 - 1995 water years.

3 From USGS WRIR 00-4162, Figure 9. Canal lengths through each City were determined by digitizing major canals,

+ This number includes on farm losses digitized from Figure 9 of WRIR 00-1462.

3 Groundwater influx into the Redmond city limits, estimated using the steady state USGS Deschutes Basin Model.

3.0 Unsaturated Zone Fate and Transport Tool

This section describes the fate and transport processes, rationale for pollutant selection,
equations, and input parameters used in the Fate and Transport Tool.

3.1 Conceptual Site Model of UIC Stormwater Infiitration and Pollutant Fate and
Transport in Unsaturated Soils

The stormwater EDLSs in the UIC WPCF Municipal Stormwater Template (June 2011) are based
on Oregon groundwater protection standards (measured in groundwater), federal drinking
water standards (ineasured in drinking water), and other health-based limits. Compliance with
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EDLs is based on pollutant concentrations detected at the point stormwater enters the top of the
UIC (i.e., end-of-pipe [EOP]) and for most pollutants, with the exception of lead, does not
account for the treatment/removal (i.e., attenuation) of pollutants by subsurface soils between
the point of discharge and seasonal high groundwater. The Fate and Transport Tool approach
was developed to estimate pollutant attenuation during transport through the unsaturated zone
(i.e., soils and rock above the water table and below the UIC) before reaching groundwater.

Stormwater discharge to a UIC infiltrates into the unsaturated zone and is transported
downward by matric forces that hold the water close to mineral grain surfaces. Pollutants are
attenuated during transport through the unsaturated zone by:

o Volatilization. Volatilization is pollutant attenuation by transfer from the dissolved
phase to the vapor phase. Because soil pores are only partially filled with water,
chemicals with a high vapor pressure volatilize into the vapor phase. The propensity of
a pollutant to volatilize is described by the Henry’s constant. Volatilization within the
UICs likely occurs as stormwater falls into the structure and within the UIC., Although
likely, this process was conservatively not included in the model. In addition, because
volatilization is not significant at depths below most UIC bottoms (i.e., 25 feet),
volatilization is not included for any of the pollutants included in the Fate and Transport
Tool (EPA, 2001).

s Adsorption, Adsorption is pollutant attenuation by partitioning of substances in the
liquid phase onto the surface of a solid substrate. Physical adsorption is caused mainly
by van der Waals forces and electrostatic forces between the pollutant molecule and the
ions of the soil molecule’s surface. Adsorption is a function of fo. (fraction organic
carbon) in soil, K (organic carbon partitioning coefficient), and mineralogy of the
fracture faces. The model ignores adsorption to fracture faces and only considers
sorption to organic carbon in soil that fills fractures.

s Degradation. Degradation is pollutant attenuation by biotic and abiotic processes.
Abiotic degradation includes hydrolysis, oxidation-reduction, and photolysis. Biotic
degradation involves microorganisms metabolizing poltutants through biochemical
reactions. Degradation is described by a first-order decay constant.

s Dispersion. Dispersion describes pollutant attenuation that results from pore water
mixing. Dispersion is described by the dispersion coefficient, which is a function of pore
water velocity and distance traveled by the pollutant.

Figure 1 shows schematics of the actual stormwater infiltration conditions present at and
beneath UICs in Redmond (actual conditions) and the modeled stormwater infiltration
conditions used for the fate and transport calculations (modeled conditions). Table 2 highlights
the differences between the actual conditions and the modeled conditions and the implications
of these differences with respect to pollutant attenuation. Differences between modeled and
actual conditions exist because simplifying assumptions were necessary in order to model
pollutant attenuation in the subsurface. The simplifying assumptions are conservative {i.e.,
simulated attenuation is less than actual attenuation) as shown in Table 2. The key assumptions
used for the fate and transport calculations (i.e., modeled conditions) are discussed further in
Section 3.4 of this TM.
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Table 2, Actual and Modeled Conditions of Siormwater Infiitration into UICs.

City of Redmond, Oregon

Actual Conditions

Modeled Conditions

Implications

Volatilization occurs within the

Stormwater discharge occurs
across the perforated zone of a
drywell and across the open
interval of a drillhole
“The groundwater table fluctuates
-seasonally ‘ '

Stormwater flow is highly
variable and short in duration
Stormwater flows horizontally
away from the UlCand then
vertically downward -

“attentation is tIuee—dImenswml :

Numerots interbeds and

Volatilization is not accouuted

“farin the model

Stormwater oniy discharges from

the bottom of the UIC

The groundwater table is -

constantly at its seasonal high

Stormwater flow is uniform and
constant

- Stormwater flows vertically

down from the UIC and

“horizontal flow. does not occur =

attenuation is one-dimensional
UICs are completed in the most

Model conservanvely snnuhtes'_;";
less attenuahon

Model consenvatlvely smmlatee
less transport and attenuation

Model conser vatlvely simuilates -
less tlansponand attenuatxon e

Model snuulates maximuin
infiltration -
Model conservatively simulates
less fransportand attenuation

Model conservatively simulates

perineable geologic unit and less attenuation

there are no interbeds

sedimentary deposits occur
between volcanic flows

3.2 Pollutant Selection

Stormwater pollutants for evaluation were chosen based on chemical toxicity, frequency of
detection, and mobility and persistence in the environment. The following process was used to
rank chemicals according to toxicity, mobility, persistence, and frequency of detection:

1. All chemicals were assigned a toxicity category based on maximum contaminant levels
(MCL), where available. Where MCLs were not available, the EPA Preliminary
Remediation Goal (PRG) was used. Lower values correspond to higher toxicity.
Chemical toxicity was ranked as:

. High (MCL<10 pg/L)
J Medium (MCL 10 to 100 ng/L)
. Low (MCL >100 ug/L)

2. All chemicals were assigned a mobility category based on their EPA groundwater
mobility ranking value (for liquid, non-karst). Values were obtained from EPA’s
Superfund Chemical Data Matrix Methodolegy, Appendix A (EPA, 2004). In the absence
of an EPA mobility ranking value, mobility categories were assumed on the basis of the
chemicals’ solubility and partition coefficient using professional judgment. Chemical
mobility was ranked as:

. High (EPA mobility ranking of 1.0}
. Medium (EPA mobility ranking of 0.01)
. Low (EPA mobility ranking of <0.01)
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Solubility also was considered when assigning chemicals to mobility categories. Use of
EPA mobility ranking and solubility resulted in chemicals being assigned to the same
mobility category. -

All chemicals were evaluated on the basis of their persistence in the environment.
Persistence represents the residence time a chemical remains in the system. This is best
evaluated through degradation rates because speciation and availability can be
reversible. Persistence was ranked on the basis of the chemical half-lives. Chemicat half-
lives were taken from Canadian Environmental Modeling Center Report No. 200104, as
follows:

e Low (0 to 49 days)

e Medium (50 to 499 days)

¢ High (500 days and greater)
¢ Infinite (does not degrade)

All chemicals were evaluated with respect to frequency of detection, as determined by
the frequency of detection during the Redmond 2007 - 2010 stormwater sampling events

~ and the Oregon ACWA stormwater data report (Kennedy/Jenks, 2009 and

Kennedy/Jenks, 2011). Frequency of detection was ranked as:

. High (75 to 100 percent)
. Medium (21 to 74 percent)
. Low (<20 percent)

Table 3 (attached at the end of this TM) summarizes the information used to assign these
categories for each chemical and their resulting ranking by characteristic.

As noted previously, chemicals were selected by the ranking criteria described above. However,
chemicals also were selected based on five broad chemical categories: VOCs, SVOCs, metals,
PAHs, and pesticides/herbicides. For each of the five chemical categories, the following
characteristics were considered in the following order:

1.

3.
4,

Frequency of detection (chemicals in the “low” category from both the Redmond 2007 -
2010 stormwater sampling events and the ACWA stormwater data report were not
considered further, except in the case of pesticides/herbicides, which all were in the
“low” category).

Mobility (chemicals in the “low” category were not considered further, with the
exception of PAHs and DEHP, which have low mobility).

Persistence

Toxicity

In the event that multiple chemicals had similar scores, chemicals from the common pollutant
list were selected instead of chemicals from the screening pollutant list.
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Based on the process described above, the following representative chemicals were selected for
analysis in the Fate and Transport Tool:

1. VOCs: Toluene

2, SVOCs: Pentachlorophenol and di(2-ethylhexyl)phthalate
3. PAHs: Benzo{a)pyrene and naphthalene

4, Metals: Copper and lead

5. Pesticides/herbicides:  2,4-D

Selection of representative chemicals for the five chemical categories was straightforward, with
the exception of the PAHs. Many PAHSs have a high frequency of detection and toxicity, but low
mobility. Benzo(a)pyrene was selected because it is the only PAH on the common pollutant list.
Naphthalene also was selected because it represents a low molecular weight PAH which is
more mobile and, therefore, would be transported faster through the unsaturated zone,

3.3 Data Collection

City of Redmond staff collected stormwater samples at 11 sites during 2007 through 2010. An
analysis of the Central Oregon stormwater data (Kennedy /Jenks 2011) indicated that Central
Oregon stormwater is similar to stormwater in the rest of Oregon based on a comparison of
screening level exceedances in Bend and Redmond. Additionally, fewer analytes exceeded
screening levels in Central Oregon compared to elsewhere in Oregon. Table 3 shows the
frequency of detection and exceedance for pollutants in Redmond stormwater samples. Of the
21 analytes tested for, Redmond’s stormwater had no detections for 11 of the analytes. In
addition, 3 of the 9 common pollutants in the UIC WPCF Permit Template (benzo(a)pyrene,
di(2-ethylhexyl)phthalate, pentachlorophenol) have never been detected in Redmond
stormwater. Plots of pollutant concentrations in Redmond stormwater for evaluated pollutants
[benzo(a)pyrene, di(2-ethylhexyl)phthalate, pentachlorophencl, toluene, naphthalene, copper,
and lead (data are not available for 2,4-D)] are presented in Appendix B.

3.4 Governing Equation

A one-dimensional pollutant fate and transport equation was used to estimate the magnitude of
pollutant attenuation during transport through the unsaturated zone. This constant source ADE
incorporates sorption, degradation (biotic and abiotic), and dispersion to estimate pollutant
concentration at the water table (e.g., Watts, 1998). This equation is provided below:

C(y,t) [(eA‘ )erfc(A )+( B‘)erfC(B )] ?‘d'/ G‘ [C’jf ' (1),

s S

() =) (? + M
_ b

20 MU A)

A y—~t/ (V'Y +4D'k'
? 24/D't

where;
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B, = [wzlé;}(v'ﬁ/ vy + 4D'k’)
L yeefEE
2 Zm

, v
Vi=—
R
p=2
R
X
R

and:
' y is distance in the vertical direction (L),

v is average linear velocity (L./T),
D is the dispersion coefficient (L2/T),
Ris the retardation factor (dimensionless),
k is the first-order degradation constant (T -1),
tis average infiltration time (T),
(4 is initial pollutant concentration (M/L?),
Cly, #) is pollutant concentration at depth y and time t (M/13), and
erfc is complementary error function used in partial differential equations

Equation (1) is an exact solution to the one-dimensional ADE. The exact solution can be used for
both short (i.e., less than 3.5 meters) and long transport distances (greater than 3.5 meters;
Neville and Vlassopoulos, 2008). An approximate solution to the 1-dimensional ADE has also
been developed, and can only be used for long transport distances. Because the separation
distances that are being evaluated are potentially both short and long, this TM uses the exact
solution to the ADE for the Fate and Transport Tool.

The key assumptions in applying this equation include:

s Basalt fractures are filled with sedimentary material. The sedimentary material was
introduced into the fractures by filtering of suspended solids in stormwater and retards
pollutants in the subsurface.

Although there may be anomalous localized occurrences of rapid infiltration associated
with features within the compound volcanic deposit in Central Oregon, these instances
are very localized, laterally discontinuous, and horizontal in nature. Water infiltrating
into these local structures will ultimately experience similar vertical infiltration through
the basalt fractures to move downwards toward the water table. Because this analysis
is representing the average conditions of the subsurface system beneath the City,
coupled with eventual downward movement of the water through basalt fractures
ungler these anomalous conditions, we believe this approach accounts for these Jocal
small scale anomalies.

o Transport is one-dimensional vertically downward from the bottom of the UIC to the
water table. In reality, water typically exfiltrates from holes in the side of the UIC, as
well as from the bottom.
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*

The stormwater discharge rate into the UIC is constant and maintains a constant head
within the UIC to drive the water into the unsaturated soil. In reality, stormwater flows
are highly variable, short duration, and result in varying water levels within the UIC
dependent on the infiltration capacity of the formation.

Pollutant concentrations in water discharging into the UIC are uniform and constant
throughout the period of infiltration. In reality, concentrations vary seasonally and
throughout storm events.

The pollutant undergoes equilibrium sorption (instantaneous and reversible) following a
linear sorption isotherm.

The pollutant is assumed to undergo a first-order transformation reaction involving
biotic degradation.

The pollutant does not undergo transformation reactions in the sorbed phase (i.e., no
abiotic or biotic degradation).

There is no portioning of the pollutant to the gas phase in the unsaturated zone.

The soil is initially devoid of the pollutant.

The above assumptions provide a conservative evaluation of pollutant fate and transport for the
following reasons:

Modern drywells are constructed with a solid concrete bottom so stormwater is

discharged horizontally through the sides of the UIC (depending on the depth of the
UIC, up to 100 or more feet above the bottom of the UIC) and then migrates vertically
downward. Thus, the assumption that stormwater flows vertically downward from the
base of the UIC underestimates the travel distance of stormwater in the unsaturated
zone.

Stormwater flow from the UIC is assumed to be constant with a uniform flow through
the unsaturated zone, while in reality stormwater flows are highly variable and short in
duration resulting in varying water levels within the UIC depending on the infiltration
capacity of the formation. Thus, the UIC periodically will fill with water and then drain.
This will cause variable flow from the UIC. Itis not feasible to simulate complex cycles
of filling and drainage for each UIC. Thus, the simplified approach is implemented in
which the analytical solution is used to predict concentrations at a time corresponding to
the period over which the UIC likely contains water, This approach is conservative
because it predicts the maximum infiltration that would be expected at the water table
sustained for the period during which the UIC contains water.

Pollutant concentrations are assumed to be constant, while in reality they are variable
throughout storm events. This likely over-predicts the concentration throughout the
duration of a storm event. In addition, the Fate and Transport Tool does not take into
account pollutant attenuation that occurs while in the UIC (i.e. through volatilization, or
adsorption to sediment or organic matter in the UIC) before entering the surrounding
unsaturated zone.

The following sections discuss calculation of the retardation factor, dispersion coefficient, and
average linear groundwater velocity.,
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Retardation Factor :
The retardation factor, R, is estimated by the following equation (Freeze and Cherry, 1979):

R=I+M (2)
7

where:
Py is soil bulk density (M/L3),
K is the organic carbon partitioning coefficient (L3/M),
foc is fraction organic carbon (dimensionless), and
n is total porosity (dimensionless).

Dispersion Coefficient
Dispersion is the spreading of a pollutant plume caused by pore water mixing and differential
advection, The dispersion coefficient, D, is defined as:

D=ay (3
where:
v is average linear groundwater velocity (L/T), and
ou is longitudinal dispersivity (L).

The dispersivity (and therefore the dispersion coefficient) is a scale-dependent parameter.
According to a review of fracer tests conducted under saturated conditions, dispersivity is
estimated as (Gelhar et al., 1992):

L

where:
L is the length scale of transport (i.e., separation distance) (L).

However, according to a review of tracer tests conducted in the unsaturated zone, dispersivity
can be significantly less than would be estimated by Equation (4) (Gehdar et al., 1985):

L_ L
— << b
10~ 100 ®)

Because the unsaturated zone under the UICs is assumed to be at near-saturated conditions, this
L
TM assumes that o= —6 , which is less than saturated dispersivity, but is on the high end of the

reported range in unsaturated dispersivity.

Vertical Groundwater Velocity
Vertical groundwater velocity in the unsaturated zone is calculated by Darcy’s Law (Stephens,

1996):
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—K,,[a—””Jrf?*] ©
oy oy

9y

where:
qy is specific discharge (L/T), ,
Ky is unsaturated hydraulic conductivity (L /T,

(%CJ is the pressure gradient (L./L), and
Y

(ng is the head gradient (L./L).
4

) .
In the unsaturated zone, [TyJ = 1. When the unsaturated zone is stratified and pressure head is
oy

averaged over many layers, (2&} = (0. Under these conditions, equation (6) reduces to
Y

(Stephens, 1996):

q, =K, )

According to Stephens (1996), the velocity in Equation (7) (called the Darcy flux) should be used
to calculate recharge in the unsaturated zone.

3.5 Input Parameters

The Fate and Transport Tool is based on available local geology and hydrogeology information.
Physical and chemical properties of the unsaturated zone and pollutants are obtained from
selected references and available regulatory guidance, as noted below. Parameter values were
chosen to characterize the average and reasonable maximum scenarios. The average scenario
parameter values represent the central tendency or expected mean of pollutant transport and
the reasonable maximum scenario parameter values represent the plausible upper bound or
worst-case scenario for pollutant transport.

The magnitude of pollutant attenuation during transport through the unsaturated zone is
controlled by physical and chemical properties of the unsaturated zone soil and the pollutant,
including:

1. Pore Water Velocity, v. Pore water velocity is the rate that water moves downward through
the unsaturated zone, and is directly proportional to moisture content.

2. Porosity, 1. Porosity is the percent of pore space in soil filling fractures in the basalt bedrock.

Soil Moisture Content, ®. Soil moisture content is the percent of water in soil filling
fractures, and is equal to or less than porosity.

4. Soil Bulk Density, py. Soil bulk density is the density of soil filling fractures, including soil
particles and pore space.
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5. Fraction Organic Carbon, fo. Fraction organic carbon is a dimensionless measure of the
quantity of organic carbon in soil (i.e., gearbon / gson) filling ﬁactmes, and is used to estimate
the capacity of a soil to adsorb pollutants.

6. Organic Carbon Partitioning Coefficient, Ko.. The organic carbon partitioning coefficient is
defined for the pollutant, and specifies the degree to which it will partition between the
organic carbon and water phases. In the case of PCP, this parameter is also pIH-specific.

7. Distribution Coefficient, Kq. The distribution of metals between solid (sorbed to solids or
organic materials) and dissolved phases.

8. Hydraulic Conductivity, K. Hydraulic conductivity is a proportionality constant that,
under unsaturated conditions, is equivalent to groundwater velocity

9. Degradation Rate Constant, k (Biodegradation Rate}. Microbial process by which organic
compounds are broken down into other substances. Degradation rate is a chemical-specific,
first-order rate constant, and depends on whether the unsaturated zone is aerobic or
anaerobic. Metals {copper and lead) are elements and therefore do not undergo degradation.

10. Infiltration Time. Length of time during the yeax that rainfall occurs and causes runoff into
a UIC.

3.5.1 Pore Water Velocity

Of the ten parameters listed above, the most important in fate and transport analysis is average
linear groundwater velocity (pore water velocity) in the unsaturated zone. Because estimates of
unsaturated zone groundwater velocity are not available for the unsaturated zone throughout
Redmond under conditions similar to stormwater infiltration from UICs, unsaturated zone
groundwater velocity was estimated using the hydraulic conductivity from pump-in tests
conducted on a subset of Redmond’s UICs, Pump-in tests are described in detail in Section 3.5.8.

3.5.2 Total Porosity

Total porosity (7) is the percent of pore space in the material filling fractures in basalt. Porosities are
correlated with material type. Typical fracture widths in basalt (based on estimates of fracture
widths in Columbia River Basalt) are 0.143 mm (Lindberg, 1989). The infilling material is assumed
to be fine sand-sized material (Fetter, pg. 84, 1994). Therefore, the analysis conservatively used a
value of 0.375, a typical porosity of sand (Freeze and Cherry, pg. 37, 1979).

3.5.3 Soil Moisture Content
Soil moisture content is the percent of water in soil filling fractures, and is equal to or less than
porosity.

3.5.4 Soil Bulk Density

Bulk density (py) is the density of the soil filling fractures, including material particles and pore
space. According to Freeze and Cherry (1979), bulk density is calculated from porosity by the
following formula:

=2.65(1-7) o
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Bulk density was calculated using the porosity of sand from Freeze and Cherry (1979) discussed
above. According to Equation (8), the bulk density is 1.66 g/cm3.

3.5.5 Fraction Organic Carbon

In the subsurface, pollutants are retarded by sorption onto basalt fracture faces and organic
carbon in the soil that fills fractures (Freeze and Cherry, 1979). The City of Redmond model
makes the simplifying assumption that sorption occurs only on organic carbon. This
assumption is conservative because it results in less pollutant sorption, which allows pollutants
to be transported further and faster in the model than they would under actual conditions.
Incorporating the other sorpticn mechanisms would require bench-scale studies of pollutant
sorption on basalt fractures.

Poltutant sorption on organic carbon is related to the fraction organic carbon (foc), a dimensionless
measure of organic carbon content in a material (i.e., geavon / gsoit). Pollutants sorb to organic carbon;
therefore, pollutant retardation is directly proportional to fraction organic carbon. Organic carbon
in the subsurface beneath UICs is derived from two sources: organic material that is
incorporated into the sedimentary matrix at the time of deposition and particulate matter (e.g.,
degraded leaves, pine needles, pollen, etc.) that is filtered out of stormwater and accumulates in
fractures adjacent to the UIC as stormwater discharges from the UIC:

¢ Organic carbon incorporated into sediments at the time of deposition is encountered in
alluvial materials deposited by the ancestral Deschutes River and associated tributaries,
and in the interbeds that represent ancestral soil horizons. The average combined
thickness of interbeds and sedimentary deposits in the unsaturated zone is 130 feet. For
example, carbonized wood, twigs, and branches have been encountered in pumice
layers (lower zone of the Bend Pumice) in central Oregon (Hill, 1984), and carbonized
rootlets are encountered in paleo soils (Chitwood et al., 1977).

¢ Samples collected by the City of Redmond indicate that stormwater in central Oregon
contains total organic carbon (TOC) at levels ranging from 1.54 mg/L to 11.5 mg/L
(number of samples (N)=11 samples) collected in the City’s most recent sampling event
(September 2010) at 11 UIC sites. This dataset has a mean TOC concentration of 5.42
mg/L; a median of 4.21 mg/L; and a geometric mean of 4.39 mg/L. The organic carbon
will be filtered by the fracture network beneath the UIC, and will accumulate around the
UIC.

As discussed previously, the City of Redmond model conservatively does not include
sedimentary interbeds in the pollutant attenuation calculations, so the organic carbon content of
subsurface material is based on filtering of organic carbon in stormwater by fractured rock.

TOC loading in rock beneath city UICs was estimated from literature references, field studies of
filtering in fractured bedrock, and data collected in the field, According to a field study conducted
fo evaluate filtering of coliform bacteria from septic systems in fractured bedrock, on average 79.5
percent of the coliform bacteria are retained within 15 feet of the source (Allen and Morrison, 1973).
Most coliform bacteria are larger than 0.5 microns (Donahue, 2010), which makes them a good
proxy for total organic carbon in stormwater (which is mostly larger than 0.45 microns). As such,
the Redmond carbon loading calculations assumed that 79.5 percent of the influent TOC would
accumulate within 15 feet of the UIC, based on observed coliform filtering. The remaining 21.5
percent of influent TOC was conservatively not included in the model. The influent stormwater
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TOC concentration used in the tool is79.5 percent of the geometric mean (4.39 mg/L) calculated
from 11 stormwater samples collected at 11 sites in Redmond.

An estimate of fo based on the loading of TOC was derived by calculating the grams of organic
carbon added to unsaturated materials surrounding the UIC during a 10-year period. A 10-year
accumulation period was selected to 1) be consistent withother jurisdiction’s accepted
protectiveness demonstration study, which selected 10 years based on the age of their newer UICs,
and 2} because literatire evaluating the longevity of organic material in bioretention cells indicates
that it lasts about 20 years before it begins to degrade (Weiss et al., 2008). The following equations
were used in the analysis:

where:

Poc™

SV=

1=(A)pfl—e) ©
CL:(I)(0.795)(C)(z)( Hiter ]( _Lgram J (10)

1,000em® )\ 1,000 milligrams
CL
= e 11
pOC SV ( )
fro= P (12)
pb + pac

Average annual stormwater infiltration volume estimated using the average
impervious area of a UIC catchment (A), precipitation (p), and losses to evaporation
(e) [I=(A)(p)(1-e)] (cubic centimeters per year)

Area of a typical UIC catchment (square feet)
Precipitation (feet per year)
Evaporative loss fraction (dimensionless)

Organic carbon loaded into the unsaturated zone beneath a UIC during a 10-year
period (grams) :

TOC concentration in stormwater (milligrams per kiter). The geometric mean TOC
concentration in stormwater was used for the average scenario, and half of the
geometric mean TOC concentration was used for the reasonable maximum scenario.
These concentrations were each reduced by 79.5 percent based on filtering studies in
fractured bedrock {Allen and Morrison, 1973).

Time of carbon loading (years)

Organic carbon weight per unit unsaturated zone material volume (grams per cubic
centimeter)

Material volume (i.e., the volume of fracture openings in the subsurface) into which
the organic carbon would accumulate because of filtration and adsorption. The
volume of fractures was calculated based on a fracture aperture width of 0,143 mm
[based on fracture aperture measurements in the Columbia River Basalt Group by

GSI WATER SOLUTIONS, (NG, 18|PAGE




Pollutant Fate and Transport Model Results
City of Redmond- Groundwater Protectiveness Demonstration

Lindberg (1989)] and a fracture spacing of 19 fractures per meter [based on fracture
spacing in the Columbia River Basalt Group by PNNL (2002)], It was assumed that
organic carbon accumulates in a box beneath the UIC that is 15 feet on a side and 15

feet deep.
fee=  Praction organic carbon (dimensionless)

2=  Bulk density {grams per cubic centimeter). The bulk density of silt was used based
on the 0,143 mm aperture width in Lindberg (1989).

Calculations of fo, based on the filtering of TOC as suspended solids for the average and reasonable
maximum scenarios, are shown in Table 4. First, the volume of stormwater that infiltrates into a UIC
during a typical year was calculated by Equation (9). Next, Equation (10) was used to calculate the
grams of carbon added to the unsaturated zone surrounding the UIC during a 10-year period.
Equation (11) was used to calculate the mass of organic carbon per unit volume of material
surrounding the UIC {p,), and Equation {12} was used to convert po. to fo

Table 4. Estimated £, in Soils beneath City of Redmond’s UICs.

City of Redmond, Oregon
I Caleulation €L Calculation A Caleulation Joc calculation
{Eq. 9) {Eq.10) (Eq.11) (Eq. 12)
e o .
o~ k> g wE B E & 8
g £ 8 4% & 5 g .
& 5 = 4 q o o
. & o aF & =& R ) %
® E = @ _ By 5y ¥8 08 3% & g
g £ . § |8 & %% 49 £% 4, 352 B | &
~ ~ L = ) ISy o ) ] p
< 8w N o - g 3F &% E& FE 23E &5 Aa &
Average : ol : _ i daa
< 7 12,500 - 0.68 0.26 1.8 x103:1:4.39 i0 6,173 457 457 19 173 519,248 1,60
enario : . : 2
Reasonable
Maximum 12,500 0.68 0.26 18x10% | 220 10 3,087 457 457 19 173 519,248 0.0060 1.66 0.00306
Scenario
Notes:

A =Area of a typical UIC catchument {square feet)

p= Precipitation (feet per year)

e = Evaporative loss fraction {dimensionless)

I'= Average annual stormwater infiltration volume

C=TOC geometric mean concentration in stormwater {milligrams per liter), This value is then multiplied by 79.5%.
t = Time of carbon loading (years) )
CL = Organic carbon loaded info the unsaturated zone beneath a UIC during a 10-year period {grams)

UIC = underground injection control device
SV =Material volume into which the organic carbon would accumulate because of filtration and adsorption. It was assumed that organic

carbon accumulates in a box beneath the UIC that is 15 feet on a side and 15 feet deep. (cubic centimeters)
pu= Bulk density {grams per cubic centimeter)

fa: = Fraction organic carbon (dimensionless)

pee = Qrganic carbon weight per unit unsaturated zone material volume {grams per cubic centimeter)
ft = feet

yr =year

(-} = dimensionless

myg = milligrams

L=liter

g=gram

cni=centimeter

TOC = total organic carbon
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3.5.6 Organic Carbon Partitioning Coefficient

The organic carbon partitioning coefficient (Ku) is pollutant specific, and governs the degree to
which the pollutant will partition between the organic carbon and water phases. Higher Ko values
indicate that the pollutant has a higher tendency to partition in the organic carbon phase, and lower
Ko values indicate that the pollutant will have a higher tendency to partition in the water phase.

Ko was assigned differently for PCP than for other pollutants, according to the following criteria:

¢  PCP. The Ko for PCP is pH dependent. Soil and groundwater pH are in equilibriumy;
therefore, soil pH can be estimated from groundwater pH. The City of Redmond measured

pH at 3 municipal wells (wells 4, 5, and 6), which ranged from 7.93 to 8.17. The average vav’

groundwater pH was 8.01, which corresponds with a Ky value of 410 L./ Kg. This was used 00O L/ yﬂ
A~

for the average and reasonable maximum scenarios.

s All Organic Pollutants except PCP. For the average scenario, K« was estimated from
empirical regression equations relating Ke to the octanol water partitioning coefficient (Kow)
and/ or pollutant solubility. For the reasonable maximum scenario, Ko was assumed to be
either the lowest-reported Literature value or the Ky calculated by empirical equations,
which ever was lower (i.e., more conservative).

K for each pollutant is listed in Table 5.

Table 5. Ko for Stormwater Pollutants.
City of Redmond, Oregon

Pollutant Average Scenario Reasonable Maximum
(L/Kg} Scenario
A/Kg)
Naphthalene - ‘ 13001 . wm
PCcrp 4104 4104
Bis-(2-ethylhexyl) phthalate 12,2001+ 1292002 0
24-D 2015 206 _
Toluene : 1627 S B7s
Benzo{a)pyrene 282,1851 282,1852

Notes:

1 From Fetter (1994), Table 11.3, pages 467 ~ 469. For the average scenario, K« was calculated from two equations in Roy and
Griffin (1985). The first equation is an empirical-based equation relating Ko: to Kow, and the second equation is an empirical-based
equation relating Ko to solubility. Ke results from both equations were averaged together to determine Ko for each constituent.
The Roy and Griffin (1985} equation was used because it resulted in a lower (i.e., more conservative) Ko than the regression
equations in EPA (1996) (Equations 70 and 71, pages 140-141),

% For reasonable maximum scenarios, Ko was chosen based on the lowest (i.e., most conservative) literature values. However, Ko
for this compound was calculated using the empirical equations in Roy and Griffin (1985) because they resulted in lower Kos (i€,
more conservative) than the lowest-reported literature value.

3 The lowest Ku reported for naphthalene in the EPA (1996) review of 20 naphthalene Kus from field testing. The range of Ko was
830 L/Kg to 1,950 L/Kg

+ The K« for pentachloropheno] is pH-dependent, Soil and groundwater pH are-in equilibrium; therefore, soil pH can be estimated
from groundwater pi. The City of Redimond measured pH at 3 municipal wells (wells4, 5, and 6), which ranged from 7.93 to 8.17, The
average groundwater pH was 8.01, which corresponds with a Ko value of 410. This value was used for both the average and reasonable
maximum Scenarios.

% Calculated from equation (71) in EPA (1996), which relates Koc to Kow for certain chlorinated pesticides. The Kow was taken
from EPA (2010a),

& The lowest K for 2,4-D acid in EPA {2010a), baséd on a range of 20.0 to 109.1 L/Kg

7 Calculated from Equation (71) on page 141 of EPA (1996), which is a regression equation relating Ko to Ko for VOCs
chlorobenzenes, and certain chlorinated pesticides. The log Kow for toluene was taken from EPA (2010b). Equation (70) of EPA
(1996) was used because it resulted in a lower Ko than the Roy and Griffin (1985) equations.

8 The lowest Ko reported for toluene in EPA {2010b). The range of Ko was 37 ~ 178 L/Kg.
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3.5.7 Distribution Coefficient
The distribution coefficient, K4, was estimated from the following equation {e.g., Watts, 1998):

Kd = -ﬁ}cKoc (13)
For metals, Kq was estimated from equations in Bricker (1998). The most important solid phases
for sorption in environmental porous media are clays, organic matter, and iron/ manganese
oxyhydroxides {(Langmuir et al., 2004). The distribution of a trace metal between dissolved and

sorbed phases is described by the following equation: 4
¢, | 7 VR T
K,= C. (14) /’\ V).{‘m’)l
where: !

Cs is the concentration of the metal adsorbed on the solid phase (M/L?), and
Cw is the dissolved concentration (M/L3).

The value of K4 for metals can depend on a number of envirorunental factors, including the
nature and abundance of the sorbing solid phases, dissolved metal concentration, pH, redox
conditions, and water chemistry. Measured Kq values for a given metal range over several
orders of magnitude depending on the environmental conditions (Allison and Allison, 2005).
Therefore, site-specific Kq values are preferred over literature-reported Kas. K¢ values can be
determined empirically for a particular situation from Equation (14) (Bricker, 1998).

Site-specific Kas for lead and copper in the City of Redmond were estimated based stormwater
samples collected by the City of Bend because dissolve and total metals data from the same
sampling event were not available from the Redmond ts)tormwater dataset. To estimate site-
specific Kgs, the City of Bend collected 10 stormwater samples at eight UICs during spring 2011
stormwater sampling events. If the concentrations of total and dissolved metals were below
detection limits or the sample size was insufficient for measurement, the samples could not be
used for the Kg analysis. As such, only 4 of the 10 stormwater samples were used for estimating
site-specific Kas for metals. An empirical approach was used to derive site-specific Kgs for lead
and copper. The partitioning coefficients were estimated from total and dissolved metals
concentrations and TSS data for four stormwater samples collected from four different
locations, The stormwater chemistry data are summarized in Table 6.

Sorbed concentrations were calculated by normalizing the particulate metals concentrations to
the concentration of TSS. For each sample, an apparent Kq value was calculated for each metal
from the following equation:

. (15)
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Table 6. Copper and Lead Stormwater Quality Data.

City of Redmond, Oregon
Parameter Mean Minimum Maximum Median
Total Copper (ng/L) 17 132t 6
Dissolved Copper (ug/L) 275 2 4 25
. Total Lead (pg/L) 275 01 4o 3.
Dissolved Lead (ug/L) ND! ND 3 ND1 ND1
1SS (mg/L) 76 36 ~115 765
Notes:

ND = non detect
1 Where dissolved metal concentrations svere non-detect but total metal concentrations were detected, half the detection limit was

used for the Ky calculation.

Note that in Equation (15), metals concentrations are in micrograms per liter, and TSS are in
units of milligrams per liter. The calculated Ky values for lead and copper are summarized in
Table 7. The median Kq value for copper (71,300 liters per kilogram [L/Kg]) is substantially
lower than for lead (230,000 L/Kg). The higher K4 values for lead are expected (Laxen and
Harrison, 1977).

Tahle 7. Calculated Kq Values for Copper and Lead based on Stormwater Data.
City of Redmond, Oregon

Metal Mean Minimum Maximum Median
(L/kg) (L/kg) (L/kg)  (L/kg)

Lead 220,000 157,000 260,000 230,000

Copper 73,400 58,000 92,600 71,300

The average scenario uses median Kq values for lead and copper, and the reasonable maximum
scenario uses the minimum Kq values.

The distributions of calculated partition coefficients derived for copper and lead can be
compared to other sources of information to assess the reasonableness of the derived values. A
recent EPA compilation provides critically selected Kq value ranges for metals in soil and
sediments (Allison and Allison, 2005). This compilation includes K4 values determined from
batch and column leaching experiments with natural media, in a2 pH range of 4 to 10 and low
total metal concentrations (T'able 8). The ranges of K4 values for lead and copper in the EPA
compilation overlap with the values derived for copper and lead in Central Oregon stormwater
although the median values are lower in the compiled values. The lower median values in the
EPA compilation may reflect leaching under more acidic conditions than are observed in our
dataset.

Table 8. Compiled Ky Values for Lead and Copper (Allison and Allison, 2005).
City of Redmond, Oregon

Median Minimun Maximum
Metal

{L/Kg} (L/Kg) (L/Kg)
wilead 330,000 100 10,000,000
Copper 13,000 5 1,600,000
Notes:

L/Kg = liter per kilogrant

The calculated Kq distributions also can be compared to similarly calculated Kqs from
stormwater quality data from other sources, These include data from the National Stormwater
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Quality Database (NSQD; Pitt et al., 2004), and stormwater runoff data from the City of Seattle,
Washington, (Engstrom, 2004) and California (Kayhanian et al., 2007). The data and calculated
K values are sumimatized in Table 9.

The median Kq values for lead and copper derived from the NSQD and California data are
lower than the corresponding median values derived for copper and lead in Central Oregon
stormwater. However, the median lead values for the Central Oregon stormwater are within the
range of median lead values for the City of Seattle and California. The median copper value for
the City of Seattle is closer to the median copper value for the Central Oregon stormwater.
Therefore, the calculated Kq distributions for lead and copper appear to provide a reasonable
representation of sorption of these metals from stormwater onto soil particles filling fractures.

Table 9. Stormwater Quality from Varlous Sources and Calculated Ky Values.

City of Redmond, Oregon
Parameter NSQD California Seattle
Median { Min = Max  Median | Min  ‘Max = Median -
Total Lead (ug/L) 17 1 2,600.00 127 39 387 11.6
Dissolved Lead (ug/I) R s B 480 12 028 142° 7096 ‘.
Total Copper {ng/L) 16 1.2 270 211 823 4458 13.85
Dissolved Copper. (iig/L} 8 in1a 130+ 10271 :1.8.07:28.1 Ao
Total Suspended Solids 58 1 298800 591 4 204 40
(mg/ 1) _
pH 75 45101 7 63 787 68
Lead K4 (L/Kg) 80,000 160,000 550,000
Copper K; (L/Kg) 17,000 18,000 33000
Notes:
(11g/ L) = microgram per liter L/Kg = liter per kilogram
mg/ L = milligram per liter NSQD = National Stormwater Quality Database

Although the Kys are determined from systems containing lower concentrations of sorbing
particle surfaces than is typical of stormwater infiltrating through a soil column, this is
considered to be conservative because (1) the low levels of suspended solids in the stormwater
may result in nonlinear sorption regime, in which case calculated K4 values may be significantly
lower than would be expected in a higher surface area environment (i.e., the unsaturated zone),
and (2) site-specific Kgs calculated in the stormwater already account for the effect of dissolved
organic carbon, which could lower apparent Kq values by complexing with trace metals, and
thereby shifting the partitioning to the solution.

3.5.8 Hydraulic Conductivity

Hydraulic conductivity is a proportionality constant that, under unsaturated conditions, is
equivalent to groundwater velocity (see Equation 7). In the unsaturated zone beneath UICs,
groundwater velocity is equivalent to unsaturated hydraulic conductivity (K.). However, the
fate and transport analysis uses saturated hydraulic conductivity (Ks) in Equation (7} to
calculate groundwater velocity. Because of the tortuosity of unsaturated flow paths, K, is
always smaller than K (usually by several orders of magnitude); therefore, using Ks in Equation
(7} is conservative,

Saturated hydraulic conduétivity, K, in the fractured volcanic bedrock in Redmond was
estimated from pump-in tests (i.e., infiltration tests) conducted by the City of Redmond. Note
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that the pump-in tests are conducted in the unsaturated zone; however, because of the large
volumes of water injected during the tests the hydraulic conductivity calculated from the test
data is considered “saturated”. Selection of test locations were chosen to represent typical, to
worst-case, pollutant load locations spanning a variety trips per day, adjacent usage and
pretreatment types. Selection criteria also included having a large enough storm-shed to

~ provide sufficient runoff for sampling in an arid climate. Figure 5 shows a conceptual diagram
of a UIC during a pump-in test. Pump-in tests were performed by introducing potable water
into the UIC from a nearby fire hydrant until the water level reached the top of the active
portion of the UIC. After the water level reached the invert of the inlet pipe in the UIC, the flow
rate was adjusted so that the water level would stabilize. The flow rate required to maintain the
constant water level in the UIC was monitored and recorded. In most cases, the flow rate and
water level were held relatively constant for 60 minutes. The tests were completed in general
accordance with the Central Oregon Stormwater Manual, 2010 (Appendix 4B).

Tu

Figure 5. Pump-in Test Conceptual Model.
City of Redmond, Oregon

According to USDI (1993), horizontal hydraulic conductivity in the unsaturated zone is
calculated from a pump-in test by the following formulae:

K =

5

2
in ﬁ+ (ﬁ) +1(-1|Q
r r

-~ if T, > 3h (16)
71
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3 ln(ﬁ]
7

ah(h+2T,,)

O if 3h2T,2h an

where:
K is saturated hydraulic conductivity (I./T),
It is the height of the stable water level above the UIC bottom (L),
D is the depth of the UIC from ground surface to bottom (L)
Ty is the separation distance between the water table and stable water level in the UIC (L),
Q is the rate water enters the UIC when the water level is stable (L3/T), and
r is the radius of the UIC (L).

Because water is transported vertically through the unsaturated zone, the horizontal hydraulic
conductivity calculated by the pump-in test must be converted to a vertical hydraulic
conductivity. Anderson and Woessner (1992) state that ratios of horizontal to vertical hydraulic
conductivity commonly range from 1:1 to 1,000:1. According to Gannett and Lite (2004), the
ratio of horizontal o vertical hydraulic conductivity in Upper Deschutes Basin is 1,000: T and, in
the vicinity of Redmond, may be as great as 42,200:1. A ratio of 100:1 for horizontal to vertical
hydraulic conductivity was conservatively used for fate and transport modeling. Therefore, the
vertical hydraulic conductivity was calculated by dividing the horizontal hydraulic
conductivity by 100. Dividing the horizontal hydraulic conductivity by 100, rather than 1,000 or
42,200, provides a larger estimate of vertical hydraulic conductivity; thus, the model
conservatively simulates more rapid transport.

Hydraulic conductivities were calculated from 90 pump-in tests conducted in Redmond (test
locations shown in Figure 6, which is presented at the end of this TM). Summary statistics from
the pump-in test analyses are provided in Table 10.

Table 10, Hydraulic Conductivity in the Quaternary Basalt and Andesite (Qbn), Tertlary Basalt and Andesite
{Tbr, TBdr), and Debris Flow Deposits (Tddf) Geologic Units.
City of Redmond, Oregon

Geologic Unit Unit Symbol of Number Minimum Maximum  Mean  Median  95% UCL
Sherrod et al. of Tests K. j (@ K K, Ky
{2004) {ft/d) (ft/d) (ft/ d) (ft/ d) {ft/d)!
. Quaternary Basalt and : Qbn: ‘ 5 L6 3.0 23 2 1 S
Andesite : : : . : e .' S e
Tertiary Basalt and Tbr, Tbdr 53 0.01 39 1.1 0.73 1.5
Andesite _
Debris Flow Deposits “Tddf 32 +20.002 6.2 L6 22
All Tests 90 0.002 6.2 13 0.86 16
Notes: 7

Ky = vertical hydraulic conductivity

Qbn = Quaternary Basalt of Newberry Volcano

Tbr = Basalt or Redmond

Tbdr = Basalt of Dry River

Tddf = Debris Flow Deposits

195% UCL = Upper Confidence Limit (only calculated when more than 8 tests were conducted). 95% Approximate

Gamma UCL was used.
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The maximum calculated vertical hydraulic conductivity was used in the reasonable maximum
transport scenario (as opposed to the 95% UCL on the mean) because there were not enough
hydraulic conductivity values in the highly permeable Quaternary Basalt and Andesite to
calculate a 95% UCL on the mean. This approach is consistent with Singh et al. (2007), which
recommends using the maximum value when Jess than 8 data points are available (at least 8
data points are recommended for calculating a meaningful 95% UCL). Because the medianis a
better measure of central tendencies of a dataset and is more resistant to outliers (especially
with smaller datasets), the median parameter is used in the average scenario of the Fate and
Transport Tool to best represent the average conditions of the system and is used in other
protectiveness demonstrations accepted by DEQ. This is consistent with recommendations by
the USGS for statistical methods in water resources (Helsel and Hirsch 2002).

The median vertical groundwater velocity of the Quaternary Basalt and Andesite geologic unit
(2.1 feet/ day), which is the most permeable geologic unit that Redmond UICs are completed in,
was conservatively used for the average scenario. The maximum vertical groundwater velocity
of the Quaternary Basalt and Andesite geologic unit (3.0 feet/ day) was conservatively used for
the reasonable maximuun scenario. The 95 percent UCL on the mean is typically used for the
reasonable maximum transport scenario, but the maximum was used because only 5 pump-in
tests were conducted in the Quaternary Basalt and Andesite, which is not a large enough
sample size to calculate a 95 percent UCL on the mean. -

Vertical hydraulic conductivities calculated from pump-in tests were compared to the range of
hydraulic conductivities in published literature. Because published literature commonly
provide only horizontal hydraulic conductivities, a Ky : Kv anisotropy ratio of 100 : 1 was used
to calculate vertical hydraulic conductivities. According to Freeze and Cherry (pg. 29, 1979), the
horizontal hydraulic conductivity of “permeable basalt” is 0.04 to 6,000 feet/day (equivalent to
a vertical hydraulic conductivity of 0.0004 to 60 feet/day). Based on Gannett and Lite (2004),
aquifer tests in volcanic deposits dominated by basaltic lava and scoria of the Deschutes
Formation and age-equivalent units yielded hydraulic conductivity estimates of 14 to 2,300
feet/day (equivalent to a vertical hydraulic conductivity of 0.14 to 23 feet/day). The final
calibrated horizontal hydraulic conductivity in the vicinity of Redmond used in the USGS
regional groundwater flow model of the upper Deschutes Basin (USGS, pg. 24 and 31, 2004) was
equal to 60.5 feet/ day (equivalent to a vertical hydraulic conductivity of 0.605 feet/ day).
Therefore, the vertical hydraulic conductivity calculated from pump-in tests is within the range
of values estimated from aquifer tests in volcanic deposits of the Deschutes Formation (Gannett
and Lite, 2004) and reported in Freeze and Cherry (1979). The vertical hydraulic conductivities
calculated from pump-in tests and used in the Fate and Transport Tool (2.1 feet/ day for the
average scenario and 3.0 feet/ day for the reasonable maximum scenario) are one order of
magnitude larger than the final calibrated value reported in the regional groundwater flow
model of the upper Deschutes Basin (Gannett and Lite, 2004) (assuming an anisotropy of 100:1).
However, the larger vertical hydraulic conductivity value used in the Fate and Transport Tool
conservatively simulates more rapid transpoit.

3.5.9 Degradation Rate Constant (Biodegradation Rate)

The organic pollutants evaluated in this TM are biodegradable under aerobic conditions
(Aronson et al., 1999; MacKay, 2006); therefore, it is expected that these compounds will
biodegrade to some extent within the unsaturated zone after discharging from the UIC.
Degradation rate is a chemical-specific, first-order rate constant, and depends on whether the
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unsaturated zone is aerobic or anaerobic. Metals do not undergo bicdegradation so are not
included in this section.

Aerobic biodegradation rate constants were compiled from a review of the scientific literature,
including general reference guides as well as compound-specific studies. The review included
degradation in soils, surface water, groundwater, and sediment. However, soil aerobic
degradation rates were considered to be most representative of UJC field conditions and these
are summarized for each of the compounds of interest. First-order rate constants are generally
appropriate for describing biodegradation under conditions where the substrate is limited and
there is no growth of the microbial population (reaction rate is dependent on substrate
concentration rather than microbial growth). Because of the low concentrations of the organic
pollutants detected in stormwater, it is appropriate to consider biodegradation as a pseudo-
first-order rate process for the UIC unsaturated zone scenario.

The ranges of biodegradation rates representative of conditions expected to be encountered in
the unsaturated zone beneath UICs are summarized in Table 11. Summary statistics provided in
Table 11 include minimum, maximum, number of medsurements, average, 10t 25t, and 50t
percentile (median) values. For the average scenario, the median biodegradation rate was used.
For the reasonable maximum scenario, the 25t percentile biodegradation rate was used.

Table 11. Summary of First-Order Aerobic Biodegradation Rates.

City of Redmond, Qregon
First-Order Biodegradation Rate {day?)
Compound N Median Menn Maximum 280 . Mininm
percentile
Benzo(a)pyrene ! 38  0.0013 0.0021 0015  0.00026 ND
 Bis-(2-ethylhexyl)phthalate? =~ 34 = 0.015 0.021 10082 0010 00040
Naphthalene 3 22 0.075 0.14 0.39 0.025 ND
Toluene 4 waidd 0,33 0.65 471 0082 0,0097:0
24-D5 14 0.0053 0.091 0,48 0.0022 0.00012
Nates:

N = number of samples

1 Rate constants under aerobic conditions in soil were compiled from Aronson et al. (1999) Ashok et al. (1995); Bossart and Bartha
{1986); Carmichael and Pfaender {1997); Coover and Sims (1987); Deschenes et al. (1996); Grosser et al. (1991); Grosser et al. (1995);
Howard etal. (1991); Keck et al. (1989); Mackay et al. (2006); Mueller et al. (1991); Park et al. (1990); and Wild and Jones {1993).

2 From Dorfler et al. (1996); Efroymson and Alexander (1994); Fairbanks et al. (1985); Fogel et al. {1995); Maag and Loekke (1990);
Mayer and Sanders (1973); Ruedel et al, (1993); Schunitzer et al. (1988); Scheunert et al. (1987) and Shanker et al. (1985).

3 From Mackay (2006), Howard et al. {1991), Fogel, et al. {1982), Kaufman {1976}, Jury et al,, 1987), and Hornsby et al. (1996).

3 From Aronson et al. (1999); Ashok et al. (1995); Ellis et al. (1991); Flemming et al. (1993); Fogel et al. (1995); Mihelcic and Luthy
(1988); Mueller et al. (1991); Park et al. (1990); Pott and Henrysson (1995); Smith (1997); Swindoll et al. (1988); and Wischmann and
Steinhardt (1997).

+ From Aronson et al. {1999); Howard et al. (1991); Davis and Madsen {1996); Fan and Scow (1993); Fuller et al. (1995); Jin et al,
(1994); Kjeldsen et al. (1997); McNabb et al. (1981); Mu and Scow (1994); Venkatraman et al. (1998); and Wilson et al, (1981),

$ From Howard et al. (1991); Mackay et al. (2006); Chinalia and Killham (2006); McCall et al. (1981); Naslt (1983); and Torang et al.
(2003). '

3.5.10 Infiltration Time

Infiltration time is the length of time during the year that stormwater discharges into a UIC and,
therefore, migrates downward through the unsaturated zone. Because stormwater discharges
into UICs only when the precipitation rate exceeds a threshold value, the infiltration time is
dependent on the occurrence of rain events equal to or greater than this amount. The DEQ
(2005) City of Portland permit fact sheet assigns a threshold precipitation rate of 0.08 inch/hour
for stormwater to discharge into UICs, which is consistent with City of Redmond field staff
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observations, This fate and transport evaluation conservatively assumes that stormwater
discharges into UICs at one-half of the threshold precipitation rate (i.e., 0.04 inch/hour).

Precipitation and infiltration times from 2002 to 2008 in Redmond are shown in Table 12. The
geometric mean number of hours that precipitation rate was equal to or exceeded 0.04
inch/hour from 2002 through 2008 (53 hours or 2.22 days) was used for infiltration time in the
fate and transport analysis. Because the fate and transport equation simulates pollutant
breakthrough only until the time at which maximum pollutant concentration is reached,
infiltration times were reduced for some pollutants (i.e., 2,4-D under the reasonable maximum
scenario) that reached a maximum concentration within a shorter infiltration time. Because
metals do not degrade over time, the metals’ infiltration time allows for 100 years of transport
(222 days of infiltration).

Table 12. Precipitation and Infiltration Time, 2002-2008.
City of Redmond, Oregon

Year Annual Precipitation  Hours With 2 0.04" Days With = 0.04"
(inches) Precipitation Precipitation!
2008 - o iitmggn A :
2007 3.78 3
2006 s g 346
2005 11.28 100 417
2004 1019 95 o age
2603 9.43 74 3.48
2002° 28 200 0 . g8
Geometric 6.26 - 5336 2.22
Mean :
Notes:

Precipitation data from National Climactic Data Center (NCDC) Redmond (COOP 357062) rain gage (NCDC, 2011).
1 conversion of hourly data to days for model use.

4.0 Groundwater Protectiveness Demonstration for UICs within
Water Well Setbacks

The UIC WPCF Municipal Stormwater Permit Template (June 2011) requires that UICs be
constructed and operated in a manner that protects groundwater quality, Horizontal setbacks
between UICs and public water wells that are considered to be protective of groundwater are
specified in the permit of water well. Specifically, the UIC WPCF Municipal Stormwater Permit
Template requires that UICs be outside of the two-year Time-of-Travel and/or a of 500 feet
setback radius from public or private wells. The City operates several UICs that are either
within the 500 feet setback distance to a water well and/or are within the two-year Time-of-
Travel. As such, the City is required to retrofit the UICs, close the UICs, or show that the UICs
are protective of groundwater under Schedule A.8 of the UIC WPCF Permit Template. This
section presents a Groundwater Protectiveness Demonstration as described in Schedule D.6 of
the UIC WPCF Permit Template.

The Groundwater Protectiveness Demonstration is comprised of applying the Fate and
Transport Tool to UICs in Redmond. Specifically, the Fate and Transport Tool was used to
evaluate whether stormwater pollutant concentrations entering a UIC are attenuated to
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concentrations below the MRL (and that meet the groundwater protection requirements of OAR
340-040) at the point the infiltrated stormwater reaches groundwater.

Results from the average and reasonable maximum scenario of the unsaturated zone Fate and
Transport Tool are presented in Table 13, Pollutant attenuation was simulated for UICs with a
separation distance of greater than or equal to 5 feet. The model calculations for these scenarios
are presented in Appendix C. The pollutant concentrations discharging to UICs used as input to
the Fate and Transport Tool were equal to the existing EDLs (as listed in the UIC WPCF
Municipal Stormwater Template) or 10 times the existing EDLs for ubiquitous pollutants based
on stormwater sampling by other municipalities, Naphthalene, which does not have an EDL,
was assigned an input concentration of about 0.05% of the pollutant solubility in water, As
shown in Table 13, under the average scenario for unsaturated zone transport, copper, 2,4-D,
and toluene concentrations in stormwater equal to the existing EDLs attenuate to below MRLs
within 5 feet of transport. Under the average scenario for unsaturated zone transport, lead,
benzo(a)pyrene, PCP, and DEHP concentrations in stormwater equal to 10 times the existing
EDLs attenuate to below MRLs within 5 feet of transport. Under the average scenario for
unsaturated zone transport, naphthalene concentrations in stormwater equal to 10 ug/L (i.e.,
0.05% of the pollutant solubility in water) attenuate to below MRLs within 5 feet of transport.
The simulated separation distances for these pollutants that are below the MRLs (or protective
of the groundwater) are presented in Appendix D. As such, the Fate and Transport Tool
indicates that UICs within permit-required setback distances to water wells are protective of
groundwater.

The reasonable maximum scenario represents the worst-case pollutant transport conditions,
and is characterized by compounding conservatism of input variables. The purpose of the
reasonable maximum scenario is to evaluate model sensitivity, and it does not represent
reasonably likely conditions. Under the reasonable maximum scenario for unsaturated zone
transport, copper, lead, benzo(a)pyrene, naphthalene, PCP, and DEHP concentrations in
stormwater equal to the input concentrations shown in Table 13 attenuate to below MRLs
within 5 feet of transport. 2,4-D and toluene require greater than five (5} feet to attenuate to
below the MR under the reasonable maximum scenario. Under the reasonable maximum
scenario of the Fate and Transport Tool, 2,4-D and toluene concentrations in stormwater equal
to the existing EDLs attenuate to below MRILs within 14 feet of transport. The model
calculations for this scenario are presented in Appendix E. Based on available separation
distance data for the City’s UICs, which accounts for about 85 percent of the City’s UICs, the
minimum separation distance between the bottom of the City UICs and the seasonal high
groundwater is conservatively estimated to be greater than 100 feet, Therefore, under thé worst-
case pollutant transport conditions, 2,4-D and toluene attenuate to below the MRL before
reaching groundwater, As such, the Fate and Transport Tool indicates that UICs within
permit-required setback distances to water wells are protective of groundwater.
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Table 13. Protectiveness Lookup Table - Pollutant Attenuation in the Unsaturated Zone under the Average
and Reasonable Maximum Scenarios (UICs 2 5 Feet Separation Distance)
City of Redmond, Oregon

SEPARATION DISTANCE OF 5 FEET

AVERAGE SCENARIO REASONABLI MAXIMUM Ratia of
SCENARIO Average
I Observed
. Average Input Qutput Input Qutput Concentration:
EDIL MRIL Gbserved . ” \ R . . . .
PoHutant (ug/L) (ug/L)1 Concentration Concerdration  Concenlrafion | Concentration Concentration Tnput
8/% b/ ' N 2 {ug/Ly 5 fug/L)4 {ug/Ly3 {ug/L)* Concentration
fug/L}
Copper 1300 02 440 EDL OMRL EDL ©  <MEL.
Lead 50 0.1 11,9 T0xEDL <NMRL 10xEDL <MRI.
. Benzofa)pyrene . 072 001 No Delections | T0NEDL <MRL: 10xEDL © o <MRLG
Naphthalene NA .02 0.08 i0s <MRL ige <MRL
PCP 10 004 NoDetections | 10xEDL - <MRL 10xEDL - SMRL
DEHP 6.0 1.0 Ne Detections 10xEDL <MRL i0xEDL <MRL
24D 70 01 NA EDL <MRL EDL o mopy
Toluene 1,600 0.5 No Detections HEDL. <MR1L, EDL 3136 NA

Notes:

MRL = method reporting limit

EDL = effluent discharge limit based on UIC WPCF Municipal Stormwater Template

NA = not available

ng/L = micrograms per liter

1 Method Reporting Limit (MRL) based on typicaily achievable MRLs during stormwater monitoring in Oregon. :

2 Average observed concentration of poliutants in stormwater is based on Redmond stormwater sampling from 2007through 2010,
Where data were non-detects, ¥2 the detection limit of the specific sample analysis was used for calculating the average.

3 Input concentrations are the concentrations discharging from the end of pipe.

1 Qutput concentrations are the concentrations below the UlICs after 5 feet of transport.

5 As requested by DEQ, the protectiveness demonstration uses input concentrations of 10 times the EDL for ubiquitous pollutants,

and uses the EDL for other pollutants.
6 The input concentration for naphthalene, which does not have an EDL in the UIC WPCF Municipal Stormwater Template, is about

0.05% of its solubility in water at 10.0 degrees Celsius (Bohon and Claussen, 1951).
7 At a separation distance of 5 feet, infiltration time is shorter than 2.22 days because the maximum concentration immediately above
the water table occurred before the maximum number of days that stornuwater infiltrates into the UIC.

5.0 Proposed EDLs

The unsaturated zone Fate and Transport Tool was used to develop proposed EDLs for the City
of Redmond’s UIC WPCF Permit for lead, benzo(a)pyrene, PCP, and DEHP. DEQ
recommended developing proposed EDLs for these four pollutants because they are considered
more likely to be detected in municipal stormwater in Oregon based on Oregon ACWA studies
(Kennedy/Jenks, 2009 and Kennedy/Jenks, 2011). The proposed EDLs were developed using
the following assumptions:

s Proposed EDLs are limited to maximum concentrations of 10 times the EDLs in the UIC
Permit Template,

o The separation distance between the bottom of the UICs and the seasonal high
groundwater is 5 feet,

o The average scenario of the Fate and Transport Tool is used, and
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¢ Groundwater is protected when pollutant concentrations just above the water table are
at background levels (i.e., zero for synthetic organic compounds, as represented by the
MRL}.

Table 14 presents the proposed EDLs developed using the average transport scenario of the Fate
and Transport Tool and a 5-foot separation distance between the bottom of the UIC and
seasonal high groundwater, The calculations for proposed EDLs are provided in Appendix C.
The proposed EDLs for lead, benzo(a)pyrene, PCP, and DEHP were limited to 10 times the
EDLs in the UIC WPCF Municipal Stormwater Template.

Table 14, Proposed EDLs (UICs = 5 Feet Separation Distance and Average Scenario)
Cily of Redmond, Oregon

MRL (?i:r:t;igeed Existing Proposed Output
Pollutant (ug/L) Concentration B EDL Concentration
& (up/1)? (ug/D)?  (ug/1) (ug/L)s
Lead oL 119 5D 500 0 <MRLoc
Benzo(a)pyrene 0.01 No Detectons 0.2 2.0 <MRL
PCP o004 No Detections 1.0 100 <MRL.
DEHP 1.0 No Detections 6.0 60.0 <RI,
Notes:

pg/L = micrograms per liter

EDL = effluent discharge limit

MRL = method reporting limit

IMethod Reporting Limit (MRL) based on typically achievable MRi.s during stornrwater monitoring in Oregon.

2 Average observed concentration of pollutants is based on Redmond stormwater sampling from 2007 through 2010. Where data
were non-detects, ¥2 the detection limit of the specific sample analysis was used for calculating the average concentration,

3 Existing Effluent Discharge Limits based on the UIC WPCF Municipal Stormavater Template.

4 Proposed EDLs based on the average transport scenario of the Fate and Transport Tool and the assumption that groundwater is
protected when pollutant concentrations just above the water table are below the MRL.

5Qutput concentrations are the concentrations below the UICs after § feet of transport under the average transport scenario,

6.0 Groundwater Quality Data near Redmond

To further support the City of Redmond’s Groundwater Protectiveness Demonstration,
available groundwater quality data from SDWA sampling at municipal water supply wells were
evaluated for the eight pollutants of interest. The City of Redmond samples 7 municipal wells
for SODWA parameters. Many of the constituents analyzed under the SDWA have been analyzed
for in urban stormwater (Kennedy/Jenks, 2009 and Kennedy/Jenks, 2011). As such, if UICs in
the City of Redmond are not protective of groundwater, we would expect to find SDWA
constituents in groundwater beneath and downgradient of the UICs.

As shown on Table 15, during the 25 years of SDWA sampling, only lead has been repeatedly
detected in groundwater wells near the City of Redmond. Well locations are shown in Figure 7.
The lead concentrations upgradient of the City’s UICs (e.g., Well #3) are similar to
concentrations downgradient of the UICs, This suggests that the lead concentrations observed
in groundwater represent background conditions as opposed to contribution from UICs, DEHP
and toluene were detected in a single sample at concentrations less than half of the maximum
contaminant levels (DEHP was detected at a concentration of 0.0025 mg/L and toluene was
detected at a concentration of 0.0005 mg/ L, which is commonly the MRL), Because these are
isolated detections and DEHP and toluene have not been detected in Redmond stormwater, it is
unlikely that the DEHP and toluene concentrations observed in these two groundwater samples
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represent contribution from UICs. If UICs were adversely impacting groundwater, it is expected
that pollutants would be ubiquitous downgradient of UICs. The lack of detections of
representative stormwater pollutants in groundwater beneath the City of Redmond (i.e., PCP),
and the low background-level concentrations of lead in groundwater suggest that the City’s
UICs are not adversely impacting groundwater., The lack of reoccurring high-level detections of
stormwater pollutants in groundwater beneath the City of Redmond supports the Fate and
Transport Tool conclusion that UICs are protective of groundwater.

7.0 Conclusions

The Fate and Transport Tool was used to 1} demonstrate groundwater protectiveness for
stormwater discharged from UICs that are in the 500-foot well setback or the two-year Time-of-
Travel from water wells and 2) propose EDLs for the City’s UIC WPCF Permit that meet
Oregon’s groundwater protectiveness standards. Based on the Fate and Transport Tool results,
UICs within permit-required setback distances to water wells are protective of groundwater.
The Fate and Transport Tool simulation results indicated that concentrations of lead,
benzo(a)pyrene, PCP, and DEHP could be 1000 times higher than the EDL while still being
protective of groundwater, However, to be conservative, the City has selected 10 times the EDL
as the proposed EDL.
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FIGURE 2
Surficial Geology Near Redmond
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FIGURE 4
Sources of Recharge in Redmond
City of Redmond, Oregon
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FIGURE &

Infiltration Tests and Surficial Geclogy
Near Redmond

City of Redmond, Oregen
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FIGURE7

Municipal Water Wells near Redmond
and Analytical Groundwater Quality Data

City of Redmond, Oregon
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ES Table 1 - City of Redmond - PROPOSED EDLs
City of Redmond, Oregon

DEQ Municipal UIC WPCF City of Redmond
MRL Permit Template EDL Proposed EDL

Parameter {rg/L} (ng/L) ‘ {pe/L)

COMMON POLLUTANTS *

Benzo{a)pyrene . _ 0.01 02
Di2-ethylhexyljphthalate (DEHP) . 10 6
Pentachlorophenol 0.04 1
Antimony(Total) 0 e e
Arsenic{Total} 10 same
Cadmium|{Total) ~ o 5 e
CGpper ‘ 0.2 1300 same o
Lead (Total) ' ) . 50 * om0
Zinc {Total) 5,000 some

SCREENING POLLUTANTS *
Barium (Total)

Beryllium (Total} |
Chromium{Total)

Cyanide (Total} G
Mercury (Inorganic) 2 same
Selepium (Total) o 50 .
" Thallium {Total) 2
TotalNitrogen-N 0 - e 100000
Toluene e pm o
Ethylbenzene 700 same
¥ylenes (Total) 0 emn i s R S
Diazinon , 7 saie
Y N e Y e 'f'j;::'j{:;{;-!;-)_’év;-;:_‘
Dinoseb 7 7 same
Bis(2-chloraethyl) ether _ 0.1 ~ 03 =
Glyphosate 700 sanie

sgne

e

some

L seme

some

Some i
Sane

Csame

Notes;
1= DEQ 2011 Permit Template Table A5

2 = DECy 2011 Permit Template Table A.5.2

MRL = [aboratory method reporting limit

DEQ = Oregon Department of Environmental Quality

UC WPCF = Underground injection control Water Poliution Cantrof Facilities
EDLs = effluent discharge limits

{pg/L) = mierograms per liter




ES Table 2 - City of Redmond - Protectiveness Distance
City of Redmond, Oregon

City of Redmond Proposed EDLs Simulated Output Concentration
input Concentration : Simulated Distance to
Chemical Group/f MRL ot the end of pipe at end of 5 feet of travel from LIC Protectiveness (< MRL) *
Representative Chemical {ne/L) {ug/L} {g/L) {feet from base of UiC)
Vot - —— — - o - ” ’

o B ; : ot
WeEm
Di{2-ethylhexyl)phthalate (DEMP) 1 60
Pentachlorophenol 0.04 ig
PR
Benzolalpyrene 0.01 2

Copper 0.2 1300 )

Lead (Total} . A

minimum gepth
maximum ¢epth

average depth

City of Redmond’s PROPOSED Separation Distance 25 Feet

Notes: .

1 = values hased on the average scenario simulation
MRL = Jaboratory method reporting fimit

EDLs = offluent discharge limits

(ug/L) = micrograms per liter




Table 3: Propartios of WPCF Parmit F Used in Solection of Rep ive [ndlcator Poll
Cliy of Redmond, Oragon
Prequency of Fre ¥ of Tireq of queticy of Frequency of Freq af
Detectionin | Detecion Ranking |  Fxcecdance in Drtecton i | Detectlon Runldng, | Exeeedance In
DEQRBCsfor | Toxiclty | Sclubliity |FPA Mobility| Mobllity of Peral Persl in Redmend Redmond Oregon & in Oregon. Oregon Stormwater|  Pollutant
¥DL' | MCU® | Groundwater’® | Ramking | {mg/L)* | Ranking® Pollwtant | (halt-llfe [days]” Rankdng ) %) et Stormwates® o Categary”
Pl | un/l ue/l
[Comymon Pollatanta

5

$Antimony (Total}

6 & NR 170,000 001 Infinite Tnfinite 545 High 0 4.3 Modium 03 M
Arsonic (Tolal} 10 10 o.0n High 120000 0.01 Modium Infinite Infirute 9 Low 2] 828 High 02 M
ICadvatum (Total} 5 5 18 High 700 15 Medbum tnfinite Infinite 281 Medium al 439 Medlum ™

[Zine (Total) S000 NR KR TLow 12400 001 Madtum Infinfe Infinite 100 Righ o 7.6 High 01 M
Screening Potintanse (From draft WPCFUIC Permlt and additional p of concrm in g T LR e e e y

[Bartum (Total) 200 2000 a0 Low } 2800 oM Modtum Infindte Infinjte No data No dta No data 978 High 9 M
Beryllium {(Totul} 4 4 75 High 84,000 om Medium * Infladte Infindte Nodan No dats No data %1 Low ? I M
Chrormium VI 100 100 110 Medlum [Leltean] om Medium Intinle Infinlte No dats No data No dusty Nodata No duta Ne dota M
Cyantde (Takal) 200 200 730 Medim NR 1.0 High Infinite Infinite No data No data No data 24 Low 0 Q
Menwury (Totl, tnorgonc) 2 2 1 High 450 001 Meodium Inflnlte Tnllnlte No data Ne data No dnta 376 Modium o M
Solerdurm {Totol} 50 50 NR Medium | 2Zo0E+06 10 High nfinite Infinite Nodata No duta No data 02 Low 0 M
Thatlium (Totaly 2 <4 NR High 00 001 Medium Ininlte Infinite Nodata No data Nedatn o0 Low 0 M
Bonuzena s 5 033 High 1800 1 High 10 Low Q Low o 0.6 Low o v

Ethylbanzone 70 700 1700 Low 170 1 High a3 Low 13 Tow 4 o3 Low o v
[Kylotes 10400 10,000 pats) Low 180 1 High 15 Low 1.3 Low 4 Q Low o v
| Alschior 2 NR High 240 0.01 Medtum 14 Low No dota Ne data No dute [\] Tow 0 P/H
[Atzane 3 NR High 70 0.0l Medium 100 Modium ‘No data No data No data a Low [ P/H
[Carbofuran 40 NR Madrm 35 NR Medjur 110 Modium No data No data No dota 0 Low 0 P/H
[Carbon Tetrachloridn s o1 High 790 10 High 265 Modlum 2] Low ] a Low o v
[Chlordase 2 s High 00%6 001 Modium #12 High No datz No dat No dutn 0 Low o P/H
[Chlorhenaemne el X Medium 70 1.0 High 110 Modium o Low 0 0% Low 4] v

Calapen o0 NR Tow A00,000 NR High 16 Tow No dota No data Na duta [\] Low 0 P/R
Diazinon 7 NR NR NR 0 NR Lowe 0 Low Nodata Na data No data No duta No data No data P
o-Dichlorckenzene L 50 Low 000 10 High Slow High 0 Low o a Low o v
-Dichlorchenzene 75 048 Modium bl Lo High 04 Modum 0 Low 0 a Low 0 v
1,2-Dichloraharusne NR. 15 High 15 NR High o Low 0 Low 0 0 Low 0 v
Bin{2-chlorarrepropyfjether NR NR High 1,700 NR Medium 100 Medium No duta No dita Nodata o Low o sV
Bla{2-chioreathyliothor 03 NR NR High 17,200 NR Modium 100 Mediam No data Na dubs Nodota 0 Lene 0 sv
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i v of Prequency of Treqy of Froquency of Frequency of uency of
Detection In Detoction Ranking | Exceedance In, Detectlon In Detection Ranking | Execedance in
DEQRECsfar | Todelty | Solubillty |EPAMobility| Mobllity of Pernintence Persintence Redmond i1 Rodmond Redmond Oregon Stormwaier] in Ovegon Otegox: Stormwater|  Pollmtant
EDLY | MCT® | Grommdwater | Ramking | (mg/D)* | Randing® | Pollutent | (halClife [daye])® Ranling o Stormwater (%} ' Stormwater® [l Category”
wrfl | b ps L
Dinosch 7 7 NR High 2 NR High B Low No data Nedata Nedata 02 Low o P/H
Diquat 20 NR Medium F00,000 NR Low Infinite Infinte No dats No data No data ] Lovwe bl PIH
[Endothall 160 NR Medlum 100,000 NR Medium - 10 Low No datn No dnta No deta [ Law 2] P/H
[Clyphosate 0 700 NR Low 11,600 NR Low 0 Medium Nodatn No data. Wo dota [ Low bl P/H
Lindane[HCTH{gammal] nz 0044 High 78 10 High 980 High No-datin No dats Naodata [ Tow 0 P/H
Picioramn 50 NR Low 430 NR Medium 100 Medium No data Wo duts Neodata [+ Low o P/H
1,2.4-Trichlorebenzese bl 12 Medium 35 10 High 104 Mediumn k] Tow o [+ Low 0 v
Highincol
Nitrate-rutrogen 10000 | 10000 NR Low fevater NR High Indlnlte Inflnlte 100 High k53 & High 03 (o]

[Other Pollutants .

* Bfflnant Discharge Limits (EDL) are baked on Dndarground Injection Control (UIG) Water Peltution Control Faciiity (WPCF) Municipal Stormwater Templater,

 Mazum contamimant Trend (MCL), US. EPA Drinforyy Water Contaminente. httpt/ /wwiw.cpagov/ salewator/contaminants/ indos, i, Accemned July 5, 2011,
% Oregon DEQ Rink Based Cor (RBC) for Ground Ingestion and Infialattar from Tapwater, Rosidontial, 7/4/07. hitps/ farww.dog.ote.cnn, 1q/ pube/ doc/REDMTable. paf (Acorimed 5/15/08)

U5, EPA Superfund Chemical Data Matris Mothodotogy Roport, Appendix A (2004). Iittpe/ fwww.epagov/suparfund/ wites/ npd/hesron ftadls/appos Lt (Accoused 12/07)USEPA (2006), Groundwater & Drinking Water Tochnical Factshoots. Avallable ot hitpe/ Swww.opagav/ ogwidw/Tacts hitml
# Roferencen for dogradation rotas;

8) Howard, Phillip; Robert S, Boethling: Willlamn P, Jarvis; William M. Moylan; and Edwerd M Mickalenko, 1991) Handbook of Envir I Degradation Rates, Lewis Publishery,

1) EPA Techndoal Fact Sheets
Storpawater data from 2007 - 2010 City of Redmend stormwater nampling.
* Stormwater datis comey frem the Compd and Evilustion of Exirting Quality Data from Oregon, Oregon Assodiation of Cloan Wator Agences report (1990-2008) unlra otherwine noted (Keredy / Terik, 2008).
*Wolatile erpenic cempeund (W), metal (M), polycyel hydrocarbon {PAH), semi-valatie argand pound {8V}, pesticde,/ herbiclde (PFH), ether (Q)

SolublRty « the muamunm dissolved quintly of & pollutant In pure water at o grven temperature,

Log Ko ™ o5tanol/wiker partition conl] 1nthe mtloofa pound in the sctanet phaso to ita concentration i the squoct phusa of o two-phane system. Low Kow values (<10) are considorod hydrophile and tend 1o have b, wator solullity, High Kow valuos (>104) are very hydrophoble,
& w1 ty. Higl a7y hy

Kg = sorl/witer distibution coofficiont. The amount of a chermical adsorbed by i sediment or soil {10, the sold phase) divided by the ansount of text cheaicol in the rolution phiss, which iv mn cquilibrium with the sotid phase, af « fixed solld/solution ratio.
XKoo = notlfwattor distibution coofficiont. Koe in a mensure of the tendency for orgariic chernicals to be adsiarbed to the soll, The highor the Koa value for each sompound, the towor tho mobility and the higher the adsorption.
Vapor Prossuze = prosaum exerted by  vapor i equilibrium with the sotid or Thyuid phase of the s rubmstance,

Mobllity Ranking = from EPA SCDM (roferonce 19, Valuo used whore avallohie; baned on solub(lity and the nofl /water distribution coefficient to determuno the relative groundwater mobility factor.

Mabllity of Pollatant = uaed in the TUIC prioritization procedure to consorvatively o dilution and/ar dog, entimate the mobillity af stermwater poltutants discharged tea UTC (Lo, through soil) to have advers impacts on groundwater quality,

bae,
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Table 15. Summary of Municlpal Well Groundwater Anafytical Data’

Cily of Redmond, Gregon
. : MCL. Range
Analyte l Period of Record | No, Samples I Ne. Detections {mg/L) o g/gi) Commenls
City of Redutond Well #1
PCP 1993 - 2008 10 0 0.001 — -
Toluene 1993 - 2008 7 0 1 - -
24-D 1981 - 2008 11 0 0.07 - -
fead 1935 - 2002 7 4 005 | ND-oogs | ‘“’“; /‘;‘};,‘1’; ;f;:;g{.;z}{ ;;);;z 12/1986,
Naphthalene - - -~ - - -
Copper 1995 1 0 1.3 - -
DEHP 1993 - 2003 10 0 0.006 - -
Benrzo(a}pyrene 1993 - 2008 10 0 0.0002 - -
: City of Reduond Well 82
FCP 1993 - 2008 10 0 0.001 - -
Toluepe 1693 - 2008 7 0 1 - —
2A-D 1993 - 2008 10 0 0.07 - -~
Tecad 1938 - 2002 4 2 0.015 | ND- 0005 Detections “‘g‘,‘;}i;‘{ 81933 and
Naphthalene - - -- — - -~
Copper - - - — - -
DEHP 1993 - 2044 14 ¥ GG | N -D.0025 Defecdon ocowed on 16/14/2008
Benzo{a)pyrene 1993 - 2609 11 0 0.0802 - —
: Cily of Redmamd Well 3
PCP 1993 - 2008 11 0 0.001 - -~
Toluene 1993 - 2008 8 4] 1. — -
24-D 1993 . 2008 11 ¢ 0.07 - -
Jead 1957 - 2062 4 i 1 g01s | Niy-(og2 Pelection orcuyred o §3/1993
Naphthalene o - -- - -- —
Copper | 1987-19%0 2 0 1.3 — —
DEHP 1993 - 2008 11 0 0.006 - -
Benzo(a)pyrene 1993 - 2009 11 0 0.0002 - -
Ctty of Redntond Well 84
PCP 1993 -2008 Y 0.00t - -
Todeesne 1955 - 28 . 1 i NEZ - B85 Eefeciion accurred on 61371954
24-D 1993 - 2008 g 0.07 - -
Tead 1985 - 202 i 3015 | N - 0005 electvn occurred va 8111938
Naphthalene - — -~ - -- . -
Copper - - - - - —
DEHP 1993 - 2008 11 0 0.006 - -
Benzo(aypyrene 1993 - 2009 11 0 0.0002 - -
City of Redmoint Well 5
PCP 1998 - 2008 8 0 0.001 - -
Teluene 1998 - 2008 5 0 1 - —
24-D 1998 - 2008 8 0 007 - -
Lead 1999 - 2002 2 0 0.015 - -
Naphthalene - — - — - —
Copper . e e et e e had -
DEH?P 1995 - 2008 8 0 0.006 - - o
Benzo{a)pyrene 1998 - 2008 8 0 0.0002 - ~
. City of Rednrond Well 86
rCE 2006 - 2008 3 0 0.001 -~ -
Toluene 2006 - 2008 2 0 1 - -
24-D 2006 - 2003 3 0 0.07 - -
Lead 2006 - 2009 2 0 0015 — -
Nophthatene | = - - - - -
Copper - - - - — )
DEHP 2006 - 2008 3 a 0.006 - -
Berzol)pyrene 2006 - 2008 3 0 0.0002 — ~
City of Red) A Well #7
rCP 2006 - 2009 3 4 0.001 - -
Teluens 2006 - 2009 2 0 1 - -
24-0 2006 - 2009 3 [y 0.07 -~ -
lead 2006 - 2009 2 0 0.015 - e
Naphthalene - - - - - -
Copper -~ - - - - -
DEHP 2006 - 2009 3 0 0.006 - —
Benzo{a)pyrene 2009 - 2008 3 ] 0.0002 - —

Notes

! Data source is Bepartment of Fluman Services (DHS) SDWIS Data, hitp:/ /176.10463.9/namelook phpy, accessed June 21, 2011.
MCL = maximum contaminant level
PCF = pentachlerophenol

DEHF = di{2-ethylhexyi)phithalate
mg/L = mifligrams per liter

1 Asaltical Datze2

PAPertiand\137 - oy of Beead\D10- UL & e

1ofi




Appendices




Appendix A




Brown o |

Caldwell Technical Memorandum

6500 SW Macadam Avenue, Suite 200
Portiand, Oregon 87239

Tel: 503-244-7005
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Limitations:

This Is a draft memorandum and Is not Intended to be a final representation of the work done or recommendations made by Brown and Caldwell. It
should not be retied upon; consult the final report.

This document was prepared solely for Grouncgwater Solutlens, Inc. in accordance with professional standards at the time the services were
performed and in accordance with the contract between Groundwater Sofutions, Inc. and Brown and Caldwell dated March 3, 2011, This document
Is governed by the specific scope of work authorized by Groundwater Sofutlons, Inc.; It Is not Intended to be relied upon by any other party except for
regutatory authorities contemplated by the scope of work. We have refied on Information or Instructions provided by Groundwater Sofutions, Inc. and
other parties and, unfess othenvise expressly indicated, have made no Independent Investigation as to the validity, completeness, or accuracy of
such Information.
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UIC Risk Evaluation and System-Wide Assessment

Introduction

To provide information to support GS! Water Solutions’ (GSI) UIC Risk Evaluation for the cities of Bend and
Redmond, Brown and Caldwell was tasked with developing estimates of the average annual recharge {i.e.,
stormwater runoff volumes) to city UICs. The purpose of this technical memcrandum {TM) is to describe the
data and methods used to develop the estimate. Varying levels of analysis ¢can be used to estimate runoff
volumes, from complex hydrologic models that incorporate detailed information regarding soil and tempera-
ture conditions, to more simple spreadsheets that calculate runoff based on rainfall, land use, runcff
cpefficients, and drainage areas. For this project, the latter simpler method was chosen, In addition, a
decision was made to make conservative assumptions when choosing spreadsheet input parameters for
these calculations. This TM provides a summary of spreadsheet input data used to estimate runoff volumes
including rain gauge data, drainage areas by land use, and runoff coefficients for the cities of Bend and
Redmond. '

Study Area and Land Use

The study areas for this analysis include both the cities of Bend and Redmond. Bend encompasses an area
of approximately 33 square miles and Redmond encompasses an area of approximately 16 square miles.
Land use-based zoning data for both cities was provided by GSI. The zoning data were used to divide the
total city into drainage areas of specific land uses. The drainage areas and associated land uses are
summarized in Table 1 for Bend and Table 2 for Redmond. Using zoning data to estimate runoff volumes is
a conservative assumption because vacant areas are represented in the calculations as they are zoned for
future build-out.

Zoning category Area, acres
Central Business District 58.63
Commereial Convenience 107.35
Commercial General 831.27
Commercial Limited 655.07
Commercial Neighborhood 1.06
[ndustrial General 209.01
Industrial Light 1536.79
Industrial Park 37.68
Mixed Employment 121.00
Mixed Riverfront : 274.63
Public Facllities 467.19
Professional Office 9.55
Professionaf Office/Residential Urbran Medium Density/ 7.88
Restdential Suburban Standard Density
uResidentTa! Urban High Density 337.48 )

Residential Urban Low Density 2,185.45
Resldential Urban Medium Density 1,652.31
Residential Urban Standard Density 12,361.69

Brown=-Caldwell 1
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UIC Risk Evaluation and System-Wide Assessment

Zoning category Area, acres
Surface Mining 105.08
Residenttat Suburban Low Density 37.58
Urban Area Reserve " 409.20
Total Area 21,306

Zoning cteory ' R Area, acrs
Alrport 1,469.11
Strip Service Commercial 634.31
Central Bustness Distdct Commerclal 237.83
Speéial Service Commercial 74.08
lelted Service Commerciat 62.94
Tat]rist Commaercial 84,78
Fairgrounds 32112
Light Industrial 1,122,27
Heavy Industrial 625,38
Open Space Park Reserve 1,014.94
Parks 125.02
Public Facility 320.76
Limited Restdential 412.12
Limited Restdential 863.21
Limited Residential 628.94
Limited Residential 117
General Residential 1,632.53
High Density Residential - 43278
Urban Holding 387.57 B
Total Area 10,450.86

Gauge Selection and Rainfall Records

Selection of a suitable rainfall gauge is a necessary step in the process of estimating runoff. Gauge selec-
tion often depends on the type of rainfall data (hourly, daily, etc.) required, period of record, and general
proximity to the study area. Rainfall gauges found to be located within the study area were considered in
order to estimate runoff volumes for the cities of Bend and Redmond. The focus of conducting the rain
gauge review was on obtaining accurate estimates of average annual rainfall; therefore, an emphasis was
placed on finding gauges with robust [ong-term historical summaries and less emphasis was placed on
obtaining hourly data. Another important consideration in the selection of rain gauges was related to rainfall
variability across the city due to possible oregraphic and other effects. Our evaluation indicated that gauges

Brown=~oCaldwell - ‘ 2
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UIC Risk Evaluation and System-Wide Assessment

from the west side of Bend recorded higher average annual rainfall depths than those from the east side of
Bend, However, the difference was relatively small at approximately 0.56 inches. Therefore, annual
average precipitation from the west side gauge was selected to provide conservative representation of
rainfall for the whole city. For the city of Redmond, the rainfall variability across the city was found to be very
minimal (i.e., approximately 0.14 inches) and therefore had no effect on rain gauge selection. The source of
information used to obtain rainfall data was the Western Regional Climate Center (WRCC). The WRCC is one
of six regional climate centers in the U.S. administered by the Naticnal Oceanic and Atmospheric Administra-
tion (NOAA). Specific oversight is provided by the Naticnal Climatic Data Center of the Naticnal Environmen-
tal Sateliite, Data, and Information Service. The missicn of the WRCC is to disseminate high quality climate
data and information pertaining to the western U.S.; foster better use of this information in decision-making;
conduct applied research related to climate issues; and improve the coordination of climate-related activities
at state, regional, and national scales. Given the recognized reliability of NOAA climate data, WRCC was
considered to be an exceilent source of statistical rain gauge summaries for areas within western U.S. Five
of the WRCC gauges are located in Bend and Redmond and are summarized in Table 3.

Data in Table 3 show that for both Bend and Redmond there is not much difference among gauges within
each city in terms of their locations and elevations. Therefore, gauge selections were based on two other
imporiant criteria: 1) which gauge had a longer period of record, and 2) which gauge had a higher average
annual rainfall depth to get a conservative estimate of runoff volume.

aple H Ra alige ] 31831 0 B BSOF pe g Resmond

'Average Maxinum Period of record
Flevation, | Lafitude, | Longltude, annual Total
Clty | Raingaugename{lD) | "p oo ™| gamm | cddmem | raifar, | 0T ears
A% 1 depth, inches|  Start End Y
inches
dend Bend {350694) 3,600 4404 12119 11.84 25.76 04/01/1901|12/31/2010( 110
e -
Bend 7 HE (350699) 3,360 4407 12113 9.52 12.64 05/01/199101/01/2011( 20
Redmond 2W (357052) 3,010 4416 12113 8.28 13.99 04/07/191103/31/1980| 69
Redmond | Redmond 1 SSE (357056) 3,020 4416 12110 10.38 13.44 05/01/1980}06/30/1989( 9
Redmond FAAAP{357062)| 3,060 4416 12109 8.63 1241 07/01/194812/31/2010] 62

To select rainfall data for use in estimating average annual runoff to UICs, Bend gauge 350694 was chosen,
given the length of the record and higher (conservative) rainfall depth. For Redmond, Redmond FAA

AP 357062 was selected because it has a comparable period of record with Redmond 2W 357052 and it
provides the more conservative estimate of average annual rainfall. Based on these gauge selections, an
average annual rainfall of 11.94 inches was used to calculate runoff volumes for Bend and an average
annual rainfali of 8.63 inches was used to calculate runoff volumes for Redmond in order to estimate annual
recharge to the cifies’ UICs.

Additionally, maximum annual depths were obtained for each city from the WRCC. These are provided in
Table 3.

Runoff Coefficient Estimates

To estimate runoff into UICs, runoff coefficients are needed to estimate the amount/portion of rainfall that
actually runs over land (i.e., does not evaporate or infiltrate into the ground) into UlCs. The following U.S.
Environmental Protection Agency runoff coefficient formula was used to estimate runoff coefficients for each
land use:

BrownsoCaldwell | | 3
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UIC Risk Evaluation and System-Wide Assessment

Re = 0.9 * %IMP + 0.05
where:

R¢ = runoff coefficient

%IMP = average percent imperviousness for a specific land use
The average percent impervious values for different land use categories were obtalned from the Central
Oregon Stormwater Manual (COSM) {Central Oregon Intergovernmental Council, 2007) and are provided in

Table 4.

Land use Percent impervious

Commercial ' i 85

Industrial 72

High Density Residential 65

Medium Density Residential 38

Low Density Residential o 25

Open Space/Parks 15
Source: COSM

The land use categories in Tables 1 and 2 were each sorted and grouped according to the general tand use
categories identified in Table 4 to estimate their average percent imperviousness and hence their runoff
coefficients using the equation above (see Tables & and & for resulting runoff coefficients).

Stormwater Runoff Volumes
The average annual stormwater runoff volume (i.e., recharge to UICs) was calculated for each land use
category using the rational method according to the following formula:
V = Ro*[*A
Where:

V = average annuat runoff volume

Re = runoff coefficient

| = average annual precipitation depth
A = drainage area

Using the rainfall, drainage area, and runoff coefficient information from the previous sections, stormwater

. runoff volume estimates for the cities of Bend and Redmond_ were calculated using this formula and are
provided in Tables b and 6, respectively.
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UIC Risk Evaluation and System-Wide Assessment

Zoning category Runoff Average annual runoff volume, Maximum annual runoff volume,
coefflcient acre-feet acre-feet
Central Business District 0.82 47.50 102.50
Commercial Convenience 0.82 87.10 187.70
Commercial General 0.82 674.10 1453.80
Cemmercial Limited 0.82 531.20 1145.60
Commergial Neighbomoqd 0.82 0.90 1.90
Industrial General 0.70 145.20 313.10
Industrial Light 0.70 1067.32 2301.79
Industriaf Park 0.70 26.20 56.40
Mixed Employment 0.82 98.10 211.60
Mixed Riverfrant ) 0.82 222,70 480.30
Public Facilities 0.82 378.90 817.00
Professional Office 0.82 7.70 16.70
e ey oy DY | 29
Residential Urban High Density 0.64 213.20 459.90
Resldential Urban Low Density 0.28 598.00 1289.60
Residential Urban Medium Density 0.39 605.50 1305.80
Residential Urban Standard Density 0.39 4821.60 10398.20
Surface Mining 0.70 73.00 157.40
Residential Suburban Low Density 0.28 10.30 22.20
Urban Area Reserve 0.19 75.30 162.40
Total 9687 20891

Zoning Category coi?f?;:nt Average annual runoffvolume, acre-feet | Maximum annual runoff volume, acre-feet
Airport 0.82 861.1 1238.2
Strip Service Commercial 0.82 3718 5346
Central Business District Cemmercial 0.82 139.4 200.5
Special Service Commercial .0.82 43.4 62.4
Limited Seivice Commercial 0.82 36.9 53.0
Tourist Commercial 0.82 49.7 715
Fairgrounds 0.82 188.2 2707
Light Industrial 0.70 5683.4 8101

BrownsoCaldwell
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UIC Risk Evaluation and System-Wide Assessment

Zoning Category cozufﬂﬂ(?ign t Average annual runoffvolume, acre-feet | Maximum annual runoff volume, acre-feet
Heavy [ndustrial 0.70 i 313.9 A 4514 * o
Open Space Park Reserve 0.19 135.0 1942 o
Parks 0.19 16.6 23.9 B
Public Fality 0.28 63.4 ' 91.2 o
Limited Residential 0.28 81.5 117.2 i
Limited Residential 0.28 170.7 245.5 o
Limited Residential 0.28 124.4 178.9
Limited Residential 0.28 0.2 0.3
General Residenttal 0.39 460.2 661.8 o
High Denstty Restdential 0.64 197.6 284.2 N
Urban Holding 0.82 227.2 326.7 o
Total 4045 5816 N

The estimates of average annual runoff volumes In Tables 5 and 6 provide an estimate of the average
annual recharge to UiCs in Bend and Redmond. In summary, these estimates are conservative based on the

following assumptions:

« WRCC rain gauges with the highest estimates of average annual rainfall were used to estimate runoff.

« Runoff coefficients are estimated to be conservative for Bend and Redmond given the porous soils and
high evaporation rates.

« Land uses are based on zoning (future build-out) and do not account for the more pervious vacant areas
that exist.

« Anassumption was made that all areas of the cities drain to UICs when some smaller areas are know to
be piped to drain directly to the Deschutes River. In addition, some runoff drains to private as opposed to

public UICs.

References
QOTAK, Central Oregon Stormwater Manual, May 2007

Waestern Regional Climate Center, hitp:/fwww.wrce.dri.edufsummary/Climsmor.html
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Pollutant Concentrations in Redmond Stormwater
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Pollutant Fate and Transport
Pollutant Attenuation After 5 Feet of Transport - City of Redmond
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NOTES

! Input nonaantmtion squal to the sfusnt diashangs fimit (DL} in the Undargraund infection Control (UIC) Water Poliution Controt FacTy (WPCF) Munloipal STormwater Tamplats,

? Input aanceatrabion equzl fo 40 imes the efusnt dischargs imit {EDL} in the Undstground Injaction Contral (UIC} Water Paliutign Controt Ficikty (WPGF) Munlalpal Stemmwatsr Tsmylate,

2 The Irput cancentration for naphthalane, which does not have an ZOL In the UIC WPCF Munlalpal Stamwater Template, |8 about 0.05% of fia nolubllity In weter at 10.0 degress Calsiue {Bohon and Clavssor, 1951).

* in Radmand, watar inflirdes Imo UICs for s tolnl of 222 days {aso nols ), Becatme metals o not degrads cvar fime, the metals’ inflliratior tve allows for 10D years of motala traneport. Specifically, 2,22 deys ol infiteation pac year* 40D years = 222 days of nilitration,

® In Redmand, water s enaumed to Inflirate Into UICH for & total of 2.22 daya. This infltretion time ves datermined by assuming that infilration ocaum when pregipliation rate ts equal to or exceads D.04 inthea per howr, and summing the ot hours in the year thot praolpltation rate Is agual to o excaeded 0.04 Inches per hour
based on data from 2002 end 2008 (Redmond rain gegs 357062), The geomstric mean [nfllvstion time trom 2002 thraugh 2008 of 53 hoyrs (.72 days} was used [n the modal,

% tnfitrution time ks shoror than 2.2 days bacauss the maximum polutart ssncenization immoxdiataly albovs the watar tabls oocurrsd pror to tha mmdmwm numbsr of days. that tarmwater infilrstas tnfo the UIC (reachss standy-state).
7 Modinn blodagrtation rte from & teview of sclsntifia eraturs (soo tot for rofaronees).
# 25th pergantils biedegratintion rmis from a reviaw of solariflo Hiaraiure (sas (ot for refarances).
® 10 porsert of the average blodegradation rate of PCP undor anvcblo condiiions fiam stutlies by Schmit ot ul. (1596} snd O'Angelo and Rnddy (2000},
™ 10 porcont of the minkmum biodegradation mte of PSP under reroblo conditions from studken by Schmidt et el. (1909) ond D'Angelo end Reddy (2000)
 Caloulated from tha foliowing fomuia: G, = Cas™, wharo & ls concartrtlon ot time't, Gy s initial tlatims, and kis bl
2 Paroslty of materil infllling frectured razk bonoath the UIC, Bocalise typiat tracture widtha In busak are 0.14 mm (Lindberg, 1988, monnuremonts from o Celumble River Basalt Group), we ansume that the infilliog matardal would bs fina sanc-sized (D.075 mm to D.42 mm, Tabls 4.2, py. B4 of Fettar, 1994), Therefare, typloal
B Calouiatad by farmula 8.26 In Freaze ang Cherry {1878) pr = 2.6 1-n).
% Estimate of Ty, basod oa adcumulation of TOC i stormwator around the UG 500 text for dencription .
® < saphario ly 172 of the ht atio sutimste of £, besed on ascumulation of TOC In stormwater rsunt the UIG; ses tmd for desatipton ,
® Calaulated from the equstion of Roy ang Critfie (1985), which relbtow Ky 1o water salLisiity and Ko, B8 presenled n Follar {1804}
7 Bacause tha K.ca rsported in fiski studias were ail higher than K. catoulated from Ko fie., Deld-etudy K8 were lesa conservative}, the reasonable maximum scenaris Uses the K, calkulstad by Rey and Criffin (1205)
18 Tha kweat €y, fopteted for Naphthalone in the EPA (31008} foviaw of n = 20 Naphthalane Kue fam fleld-tosting. The rnte of K, wius 830 kg - 1,050 Ly,
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B The Kufor s ph Suit and gr PHaroin theteforn, asil pH can be utimated from greundiatar pH, pH has boart mazsured at Clty of Redmand munlclpal wells 4,5 and & (the anflowrsl city welle), snd rngad from 795 to B.17. The average groundivaler pH I Redmoond s
801, which camaspands with o Koo of 410 Ui,

= Calaulsted from equation (74) ln EPA (1906}, which rolates Kos 1o Kow for tortats shiorinated pettiiides. Tho Kaw wam taken fom EPA (2008a),

21 The lowsnt Ky reportad foF 2,4-D aold In EPA (2010m}. ‘The mange of s 20.0 16 100.4 Likg.

Z ralauiated from equation (71} in EPA {1906}, wheh ralates Koo to Kow for VOCs, and cartal Meidos. The Iog Kow for Tolusns (2,50) wos takanfrom EPA {210z}

5 The lowast K, repanad for Toluane In EPA (20300}, Tha ronpe of K, waa 37 - 178 Uxg,

 Madian K, for copper or [aed, cafeulatad tolng ste-speoklc dukz and an equatien fom Brickner (1928}, basad on Clty of Band 2011 slomwaler sarmpling.,

2 Minlmum K, for soppar or 180d, caloulated using sita-spaciiia dite: and an sgquition from Brickner {1898), basad on Chy of Band 2011 starmwater aampling.

# 1y onteuiatad from the foliowing stuation: Kd = (ot {o.0. Walts, pg. 279, 1886). We ootmervatively Essume that soropthon only oCours on the sadimentary matorial lefiling the frectures, and ne serphon ovours on fraciure faces,

T Hydraulic sanductivity saloblatad using the pump-in metied at S0 UICs inthe Cly of Redmand, The puma-in mathed is outiived in USDY {pan, 83 » 55, 19531, and s diacussed In more detal In the text. The medien hydraullc aandurtivity of the Quatemary Basalt and Andaalts gaciogin Uit {Le., the mest parmenhia gaciozio unl
that U1Ca and diittholes are comgpleted In) was aonservatively used. .

2 Hydroulic conduciity caloulated siig the pump-in mathod at 00 UICe in the Clty of Radmond, The pump-in triethod (s aullinad in USDI {pga, 83 - €5, 1203), und |s dlecuanad In more detall In the text. The hydraullo condictivly of the Quatamary Basal and Andesite poclogia unt (e, the most permesble gsalogio unt that
UiCs and drifhales are comploted In) wos conservatively tapd. Tho 95% UCL on the mean is typlcally uand for the reascnable minimum tratsport soenario, but the maximum wis used because only S pumpsin tuils ware condustod in the Quatomary Bonall img Andesits, whigh is not a terge snough sampls alze (o caloulats a
05% UCL on tha mean.

™ MRLs bated on typloally nahleveabls methed soperting Iimits during stom watee sampling In Oregen, Somplan analyzed were collected durlng 2007-2011.

* EfJLs fram the UIC WPGF Munitipat Stormwater Temgiate,

» 4 bearved lon of

data aollscted Suring the Redmond 2007 - 2010 stomwatar sampling avant. Where data Wato nor-stocts, ¥ the: datection limit of the apecifie Pl Ipnia vens Lned for the avarags,

ABBREVIATIONS

PAHs = Polynuclant Aromatio Hydrosatbans. USOS sUnlted Stotes Gological Sunvey MRL = Msthod Reporting Limlt m = malata

SVOCa = Semi-Volatile Organic Compaunds EPA = Envircnmenial Pretection Agency TOC = Yolal Orgunic Carbon ™M = msters per day
VOCs = Volathe Crifanle Compounts ulC = Lindarground Injsction Contrel d =dnys m%d = equaro Mors per day
PCP = Rantachiorophono) ueL = Upper Confidonon Level fem® = grzmm par cubic contimetet mat = milligrams par fitar

« gty of Drom_z7duds © pra [ Roamond.
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APPENDIX D

Separation Distance Necessary to Meet MRLs

City of Redmond, Oregon
CONPUTED DISTANCE TO MEET MRLs
Input Cone = of § cr Data Input Concontration = EDL Input lon = Redmond Proposed EDLs
Pollutant IMRL Input Distance Undoer Distance Under Reasonabie thput Distance nder Distance Under Reasonable Input Distance Under Distance Under Reasonable
(ug/L) Concentration Average Scenatio Maxlimum Scenario Concentration Average Scenarlo Maximumn Seenario Concentration Avarage Scenarlo Maxtmum Scenario

{ug/L} {feot} {feat} {ug/l) (feat) (feet) {ug/l) (feet) (feet)
Copper 0.2 4.40 0.0026 0.0045 1,300 0.005 0,008 1,300 0.005 0.008
Lead 0.1 1188 0.0010 0.0021 S0 0.001 0.002 500 0.001 0.003
Benzo{a)pyrene .01 No Detections 0.2 0,001 0.003 2 0.001 0,003
PCP {pH=8.01) 0,04 No Detactions 1 0,604 1.603 18 0.786 2.088
DEHP 1.0 No Detections 5 0.017 0,049 4] 0.024 0.065
2,4-D 0.1 No Avallable Date 70 1.639 13.075 70 1.63% 13.075
[Toluene 0.5 No Detectlons 1,000 2.126 11.682 1,000 2,126 11.682
ASSUMPTIONS
1} 100 yeves of pollutant transport simsdated for meials. In Bend, UTCs discliarge waler inle the subsurfece 3,3 days each year for 100 seara = 390 dinys of port. In Redmond, UTCs diacharge water Into the subsuzface 2.2 days each year for 100 years = 222 days of

transport,

2} Tnput concentrations are equal to the aoerage concentraion of stornpmaler data collected by cach Qity, the EDL, or 10x the EDL. Wiers iheve were non detecls, 172 e detection limit was used for calculaling the average. Bectuse naphihalens doex not hooe an EDLin the
draft UIC WPCF Permit, the EPA Regional Screeniing Lepel was ysed.,

33 All irput parameters based on date from the Clty of Bend and City of Redmond (with the exception of metals Inanport pavamelers, winch are based on Pottlemd data).
A} Median veriical hydrautic conductivity of the Quaternary beisl? and andeslie is used for velocity.
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Appendix E

Pollutant Fate and Transport
Pollutant Attenuation After 14 Feet of Transport - City of Redmond

Pesticides! VOCs
Herbicides
Parametor Symbed | Units 240 Tolvane
Ransonable Receonable
Average Mendmum Average Maximunt
Geanano Soanania
Stenane Sconarlo
LIS Properitos Clstanca Neadog o Roach ¥ mn 427 4.27 427 427
MRLs ¥ 3t 1400 14.00 1460 14.00
< Co mpi, | 200802 0 [ 7.00E02 | 1.00E+00 Y[ 1.ODE#GD '
Infiltratian Tine [ 4 222 = 22 ¢ 272 < 222 3
Chotaical FirakOtdar [ate Conadant ] 4% | 530ED8 ¥ [ 220803 | 330EM ! 8AECE §
Properties Hall-Lifs h d 08 3158 23 v 85 %
[#hyslaal anc Sall Porasity 1 - BRI o37e °| oars 9| ouvs ®
Chotnical Soit Sol} Bulk dansity o el 186 'L 188 'l 1es
Fropertios Fracyon Qrznia Cathon t - | ooozio * | oocomss ¢ ] compita *| ooossss *
Drgumg:;{b;z:amrbn 'y [ 201 o« 20 1" 462 © rd 3
Distributiors Coefliisnt Fa Likgy 1.4 * CL70 ™| 7.2 N
Pore Water Velochty v r_n__Jd [ e 0.64 “’ 081 -
Caicwisuona Reterdation Factor R - 73 13 | &1 1.5
Dsparsion Cootilalent [»] mtg | 1.37601 185608 37E-M 185E01
Normlized Dispetaion o i | 187602 14968 2245 L2E01
Nomalized Yaksty ¥ mid | 875602 GHEED OSE-01 F7EL
‘Normulizas Dagridation [ g | 725EG 1 BHEO3 4602 18602
o) [ - 253602 -1 0350 ._-:LOOE"OG 3 CEA
A = - 1O0E+ 2.3CE+10 HE3EH00 ZBI1EQ0
P - - 9.55E-01 B8.00E-01 1355 SELT
oHatAs) - L3 QO0ESLO BAIED4 Q00540 TASEDS
By = - 2.006+01 20BN 220801 2045401 . .
By - - L 1QED1 SO0E! 1026401 SIEE0
o - - CIE+OH 200E+(! 3506+ 706408
i1} * = | OOEHD BA41E-13 0.0DE+0 JF0E-14
Conpantretion st Distanas. c moft. | 0.00E+00 JIBH05 TOQESQ0 37BECS
Raguisiory MRis L 100504 ki 50004
Seandprds EDis gl 7.00E02 @ 10CE+00 2
Qbzerved 52 (<3 vox, N0 AvRRDIe Ot N0 Dalections
Rutio o Qhserved Concanirnlion : ingiut
LConcontration - - o Avallabie Outi No Dalections

NCTES

- Clty & Dend010- L

* Inpu concantration equal t6 the affiuent dissharge imit (EDLY in e Undorground infestion Controd {LIC) Water Pollution Contrel Faallity (WPCF) Municipal Stormwatsr Tomplate,

? In Redmend, watar la cesumed to (nfilzata tnie UICs for a total 6f 2,22 days. “This Inflitration time wos detorminad by azsumning that infintion ocaura ‘when praciplintion e |s equal to or exgoeda 0,04 indhen per hour, and summing tha total Houms in the year that pracipltation rmita is equat to er sxcanded G.04 Inches per tour
based on data from 2002 end 2008 {Redmond rain grpe 357062), The gosmatrle mean inMtmton time fom 2002 threugh 2008 of 53 hours (2.22 doyo} was used [n the model,

* Madlen biodagrodntion reto ftom & review of T {sae toxt for

429t percontlie biodeqradation rete fram a roylows of ac) {oe toxt for 3,

© Caloulated fiom the fallowing formudn; G = Cop™, whate &) I concentration et thive & Gy la nitlel coroantretion, t ia time, ard k s bodogradetion rate,

© Pagontty of matarial inGliing fractured roak honaath the UIC. Bacause typieal fracture widtha i baenk ace 0.14 mim {Lindborg, 1669, messurements from tho Columbla River Basak Grotn), we aseumo that the inflling material would be fine aznd-sizad {0.075 mm to DAZ mm, Table 4.2, py. 84 of Fottar, 1904), Therefoce, typlasl
poreslty of o aand {0,375) from Fraezs and Cherry {1670}, page 37, Tebls 24 {8 usad in this analyals,

7 Calaufatee by formula 8,26 In Freeze and Chenry (1679 , = 2.85(1-n).

* Extimate of %, butad 6n nacumutation of TOT i siarmwater araund the UIC; nas taxt for dencription .

9 Reancnable mudmum scenars s consarvatively 472 of the 2verage aranark aatimate of {,, basad on 2aoumulation af TOC in sormwatar arund the LIIC; sor text for deserlption .
19 Calaulated from the eqration of Ray and Onffin (1985), which reiaten Ko ta woter solubllity and Ko, an presanted in Fottar {1904},
1 Beoauze the K raported In fiakd studiss ware all higher than Kb caloulated from Ko.{l.a., flald-study Kus wera Inss aoncarvative}, the reasenable maximum spansric usos the Ky calaulated by Rey and Griffin {1085)
2 The kawest Ky teparted far Naphthalerio in tho EPA (1608) review of i » 20 Nephithalena Ke trom fald-4asting. The range of Ko, wae 830 Lkg - 1,850 Likg.

T Tha Keefor F ls pH-dep: Sol) and g pHare horefors, sl pH san boe sctimnled from groundwatsr pH, pH has hats measured at clty of Redmond muricips! wells 4,5 end € (the shalowsst clty walis), nvd rangsd fram 753 o 8,47, The average groundwater pH ln Redmond s
8,M, which comesponds with a Koo of 430 kg,

1 K cakeudnted fram the foliowing equation: Kd = (f,0{Ke) {e.5. Watts, py, 270, 1958), We conervativaly sssumo that soraplion oniy oc¢ouns on e sadimentary material inflling the fractures, and no BopYon occurs on fracture fagoe,

™ Hygroulic eonduetivity calolinted Lsing the pump-in methad £t 840 LiCs in the City of Redmond. The pump-in methag (o outtined [n USDE (pgn, 83 « 85, 1663}, and b discimaed In mare detall in the text, The hydraula canductivity of the Quaternery Banalt and Andeslty gealogle unit (.., the mant permeahle gealgle it thak
HCa and drilholes are complated n) was aonservatively usad.

COR 5014 MRLA

ppander C and ©_Redeand 112
oo




HCa

n EDLn tfrom the Lﬂc WPCF Munln]pal Glomwntsr Tomplate,

ABBREVIATIONS
PAHs = Polynuriaar Aramatio Hydracerbons
SVOCa = SamiVolstile Oranlo Camptunds
VOCa = Volatile Organio Cempourds.
PCP = Pantachiorophens]

USES =Unted Staton Qeclogles! Survey
EPA = Enviranmenisd Protaction Agency
WG = Undarground Injaation Contral
UCL = Uppar Confldense Leve|

85% UCL on the mann).
7 MRLa bosad on typleally achiavenhis mathod raporting imts duing atorm water sempling InQregon. Samples analyzed wers coflacted during 2007-2011.
dnto collacted during the Redmand 2007 — 2010 stormwater sumpling evert, Whero data waro nenedstacts, ¥ the detoction limit of the spocific sample analysis war uaod for caloulnting tha everags.

MRL = Mothod Reporting Limit
TOC * Tat] Crganle Cerbon

© a0 Fediond

1]

~Ciryat
E3R_IDne MRS

8 =days
glom® & grames per cublo ventimetar

¢ Hydraubo conductivity eulnuhhsd uulng lno pumpein muhﬂd 2t 90 UICs In the Clty of Radmond. The pump-in methtd s cutlined [n USD) {pge. 83 « 86, 1903}, and ls discussod in mare detadl in the text. The hydraulle conductivity of the Quatemary SaeaX and Antealts gealoglo unit {i.e., the moet permesble goclogls unft that.
ly usod. (The 5% UGL on the mean t typloally taiod for the teassnabla maximum transport soanare, but the muximum was usad bacause Ohly 5 puimp it tests werd conducied in the Quaternary Basalt umd Andesdte, which (8 not a lorge encugh santple stza 16 alulate »

™ = metens
mid = moters per day
mid = uquare metars par day
g = millgrams per itar
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City of Redmond UICs within 500 Radius or 2 yr Time of Travel

uic Number [UIC Type
UIC0108 Dritlhole
uUIC0109 Drillhole
uic0118 Drillhole
uico120 Drywell
uicoiz1 Drywell
uicoi22 Drywell
UiCo122¢ Drillhole
uico136 Drywell
UlC0160 Drywell
uIC0163 Drywell
uiC0166 Drywell
UiC0166¢ Drillhole
Uic0167 Drywell
UIC0168 Drywell
UIC0169 Drywell
uico170 Drywell
uicoi71 Drywell
UiC0174 Drywell
Jico182 Drywell
JIco187 Drywell
uico188 Drywell
ulCco189 Drywell
UIC0194 Drywell
UiC0195 Drywell
UiC0196 Drywell
Uic0197 Drywell
UIco198 Drywell
uIC0199 Drywell
uI1C0200 Drywell
uUico201 Drywell
uicoz202 Drywell
UIC0255 Drywell
U1co292 Drywell
ulco297 Drywell
uICc0300 Drywell
UiC0301 Drywell
UiCc0302 Drywell
UI1C0303 Drywell
Uico304 Drywell
U1C0305 Drywell
UIC0306 Drywell
UiC0307 Drywell
UiC0308 Drywell
U1C0309 Drywell
UIco310 Drywell
U1co311 Drywell

September 22, 2011




City of Redmond UICs within 500' Radius or 2 yr Time of Travel

UiC Number |UIC Type
Uico312 Drywell
UiC0313 Drywell
UiC0315 Drywell
UlC0316 Drywell
UIC0317 Drywell
uIC0320 Drywell
UlCo321 Drywell
UIC0322 Drywell
uiC0323 Drywell
UIC0385 Drywell
Ulco386 Drywell
UiCc0390 Drywell
U1c0391 Drywell
U1C0392 Drywell
UiC0393 Drywell
UiC0398 Drywell
UiC0403 Drywell
UiCcc404 Drywell
uICo0405 Drywell
UIco412 Drywell
uicoaz27 Drillhole
uiCc0433 Dryweil
UlC0434 Drywell
uico43s Drywell
Uico464 Drywell
uiCc0474 Drywell
uUlco475 - Drywell
UIiC0476 Drywell
uico477 Drywell
U1C0483 Drywell
UiC0484 Drywell
uic0485 Drywell
yico493 Drywell
uico494 Drywell
Uico496 Drywell
vIc0524 Drywell
UIC0543 Drywell
uIC0544 Drywell
UIC0545 Drywell
UIC0546 Drywell
uICO547 Drywell
UIC0548 Drywell
UIC0549 Drywell
UIC0550 Drywell
UIC0551 Drywell
U1C0552 Drywell

September 22, 2011




City of Redmond UICs within 500" Radius or 2 yr Time of Travel

UIC Number [UIC Type |
UIC0553 Drywell
UiC0619 Drywell
UIC0653 Drywell
UIC0654 Drywell
UIC0655 Drywell
UIC0656 Drywell
UlC0657 Drywell
UIC0658 Drywell
UIco676 Drywell
UIC0679 Drywell
UIC0689 Drillhole
Uico707 Drywell
UIC0708 Drywell
UIC0709 Drywell
uico712 Drywell
UIC0713 Drywell
uico714 Drywell
UIco715 Drywell
UICO716 Drywell
UIC0717 Drywell
UiCo718 Drywell
Uic0719 Drywell
JIca720 Drywell
uUilco721 Drywell
uico722 Drywell
U1C0723 Drillhole
UlCc0724 Dritlhole
Uicg725 Drillhale
UIC0737 Drywell
UIC0738 Drywell
UIC0739 Drifthole
UIC0755 Drywell
UIC0799 Drywell
uicosz1 Drywell
UI1C0865 Drywell
UIC0866 Drywell
Ulcoges Drywell
UIC0870 . Drywell
Uicog71 Drywell
uicos73 Drywell
UICo874 Drywell
UIco876 Drywell
yicog77 Drywell
UiCo894 Drywell
UIC0896 Drywell
UICOSC0 Drywell

September 22, 2011




City of Redmond UICs within 500’ Radius or 2 yr Time of Travel

UIC Number [UICType
UIC0903 Drywell
uUIC0924 Drywell
uIC0925 Drywell
uIC0926 Drywell
UiC0973 Drywell
UiC0983 Drywell
UiC0984 Drywell
UIC0985 Drywell
UIC0986 Drywell
uICo987 Drywell
.{uIC0888 Drywell
uIC0989 Drilthole
UiC0990 Drilthole
UIC0991 Drilihcle
Ui1C0992 Drilihole
UIc0993 Drillhole
Uico994 Drywell
UIC0995 Drywell
UIC0996 Drillhole
Uic0997 Drillhole
UI1C0998 Drillhole
UiC0999 Drilthole
UIC1020 Drywell
Uic1021 Drywell
yUIc1022 Drywell
uICc1023 Drywell
uiC1024 Drywell
Uic1025 Drywell
uIc1041 Drywell
uic1042 Drywell
Uic1043 Drywell
UiC1044 Drywell
yIC1052 Drywell
UIC1053 Drywell
UiC1054 Drywell
UIC1055 Drywel!
UIC1060 Drywell
Uic1o61 Drywell
UiC1062 Drywell
UIC1065 Drywell
UIC1066 Drywell
UIc1067 Drywell
UIC1068 Drywell
UIC1069 Drywell
Uic1070 Drywell
uIC1085 Drywell

September 22, 2011




City of Redmond UICs within 500' Radius or 2 yr Time of Travel

UIC Number [UIC Type

UIC1091 Drywell

uIc1092 Drywell

U1C1096 Drywell

viC1097 Drywell

UIC1098 Drywell

UIC1099 Drywell

UIC1100 Drywell

UIC1101 Drywell

uIC1102 Drywell

UIC1103 Drywell

ulC1104 Drywell

UIC1105 Drywell

UiC1106 Drywell

ulIC1107 Drywell

UIC1108 Drywell

UiC1109 Drywell

UiC1110 Drywell

uUici111 Drywell

uIC1112 Drywell

uic1117 Drywell

UiC1118 Drywell

UIC1119 Drywell

UIC1120 Drywell

uicii121 Drywell

uUiC1122 Drywell

Uvici123 Drywell

UIC1126 Drywell

UIC1135 Drywell

UIC1136 Drywell

UiC1146 Drywell

UIC1149 Drywell

UIC1190 Drywell

uIC1197 Drywell

UiC1198 Drywell

uici217 Drywell

UIC1218 Drywell

UIC1220 Drywell

UiC1223 Drywell

Uic1241 Drywell

ulc1242 Drywell

UlIC1245 Drywell

UlIC1255 French drain

UiC1263 Drywell

Uic1264 Drywell

UIC1273 Drywell

Uic1274 Drywell

September 22, 2011




City of Redmond UICs within 500" Radius or 2 yr Time of Travel

UIC Number |UIC Type
UIC1300 Drywell
Uic1323 Drywell
vic1324 Drywell
UIC1325 Drywell
uIc1331 Drywell
uiC1334 Drywell
UIC1335 Drywell
UIC1383 Drywell
Uici389 Drywell
UiC1392 Drywell
UiC1480 Drywell
UIC1481 Drywell
ulC1482 Drywell
UIC1484 Drywell
uIC1485 Drywell
UIC1486 Drywell
UIC1488 Drywell
uIC1510 Drywell
UIC1513 Drywell
UIC1518 Drywell
UIC1529 Drywell
UIC1530 Drywell
UiC1533 Drywell
UIC1535 Drywell
UIC1536 Drywell
UIC1539 Drywell
UIC1541 Drywell
UIC1542 Drywell
UIC1560 Drywell
UIC1561 Drywell
UIC1562 Drywell
U1C1593 Drywell
UiC1594 Drywell
UiC1595 Drywell
UiC1596 Drywell
UiC1597 Drywell
UIC1598 Drywell
uIC1599 Drywell
UIC1600 Drywell
uIC1602 Drywell
UIC1604 Drywell
UiC1628 Drywell
UIC1629 Drywell
UIC1636 Drywell
UiCl646 Drywell
UIC1665 Drywell

September 22, 2011




City of Redmond UICs within 500" Radius or 2 yr Time of Travel

UIC Number [UIC Type

UiC1722 Drywell

UIc1729 Drywell

uici730 Drywell

UIC1731 Drywell

UiC1732 Drywell

UiC1733 Drywell

UIC1734 Drywell

UIC1735 Drywell

UIC1736 Drywell

UIC1737 Drywell

UiC1744 Drywell

uici747 Drywell

uUIC1749 Drywell

UIC1757 Drywell

Uic1841 Drywell

UIC1854 Drywell

UIC1855 French drain

September 22, 2011




City of Redmond UICs within 500' Radius or 2 yr Time of Travel

Ule:Number {UIC Type
UiC0108 Drillhole
UCc109 Drillhole
UiC0118 Drillhole
“1UIC0120 Drywell
uIcg121 Drywell
UlCco122 Drywell
UlIC0122¢ Drillhole
uICo136 Drywell
UiC0160 Drywell
UiC0163 Drywell
UICG166 Drywell
UIC0166¢ Drillhole
ulco167 Drywell
UIC0168 Drywell
UIC0169 Drywell
uUico170 Drywell
Uico171 Drywell
uiC0174 Drywell
UIC0182 Drywell
uIco187 Drywell
uICD188 Drywell
UiCc01839 Drywell
Uic0194 Drywell
UiC0195 Drywell
UiC0196 Drywell
uico1s7 Dryweli
u1co198 Drywell
UI1c0199 Drywell
U1C0200 Drywell
UiC0201 Drywell
uico202 Drywell
UiC0255 Drywell
UICo292 Drywell
UI1co287 Drywell
J1C0300 Drywell
uICc0301 Drywell
ulCc0302 Drywell
UiCc0o303 Drywell
UiCo304 Drywell
VIC0305 Drywell
UI1C0306 Drywell
UIC0307 Drywell
J1C0308 Drywell
UIC0309 Drywell
UiCo310 Drywell
Uico311 Drywell

September 22, 2011




City of Redmond UICs within 500’ Radius or 2 yr Time of Travel

UIC Number [UIC Type
uICc0312 Drywell
UIC0313 Drywell
UIC0315 Drywell
U1C0316 Drywell
UIc0317 Drywell
UIC0320 Drywell
UICo321 Drywell
uUic0322 Drywell
UiC0323 Drywell
UICG385 Drywell
UIC0386 Drywell
U1co3s0 Drywell
UiC0391 Drywell
£1C0392 Drywell
ulC0393 Drywell
UIC0398 Drywell
UIC0403 Drywell
ulICc0404 Drywell
uUlCco40s Drywell
ulc0412 Drywell
uico427 Drillhole
U1C0433 Crywell
uico434 Drywell
UIC0435 Drywell
UIC0464 Drywell
Uic0474 Drywell
Uicoa75s Drywell
UIC0476 Drywell
UlC0477 Drywell
Uic0483 Drywell
UIC0484 Drywell
U1C0485 Drywell
UIC0493 Drywell
uicoag4 Drywell
UIC0496 Drywell
UIC0524 Drywell
UiC0543 Drywell
UiC0544 Drywell
UIC0545 Drywell
UIC0546 Drywell
UIC0547 Drywell
UiC0548 Drywell
UIC0549 Drywell
UICO550 Drywell
ulCo551 Drywell
UIC0552 Drywell

September 22, 2011




City of Redmond UICs within 500" Radius or 2 yr Time of Travel

Ul€ Number  {UIC Type
U1C0553 Drywell
uIC0619 Drywell
UIC0653 Drywell
UIC0654 Drywell
UIC0655 Drywell
UIC0656 Drywell
UIC0657 Drywell
UIC0658 Drywell
Ui1Co676 Drywell
UiC0679 Drywell
UIC0689 Drillhole
uUlco767 Drywell
UI1C0708 Drywell
UICo709 Drywell
UIC0712 Drywell
Vico713 Drywell
|ulco714 Drywell
uUICo715 Drywell
UIC0716 Drywell
uico717 Drywell
UIC0718 Drywell
UIC0719 Drywell
Ui1co720 Drywell
uico721 Drywell
uico722 Drywell
uiCo723 Drilihole
uico724 Drilthole
Uico725 Drillhole
uIco737 Drywell
UIC0738 Drywell
uico739 Drillhole
UiCo755 Drywell
UiC0799 Drywell
U1co821 Drywell
UIC0865 Drywell
UlCco866 Drywell
uiC0869 Drywell
UiCcos870 Drywell
yICo871 Drywell
uicos73 Drywell
ulcos?4 Drywell
uiCcog76 Drywell
uicos?77 Drywell
UiC0894 Drywell
yIC08%6 Drywell
UI1C0900 Drywell

September 22, 2011




City of Redmond UICs within 500" Radius or 2 yr Time of Travel

UIC Number |UICType
Uico903 Drywell
Uico9z4 Drywell
UI1C0925 Drywell
UIC0926 Drywell
u1cp973 Drywell
UIC0983 Drywell
UICCo34 Drywell
Uico9ss Drywell
UIC0986 Drywell
UIC0987 Drywell
uIco988 Drywell
Uicoaga britlhole
UICG9380 Drillhole
UiC0991 Drillhole
Uico9s2 Drilthole
UIC0993 Drillhole
uIco994 Drywell
UIC0995 Drywell
UICG996 Drillhole
UiC0997 Drillhole
U1Cc0998 Drillhole
Jic0999 Drilthole
UIC1020 Drywell
uic1021 Drywell
uiC1022 Drywell
UiC1023 Drywell
Uic1024 Drywell
Uic1025 Drywell
Uicio41 Drywell
Uic1042 Drywell
uic1043 Drywell
uicio44 Drywell’
UiC1052 Drywell
UiC1053 Drywell
UIC1054 Drywell
UIC1055 Drywell
Uic1060 Drywell
uUiC1061 Drywell
UiC1062 Drywell
UIC1065 Drywell
UIc1066 Drywell
uIC1067 Drywell
uic1068 Drywell
UiC1069 Drywell
uUiC1070 Drywell
UIC1085 Drywell

September 22, 2011




City of Redmond UICs within 500' Radius or 2 yr Time of Travel

UIC Number  1UIC Type

UIC1091 Drywell

UIC1092 Drywell

uIC1096 Drywell

UIC1097 Drywell

U1C1098 Drywell

UIC1099 Drywell

UIC1100 Drywell

uici101 Drywell

UiC1102 . |Dryweli

UIC1103 Drywell

UIC1104 Drywell

UiC1105 Drywell

UiC1106 Drywell

uIC1107 Drywell

UiIC1108 Drywell

UIC1109 Drywell

UiC1110 Drywell

ulcii1l Drywell

UiC1112 Drywell

uIc1117 Drywell

Uic1118 Drywell

UiCi119 Drywell

UIC1120 ~  |Drywell

uic11z1 Drywell

uic1122 Drywell

Uic1123 Drywell

UIC1126 Drywell

UIC1135 Drywell

uiCii36 Drywell

UiC1146 Drywell

UIC1149 Drywell

UIC1190 Drywell

UIC1197 Drywell

UIC1198 Drywell

uic1217 Drywell

uiCc1218 Drywell

UiC1220 Drywell

UIC1223 Drywell

uUiC1241 Drywell

UiC1242 Drywell

U1C1245 Drywell

UIC1255 Erench drain

UIC1263 Drywell

UlC1264 Drywell

UIC1273 Drywell

UiC1274 Drywell

September 22, 2011




City of Redmond UICs within 500" Radius or 2 yr Time of Travel

UIC Number [UIC Type
UiC1300 Drywell
UIC1323 Drywell
UiC1324 Drywell
UIC1325 Drywell
UIC1331 Drywell
uiC1334 Drywell
uiC1335 Drywell
UiC1383 Drywell
UiC1389 Drywell
Uic1392 Drywell
UIC1480 Drywell
uiC1481 Drywell
uici1482 Drywell
UiC1484 Drywell
UiC1485 Drywell
UiC1486 Drywell
UIC1488 Drywell
uIC1510 Crywell
UIC1513 Drywell
UIC1518 Drywell
UiC1529 Drywell
UIC1530 Drywell
UIC1533 Drywell
UIC1535 Drywell
UIC1536 Drywell
UIC1539 Drywell
uic1541 Drywell
UiC1542 Drywell
UiCc1560 Drywell
UIC1561 Drywell
UIC1562 Drywell
uic1593 Crywell
UIC1594 Drywell
UiC1595 Drywell
UiC1596 Drywell
UIC1597 Drywell
UIC1598 Drywell
UIC1593 Drywell
UIC1600 Drywell
uiC1602 Drywell
Uic1604 Drywell
UIC1628 Drywell
UlC1629 Drywell
uiC1636 Crywell
uici64s Drywell
UIC1665 Drywell

September 22, 2011




City of Redmond UICs within 500" Radius or 2 yr Time of Travel

UIC Number |UICType

UiC1722 Drywell

uIC1729 Drywell

UIC1730 Drywell .

uIC1731 Drywell

uUIc1732 Drywell

UIC1733 Drywell

UiC1734 Drywell

UIC1735 Drywell

UIC1736 Drywell

uiC1737 Drywell

UiC1744 Drywell

vic1747 Drywell

UIC1749 Drywell

UIC1757 Drywell

UiC1841 Drywell

UiC1854 Drywell

UI1C1855 French drain

September 22, 2011









