Water Solutions, Inc.
TECHNICAL MEMORANDUM

Infiltration Testing to Estimate Soil Permeability and Infiltration Volumes
for a Proposed Treated (Class A) Wastewater Infiltration Facility, North
Santiam Canyon, Oregon

To: Peter Olsen, PE / Keller Associates

James Bledsoe, PE / Keller Associates

From: Matt Kohlbecker, RG / GSI Water Solutions, Inc.
Ellen Svadlenak, GIT / GSI Water Solutions, Inc.
Jason Melady, RG / GSI Water Solutions, Inc.

Date: January 18, 2021

This technical memorandum, prepared by GSI Water Solutions, Inc. (GSI), summarizes infiltration testing to
measure the permeability of soils in the North Santiam Canyon, Oregon, and presents updated, planning-
level estimates for the volume of advanced treated (Class A) wastewater that could potentially be infiltrated
at four candidate sites.

1. Introduction

GSI (2020) evaluated the suitability of ten pre-selected sites in the North Santiam Canyon for potential
infiltration of advanced treated (Class A) wastewater based on the following characteristics: (1) the level of
effort for site development, (2) potential permitting challenges, (3) the volume of water that can likely be
infiltrated based on aquifer characteristics, (4) the aerial extent of the aquifer beneath the infiltration facility,
and (5) surficial soil permeability (i.e., the upper 6 feet of soil). GSI developed scores for each individual
characteristic, and ranked the ten sites by potential for wastewater infiltration.

The GSI (2020) evaluation estimated surficial soil permeability (characteristic number 5 above) based on
regional-scale studies of soil properties prepared by the U.S. Department of Agriculture (USDA). This
technical memorandum documents an evaluation that was conducted to refine our understanding of
surficial soil permeability in the North Santiam Canyon, and includes:

= A summary of infiltration testing conducted at four of the ten sites, which were conducted to obtain
site-specific estimates for the permeability of surficial soils. The four sites were selected so that: (1)
two sites would be tested in the Detroit-ldanha area and two sites would be tested in the Gates-Mill
City area, and (2) the highest-ranking sites without fatal flaws would be tested in each areal.

= An updated, planning-level approximation of the volume of advanced treated (Class A) wastewater
that could be infiltrated at each the four candidate infiltration sites using the Hantush (1967)
equation.

1 See GSI (2020) for an in-depth discussion of fatal flaws and site raking.
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The results of this memo represent a preliminary, planning stage of potential implementation of a treated
wastewater infiltration system. Specifically, the Mid Willamette Valley Council of Governments, nor the North
Santiam Sewer Authority, have engaged owners of the candidate sites to discuss using their property for
wastewater infiltration, and the type of infiltration facility (e.g., rapid infiltration, infiltration basin, etc.) has
not yet been determined by project engineers. Therefore, this memo is intended as a planning-level tool that
provides preliminary approximation for infiltration feasibility in different soil types at select sites in the North
Santiam Canyon.

2. Methods

This section presents an overview of the methods that were used to measure soil permeability (Section 2.1)
and to approximate the volume of advanced treated (Class A) wastewater that could potentially be infiltrated
at each of the four candidate sites (Section 2.2).

2.1 Field Methods to Measure Soil Permeability

Table 1 lists the sites where infiltration tests were conducted and the soil types that the USDA regional-scale
soil survey identifies at each site. The location of the sites are shown in Figures 1 through 4. At relatively
small sites (i.e., Freres and Bark Flat), only one infiltration test was performed. At relatively large sites (i.e.,
Tom Fencl and Rock Creek), two infiltration tests were performed.

Table 1. Tested Sites and USDA Soil Properties

USDA Soil Permeability

Property USDA Soil Group Profile L SZ'I el
verage
Depth Permeability
0 -2 6 - 100 in/hr
. 2" -16" 2-6in/hr )
Tom Fencl 64 - Malabon Variant Loam 16" - 57 6 - 20 in/hr 8.9 in/hr
577 -60" 20 - 100 in/hr
. . 0" - 15" 2-6in/hr )
Rock Creek 92 - Sifton Variant Gravelly Loam 15" - 60" 20 - 100 in/hr 13.3in/hr
Freres 0" -13” 3-11in/hr
7003 - Jimbo Medial Silt Loam 13" - 43 2 -11in/hr 8.5 in/hr
Bark Flat 1 » » :
43" - 59 28 - 43 in/hr
Notes

(1) The GSI (2020) technical memorandum evaluated infiltration potential of the “Bark Flat West” property (tax lot
106E16CB01300). The infiltration test was conducted at the adjacent “Bark Flat East” property (tax lot 106E16CA01100) because
permission could be easily obtained by the property owner. The “Bark Flat West” and “Bark Flat East” properties are characterized by
similar characteristics (i.e., development effort, permitting challenges, infiltration volumes, USDA surficial soil type, and width of
valley-filling alluvium).

USDA = United States Department of Agriculture

In/hr = inches per hour

Soil permeability was measured in general accordance with the United States Department of the Interior
(USDI) Test Pit Method (USDI, 1993). The USDI test pit method measures saturated hydraulic conductivity,
which is infiltration rate per unit hydraulic gradient. McKillip Excavating (Donald, Oregon) excavated test pits
and a GSI geologist logged the soils in accordance with the Unified Soil Classification System (USCS) visual-
manual method (ASTM, 2017). Test pits were excavated up to five feet below ground surface, into the most
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permeable soil horizon based on the soil logging in the field and the soil horizons identified by the USDA in
Table 1. At each testing location, potable water was introduced into the test pit for at least 3 hours and
measurements of water column height and flow rate were recorded every five minutes. The purpose of
monitoring water column height and flow rate is to ensure that the measured saturated hydraulic
conductivity is representative of flow under the saturated conditions that occur in soil beneath an infiltration
facility. Specifically, due to matric (negative pressure) forces, water added to dry soils moves faster than
water added to saturated soils; a stable flow rate and water column height indicates that matric forces have
become negligible as soils have become saturated, and that gravity is the primary force causing infiltration
(USDA, 1982; lowa DNR, 2020).

After infiltration rate and water column height had stabilized for at least 15 minutes. The saturated hydraulic
conductivity was calculated using Equation (4) of USDI (pg. 103, 1993):

_ 1,440(Q)
K= (©)(a)(D)

Where:
K is saturated hydraulic conductivity in feet per day,
1,440 is a conversion factor to convert minutes to days,
Q is the flow rate into the test pit during the test in cubic feet per minute,
D is the water column height in the test pit in feet,
a is the smallest surface dimension of the test pit in feet, and

C is the conductivity coefficient, which is a constant based on the shape of the test pit (i.e., a
rectangle) and ratio of water column height to test pit surface dimension (i.e., D / a).

Test pit logs are provided in Attachment A. Infiltration test data sheets showing measurements of D and Q
during each test are provided in Attachment B. Following the infiltration test, excavated soils were returned
to the pit and soils were compacted with a compactor.

2.2 Hantush (1967) Calculations to Estimate Infiltration Volume

Previously, GSI (2020) used the Hantush (1967) equation to develop estimates of infiltration volume at the
four candidate sites assuming a hydraulic conductivity for the Glacial Till geologic unit (i.e., an average value
based on well tests documented on water well driller logs on file with the Oregon Water Resources
Department) or for the Alluvium of the Santiam River geologic unit (i.e., from the scientific literature). In this
technical memorandum, we re-run the Hantush (1967) equation using the measured saturated hydraulic
conductivities from the infiltration tests. If multiple test pits were dug at a site, then we conservatively used
the lowest calculated hydraulic conductivity, which would provide an infiltration volume estimate that is
biased low. The re-run Hantush (1967) infiltration volume estimates from this technical memorandum were
combined with the estimates from GSI (2020) to develop a range of potential infiltration volumes at each
site.

The reader is referred to GSI (2020) for a discussion of the Hantush (1967) equation and variables that were
used to calculate infiltration volumes (i.e., infiltration basin sizes, storage coefficient, etc.).
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3. Results

This section documents the results of the infiltration tests (Section 3.1) and Hantush (1967) infiltration
volume estimates (Section 3.2).

3.1 Infiltration Tests to Calculate Hydraulic Conductivity

Table 2 shows the variables that were used to calculate saturated hydraulic conductivity at each test pit
location, and the values of saturated hydraulic conductivity calculated using Equation (1). The calculated
saturated hydraulic conductivities range over two orders of magnitude (even at the same site), which is an
expected range of variation for hydraulic conductivity (Anderson and Woessner, Table 3.3, 1992). In
addition, the measured saturated hydraulic conductivities are either within or just outside of the ranges in
the USDA soil survey (see Table 1).

Table 2. Tested Sites and USDA Soil Properties

Propert
; . y Test Flow Rate, Conductivity Surface cvzﬁlt :lrn ?Iatiu::ﬁ: ?_Iatdl:,;a:ﬁ:
(soil Location Q Coefficient, C Dimension, a . ydrau'l ydrau’
type) Height, D Conductivity, K Conductivity, K
1.4
-IT- m. 7.615 2.0 ft 2.21ft 7.8 ft/day 3.9in/hr
Tom TR 0.18 ftg?’r/)mln
Fencl :
2.
©47  TRT2 13 ftgs‘;Tnin 5.930 20 ft 079ft  47.3ft/day 23.7 in/hr
1.
Rock ~ RCIT-L 13? fi%in 5.759 2.0 ft 0.65 ft 26.0 ft/day 13.0 in/hr
Creek '1 -
©27  Reir2 o ﬂgs‘;"r;m 5.568 20 ft 0.48 ft 61.3 ft/day 30.7 in/hr
Freres 1.8 gpm .
(7003)3 F-IT-1 0.23 ft3/min 5.653 1.5 ft 0.42 ft 95.2 ft/day 47.6 in/hr
Bark
Flat  BFIT-2 Ooilﬁ2ft§pm' 8.084 1.0 ft 1.31 ft 14.9 ft/day 7.47 in/hr
(7003)4 . /min
Notes

(1) Soil type is “64 - Malabon Variant Loam”

(2) Soil type is “92 - Sifton Variant Gravelly Loam”
(3) Soil type is “7003 - Jimbo Medial Silt Loam”
ft3/min = cubic feet per minute

ft/day = feet per day

in/hr = inches per hour

ft = feet

gpm = gallons per minute

USDA = United States Department of Agriculture

3.2 Hantush (1967) Calculations to Estimate Infiltration Volume

Table 3 presents Hantush (1967) estimates for infiltration volume at each candidate site, and includes a
low-end infiltration volume and a high-end infiltration volume. The low-end and high-end estimates used
different values for hydraulic conductivity: (1) a hydraulic conductivity calculated from the infiltration tests
conducted as part of this study (see Table 2) and (2) a hydraulic conductivity from water well tests
documented on water well driller logs from the Oregon Water Resources Department (OWRD, 2020) or
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literature references [see GSI (2020)]. Note that the infiltration volumes in Table 3 do not include safety
factors.

Table 3. Infiltration Volume Estimates Calculated from Hantush (1967), Assuming One Year of
Infiltration.

Infiltration Low-End High-End

Property Basin Infiltration Infiltration Notes?
Area Volume Volume

Low-end from infiltration test (K=7.8 ft/day) and high-

Tom Fencl 12.5acres 0.87 MGD 1.95 MGD end from driller log (K=21 ft/day)

Low-end from driller log (K=21 ft/day) and high-end

Rock Creek 16.7 acres  1.14 MGD 1.36 MGD from infiltration test (K=26 ft/day)

Low-end from book value (K=50 ft/day) and high end
from infiltration test (K=95.2 ft/day)

Low-end from infiltration test (K=14.9 ft/day) and
high-end from driller log (K=21 ft/day)

Freres 10.5acres 0.30 MGD 0.51 MGD

Bark Flat 1 4.8 acres 0.22 MGD 0.30 MGD

Notes

MGD = Million gallons per day

ft/day = feet per day

(1) Saturated hydraulic conductivities from “infiltration tests” are from the testing described in this report. Saturated hydraulic
conductivities from “driller logs” or “book value” are from the GSI (2020) report. See the GSI (2020) report for additional details
about how these values were calculated, and the limitations of these values.

The Tom Fencl (Malabon Variant Loam) and Rock Creek (Sifton Variant Gravelly Loam) sites have the highest
estimated infiltration volumes. Note that infiltration volume is primarily a function of hydraulic conductivity,
infiltration basin size, and depth to groundwater (i.e., to accommodate the rising groundwater table during
infiltration). Therefore, it is important to recognize that the reason the infiltration volumes are highest at the
Fencl and Rock Creek sites is related to the deep water table and large area to accommodate an infiltration
basin in addition to the high hydraulic conductivities [see GSI (2020) for a detailed discussion of the
hydrogeologic characteristics at each site].

The infiltration volumes in Table 3 are planning-level estimates. The following uncertainties may result in
actual infiltration volumes that are different than the planning-level estimates in Table 3:

= Depth to Groundwater. The depth to groundwater at each site is variable and estimated from water
well driller logs. As such, the depth to groundwater at each site is not well understood. Installation of
monitoring well(s) at each site and groundwater level monitoring for a year would reduce
uncertainties related to depth to groundwater.

= Long-Term Performance Declines. The infiltration volumes in Table 3 do not include declines in
infiltration rate over time caused by clogging of soil pores. Incorporation of a safety factor into the
infiltration volumes can be used to account for long-term performance declines.

= Variability of Soil Characteristics. Soil properties will vary across each site. Additional infiltration
testing would reduce uncertainties related to the variability of soil characteristics.

= QOther Site-Specific Factors. Other factors may limit the volume of water that can be infiltrated at
each site. For example, a steep slope is present at the Rock Creek site. This slope may limit the
volume of water that can be infiltrated at a site due to the formation of seeps as groundwater
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elevations increase during infiltration. Site-specific hydrogeologic information, and additional details
about infiltration system design, are needed to assess whether site-specific factors would limit the
volume of water than can be infiltrated at each site.

4. Conclusions and Recommendations

This technical memorandum provides preliminary estimates of soil permeability (hydraulic conductivity) and
infiltration volume at four candidate infiltration sites in the Santiam Canyon. The hydraulic conductivity and
infiltration volume estimates are intended as a planning-level tool to guide future implementation efforts for
a regional advanced (Class A) treated wastewater infiltration system. We make the following conclusions
based on this analysis:

= Infiltration testing was conducted in soil classes that the USDA identified as the most permeable
soils in the Santiam Canyon; the infiltration testing confirms that these soil classes are in fact highly
permeable (specifically, the Malabon Variant Loam, the Sifton Variant Gravelly Loam, and the Jimbo
Medial Silt Loam).

= Based on projected 2065 flows for Detroit, Idanha, Gates, and Mill City, the average annual daily
infiltration volume is estimated to be 0.365 MGD and the peak daily infiltration volume is estimated
to be 0.728 MGD (personal communication, 2021). As shown in Table 3, the Fencl site (Malabon
Variant Loam) and the Rock Creek Site (Sifton Variant Gravelly Loam) in the Gates-Mill City area can
infiltrate the average annual daily flow and peak daily flow for a year2, even under the worst case
(“Low End”) infiltration volumes. Note that this comparison between infiltration capacity and average
annual / peak daily flow is for planning purposes only, and needs to be refined with data from a
detailed site-specific soils investigation and incorporation of safety factors, as we discussed in
Section 3.

We make the following recommendations for implementing an advanced treated (Class A) wastewater
infiltration project in the Santiam Canyon:

= Engage the Oregon Department of Environmental Quality (DEQ) to identify potential fatal flaws to
implementing an infiltration facility related to the Three Basin Rule [see GSI (2020) for a detailed
discussion] and protecting groundwater quality at domestic drinking water wells.

= After receiving property owner agreement for implementation of a wastewater infiltration facility,
conduct a drilling program to evaluate site-specific factors that impact the volume of water that could
be infiltrated at the site (e.g., aquifer thickness, depth to groundwater, additional measurements of
hydraulic conductivity, and specific yield). The drilling program will also be used to collect data that is
needed by DEQ to make a permitting decision (i.e., whether the facility is permitted with a National
Pollutant Discharge Elimination System permit or Water Pollution Control Facility permit).

= The infiltration volume estimates presented in the technical memorandum assume wastewater is
infiltrated at a rectangular infiltration basin. If a different facility design is used to infiltrate
wastewater (e.g., rapid infiltration basin, which uses a well to infiltrate water), then develop
infiltration volume estimates corresponding to the facility design. Infiltrating at a well is different
because: (1) the physics of water movement are different at a well (i.e., water moves radially away
from the well), so different equations are needed to estimate mounding, and (2) the area through
which water exfiltrates is significantly smaller for a well (however, despite the smaller area, a well

2 The analysis assumes that the groundwater response to infiltration (i.e., the groundwater mound) reaches steady-state
conditions after one year of infiltration.
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may encounter more permeable soils and, therefore, infiltrate an equivalent volume of water as a
rectangular infiltration basin).

= Refine the infiltration volume estimates by reducing uncertainties related to depth to groundwater,
long-term performance declines, variability of soil characteristics, and other site-specific factors.
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Well ID: Project Number
[r Fr -TpP-| 164 of/0 Sheet / of
Water Solutions, Inc. D n I I ! ng LOG
Project: $ aw,l-w-\ Y- ‘ Location: Ffu‘e}; Pm‘)@p)qﬁ/
Drilling Contractor: A4, J¢4 L['[P Drilling Method: ) 2 cJc hpe—
Start Date: End-Date: [l /3/40 Field Personnel: © S
Water Levels:  Jimensioms : ~3x '
Start Card No: Total Depth: 3. € ¢
Depth | Sample Description Comments
Below Sample USCS Relative density or consistency, color, moisture, MAJOR
Surface Interval/ 5 CONSTITUENT, trace descriptors, plasticity, grain Issues Encountered, Water Levels
(ft) Recovery ummary size/shape, structure, (geologic name)
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Well ID: Project Number

[.-. | BFE-TP—-! Ypdy. o[ O Sheet | of

Water Solutions, Iné. Drl"'ng LOG
Project: S nrvﬁ,_,gm, Location: E;)(k, ﬂb‘f‘ EZ};‘—(—
Drilling Contractor: (A ([ (P Drilling Method: bacclw e + Slﬂ%(
Start Date: -EndDater— |/ /5 //;0 Field Personnel: T S
Water Levels:
Start Card No: Total Depth:
Sample Description Comments
Depth T t
Below Sample USCS Relative density or consistency, color, moisture, MAJOR
Surface Interval/ CONSTITUENT, trace descriptors, plasticity, grain Issues Encountered, Water Levels
(ft) Recovery AGITIE Gy size/shape, structure, (geologic name)
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Infiltration Test Data Sheets




Infiltration Test Pit Measurements

Project _Sanhaue - 46Y.0(0 Page__| of
SitelD o Eunc | Date_l1/2 /20
Test ID TFE -TP -~ |
Test Start PitDepth __S¢ ' 4
Test Stop PitArea _ 7' X {.< ft
Initial Water Level
Final Water Level
Measuring Point Descrip.
Remarks
Date/Time | Elapsed Time Waterm L‘;t::’iizn‘: Flow Rate Comments
(l/2/20 | _(min) @i | (x_ga) | gpm
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0908 r Wy o
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Infiltration Test Pit Measurements

Project Santiam  464.0(0 Page L of 2.
Site ID TE T Date_(/ /2 /20O
Date/Time |Elapsed Time| Water Depth L‘::(I’iizn‘: Flow Rate Comments
/2 /26| (min) (ft) (x__gal) gpm
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Infiltration Test Pit Measurements

Project 5,7;/}-/7:5) o 46 4.0]0 page_ | of

Site ID F——FP—a Date_ [//2/20O
T Frncl

TestID TE=TP=T3_

Test Start (32 (presnalt PitDepth ____.S _ft

Test Stop ' PitArea __ 2 X_Y ft

Initial Water Level
Final Water Level
Measuring Point Descrip.

Remarks

Date/Time |Elapsed Time| Water ?:Vp:lh. L‘;t::izn‘;r Flow Rate Comments

Ll /z/20] (min) (8 11,0 (x__gal) gpm
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Infiltration Test Pit Measurements

Project Sankimn Uet.oo Page_ Z of
Site ID TE-TR-2 Date_(|/2/720
Date/Time | Elapsed Time| Water mh L‘::I’iizn(: Flow Rate Comments
{min) #ty (x___gal) gpm
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Infiltration Test Pit Measurements

Project
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Test ID
Test Start
Test Stop

Initial Water Level
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Infiltration Test Pit Measurements

Project 1G4 . 0\0 page &L of &
Site ID s P

Totalizer
Comments
R s e A o -
min X ; qpm
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Infiltration Test Pit Measurements

Project 1.0(0 Santianc page | of L
Site ID EZT FE f E;:: [z_o: gi Cre g& Date /0/29/ Z©
Test ID C~ Tp~-2_ 1

T 0/
Test Start r oc soalc ola{)  Pitbepth _ % 5-C ft
Test Stop Pit Area 7. X__ Y ft

Initial Water Level

Final Water Level
Measuring Point Descrip.
Remarks

Totalizer
Reading

X gal) gpm

Flow Rate
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Infiltration Test Pit Measurements

Project  Santizs..
Site ID pCc- TP

2
Date/Time | Elapsed Time| Water Depth 16 Flow Rate
Reading
min) ft x gal Jpm
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Infiltration Test Pit Measurements

Project SaVH .w‘lWL 4[(" O[O Page_Lof
Site ID FrevesS Date_ || /’ZZ Z(S
Test ID - Tp-2 |
Test Start 0500 PitDepth __ |-S
Test Stop PitArea |.S X_Z ft
Initial Water Level
Final Water Level
Measuring Point Descrip.
Remarks
Date/Time |Elapsed Time | Water m L(;taacliiizn: Flow Rate Comments
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Infiltration Test Pit Measurements

Project  Santawm. 4L (0 Page_ “ of
Site ID Fretes, o~ Tp - Date_(( /3 /z O
Date/Time | Elapsed Time| Water Depth L:?(I’iizner Flow Rate Comments
g
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Infiltration Test Pit Measurements

e

Project Sam{:mm t{ @Y. blo Page_'_of___
Site ID -eEf?‘rk’ Fin{' gag-{« Date_|| /3/2 @
Test ID -T1P -
Test Start BE—p-l Pit Depth |.& ft
Test Stop PitArea __| X_7 ft @
Initial Water Level z x4 ¢ e seface
Final Water Level
Measuring Point Descrip.
Remarks

Date/Time | Elapsed Time Watermth Lc::(:iizn‘: Flow Rate Comments
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Infiltration Test Pit Measurements
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