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Mobilization of arsenic and chromium in the groundwater due to storm
water infiltration through dry wells

Dr. Xue Li

Abstract
Stormwater and groundwater data from two dry well study sites in EIk Grove, California were
analyzed to assess the likelihood of arsenic and chromium mobilization in geologic units due to
stormwater infiltration. Arsenic and chromium concentrations in the upgradient and
downgradient monitoring wells were compared using boxplot. Strength of correlation for
common arsenic or chromium ion couples were calculated using Spearman’s rho to distinguish
naturally occurring mechanisms. During the monitoring period, no significant increased
concentrations of arsenic or chromium were measured downgradient of the storm water recharge
point. There was not enough data to determine whether mixing of storm water will eventually
change local groundwater geochemistry and lead to metal release. No significant correlation was
found between arsenic and its potentially related ions, but a positive correlation was found
between chromium and iron, suggesting that chromium may be associated with labile iron

oxides.

Introduction
The infiltration of stormwater through dry wells is a cost-effective way to recharge groundwater.
One of the concerns is whether the introduction of stormwater will adversely affect groundwater
quality. For example, the potential for sediment-associated metals to re-dissolve into
groundwater or release metals has not been thoroughly studied and remains unclear. Because

stormwater represents a very different aqueous environment than groundwater, the alteration of



local groundwater geochemistry is possible and thus studying the issue of metal mobilization is
warranted.

The Elk Grove dry well project evaluated two types of stormwater drainage areas:
Corporation Yard (CY), which is a bus parking area with a drainage area about 0.6 acres, and
Strawberry Detention Basin (SDB), which receives stormwater from residential neighborhood
and has a drainage area about 160 acres. Because stormwater runoff often contains high
concentrations of dissolved oxygen, anions (e.g., sulfate, phosphate, bicarbonate, etc) or has a
different pH than groundwater, infiltrating stormwater into oxygen-depleted or anoxic native
groundwater will possibly change the local redox condition, promoting the release of various
metal ions.

For example, arsenic and chromium, two metals of concern, were detected in both CY and
SDB’s groundwater and stormwater. This report focuses exclusively on quantifying these two
metals’ mobilization evidence, and aims to identify their natural occurring mechanisms by
analyzing strength of correlation between (redox) ion couples, which in turn can shed lights on

metal mobilization potential.

Methods

If storm water recharge causes metal mobilization, a significant increase of metal concentration
may be noticed down gradient of the storm water recharge point. Accordingly, metals were
grouped per type of well from which they were collected, and boxplots were used to quantify any
significant differences between monitoring wells. The results of boxplots could be viewed as
direct evidences of metal release. The second approach concerns finding potential correlated ion

couples: Spearman’s rho and p-value were calculated; a significant correlation between an ion



couple signals a natural occurring mechanism. Thus, if one of the correlated ion is introduced

through stormwater, it could possibly lead to release of its coupled ion.

Results and Discussion

Figure 1 to 2 show datasets of arsenic and chromium concentration in different monitoring
wells (MW1, 3 & 4, representing upgradient and downgradient water table wells) at the two
study sites (CY and SDB). The range of different metal concentration in each monitoring well is
thus readable from the plot. There was no significant difference found between groups,
indicating that during the monitoring period, no arsenic or chromium release was found. It is
worth noting that there was not enough data to determine whether the introduced stormwater will
cause metal mobilization in the long term due to the short period of monitoring.

A further investigation on arsenic and its potentially related ions was conducted; the results
are summarized in Table 1. The Spearman's rho and p value were calculated and shown in Figure
3 to 6. No significant correlation was found between arsenic and sulfate, bicarbonate, or
manganese. But in the case of arsenic and iron, there was an environmentally significant (p =
0.056, just above the cutoff for statistical significance) relationship between these metals. A
positive correlation between arsenic and iron could suggest natural occurring mechanism due to
reduction of arsenic-bearing iron oxides, during which process arsenic was released (Table 1).
However, further monitoring on the sediment iron oxides is needed to confirm the finding.
Mobilization due to competing effects could not be excluded, and therefore further monitoring
on common competing anions such as phosphate, silicate or vanadate is needed.

The results of correlation between chromium and its potentially related ions is shown in
Table 2. No significant correlation was found between chromium and manganese (Figure 7),

despite the fact that manganese oxides are recognized to be the major viable oxidants which



oxidize insoluble trivalent chromium [Cr(l11)] to soluble hexavalent chromium [Cr(V1)] under a
range of environmental conditions (Eary and Rai, 1987; Guha et al., 2001). Further monitoring
of manganese’s species is needed to confirm the finding.

A positive correlation was found between chromium and dissolved iron (Figure 8). A
negative correlation may suggest the natural attenuation of chromium due to iron reduction of
Cr(VI) to form insoluble Cr(111) species (thus removed from the aqueous phase) (Rai et al., 1989;
Buerge and Hug, 1997; Lawniczak et al., 2001). The opposite finding, however, suggests that
iron was possibly involved in chromium mobilization in a different mechanism, e.g., chromium
was associated with labile iron oxides. Further monitoring on the iron species and iron oxides is

needed to confirm the finding.

Conclusions

No arsenic or chromium release was found downgradient of the stormwater recharge point
during the monitoring period. There was not enough data to determine whether stormwater
recharge will cause metal mobilization in the long term. No significant correlation was found
between arsenic and iron, sulfate, bicarbonate or manganese; the natural occurring mechanism
for arsenic remains unclear. No significant correlation was found between chromium and
manganese but a positive correlation was found between chromium and iron. This is contrary to
the natural attenuation mechanism of chromium, suggesting chromium release may be due to

desorption from labile iron oxides.



Tables and figures

Table 1 Summary of arsenic mobilization mechanisms and findings

Potentially correlated | Mobilization mechanism Possible reactions | Significant
ion couples correlation
found?

A positive correlation | Iron or manganese (Fe/Mn) | 8FeOOH + CH3 No
between dissolved oxides are common sinks COO (organic
arsenic and iron or for arsenic. Under reducing | matter) + 15H,COs
manganese aquifers, reduction of =8 Fe* +

Fe/Mn oxides may result in | 17HCO3 + 12H,0

releasing its adsorbed load | (McArthur et al.,

of arsenic (Bose and 2001)

Sharma, 2002; Pierce and

Moore, 1982).
A positive correlation | Arsenic-rich sulfide 4FeAsxSaxt 71202 | No
between arsenic and minerals (e.g., pyrite or Fe- | + 6H,0 = Fe?* +
dissolved sulfate containing biotite) are also | XAsO4> + (2-
concentration (and a common sinks for arsenic. | X)SO4% +2H*
negative correlation Under oxidizing conditions, | (Lazareva et al.,
with sulfide) (Tabelin | oxygen or ferric iron can 2015)
etal., 2012; Lazareva | oxidize these arsenic-rich
etal., 2015) minerals and release arsenic

to the groundwater
A negative correlation | Competition for surface POs +=S-As=S- | No

between dissolved
arsenic and common
competing anions such
as phosphate (POs),
bicarbonate (HCO3),
silicate or organic
matter (Ujevic et al.,
2010; Piqué et al.,
2010)

sites due to ion exchange/
desorption processes from
common anions that is
several magnitudes higher
in concentration than
arsenic

PO4- + As
(=S represent
surface site)




Table 2 Summary of chromium mobilization mechanisms

Mobilization Mobilization evidence | Possible reactions Significant

mechanism correlation
found?

Oxidation of relatively | A positive correlation | MnO; (s) + 2H" = No

insoluble Cr(111) to between dissolved Mn?*+ H,0 + % O;

soluble Cr(V1) at Cr(VI) and dissolved (aq) (low pH)

circumneutral pH by manganese CrOH" + 3MnO:z (s)

Mn(I11,1V) oxides concentration + 3H,0 = HCrO, +

(Eary and Rai, 1987; 3MnOOH (s) + 3H"

Guhaet al., 2001, (relatively higher pH)

Szalinska et al., 2010; (Eary and Rai, 1987)

Ndung’u et al., 2010;

Mills et al., 2011)

Iron or aluminum A positive correlation | =SOH + H* + Not available

oxides have active
sorption capability for
chromium. However,
increasing the pH
could enhance
desorption of Cr(\V1)
from these oxides
(Ajouyed et al., 2010,
Rai et al., 1989)

between dissolved
chromium and
increasing pH

Cr0z~ < =SOH3-
CrO;z~

(=SOH represent
inorganic hydroxyl
site either on iron or
aluminum oxides, and
=SOHJ-CrO%™ is the
adsorbed chromium
surface complex. (Rai
et al., 1989)
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Figure 1 Boxplot of arsenic concentration in different monitoring wells (MW1, up gradient;
MWa3 and 4, down gradient of the storm water recharge point) at different sites: a) arsenic



Corporation Yard (CY) and b) Strawberry Detention Basin (SDB). No significant difference was
found between groups.
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Figure 2 Boxplot of chromium concentration in different monitoring wells at different sites: a)
CY and b) SDB. No significant difference was found between groups.
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Figure 3 Relationship between concentration of arsenic and dissolved iron in groundwater

samples collected from monitoring wells. No significant correlation was found between the two
ions.
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Figure 4 Relationship between concentration of arsenic and sulfate (SO4) in groundwater
samples collected from monitoring wells. No significant correlation was found between the two
ions.
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Figure 5 Relationship between concentration of arsenic and bicarbonate in groundwater samples
collected from monitoring wells. No significant correlation was found between the two ions.
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Figure 6 Relationship between concentration of arsenic and manganese in groundwater samples
collected from monitoring wells. No significant correlation was found between the two ions.
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Figure 7 Relation between concentration of chromium and mangagnese. No significant
correlation was found.
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Relationship of chromium to iron
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Figure 8 Relation between concentration of chromium and dissolved iron in groundwater
samples. A positive correlation was found (Spearman’s rho = 0.456, p-value= 0.007).
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Assessing the Risks of Using Dry Wells for Stormwater

Management and Groundwater Recharge: ~ ELKGROVE

PROJECT PURPOSE

The Elk Grove Dry Well project was designed to evaluate the risk of groundwater quality degradation associated with infiltrating
stormwater runoff through dry wells.

BACKGROUND

Dry wells, also known as underground injection con-
trol (UIC) systems, are stormwater infiltration devic- Stormwater
es typically constructed of a pipe approximately 3
feet wide and 20 to 50 feet deep, containing perfo-
ration at various locations along the pipe and/or at
the bottom (Figure 1). Dry wells can be used in a va-
riety of situations, but are especially useful in areas
with clay soils because they facilitate the movement
of runoff below the constricting clay layers. Dry
wells can be used in conjunction with low impact
development (LID) practices to reduce the adverse
effects of hydromodification on surface water quali-
ty, aquatic habitat, and downstream flood risk. They
help to adapt to the effects of drought and climate

change. However, the use of this technology has mm-ﬂ!ﬂ Water Table M’]

raised concerns that contaminants in stormwater
could compromise groundwater quality. Figure 1. |dealized drawing of stormwater infiltration using dry wells.

Gravel/Sand

In California, dry wells are used under the regulatory authority of the US Environmental Protection Agency’s Underground Injec-
tion Control Program. Dry wells are categorized as Class V injection wells. Thousands of engineered dry welis have been installed
in southern California as part of that region’s extensive stormwater capture efforts whereas in northern California, they are used
much less frequently. In neighboring states, such as Arizona, Washington, and Oregon, dry wells are used extensively as storm-
water and flood control management tools. In these states as well as within California, protection of groundwater quality is of
paramount importance. Results of data collection and fate and transport modeling for this project, along with a comprehensive
literature review, provided scientific information on the risk to groundwater quality associated with dry well use in urban areas.

PROJECT APPROACH AND PROCEDURES

Two dry wells systems and an associated monitoring well network were constructed at two locations in the City of Elk Grove,
California: 1) the Strawberry Creek water quality basin that collects stormwater runoff from a 168-acre residential neighbor-
hood and 2) the City’s Corporation Yard which serves as a bus parking and service center with a drainage area of 0.6 acres. At
each site, a dry well approximately 40 feet deep was constructed and completed 10-15 feet above the high water table. Before
reaching the dry well, stormwater runoff would pass through the vegetated and structural pretreatments. The grassy swale at
the Corporation Yard and the vegetation in the water quality basin served as the vegetated pretreatment and were the pri-
mary means of removing particles and associated pollutants from stormwater. Due to design issues, the sedimentation well
that was intended to sequester sediment before it flowed into the dry well was not sufficiently deep to perform this function.
A groundwater monitoring well network, composed of a vadose zone well as well as one upgradient well (to determine back-
ground condition) and two downgradient wells (to determine groundwater influenced by the dry well), were also constructed.

Monitoring of over 200 contaminants in stormwater and groundwater was performed five times over two years. Groundwater

monitoring also occurred prior to the dry well construction and after the first and second year of monitoring. The following classes
of contaminants were analyzed (Table 1 on the following page):



Class Frequency of Detection -
(Number Tested) Examples Above Reporting Limit e e[
Volatile organics (65) Toluene, ethylbenzene, naphthalene infrequent low ppb (ug/L)
Semi-volatile organics (65) Dichlorobenzene, benzola]pyrene, rare low ppb (pg/L)
phthalates, naphthalene, benzoic acid
Polycyclic aromatic hydrocarbons (16) | Benzolalpyrene, anthracene, pyrene none low ppb (ug/L)
Chlorophenoxy herbicides (11) 2,4-D, dalaphon, pentachlorophenol rare low ppb (pg/L)
Pyrethroid pesticides (9) Bifenthrin, permethrin, cyfluthrin frequent low pptr (ng/L)
Drinking water metals (20) Total chromium, arsenic, lead frequent low ppb (ug/L)
Bacteria (3) Total coliform, fecal coliform, e.coli frequent 1.8 (low) and 1600
(high) most probable
number/100 ml
Total petroleum hydrocarbons Diesel, gas, motor oil infrequent low ppm (mg/L)
Special testing (3) Hexavalent chromium, glyphosate, Chromiumé+: none low ppb (ug/L)
total suspended solids Glyphosate: rare ppm (mg/L)
Total Suspended Solics (TSS): n/a
Conventional parameters (20) Calcium, specific conductance, n/a ppm (mg/L)
total alkalinity

Table 1. Contaminants analyzed and frequency of detection. The minimum concentrations that could be quantified with the
analytical methods used are listed in the reporting limits column. Frequency of detection in stormwater: rare - < 5 times; infrequent
- < 10 times; frequent — some in the class detected in all stormwater samples.

. Looking inside the dry well. On the left, runoff
Measurement were made of stormwater runoff as it entered the dry well from the sedimentation well can be seen spilling

(after pretreatment) and in all subsurface monitoring wells. Twice during the  into the dry well.
study, the full suite of contaminants was also monitored in influent storm-
water. Flow-weighted composite stormwater samples were used for most
analyses. Contaminant data was analyzed, comparing concentrations at dif-
ferent locations at both sites and over time, using non-parametric statistical
methods.

Additionally, flow rates and total volume of runoff infiltrated were quanti-
fied. Fate and transport modeling was also performed to evaluate the long
term potential for contaminants to reach the water table. The modeling ef-
fort utilized data from the well boring logs to assess subsurface composition
as well as a range of values for hydraulic conductivity, fractional organic
carbon, and other parameters. HYDRUS 1D was used to estimate the travel
time of selected contaminants vertically downward from the bottom of dry
well to the top of the seasonal high water table. Eight scenarios were run for
the dissolved concentration of each contaminant at both project sites.

Finally, a review of the literature was performed to examine studies and government reports published over the past 30 + years
that addressed the risk of groundwater contamination associated with dry well use.

KEY PROJECT FINDINGS

Analysis of data from stormwater and groundwater monitoring showed no evidence of contamination of the aquifer linked to the
two dry wells. Of the chemicals analyzed (Table 1), most were detected rarely or at low frequency, as described below.

Chemicals Infrequently Detected

Chemicals in the volatile and semi-volatile organics and polycyclic aromatic hydrocarbons (PAH) classes were detected in storm-
water a handful of times, at levels just above the reporting limits for the analytical methods. Toluene, acetone, and tert-butyl
alcohol were detected near their reporting limits in influent stormwater. Pretreatment reduced their concentrations to near/below




the reporting limits in samples collected at the dry well. The only semi-volatile detected was diethylhexyl phthalate, a ubiquitous
plasticizer, just above the reporting limit. None were detected in groundwater.

Chemicals Frequently Detected

The main classes of contaminants that were detected regularly in stormwater included metals, pyrethroid pesticides, and bacteria.
Aluminum was the main metal contaminant in stormwater found at the Corporation Yard (Figure 2); present at concentrations
three times the MCL (Maximum Contaminant Level) for drinking water. The median concentration was reduced approximately
three-fold as stormwater runoff traveled through the grassy swale; none was found in the subsurface monitoring wells. Using con-
servative assumptions, the fate and transport model indicated that it would take aluminum 500 years to reach 0.04 mg/L, below

the quantifiable level of 0.05 mg/L; and it would never reach the MCL.
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Figure 2. Aluminum concentrations in stormwater and groundwater
at the Corporation Yard. Units of concentration are pg/L or ppb.
Notations: Box and whiskers labeled with different letters are
significantly different from each other. The red line indicates the MCL;
the orange line is the Public Health Goal (PHG); and the blue line
reflects the analytical reporting limit. Curb = curb cut where influent
stormwater enters the dry well system. MW2 = vadose zone well.
MW3 and 4 = downgradient water table wells. MW1 = upgradient
water table well. Concentrations at water quality basin were about 3
fold lower than at the Corporation Yard, but the patterns were similar.
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Figure 3. Bifenthrin concentration in stormwater and groundwater

at the water quality basin. Notations are the same as described in
Figure 2. None was detected below the ground surface.

Other metals were detected at concentrations that were
not quantifiable (below the reporting limit). Some metals
known to occur naturally in the Sacramento region, such
as arsenic and hexavalent chromium, were detected in
groundwater below the MCL (10 pg/L) for both metals.
Concentrations were not quantifiable in stormwater.

The other major class of contaminants detected with
regularity, but at ultra-low levels (generally <20 ng/L),
were pyrethroid pesticides. Bifenthrin was the major
pyrethroid detected (Figure 3). It is commonly used to
control ants and other pests around residences. This was
particularly an issue at the Strawberry Creek water qual-
ity basin, located in a residential neighborhood. None
was detected in groundwater at either location.

Another pyrethroid, permethrin, was detected on a sin-
gle occasion at the Corporation Yard. It was sprayed
around the perimeter of the Corporation Yard office
building and, when it rained a week later, it was detect-
ed in the vadose zone well (data not shown). None was
found in water table samples. Vadose zone modeling
suggests that this contaminant would not reach the wa-
ter table at quantifiable levels within the 3000 year mod-
eling timeframe.

Nitrate presented a different pattern of detec-
tion in stormwater and groundwater. lts concentration
in groundwater exceeded the MCL and Public Health
Goals (PHG) (10 mg/L as nitrogen) at both project lo-
cations, but there were low concentrations in storm-
water. While nitrate is very water soluble, its concentra-
tion in stormwater is not sufficiently high to account for
the concentration in groundwater. Water collected from
the two downgradient water table wells had significantly
higher concentrations than stormwater and the vadose
zone well at the Corporation Yard (Figure 4 on the fol-
lowing page). These concentrations are likely the result
of nitrates that have accumulated in the soil over many
decades, when the lands surrounding both project sites
were used for agricultural production.

Total coliform, an indicator of bacterial contamination,
was detected in both stormwater and groundwater {data
not shown). At the Corporation Yard, where the only
source of stormwater in the subsurface was the dry well,
coliform was confined to the vadose zone well; none was
detected at the water table. In contrast, at Strawberry

T MPN = most probable number




Nitrate-N Concentrations Corporation Yard Total Coliform Concentrations Strawberry Creek Water Quality Basin
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Figure 4. Nitrate (as N) concentration at the Corporation Yard in Figure 5. Coliform bacteria concentrations at Strawberry Creek water
stormwater and groundwater. Notations are the same as described quality basin. Notations are the same as described in Figure 2.
in Figure 2.

Creek water quality basin, where stormwater could infiltrate through both the the large water quality basin and the dry well, coli-
form was detected at >1600 MPN'/100 ml in the vadose zone and downgradient water table well (Figure 5). The high concentra-
tions of coliform in both the upgradient and downgradient water table wells is likely due to the ability of stormwater to percolate
through the water quality basin as well as the dry well.

Contaminant Removal by Pretreatment

Pretreatment removal of pollutants prior to entering the subsurface is a key factor in preserving the quality of groundwater. To
assess the effectiveness of pretreatment, estimates of percent removal efficiency are often made. Many factors can influence
these estimates, most notably the influent stormwater concentration (Wright Water Engineers and Geosyntec, 2007). Given this
caveat, rough estimates were calculated of contaminants

removed by pretreatment at both sites (Table 2).

The efficiency of contaminant removal by the vegetated e BT Corporation Yard | Water Quality Basin

pretreatment feature was similar to the values reported
in the International Stormwater BMP database. Higher
removal efficiency at the Corporation Yard is likely asso- | Bifenthrin - 42%
ciated with the use of geotextiles to stabilize the soil and
the uniform pattern of long grass that grew in the swale.
A study by Torrent Resources?, a stormwater infiltration | Estimated average efficiency 64% 47%
consultant with extensive experience with dry wells, re-
ported approximately 90% removal efficiency of TSS (to-
tal suspended solids) in a two chambered dry well system,
where both chambers sequestered sediment. While water
soluble contaminants such as nitrate and neonicotinoids
would likely escape sequestration, most metals and organics would be captured. If the project’s sedimentation well had func-
tioned properly, it is likely that additional pollutant removal could have been achieved.

Total suspended solids 63% 50%

Aluminum 65% 50%

Table 2. Estimated removal efficiency of selected constituents by the
vegetated pretreatment feature. Note: Inadequate data was available at
the Corporation Yard to estimate changes in bifenthrin concentrations.

Flow Rates and Stormwater Recharged through the Dry Wells

Infiltration rates through the dry wells were estimated to average 15 gpm (gallons per minute) at the Corporation Yard and 31
gpm at Strawberry Creek water quality basin. The highest infiltration rate, 47 gpm or 0.1 cfs, was achieved early in the season at
the water quality basin. A 0.1 cfs rate is used by some as the ‘design’ infiltration rate; the project wells did not meet this standard
likely due to the dry well design and location. Factors that affected the rate of flow through the dry well included the size of the
drainage area (volume of runoff), the size and intensity of any individual storm event, and the degree of saturation in the vadose
zone. Estimates were also made of the total volume of runoff infiltrated during the rainy season. Based on total precipitation in
2015-16, 13.72 inches, the Corporation Yard dry wells infiltrated approximately 0.4 AF (acre/feet) and the Strawberry Creek water
quality basin 0.7 AF of stormwater. In a normal year, when approximately 18" of rain falls in the region, an estimated 1 AF would
likely pass through the dry well at the water quality basin.

2 This reference does not constitute an endorsement of products or services.




Fate and Transport Modeling

Contaminant transport modeling, using HYDRUS 1D, was performed to estimate the long-term risks to groundwater quality as-
sociated with the use of dry wells. Eight scenarios were assessed for each stormwater contaminant at concentrations measured
at the dry well, using a range of values for key modeling parameters. Most of the variables used were sediment hydraulic or
contaminant chemical properties that affect transport through the vadose zone, such as fractional organic carbon and hydraulic
conductivity. Table 3 contains results for key contaminants using the most conservative set of assumptions (i.e., lower organic car-
bon, higher hydraulic conductivity).

: ; Table 3. Estimated travel time of cbserved and

. Contaminant Concentration |Estimated el e et hypothetical contaminants to reach the water

Site Measured at Dry Well to Detection PHG/MC!‘ table at the Corporation Yard and Strawberry

Eoncaniration Creek water quality basin. Results based on 1

Corporation Aluminum - 0.042 ug/L ¢ ) diTiwer‘.sH:maI va'doss: zone llnodeling. l--Iigh!ighted

Yard R cells retlect es‘u_mate_s deve oped for contaminants

DEHP - 3.01 pg/L ¢ not measured in this study, but reported by the

Permethrin — 12.2 ng/L ® il Department of Pesticide Regulation as pesticides

of particular concern due to their increased use.

Fipronil - 0.5 pg/L 133 days n/a All input concentration reflect calculated dissolved

concentrations based on the measurement of total

Imidacloprid - 0.9 g/L 16 days n/a concentration in stormwater measured at the dry

well. Estimated detection time refers to model

Strawberry | Aluminum - 0.006 pg/L ® n/a estimates of the time it would take to first be able

Creek : ' to quantify the contaminant. Notations: ¢ = input

Water Bifenthrin - 11 ng/L ¢ n/a colncentration is ir:jsuffki]ciﬁnt to rﬁahCh] the reportable

; ] ” values. DEHP = diethylhexy phthalate. n/a = No
gausai:ty Pzt =0 [t ey ol PHG or MCL exists for the conﬁaminant.

Imidacloprid — 0.9 pg/L 3 days n/a

Although not analyzed in stormwater, imidacloprid and fipronil were included in the modeling effort due to their growing use in
California and elsewhere. Both pesticides are used in urban settings with increasing frequency. Given their high water solubility,
these pesticides are unlikely to be adsorbed by particles, thus not removed from stormwater via sedimentation. Modeling results
suggests they have a very short transit time to the water table. There is a need for additional investigation to determine their
concentration and distribution in stormwater runoff and the most effective pretreatment. Further analysis is needed to understand
the risk they might pose to groundwater quality.

Corporation Yard monitoring event.

LITERATURE REVIEW

The literature on dry wells and their potential link to groundwater contamination is rel-
atively small. Of the studies and reports that have been published, most have drawn
similar conclusions — that dry wells do not pose a risk to groundwater quality. One study
observed that metal pollutants are likely retained in the vadose zone while organic pol-
lutants are degraded by bacteria, thus both unlikely to reach the water table. In anoth-
er study, the USGS performed a detailed analysis in Modesto to assess groundwater
quality. Dry wells have been used in Modesto as a stormwater management tool for
over 50 years. The research team found little evidence of groundwater contamination
from urban uses. The study did find, however, that naturally-occurring uranium was
solubilized by increased alkalinity associated with irrigation practices. Groundwater
modeling performed in Portland and numerous other cities in Oregon suggests that
the risk of groundwater contamination is attenuated by the vadose zone, assuming
contaminant concentrations entering the dry well are below the MCL or equivalent. Some researchers have recommended limita-
tions on how and where dry wells should be utilized. For example, most suggested that dry wells should not be sited where toxic
material is used (e.g., gas stations, vehicle maintenance areas, industrial areas) or near public supply wells. Many have suggested
that vegetated or structural pretreatment should be incorporated into the dry well design, as it serves to prevent clogging of the
dry well and sequester sediment and associated pollutants. One study by stormwater experts (Talebi & Pitt, 2014) suggested that
pollutants with high concentrations in stormwater, high mobility in the vadose zone, and/or high water solubility pose the greatest
risk to groundwater quality. This reflects the importance of understanding the stormwater contaminants present when siting a dry
well to ensure the dry well and pretreatment features can effectively manage relevant contaminants at the site.




The literature has also pointed to the benefits of dry wells as an aquifer recharge tool. Studies suggest that the use of dry wells
can have significant recharge potential. In 2005, the Los Angeles and San Gabriel Rivers Watershed Council, in a ten year study
in the Los Angeles region found that recharge could provide for the water needs for 750,000 households. In light of the recent
history of drought and increasing water challenges from climate change, dry wells could serve as one valuable tool to optimize
groundwater recharge.

CONCLUSIONS

Data collected at the two project sites in Elk Grove did not show evidence of groundwater contamination linked to the
dry wells, even given the fact that the majority of pretreatment depended only on vegetated features. With adequate structural
pretreatment, a higher level of pollutant removal could have been achieved. Modeling suggested there are only minimal risks
of groundwater contamination associated with common urban contaminants -- such_as combustion by-products, copper, zinc,
and other metals associated with brake pads and tire wear, and pyrethroid pesticides. Practices in other states and conclusions
reached by US EPA suggest that with proper dry well siting, design, and maintenance, dry wells can be used safely. Results from
this project are consistent with these conclusions.

Attention should be given to the following set of criteria (Table 4) which are widely used in neighboring states and evaluated in
the scientific literature and government reports:

Management Practice I What It Achieves
Siting: Locate dry wells away from public supply wells Avoids risk of transfer of contaminants to the boreholes of drinking water wells
Siting: Do not permit installation in contaminated soils Avoids risk of mobilizing contaminants already present in soil
Siting: Do not permit installation near gas stations, vehicle Avoids risk of spills or stormwater runoff entering the subsurface through
servicing facilities, or businesses that use hazardous materials the dry well
Siting: Require a minimum vertical separation, commonly 10 feet, Utilizes the vadose zone material to attenuate pollutants
from the aquifer
Design: Require pretreatment to reduce the concentration Reduces the concentration of pollutants entering the subsurface to a level
of contaminants in stormwater entering the dry well that mitigates against degradation of the aquifer
Monitoring: Periodic monitoring for key contaminants collected as | Ensures that pretreatment is effective and stormwater does not exceed
runoff enters the dry well criteria values
Maintenance: Periodic inspections and maintenance Insures proper functionality and infiltration rates

Table 4. Best management practices for dry wells.
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USES, REGULATIONS, AND GUIDELINES IN CALIFORNIA AND ELSEWHERE

Dry Well Description and Challenges to Use

Dry wells are gravity-fed excavated pits lined with perforat- Figure 1. Idealized drawing of stormwater infiltration using a dry well

ed casing and backfilled with gravel or stone (Fig. 1). Dry I
wells penetrate layers of clay soils with poor infiltration ) |
rates to reach more permeable layers of soil, allowing for
more rapid infiltration of stormwater. They can be used in
conjunction with low impact development (LID) practices to
reduce the harmful effects that traditional stormwater
management practices have had on the aquatic ecosystem.
Dry wells not only aid in stormwater runoff reduction, but
they can also increase groundwater recharge, are economi- [ waterTable ‘|
cal, and have minimal space requirements. -

I.. ) G_ravel/S:_nd_ I

In California, dry wells are used frequently in the southern part of the State
but with caution in northern California due to the concern that they might pro-
vide a conduit for contaminants to enter the groundwater. Regional Water
Quality Control Boards’ Stormwater Management Plans often differ in tech-
nical specifications for dry well construction. The CA Department of Water Re-
sources’ well water regulations imply that dry wells should be constructed to
water well standards. Varying design and technical specifications, poorly dis-
seminated information about studies of the risks of using dry wells, and lack of
clarity on the need to register or permit dry wells has left many reluctant in

Figure 2. Dry well installed to receive runoff some parts of California to use dry wells.
flowing through a lawn (Source: R. Pitt)

U.S. Environmental Protection Agency (EPA) - Region 9 Regulations

Dry wells and other buried infiltrative devices are subject to the U.S. Environmental Protection Agency (US EPA) Under-

ground Injection Control (UIC) regulations. A dry well is a Class V injection well, defined as a conduit for non-

hazardous fluids that is deeper than it is wide. Dry wells can be used for stormwater infiltration as long as they are: 1)

registered with the EPA using their online form on the UIC Region 9 website, and 2 ) do not threaten drinking water

sources by ensuring that runoff entering the dry well does not exceed primary drinking water standards (Maximum

Contaminant Levels or MCL; 40 CFR part 144.82). A permit is not required.

The EPA’s UIC Program was established in 1979 as part of the Safe Drinking Water Act. In California, the EPA maintains

‘primacy’ over the UIC program, unlike most other states who set guidelines and overseeing Class V wells. California

has primacy only for wells that are used to inject oil and gas waste products (Class Il wells). However, the EPA specifi-

cally allows the Regional Water Quality Control Boards and/or local governments to set requirements or standards that

are more stringent than EPA regulations (posted at: http.//www.epa.gov/region9/water/groundwater/uic-pdfs/calif5d-

muniguide.pdf).

The US EPA has not imposed design requirements for dry wells in California; that responsibility is left to local authori-

ties. However, the following design practices are encouraged:

e Site evaluation prior to construction to assess geological conditions, the ability of the subsurface to infiltrate storm-
water, proximity to public supply wells, and local use of hazardous chemicals,

e Incorporation of a pretreatment feature to remove sediment and associated pollutants,

e Maintenance of minimum distance, commonly 10 feet, from the bottom of the dry well to the water table, and

¢ Incorporation of any measures, such as siting and design requirements, needed to protect drinking water.



The Role of the California Regional Water Quality Control Board

The State Water Resources Control Board and the Region-
al Water Quality Control Boards in California can prescribe
requirements for discharges into California waters or on
to the land. Although not widely used, under California’s
Porter-Cologne Act, Regional Boards can require that a
Waste Discharge Report be submitted when dry wells
used for stormwater management are constructed. The
requirements must take into consideration the beneficial

mentation of feasible al- g
ternative treatment or
control methods. Factors
to be considered when =
evaluating the use of dry
wells for stormwater %
management could in- i
volve determining if they:

uses (water supply, irrigation, etc.) of the affected water
and the water quality objectives necessary to protect
these beneficial uses, as well as the need to prevent a nui-
sance.

B Provide an additional source of water to augment the
water supply,
B Reduce the negative effects of stormwater runoff

. . . . . flowing to surface waters, and
California’s Anti-Degradation Policy o

When evaluating the risk and benefits of using dry wells,
California’s anti-degradation policy (State Water Re-
sources Control Board Resolution No. 68-16) is also con-
sidered. The anti-degradation policy protects high quality
water (water that is higher in quality than that prescribed
by the Water Boards’ plans and policies). Degradation of
high quality water is permitted only if the discharge pro-
vides a maximum benefit to the people of the State, does
not violate the Boards’ Basin Plans and policies, and when
the discharge is controlled by the best practicable treat-
ment. The maximum benefit to the State is determined
on a case by case basis taking into account the beneficial
uses of the water, economic and social costs, the environ-
mental aspects of the proposed discharge, and the imple-

Minimally impact groundwater quality.

Consideration and interpretation of these and related fac-
tors are the basis on which the State’s anti-degradation
policy is applied to dry well use and siting.

—

Typical Dry Well Guidelines at the Local Level

Dry Wells and California Water Well Protection Policies

Throughout California, county environmental management departments are charged with implementing California
DWR regulations (Bulletins 74-81, 74-90) to protect wells used to supply drinking water, groundwater monitoring wells,
etc. These regulations are designed to prevent contamination of groundwater through improperly constructed or de-
commissioned wells. County staff regularly inspect wells and the area around them to evaluate compliance with regu-
lations. These regulations apply to “waste” and, if stormwater is classified as such, then Bulletin 74 would apply to dry
wells. Yet, the process that dry wells are designed to facilitate, namely the infiltration of stormwater, is stymied if the
rules identified in Bulletin 74 prohibits surface water from entering injection wells. Currently, individual county envi-
ronmental health departments in California use their best professional judgment to evaluate how to manage this chal-
lenge. Within the State, some communities follow DWR’s guidelines while others do not, deferring to the guidance of
the US EPA Region 9.

Local Guidelines

Many requirements and design specifications for dry wells come from guidelines linked to the NPDES (National Pollu-
tion Discharge Elimination System) permits, issued by the State or Regional Water Boards. In a few locales, city or
county requirements also exist. In Los Angeles County, for example, information on placement and design of dry wells
must be submitted as part of the permitting process for new development. Not all cities and counties have such re-
quirements. In some cases, inclusion of dry wells in local Low Impact Development Design Guidelines serves as a ‘de
facto’ source of guidance for local municipalities and the development community. For example, a number of cities in
the SF Bay Area (San Mateo, Santa Clara, etc.) include dry wells as one LID tool that can be used to reduce the effects
of hydromadification.



Local Guidelines (continued) Figure 3. Example dry well system design

Design specifications differ by city/county, with some standards Vegetated swale directs

. o o runoff to dry well
varying significantly. Local authorities should be consulted for spe-
cific guidelines. The following list includes some of the common : ! .-'I
standards of the California Standard Urban Stormwater Manage- - A
ment Plans and LID Manuals (documents related to NPDES per- i ey b
“] %% Gravel/stone backfill

mits): {3 adds structural support

e Building setback: 10— 20 feet minimum,

e Water table: 10 feet vertical separation between dry well
bottom and seasonal high water table,

e  Public supply wells: 100 feet minimum setback,

e Separation (center to center): 100 feet minimum,

e Penetration: 10 feet minimum into permeable porous soils,

s Dry well surface inlet: 3 inch minimum above bottom of retention basin,

e Restriction of use near vehicle maintenance sites, industrial areas, and other high risk locations, and

o Should not be used at sites with a slope >15%. (For example, San Diego does not recommended sites with slopes
>40%).

Dry well penetrates
into permeable soils for
more rapid infiltration

There are no commonly applied monitoring or design requirements in California. The role of the vadose zone in the
attenuation of contaminants is not a design or siting consideration. A challenge for some in the development commu-
nity is gaining an understanding of local practices in order to meet stormwater runoff management requirements (i.e.,
hydromodification requirements) associated with NPDES permits.

Dry Well Regulations in Other States

Most states have assumed responsibility for overseeing dry well programs in their state. Some have minimal require-
ments while others have a complex set of standards and monitoring requirements. Two of the states with the most
well defined programs are those in Oregon and Washington. Some of the common characteristics of these two pro-
grams are the requirement that runoff entering the dry well have concentrations of contaminants below the MCL, the
regulatory standard for contaminants in drinking water. The following table summarizes key aspects of the programs in
these two states:

Issue Oregon Washington

Design & Pre- Pretreatment reqd. (vegetated or structural) for all Need for pretreatment based on pollutant load and

treatment except those with roof-runoff only; spill containment | vadose zone treatment capacity except for roof runoff;
system must be incorporated into system; runoff en- runoff < MCL as it enters UIC; spill containment if UIC at
tering UIC must be < MCL. Vadose zone modeling of industrial or commercial site.
stormwater contaminants required for most UICs.

Siting > 500 feet from any water well, none allowed where Prohibited in vehicle servicing/washing facilities, areas
soils already contaminated, > 5 feet vertical separation = with hazardous materials, others specified; > 100 feet
from water table, commonly used in roadway right of  from drinking water wells; restrictions on slopes > 25%,
ways. setback 100 feet upslope and 20 feet downslope from

buildings.
Monitoring Required in most circumstances, measured in storm-  Not generally required.

Permitting or
Registration
Other points
of interest

water as it enters UIC. Includes metals, volatiles, semi-
volatiles, combustion by-products, coliform, etc.

Registration for rooftop runoff; others must obtain
permit from local or state government.

Stormwater management plan must be prepared, op-
erations and maintenance plan frequently required.

Registration required for all but roof-runoff only UICs;
permits integrated into stormwater permit.



Regulations in Other States (continued)
Pennsylvania, New Jersey, and Arizona, and Hawaii are a few of the others states with dry well regulations and guide-
lines. In New Jersey, some communities require dry well installation for all new and major remodels related to residen-
tial construction. They are typically designed to temporarily store and infiltrate roof runoff. Dry wells in New Jersey
are prohibited in industrial or other areas where toxic chemicals might be used. In contrast, in Pennsylvania dry wells
are permitted in industrial areas with restrictions, but not
ET GRATE —— Flow o srommwarea 31ONG roadways. Arizona requires dry wells in all new develop-
I et [— - + W’f-qw ment to control runoff produced by the 100 year storm over 24

DRY WELL SEDIMENTATION WELL PRE-TREATMENT FEATURE

‘ . . hours. The regulations of these states vary with respect to dry
~ well design, use of pretreatment, separation from drinking wa-
SEDIMENT ter sources, distance from the water table, and other factors.

g l

° . OF INTEREST Most dry wells are not holes in the ground filled with rocks.
2 :fi:rget:stzzvi:;:?z::: This dry well system (left) is being tested in the Sacramento area (Elk Grove,
° “+ mento area. CA). It consists of 3 parts: a vegetated pretreatment feature, a structural pre-
o _ treatment sedimentation well, and the dry well itself, which contains layers
o ;ﬁ;;mfm 1{.? of sand and gravel above the rocks. The goal of this design is to maximize the
® removal of pollutants, reduce clogging of the dry well, and promote efficient
;mL = stormwater infiltration.
Conclusions

Currently, there are no uniform State regulations or guidelines for dry wells in California. However, the Regional Water
Quality Control Boards have the discretion to issue waste discharge requirements and to interpret and apply the anti-
degradation policy to the construction of new dry wells. Therefore, most regulations and guidelines occur at the city or
county level and vary by region. Available information suggests that dry wells can be used safely if careful site evalua-
tions are performed to determine if a dry well is suitable for the location. They can be an alternative to typical storm
drainage systems that provide numerous benefits, including reducing localized flooding, recharging the aquifer, sup-
porting the implementation of LID practices in areas with clay soils, thereby minimizing the damaging effects of hydro-
modification on aquatic resources.

Useful Links and References

General Information

US EPA Class V Injection Well Info: https://www.epa.gov/uic/class-v-wells-injection-non-hazardous-fluids-or-above-underground-
sources-drinking-water

US EPA Region 9 Injection Well Guidelines

http://www.epa.gov/region9/water/groundwater/uic-pdfs/calif5d-muniguide.pdf

Forms and Registration

EPA Region 9 Injection Well Registration

http://www.epa.gov/region09/water/groundwater/injection-wells-register.html|

Information about programs in other states:

Oregon: http://www.deq.state.or.us/wq/uic/uic.htm

Washington: http://www.ecy.wa.gov/PROgrams/wq/grndwtr/uic/index.html
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The Underground Injection Control Program

Background

While over a dozen states around the country oversee dry well programs, one of the most developed programs is in Ore-
gon. The Oregon Department of Environmental Quality (DEQ) issues permits to municipalities to operate underground
injection control (UIC) devices or dry wells. Portland manages about 9,000 public UICs which collect stormwater in a
catch basin, filter it through a sedimentation manhole, and release the runoff into a dry well for infiltration 20—40 feet
below the ground. Portland developed UICs as a best management practice to minimize the damaging effects of in-
creased stormwater runoff volumes on the aquatic ecosystem as well as to recharge the aquifer. In Portland, the public
UICs typically collect stormwater in drainage inlets along the side of the street from the public rights-of-way. In some
areas of the City, UICs are the only form of stormwater disposal. Portland’s program stands out among others around the
country due to the extensive oversight and monitoring performed in an effort to protect groundwater quality. This fact-
sheet describes Oregon’s UIC Program.

The role of stormwater monitoring in Oregon’s UIC Program

The protection of groundwater in Oregon’s program rests on monitoring the quality of
stormwater. Drinking water standards such as MCLs (maximum contaminant levels)
are used to determine the maximum allowable concentration of contaminants in ’
stormwater. Oregon assumes that if stormwater entering the UIC does not exceed -
drinking water standards, groundwater quality is likely to be protected. Municipalities
in Oregon operate their UIC Program under a permit from the Oregon DEQ. In June
2005, the DEQ issued a 10 year permit to Portland, which allowed stormwater dis-
charges into city-owned UICs — the first permit of its kind in the nation. The permit es-

Figure 1. A UIC located in a pub-
lic right of way. Source: Oregon
DEQ UIC program.

tablished construction, operation and maintenance, and monitoring mandates for the
UICs to ensure contamination prevention and groundwater replenishment.

UICs: Construction and Design

The main component of a UIC is the dry well, which is typically a precast, reinforced,  catch basin sedimentation

concrete cylinder that contains numerous perforations, al-lowing stormwater to infil-
trate into the surrounding subsurface (Fig. 1 & 2). Specific features of UICs can vary by
site to account for local geologic and hydrological conditions. The drywell is not filled

manhole

with gravel or other material that might impede the flow or become clogged with fine
sediment over time. Most have a solid bottom to permit periodic vacuuming of accu-
mulated sediment. The size and depth of the dry well depends on the amount of infil-
trating stormwater, subsurface conditions, and distance to the water table.

A second component of the UIC is the sedimentation manhole, a solid concrete cylin-
der generally 3-4 feet in diameter and 10 feet deep, 4 feet of which extends below
the pipe that transfers stormwater to the dry well (Fig. 3). The sedimentation man-
holes provide pretreatment by allowing sediment in stormwater to settle, thus mini-
mizing suspended solids, and the pollutants they carry, from entering the dry well.

The third component of the system is a catch basin. The design of catch basins vary, Figure 2. Schematic of typical city
UIC system in Portland. Source:

Portland Bureau of Environmental
Services

from a street gutter to a vegetated swale or bioretention cell or some combination of
the two (Fig. 3). The function of this portion of the UIC system is to collect water and,
in some cases, provide additional pretreatment.
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Figure 3. Typical UIC systems used in Oregon. In Oregon, the drywell (center) can extend up to 40 ft. below ground surface, depend-

ing on the depth of groundwater. Panel A shows a system more commonly seen in Bend, OR with a vegetated swale collecting
stormwater, followed by a sedimentation well, where particulates in the water can settle to the bottom. This promotes an efficient
and sustainable system because sediment and associated pollutants are removed as runoff passes through the system. Panel B
shows a system commonly seen in Portland. Street gutters collect the stormwater runoff and transport it to the sedimentation well
directly. Because Portland receives much more rain than Bend, concentrations of contaminants in stormwater are diluted. This two
part UIC has been shown to efficiently remove pollutants from runoff.

Regulations and Permitting

Both public and private UICs must comply with a common set of restrictions. These restrictions affect the placement of
UICs, including prohibition of UICs near vehicle maintenance areas and gas and fire stations, as well as within 500 feet of
a water supply well. Permit holders must conduct a minimum of two years of stormwater monitoring to verify that run-
off entering the UIC does not exceed criteria values. Permittees also must perform groundwater fate and transport
modeling to ensure groundwater quality will not be compromised. Lastly, an annual report must be submitted to Ore-
gon DEQ describing the location and monitoring results. If exceedances do occur, source control measures are the first
corrective action, followed by retrofitting the UIC to capture the contaminant(s) of concern. If neither is effective, the
UIC is decommissioned. There are no requirements for pretreatment, although the majority of UICs include some type
of sediment trap (e.g., manhole or swale).

Monitoring Program

The monitoring program in Oregon focuses on analyzing stormwater Analyte MCL (pg/L) Exceedances

samples collected after pretreatment, just prior to entering the dry- | AM0MOY s 1
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Modeling the Risk of Groundwater Contamination

Each UIC permit holder has to assess the potential risk to groundwater posed by the discharge of urban stormwater
into UICs. Part of this process involves using a solute-based, one-dimensional model, known as the Groundwater Pro-
tectiveness Demonstration Tool (GWPD), that estimates how much a pollutant’s concentration in stormwater will de-
crease as stormwater flows out of the UIC and infiltrates through the vadose zone to the water table. Physical, chemi-
cal, and biological characteristics of both the pollutants and the unsaturated soil are used as input parameters. Porosi-
ty, soil moisture content, percent organic carbon, and degradation rate, gathered from literature values for the area,
are some of the input parameters (Fig. 4). The pollutants selected for analysis were chosen based on their frequency of
detection, mobility, persistence, and toxicity. Because hydrogeological systems are highly complex, scenarios depicting
average and worst-case conditions were created.

The values used for the various parameters are conservative. By using a one-dimensional equation for fate and
transport, the tool assumes that the stormwater pollutants migrate vertically, whereas lateral movement often pre-
dominates, resulting in significant pollutant attenuation. The use of a one-dimensional model both simplifies the calcu-
lations as well as assumes a worst-case scenario. Additionally, the pollutant concentrations used in the model were
equal to or 10 times higher than those actually measured. Data from Bend and Portland show that modeled pollutant
concentrations in stormwater were often 10 to 1000 fold lower than the MCL. Lastly, the GWPD tool input assumes a 5
foot separation distance from the bottom of the UIC and the groundwater. In some cases, the separation distance was
5 feet, but in many others it was as great as 100 feet. Taken together, numerous highly conservative factors have been
built into the model to promote protection of groundwater quality.

Modeling results for a variety of locations produced similar findings—even with a 5 foot separation distance and highly
permeable geologic material, the great majority of pollutants would be reduced by more than 99% before they reach
the water table. There were a few pollutants that commonly varied from this general finding, notably 2,4-D and tolu-
ene.

Modeling results can best be understood by examining output from two cities: Bend and Portland. Table 2 summarizes
key findings of the modeling efforts worst-case conditions. For each of the measured stormwater concentrations (Col.
A), a safety factor was applied (Col. B). The model input concentration represents the theoretical concentration of the
contaminant discharged from the UIC (Col. C). Most of BIOSCREEN Natural Attenuation Declslon Support System
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Figure 4. Screenshot of modeling input parameters. This

model factors advection, dispersion, adsorption, and aerobic
decay into the analysis. It is based on the advection dispersion
bottom of the UIC (based on modeling). The majority of equation programmed in an Excel spreadsheet. An example is

UICs in Bend have greater than 100 feet of separation from  posted at: http://www.deq.state.or.us/wq/uic/docs/template/
ClackamasCoReport.pdf

the concentrations of these pollutants would actually be
attenuated below detection limits within 40 feet of the

the water table.
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Safety Factor Model Output

Study Estimated Conc. in Model Input Percent

Analyte . Applied for Conc. @ 5 ft. below .
Conc.
City SW (ug/L) Modeling onc. (ug/L) UIC (ug/L) Reduction

Copper Bend 43.6 30 1300 <RL 100
Lead Bend 10.1 50 500 <RL 100
Benzo(a) Bend No Detections - 2 <RL 100
pyrene Portland 0.02 100 2 <RL 100

Bend No Available Data - 10 <RL 100
Napthalene

Portland 0.05 1240 62 <RL 100
PCP Bend 0.05 200 10 <RL 100

Portland 0.6 17 10 <RL 100

Bend 0.6 100 60 <RL 100
DEHP

Portland 3.8 16 60 <RL 100
24D Bend No Detections - 70 39.2 44

' Portland 0.68 1029 700 2.5 99.6

Bend 2 500 1000 525.7 47
Toluene

Portland 2.1 476 1000 76.7 99.2
Methoxychlor Portland 0.1 4000 400 <RL 100

Table 2. Estimated Maximum Concentration of Key Contaminants in the Vadose Zone. The estimated concentration of each con-
taminant was multiplied by a safety factor in the modeling to account for uncertainty. Bend data represents the mean value over 5
years while Portland data is the 95th upper confidence limit of the mean.

Conclusions

Oregon’s UIC Program is a regulatory program designed to oversee the use of UICs for stormwater infiltration. Active
UIC programs are found throughout the state: from wet, rainy areas with a high water table, such as Portland and Eu-
gene, to the high desert areas with low amounts of precipitation, such as Bend. Through a combination of monitoring
and modeling, the Dept. of Environmental Quality, which oversees these programs, endeavors to protect groundwater
resources while benefitting from the value of UICs. Recently, Portland’s monitoring data was reviewed by the DEQ and
their permit to continue to operate UICs was renewed for another 10 years. Some of the keys to the success of Ore-
gon’s UIC programs appear to include both thoughtful UIC design and verification components. The use of a variety of
pretreatment facilities, designed to capture pollutant-laden sediment, is a key design feature that has led to the low
levels of pollutants entering the UICs. Extensive monitoring of stormwater is performed to ensure it meets regulatory
levels. Lastly, the use of a conservative one-dimensional model to estimate subsurface fate and transport of pollutants
helps to verify that the handful of pollutants that are not removed by pretreatment will not contaminate the aquifer.
The combination of these three program components, as well as other requirements and restrictions, has led to the
widespread use of one of the newer low impact development practices - drywells.

OEHHA Note: While Oregon uses the MICL as the criteria for contaminants entering a dry well, other health-related, risk-based cri-
teria might be appropriate for this use.
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CITY OF ELK GROVE DRY WELL PROJECT

Guidance and Lesson Learned from the Elk Grove Dry Well Project

The Elk Grove Dry Well Project (project) was a four-year study to investigate the risk of
groundwater contamination associated with the use of infilirating stormwater through dry
wells. The project involved a large field component that included the installation of two dry
wells with pretreatment and a network of groundwater monitoring wells. The project has two
study sites located in Elk Grove, California. The first site was the City of Elk Grove's Corporation
Yard, a 0.6-acre parking facility that is a bus fleet servicing area and maintenance yard, and
the second site was the Strawberry Detention Basin, a water quality basin that collects
stormwater from a 168-acre residential neighborhood.

As part of the project study, stormwater and groundwater samples were collected for two
years and analyzed for over 200 contaminants. Estimates of infiliration rates were also made.
A companion modeling study of the fate and transport of contaminants through the vadose
zone was performed. Scientific and government reports evaluating the risk to groundwater
quality associated with dry well use were reviewed and compiled in a literature review
(annotated bibliography). Lastly, information from other states with developed dry well
programs, offen known as underground injection conftrol systems, was summarized in fact
sheets with the goal of understanding the regulations, permitting, siting, and design guidelines
used elsewhere.

This guidance document summarizes some of the key lessons learned from this work.

1. Siting

The siting of a dry well involves consideration of the land use and types of contaminants that
are likely to be associated with any particular land use, the location of other public
infrastructure, such as public supply wells, presence of any existing contaminants in the saoils,
and subsurface lithology. The following are key siting considerations:

Avoid sites where hazardous chemicals are used or handled. [t is wise to avoid installing
dry wells where hazardous chemicals are used, even if control measures are in place.
Stormwater runoff from the Corporation Yard contained very high levels of some metals
as well as motor oil. Inretrospect this is not surprising given the activities at the site. The
washing of buses and their undercarriage, and servicing the vehicles, is likely the source
of these contaminants. As a result of finding elevated levels of stormwater contaminants
and the challenges of managing runoff at such a busy site, the City of Elk Grove
decided to decommission this dry well at the completion of the project. Most other
states with developed underground injection control programs, such as Washington and
Oregon, do not allow dry wells to be located at vehicle servicing areas, gas stations,
and other locations where hazardous chemicals could enter stormwater. They do
permit dry wells, however, in the parking lots of such sites if there is no route for the
hazardous chemicals to reach the dry well if a spill should occur.

Avoid sites where soils are contaminated. Leaching of hazardous chemicals from soils
and entrainment in stormwater runoff also poses a risk. Soils at contaminated sites
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require containment and mitigation, making dry well use inappropriate. Although soils at
the two project sites in Elk Grove did not contain contaminants, this prohibition is
commonly enforced in other states where dry wells are used.

Avoid sensitive areas. It is prudent to avoid placing dry wells near public supply wells,
water lines, creeks, and other sensitive areas. In Washington, for example, a 500-foot
setback from public supply wells and a 100 foot setback from a domestic well are
required. By following these precautions, if contaminants get into a dry well, adjacent
infrastructure or natural areas are unlikely to be adversely affected.

Land ownership matters. It is simpler to place dry wells on public lands than on private
lands. Oversight of construction, operation and maintenance, and monitoring of
influent stormwater can be accomplished more easily if dry wells are sited on public
lands such as within the public right of way, in parks, or other public holdings. City or
county maintenance staff can oversee dry well maintenance when the dry wells are
easily accessible. The long-term concern is proper maintenance and cleaning to
prevent clogging with sediment and debris. For example, in Portland, about half of their
20,000 dry wells are located within the public right of way, collecting runoff from
sidewalks and streets. However, dry wells have been successfully located on private
lands as well. Usually a covenant agreement is required when the development is first
constructed that spells out the terms of maintenance and monitoring for these privately
owned dry wells. In Oregon and Washington for example, dry wells that only receive
roof runoff, from a private home or business, typically containing few or no
contaminants, do not require such agreements. For the Elk Grove project, both study
sites were located on public lands which facilitated construction oversight,
maintenance, and monitoring at odd hours.

Use of dry wells in detention basins should be assessed on a case-by-case basis.
Detention basins are not necessarily the ideal location for dry wells. At the Strawberry
Detention Basin (water quality basin), the rate of stormwater infiltration through the dry
well decreased over the course of the winter, from 46 to 21 gallons per minute. An
important factor linked to this decline was saturation of the vadose zone. The rate at
which runoff moved through the dry well decreased as the rainy season progress, the
water table rose, and presumably the degree of saturation in the vadose zone
increased, although this was never directly measured. In contrast, there was not a
declining rate of infilfration at the Corporation Yard site, an expansive paved area
where the only path for stormwater to enter the subsurface was the single project dry
well. However, if a greater amount of sand and gravel, material that can infiltrate large
volumes of water, had characterized the lithology at Strawberry Detention Basin, the
behavior of the dry well might have been quite different. The subsurface conditions at
any prospective dry wells location, including detention basins, is the key factor in
assessing if the site is likely to support reliable rates of infiltration throughout the rainy
season.

Treat clay soils as an asset. Clay soils are usually viewed as a problem when it comes to
infilfrating stormwater. When clay is near the land surface, it acts as a barrier to
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infiltration, and is the reason dry wells are needed to obtain meaningful infiltration rates.
However, in the vadose zone, clay units serve a valuable function by retarding the
movement of contaminants. For the Elk Grove project both dry wells were completed
above a clay unit, forcing runoff to leave the dry well through boreholes in the sides and
releasing the water above the clay layer. Compared to sand or silt, clay has a very
large surface areas (10 m2/g) and adsorptive capacity. Thus, clay can play a role in
attenuating the movement of pollutants, decreasing the risk of groundwater quality
degradation. In the state of Washington, this factor is considered when determining
required prefreatment. The amount of clay in the vadose zone and the concentration
of stormwater pollutants are used to determine the type of pretreatment required for
new dry wells.

2. Design and Construction

The design of the dry well system has a major influence on its functionality, especially its ability
to capture pollutants and prevent them from entering the subsurface. Pretfreatment features,
both structural and vegetated, are important design factors. Similarly, in the actual
construction of dry wells, it is important to ensure that the plans are implemented as designed
and unanticipated issues are properly addressed. This is especially important because dry wells
are a relatively new technology in California and many construction contractors do not have
significant dry well experience. The following are important design and construction
considerations:

Pretreatment of stormwater is essential. Pretfreatment can occur in the form of
vegetated swales, bioretention cells, or a water quality basin. Structural pretreatment
usually refers to a sedimentation well or manhole; usually a deep concrete vault
designed to capture sediment. Experiences performing this study as well as information
from elsewhere suggests that pretreatment is essential to protect groundwater.

o Vegetated Pretreatment. Pretreatment for the Elk Grove project consisted of a deep
grassy swale at one site and an existing water quality basin at the other site. Both
were effective at removing sediment, measured as total suspended solids, from
stormwater; approximately 50% removal efficiency was measured for the water
quality basin and 65% for the grassy swale at the Corporation Yard. Given that up to
70% of metals and organics in stormwater are found adsorbed to sediment,
preventing sediment from entering the dry well not only prevents clogging, but also
reduces the pollutant load. Vegetated pretreatment might be especially important
to sequester (via foliar absorption) some of the water soluble pesticides such as the
neonicotinoid pesticides. This is an area that requires additional research.

o Structural Pretreatment. Sedimentation wells/manholes are the main form of structural
pretreatment. The sedimentation well design for the Elk Grove project did not
function as planned due to design flaws. The 1 -2 feet of depth beneath the pipe
connecting the sedimentation well to the dry well was insufficient to permit sediment
to settle. In Portland, their sedimentation manholes are typically 3 feet wide and 10
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feet deep. Torrent Resources, who manufactures and installs dry wells in the western
United States, designs their sedimentation wells about 15 feet deep. Unfortunately,
when the design of the sedimentation well was developed at the beginning of the
project, the team lacked this information. Torrent Resources' has estimated that their
system, composed of two sedimentation wells, with the dry well housed within the
second, removes about 90% of particulates. Given the Elk Grove team’s experience
with vegetated pretreatment, which removed about 55-60% of suspended sediment,
a rough estimate was made that a properly design sedimentation well could remove
an additional 30% of suspended sediments. Structural pretreatment is the primary
means of removing sediment and associated pollutants in major cities such as
Phoenix, Arizona and Portland, Oregon. Monitoring in Portland, in particular, has
shown that their sedimentation manholes remove the large majority of metals and
organic contaminants, such as polycyclic aromatic hydrocarbons, from stormwater
runoff.
A minimum vertical separation from the water table should be maintained. Other states
often use al0-foot vertical separation distance between the bottom of the dry well and
the seasonal high water table as a benchmark. In some cases, the distances are as
small as 5 feet or less. The depth of the water table is an important factor to consider in
sitfing and constructing a dry well to permit a minimum amount of pollutant attenuation.
In some circumstances, the water table might be so high that dry wells might not be
useful. In other cases, the depth of the dry well might need to be reduced to account
for shallower depths of the water table.
Dry well construction requires careful management. The use of highly-engineered dry
wells is relatively new in California and as such, there is not an abundance of
experienced consultants and construction contractors. Some experienced design/build
firms do exist. However, should a local construction contractor be selected to perform
the installation of dry well system, careful oversight of the project is essential to avoid
future problems. Problems were experienced with dry well construction in the Elk Grove
project that required removing 5 feet of sand from the dry well and replacing it with the
correct ratio of sand to gravel as indicated in the design plans. The contractor did not
follow the design details, which lead to stormwater flows and infiltration being impeded.
More careful oversight could have avoided this problem.
Dry wells should be constructed with a shut off valve. The dry wells used in the project
were designed with a shut off valve that was placed in the pipe connecting the
sedimentation well and the dry well that could stop flow into the dry well in an
emergency. This valve could be used if a chemical spill occurred, if a large amount of
debris generated from a large storm might clog the well, or other unexpected
circumstance developed. In the Elk Grove project, the shut off valve was used a few
times when large amounts of debris were entrained in stormwater runoff. If dry wells
were constructed in the public right of way, and should an accident occur, emergency

1 Ref erences to Torrent Resources do not constitute an endorsement of their products or services.
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responder would be able to prevent chemicals from entering the system by closing the
valve.

3. Monitoring

Stormwater entering the dry well should be monitored. The only way to know if
contaminants are entering the dry well at a level that may pose a risk to groundwater
quality is to test the stormwater entering the well. In the Elk Grove project, monitoring
was performed aft the first flush of the rainy season, and multiple times during the water
year. Over 200 contaminants were evaluated in the classes of volatile and semi-volatile
organics, herbicides, pyrethroid pesticides, metals, and general mineral and physical
parameters. In Oregon, sites that are considered ‘low-risk’, newly installed wells are
monitored twice a year for the first two years, then yearly thereafter. In Portland,
however, where the city owns 9000 dry wells, wells at 15 fixed sites and 15 rotating sites
are monitored six times per year for a set of priority pollutants. If the concentration
exceeds their criteria value, usually the Maximum Contaminant Levels (MCL), a series of
control steps are taken that include reducing or eliminating the source of the
contaminant, adding additional pretreatment, or in the worst cases, decommissioning
the dry well. Based on the experience gained from this project, the contaminants that
appeared to warrant regular monitoring would include metals, a small list of semi-volatile
organics, pyrethroid pesticides, and total suspended solids. In addition, pesticides which
are increasing in use, especially those that are more water soluble than pyrethroids,
should be included, specifically imidacloprid and fipronil.

Groundwater quality should primarily be evaluated with appropriate vadose zone
modeling. Extensive groundwater monitoring was performed as part of the Elk Grove
project. Most of the well samples showed no evidence of contaminants, except for
arsenic and chromium, which are naturally occurring. Vadose zone modeling that was
also performed helped to explain the reason for the lack of detections. Most pollutants
would not reach the water table at detectible levels for many years, decades, or, in
some cases, centuries. Exceptions to this general rule were water soluble pesticides such
as imidacloprid. Given these facts, and the expense of performing groundwater
monitoring, regular groundwater monitoring from a network of wells does not appear to
be a useful investment. Instead, limited groundwater monitoring, using a small number
of strategically placed wells, could serve as a safeguard. Asrequired in Oregon, vadose
zone modeling can serve as useful alternative that can provide valuable information on
the fate and transport of contaminants that might have entered the dry well. One
dimensional vadose zone modeling can be performed with either a spreadsheet or the
open source software Hydrus. University of California at Davis hydrologists is preparing
guidance on the methods for performing this analysis.

4, Regulatory Issues

Dry well permitting and use varies widely in California. Significant effort was invested in
obtaining permits to install the two dry wells used in this project. The construction of the
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dry wells had to be modified to meet certain requirements applied to water wells. This
experience reflects on the broader issue of the different regulatory environments in
California. In Southern California, over 10,000 dry wells have been installed. Permitting is
handled at the local level, where specific conditions of construction and management
are agreed upon with the contractor. In contrast, in Northern California, relatively few
dry wells have been constructed. The regulatory climate is much more cautious than in
the Los Angeles/San Diego areaq, likely due to the differences in the water resources. In
the Sacramento region, the County permits dry wells as water wells, following the
guidelines of Department of Water Resources (DWR) Bulletin 74-81 and 74-90. This
bulletin identifies stormwater as a waste product and dry wells as one type of well to
which water well standards apply. While permitting in Northern California serves as a
barrier to using dry well technology, in Southern California, the interpretation of DWR's
bulletins does not hinder permitting and construction. Requirements for construction
and maintenance are applied in a piecemeal fashion in California. The need for state
oversight of a dry well program to establish consistent standards for construction, siting,
design, and maintenance is clear.

Conclusions
The Elk Grove dry well project team learned valuable lessons about dry well siting, design,
construction, overcoming permitting challenges, and the value of stormwater and
groundwater monitoring and modeling that have been summarized above. Additionally, the
practices followed in neighboring states, all of which have had wide-reaching underground
injection control programs in existence for over a decade, have been reviewed. The
conclusions drawn from the Elk Grove project are consistent with many of the practices in other
states: that is, dry wells can be safely used to manage urban runoff and recharge the aquifer
when appropriate safeguards are in place through siting, design and maintenance.
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Guidance and Lesson Learned from the Elk Grove Dry Well Project

The Elk Grove Dry Well Project (project) was a four-year study to investigate the risk of
groundwater contamination associated with the use of infiltrating stormwater through dry
wells. The project involved a large field component that included the installation of two dry
wells with pretreatment and a network of groundwater monitoring wells. The project has two
study sites located in Elk Grove, California. The first site was the City of Elk Grove's Corporation
Yard, a 0.6-acre parking facility that is a bus fleet servicing area and maintenance yard, and
the second site was the Strawberry Detention Basin, a water quality basin that collects
stormwater from a 168-acre residential neighborhood.

As part of the project study, stormwater and groundwater samples were collected for two
years and analyzed for over 200 contaminants. Estimates of infiliration rates were also made.
A companion modeling study of the fate and transport of contaminants through the vadose
zone was performed. Scientific and government reports evaluating the risk to groundwater
quality associated with dry well use were reviewed and compiled in a literature review
(annotated bibliography). Lastly, information from other states with developed dry well
programs, often known as underground injection control systems, was summarized in fact
sheets with the goal of understanding the regulations, permitting, siting, and design guidelines
used elsewhere.

This guidance document summarizes some of the key lessons learned from this work.

1. Siting

The siting of a dry well involves consideration of the land use and types of contaminants that
are likely to be associated with any particular land use, the location of other public
infrastructure, such as public supply wells, presence of any existing contaminants in the soils,
and subsurface lithology. The following are key siting considerations:

¢ Avoid sites where hazardous chemicals are used or handled. It is wise to avoid installing
dry wells where hazardous chemicals are used, even if control measures are in place.
Stormwater runoff from the Corporation Yard contained very high levels of some metals
as well as motor oil. In retrospect this is not surprising given the activities at the site. The
washing of buses and their undercarriage, and servicing the vehicles, is likely the source
of these contaminants. As a result of finding elevated levels of stormwater contaminants
and the challenges of managing runoff at such a busy site, the City of Elk Grove
decided to decommission this dry well at the completion of the project. Most other
states with developed underground injection control programs, such as Washington and
Oregon, do not allow dry wells to be located at vehicle servicing areas, gas stations,
and other locations where hazardous chemicals could enter stormwater. They do
permit dry wells, however, in the parking lots of such sites if there is no route for the
hazardous chemicals to reach the dry well if a spill should occur.

¢ Avoid sites where soils are contaminated. Leaching of hazardous chemicals from soils
and entrainment in stormwater runoff also poses a risk. Soils at contaminated sites
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require containment and mitigation, making dry well use inappropriate. Although soils at
the two project sites in Elk Grove did not contain contaminants, this prohibition is
commonly enforced in other states where dry wells are used.

e Avoid sensitive areas. It is prudent to avoid placing dry wells near public supply wells,
water lines, creeks, and other sensitive areas. In Washington, for example, a 500-foot
setback from public supply wells and a 100 foot setback from a domestic well are
required. By following these precautions, if contaminants get into a dry well, adjacent
infrastructure or natural areas are unlikely to be adversely affected.

e Land ownership matters. It is simpler to place dry wells on public lands than on private
lands. Oversight of construction, operation and maintenance, and monitoring of
influent stormwater can be accomplished more easily if dry wells are sited on public
lands such as within the public right of way, in parks, or other public holdings. City or
county maintenance staff can oversee dry well maintenance when the dry wells are
easily accessible. The long-term concern is proper maintenance and cleaning to
prevent clogging with sediment and debris. For example, in Portland, about half of their
20,000 dry wells are located within the public right of way, collecting runoff from
sidewalks and streetfs. However, dry wells have been successfully located on private
lands as well. Usually a covenant agreement is required when the development is first
constructed that spells out the terms of maintenance and monitoring for these privately
owned dry wells. In Oregon and Washington for example, dry wells that only receive
roof runoff, from a private home or business, typically containing few or no
contaminants, do not require such agreements. For the Elk Grove project, both study
sites were located on public lands which facilifated construction oversight,
maintenance, and monitoring at odd hours.

¢ Use of dry wells in detention basins should be assessed on a case-by-case basis.
Detention basins are not necessarily the ideal location for dry wells. At the Strawberry
Detention Basin {water quality basin), the rate of stormwater infiltration through the dry
well decreased over the course of the winter, from 46 to 21 gallons per minute. An
important factor linked to this decline was saturation of the vadose zone. The rate at
which runoff moved through the dry well decreased as the rainy season progress, the
water table rose, and presumably the degree of saturation in the vadose zone
increased, although this was never directly measured. In contrast, there was not a
declining rate of infiltration at the Corporation Yard site, an expansive paved area
where the only path for stormwater to enter the subsurface was the single project dry
well. However, if a greater amount of sand and gravel, material that can infilirate large
volumes of water, had characterized the lithology at Strawberry Detention Basin, the
behavior of the dry well might have been quite different. The subsurface conditions at
any prospective dry wells location, including detention basins, is the key factor in
assessing if the site is likely to support reliable rates of infiltration throughout the rainy
season.

+ Treat clay soils as an asset. Clay soils are usually viewed as a problem when it comes to
infiltrating stormwater. When clay is near the land surface, it acts as a barrier to
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infiltration, and is the reason dry wells are needed to obtain meaningful infiltration rates.
However, in the vadose zone, clay units serve a valuable function by retarding the
movement of contaminants. For the Elk Grove project both dry wells were completed
above a clay unit, forcing runoff to leave the dry well through boreholes in the sides and
releasing the water above the clay layer. Compared to sand or silt, clay has a very
large surface areas (10 m2/g) and adsorptive capacity. Thus, clay can play a role in
attenuating the movement of pollutants, decreasing the risk of groundwater quality
degradation. In the state of Washington, this factor is considered when determining
required pretreatment. The amount of clay in the vadose zone and the concentration
of stormwater pollutants are used to determine the type of pretreatment required for
new dry wells.

A Design and Construction

The design of the dry well system has a major influence on its functionality, especially its ability
to capture pollutants and prevent them from entering the subsurface. Pretreatment features,
both structural and vegetated, are important design factors. Similarly, in the actual
construction of dry wells, it is important to ensure that the plans are implemented as designed
and unanticipated issues are properly addressed. This is especially important because dry wells
are a relatively new technology in California and many construction contractors do not have
significant dry well experience. The following are important design and construction
considerations:

¢ Pretreatment of stormwater is essential. Pretreatment can occur in the form of
vegetated swales, bioretention cells, or a water quality basin. Structural pretreatment
usudlly refers to a sedimentation well or manhole; usually a deep concrete vault
desighed to capture sediment. Experiences performing this study as well as information
from elsewhere suggests that pretreatment is essential to protect groundwater.

o Vegetated Pretreatment. Pretreatment for the Elk Grove project consisted of a deep
grassy swale at one site and an existing water quality basin at the other site. Both
were effective at removing sediment, measured as total suspended solids, from
stormwater; approximately 50% removal efficiency was measured for the water
quality basin and 65% for the grassy swale at the Corporation Yard. Given that up to
70% of metals and organics in stormwater are found adsorbed to sediment,
preventing sediment from entering the dry well not only prevents clogging, but also
reduces the pollutant load. Vegetated pretreatment might be especially important
to sequester (via foliar absorption) some of the water soluble pesticides such as the
neonicotinoid pesticides. This is an area that requires additional research.

o Structural Pretreatment. Sedimentation wells/manholes are the main form of structural
pretreatment. The sedimentation well design for the Elk Grove project did not
function as planned due to design flaws. The 1 - 2 feet of depth beneath the pipe
connecting the sedimentation well to the dry well was insufficient to permit sediment
to settle. In Portland, their sedimentation manholes are typically 3 feet wide and 10
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feet deep. Torrent Resources, who manufactures and installs dry wells in the western
United States, designs their sedimentation wells about 15 feet deep. Unfortunately,
when the design of the sedimentation well was developed at the beginning of the
project, the team lacked this information. Torrent Resources' has estimated that their
system, composed of two sedimentation wells, with the dry well housed within the
second, removes about 90% of particulates. Given the Elk Grove team's experience
with vegetated pretreatment, which removed about 55-60% of suspended sediment,
a rough estimate was made that a properly design sedimentation well could remove
an additional 30% of suspended sediments. Structural pretreatment is the primary
means of removing sediment and associated pollutants in major cities such as
Phoenix, Arizona and Portland, Oregon. Monitoring in Portland, in particular, has
shown that their sedimentation manholes remove the large maojority of metals and
organic contaminants, such as polycyclic aromatic hydrocarbons, from stormwater
runoff.

¢ A minimum verical separation from the water table should be maintained. Other states
often use al0-foot vertical separation distance between the bottom of the dry well and
the seasonal high water table as a benchmark. In some cases, the distances are as
small as 5 feet or less. The depth of the water table is an important factor to consider in
siting and constructing a dry well to permit a minimum amount of pollutant attenuation.
In some circumstances, the water table might be so high that dry wells might not be
useful. In other cases, the depth of the dry well might need to be reduced to account
for shallower depths of the water table.

« Dry well construction requires careful management. The use of highly-engineered dry
wells is relatively new in California and as such, there is not an abundance of
experienced consultants and construction contractors. Some experienced design/build
firms do exist. However, should a local construction contractor be selected to perform
the installation of dry well system, careful oversight of the project is essential fo avoid
future problems. Problems were experienced with dry well construction in the Elk Grove
project that required removing 5 feet of sand from the dry well and replacing it with the
correct ratio of sand to gravel as indicated in the design plans. The contractor did not
follow the design details, which lead to stormwater flows and infiltration being impeded.
More careful oversight could have avoided this problem.

e Dry wells should be constructed with a shut off valve. The dry wells used in the project
were designed with a shut off valve that was placed in the pipe connecting the
sedimentation well and the dry well that could stop flow into the dry well in an
emergency. This valve could be used if a chemical spill occurred, if a large amount of
debris generated from a large storm might clog the well, or other unexpected
circumstance developed. In the Elk Grove project, the shut off valve was used a few
times when large amounts of debris were entrained in stormwater runoff. If dry wells
were constructed in the public right of way, and should an accident occur, emergency

1 . i .
References to Torrent Resources do not constitute an endorsement of their products or services.
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responder would be able to prevent chemicals from entering the system by closing the
valve.

3. Moniforing

o Stormwater entering the dry well should be monitored. The only way to know if
contaminants are entering the dry well at a level that may pose a risk to groundwater
quality is to test the stormwater entering the well. In the Elk Grove project, monitoring
was performed at the first flush of the rainy season, and multiple times during the water
year. Over 200 contaminants were evaluated in the classes of volatile and semi-volatile
organics, herbicides, pyrethroid pesticides, metals, and general mineral and physical
parameters. In Oregon, sites that are considered ‘low-risk’, newly installed wells are
monitored twice a year for the first two years, then yearly thereafter. In Portland,
however, where the city owns 9000 dry wells, wells at 15 fixed sites and 15 rotating sites
are monitored six times per year for a set of priority pollutants. If the concentration
exceeds their criteria value, usually the Maximum Contaminant Levels (MCL), a series of
control steps are taken that include reducing or eliminating the source of the
contaminant, adding additional pretreatment, or in the worst cases, decommissioning
the dry well. Based on the experience gained from this project, the contaminants that
appeared to warrant regular monitoring would include metals, a small list of semi-volatile
organics, pyrethroid pesticides, and total suspended solids. In addition, pesticides which
are increasing in use, especially those that are more water soluble than pyrethroids,
should be included, specifically imidacloprid and fipronil.

 Groundwater quality should primarily be evaluated with appropriate vadose zone
modeling. Extensive groundwater monitoring was performed as part of the Elk Grove
project. Most of the well samples showed no evidence of contaminants, except for
arsenic and chromium, which are naturally occurring. Vadose zone modeling that was
aiso performed helped to explain the reason for the lack of detections. Most pollutants
would not reach the water table at detectible levels for many years, decades, or, in
some cases, centuries. Exceptions to this general rule were water soluble pesticides such
as imidacloprid. Given these facts, and the expense of performing groundwater
monitoring, regular groundwater monitoring from a network of wells does not appear to
be a useful investment. Instead, limited groundwater monitoring, using a small number
of strategically placed wells, could serve as a safeguard. As required in Oregon, vadose
zone modeling can serve as useful alternative that can provide valuable information on
the fate and transport of contaminants that might have entered the dry well. One
dimensional vadose zone modeling can be performed with either a spreadsheet or the
open source software Hydrus. University of California at Davis hydrologists is preparing
guidance on the methods for performing this analysis.

4, Regulatory Issues

¢ Dry well permitting and use varies widely in California. Significant effort was invested in
obtaining permits to install the two dry wells used in this project. The construction of the
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dry wells had to be modified to meet certain requirements applied to water wells. This
experience reflects on the broader issue of the different regulatory environments in
California. In Southern California, over 10,000 dry wells have been installed. Permitting is
handled at the local level, where specific conditions of construction and management
are agreed upon with the contractor. In contrast, in Northern California, relatively few
dry wells have been constructed. The regulatory climate is much more cautious than in
the Los Angeles/San Diego areaq, likely due to the differences in the water resources. In
the Sacramento region, the County permits dry wells as water wells, following the
guidelines of Department of Water Resources (DWR) Bulletin 74-81 and 74-90. This
bulletin identifies stormwater as a waste product and dry wells as one type of well to
which water well standards apply. While permitting in Northern California serves as a
barrier to using dry well technology, in Southern California, the interpretation of DWR's
bulletins does not hinder permitting and construction. Requirements for construction
and maintenance are applied in a piecemeal fashion in California. The need for state
oversight of a dry well program to establish consistent standards for construction, siting,
design, and maintenance is clear.

Conclusions
The Elk Grove dry well project team learned valuable lessons about dry well siting, design,
construction, overcoming permitting challenges, and the value of stormwater and
groundwater monitoring and modeling that have been summarized above. Additionally, the
practices followed in neighboring states, all of which have had wide-reaching underground
injection control programs in existence for over a decade, have been reviewed. The
conclusions drawn from the Elk Grove project are consistent with many of the practices in other
states: that is, dry wells can be safely used to manage Urban runoff and recharge the aquifer
when appropriate safeguards are in place through siting, design and maintenance.
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http://www elkgrovecity org
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I www.elkgrovecity.org (Z60 7O REPORT
Page Tracking Jul 1, 2015- Feb 20, 2017
All Users
100 00% Sessions

Dry Well

@ Pageviews

100

October 2015 January 2016 April 2016 July 2016 October 2016 January 2017
Dry Well Pageviews and Unique Pageviews by Page
" Unique
Page Pageviews Pageviews
/city_hall/departments_divisions/public_works/dry_well_project__prop_84/ 498 296
/city_hall/departments_divisions/public_works/dry_well_project__prop_84/elk_grove_dry_well_project/ 426 207
/city_hall/departments_divisions/public_works/dry_well_project__prop_84/project_factsheets__presentations_and_documents/ 304 140
/city_hall/departments_divisions/public_works/dry_well_project__prop_84/all_about_dry_wells/what_is_a_dry_well_/ 209 162
/city_hall/departments_divisions/public_works/dry_well_project__prop_84/project_team/ 203 165
/city_hall/departments_divisions/public_works/dry_well_project__prop_84/elk_grove_dry_well_project/project_stormwater_and 168 132
_groundwater_monitoring/
/city_hall/departments_divisions/public_works/dry_well_project___prop_84/all_about_dry_wells/ 145 81
/city_hall/departments_divisions/public_works/dry_well_project__prop_84/all_about_dry_wells/links_to_more_information_abo 139 101
ut_dry_wells/
/city_hall/departments_divisions/public_works/dry_well_project___prop_84/elk_grove_dry_well_project/project_design/ 135 96
/city_hall/departments_divisions/public_works/dry_well_project___prop_84/elk_grove_dry_well_project/about_the_project/ 133 116
.-—--'—--'d
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Presentation 1: The Risk of Groundwater Quality Degradation
from the Use of Dry wells: What We Know Today?¢

California Environmental Health Association 615t Annual Educational
Symposium, Department of Pesticide Regulations Seminar

April 4, 2012



THE RISK OF GROUNDWATER QUALITY
DEGRADATION FROM THE USE OF DRY
WELLS: WHAT WE KNOW TODAY
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ESSMENT
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OUTLINE

+ Why are drywells an issue of concern today?

« Background on stormwater management issues; low impact
development practices; drywells.

+ Common pollutants in stormwater

Major studies of the use of infiltration practices and the
resuits

* Los Angeles Water Augmentation Study
e USGS Modesto Study
+ Regulation/guidelines relevant to drywells
Climate change
Conclusions

STORMWATER MANAGEMENT

| MODERN PRACTICES & THE NEED FORNEW TOO

CHANGES IN STORMWATER MANAGEMENT PRACTICES

Historically, stormwater = a problem
* Solution: get rid of it asap

* Results: a system of grey infrastructure that has greatly altered
ecological resources

Today, stormwater = resource

« Muitiple benefits, including water to support aquatic life and recharge
aquifer {drinking water)

= Results: low impact d
+ Drywells are one of the LID toois

+ Begin with a look at the past....c....uuseme
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THE HYDROGRAPH: PRE & POST DEVELOPMENT

More water, faster

Developed watershed
flow

Undeveloped
watershed

The urban hydrograph:
Increases flow rates
Increases runoff volume
Increases the number of runoff events
Increases in long-term flow duration
= HydromodIficalion

CONSEQUENCES OF TOO MUCH WATER AND INSUFFICIENT
SEDIMENT ON AQUATIC HABITAT

Change in the physical structure of waterways

Natural, non-urban Urban, highly altered

| Lecal creek, common ocross The stale
= ] e Ok ol

CONSEQUENCES OF HYDROMODIFICATION:
ALTERS AQUATIC HABITAT & REDUCES AQUATIC LIFE

Increased % fines sediment in streambed
+ Reduced oxygen

Reduced diversity of bugs

Death of salmon fish eggs/babies

e

Reproduclive
success of
E ! " salmoniis
- T {) jeopardized
Healihy asseriment of | o\, piodiversity associated with
bugs degraded conditions

WATER QUALITY EFFECTS OF HYDROMODIFCATION

* Increases in pesticides in waterway, today...pyrethroids
Increases in metals such as copper and zinc
Increases in PAHs

* Increases in turbidity
Increases in trash
Legacy contaminants: PCBs, DDT & other chlorinated
pesticides
Multiple violations of the Clean Water Act

THE CONTEMPORARY APPROACH TO STORMWATER
MANAGEMENT: LOW IMPACT DEVELOPMENT (LID)

LID = set of practices that promote capturing runoff at its
source through a variety of infiltration methods.

Benefit: Flows in waterways not altered; pollutants do not
reach aquatic habitat.
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BASIC PRINCIPLES OF LID BIORETENTION CELLS OR RAIN GARDENS

Work with natural
topography and soil types to
protect high infiltration areas
and natural drainage
patterns.

Appropriate
Maintain site runoff rate post ’i.’i;“s' St
development to mimic actual 2
hydrograph. Accomplished
by using a variety of
infiltration practices.

Amended sails

w

Implement pollution

prevention, proper Can be as simple as
maintenance and public disconnecting the downspouts
education programs. from the stormdrain system

NATIONAL POLLUTION DISCHARGE ELIMINATION SYSTEM
(NPDES) PERMITS & LID

+ Clean Water Act: mandates a system of permits for release of
stormwater into waterbodies
* Require management of stormwater to protect beneficial uses of

water (recreation, aquatic life, fishabllity, etc.)

Local jurisdictions responsible for implementation and
oversight of permit requirements
Currently, requirements being rolled out to implement
hydromadification management and low impact
development practices.
« LID is becoming part of statewide regulations.

CHALLENGE TO IMPLEMENTATION OF HYDROMODIFICATION CHALLENGE: HOW TO MIMIC NATURAL HYDROGRAPH
REQUIREMENTS AND LID IN POORLY INFILTRATING SOILS?

Many places have soils with poor infiltration rate {(e.g. Central

Valley)
Stormwater created faster than the soil can absorb it} + Dry wells
* Bioretention doesn’t operate efficiently * They can increase

infiltration rate, but

WI Texture | Infiltration Rate questions have been

Sand, loamy sand > 0.3"/hr raifsed about their
s b

Silt loam or loam 0.15 - 0.3"/hr 2L
Sandy clay loam 0.05 - 0.15"/hr

Clay loam, silty 0 - 0.05"/hr
clay, sandy clay (about 1/32")

O N o >




STORMWATER QUALITY AND HIGH RISK
POLLUTANTS
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ARE THERE RISKS TO GROUNDWATER QUALITY
WITH USE OF DRYWELLS?

Reason for concern

» Drywells allow stormwater to bypass treatment in upper (highly
aerobic) portions of the soil

« Microbes degrade many organic compounds
+ Plants bind many metals

* Question raised by stormwater engineers and environmental
management professionals....

« |s there enough info to know if use of drywells is safe?
+ How are drywells regulated?

The remainder of this presentation will focus on these
questions.

STORMWATER CONTAMINANTS WITH GREATEST LIKELIHOOD OF
CONTAMINATING GROUNDWATER

Key criteria:
* High mobility in sub-soil {(vadose zone)

» High concentration in stormwater

» High soluble fractions (low % associated with particles)
Key contaminants that meet these criterla:

* Nitrates - mast i

ql ly encountered

* Some pesticides — especially a problem with sandy soils without a hardpan
layer

Phthalates — plasticizers used to soften rubber
Viruses - due to small size and resistance to degradation
Zinc (most mobile of metals), nickel, and copper (ubiquitous)

Pitl et al., 1999, Urban Water 1: 217-236

COMMON CONTAMINANTS IN STORMWATER: METALS

Cadmium  Street runoff

Chromium  Roof runoff 510

Copper Street runoff 1250

Lead Storage area runoff 350

Nickel Landscaped area 130
runoff

Zinc Roof runoff 1580

http://unix.eng.ua.edu/~rpitt/
Pitt, Clark, and Parmer, 1994, Polential Groundwaer Contamination from

CONTAMINANTS IN STORMWATER: ORGANICS

PAHs 60-300 12-23%

Coal far sealers,
asphalt, wood
preservalive
Pyrene 102 19% Combustion
byproducts
Phthalate 128 13% Plasiicizers in
hoses, eic.
13- 120 23 peslicide

dichlorobenzene

PESTICIDES IN STORMWATER: PYRETHROIDS COMMONLY FOUND
IN CALIFORNIA WATERWAYS

Pyrethrold Use Amounts {Ibs) for Central Valley
1991-2003

, =3
| - 11

i S Jooun Valey
|0 Sacramanio Vb
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THENEIEEEE

Year

o
1801 e
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1903 =

Ag & non-ag uses

hllp://www nwp usace ammy mil/docs/d_
sedimenl/papers/pyrelhroids_final pafl




STUDIES OF DRYWELLS AND OTHER LID
INFILTRATION PRACTICES
[ BTN TP :.———r‘_l—zr—,z}
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Los ANGELES WATER AUGMENTATION STUDY

Part of a ten year study by the Los Angeles and San Gabriel
Rivers Watershed Council, in conjunction with numerous
partners, including:

» City of Los Angeles Department of Water and Power

* Metropolitan Water District of Southern California

+ United States Bureau of Reclamation
Overall goal: Assesses feasibility of the capture and
infiltration of stormwater as a means of augmenting local
water supplies
Specific Goal: Assess effects of infiltrating stormwater on
groundwater quality

PROJECT GOALS

* Assess various infiltration
practices:
 Drywells
* Vegetated swales
* Vegetated strips
* Bioretention areas

Assess most favorable
geographic, geologic, and
hydrologic conditions for
infiltration

SITE OVERVIEW

Six sites selected
representing a diversity of
land uses

* A school

» Office building

« Residence

« Two industrial sites
* Public Park
Drywells installed at:
o Office building

* Private residence

LYSIMETERS AND MONITORING WELLS

Samples collected to
determine water quality in
areas below ground surface

Lysimeters lysimeter

* Water samples from soil
pore spaces in unsaturated
zone of soil below ground
surface

Monitoring Wells

» Water samples from aquifer

monitoring
! well

SITE OVERVIEW — OFFICE BUILDING

LID Practices

¢ Roof drain to drywell

¢+ Sheetflow to landscaped
strip

31 foot depth to

groundwater

Slow inflltration rate soils

Monitoring wells and

lysimeters Installed

IMAX Corporation Mpaltoring Polnis
Fanry b e
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SITE OVERVIEW — PRIVATE RESIDENCE

LID Practices
* Roof drain to landscaping

¢ Sheetflow to driveway
drywell

200 foot depth to GW

Slow-moderate infiltrating

soils

Lysimeters installed

2/27/2017

MONITORING PROGRAM

Stormwater samples taken
during storm events for 5 years
Post-storm samples taken from
lysimeters and monitoring wells
Used soil moisture sensors to
determine infiltration rates and
sampling lag times

Samples analyzed for:

« General monitoring parameters
+ Metals

Oil, grease, and perchlorate

Volatile and semi-volatile
organic compounds

Bacteria

AmnonoNiggm | &
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.
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CONSTITUENTS OF CONCERN IN STORMWATER AT DRYWELL SITES

Detected at high levels:
Suspended solids

Aluminum

Arsenic

Chromium
« Copper
Lead

« Zinc

Acetone

Total coliform

RESULTS — PRIVATE RESIDENCE

RESULTS — OFFICE BUILDING
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RESULTS

Office building

* Volatile or semi-volatile organics rarely detect in GW and SW;

mainly no detects

Trivial amounts of total coliform (<0.8%) of concentration in SW

was found in groundwater

Most metals not detected in groundwater, although present in

SW

« Exception: zinc

Perchlorate present in both 1 SW sample and >10 GW samples

collected before and after detection in SW

> As high as 14 ppb in GW, above MCL of 6 ppb; draft PHG =1
ppb

« Since present in only a single SW sample, GW detection not
associated with SW

Chioride and
Nilrate

Metlals
Oil and grease
Perchlorate

Volatile and Semi-
Volatile Organic
Compounds

Bacteria

OVERALL RESULTS

High levelsin GW
High levelsin SW

Few detecls in GW

High levels from driveway
ND - low levelsin GW

No delects SW or GW One SW delections
Numerous GW detections

No consislent sources in SW
ND - low levelsin GW

ND in soil pore water or GW

CONCLUSIONS

Data collected shows that there is no statlstically significant

degradation of groundwater quality from the infiltration of

stormwater at either site

¢ No evidence of groundwater contamination from stormwater
Infiltration at drywell sites

Sites with shallow groundwater saw some improvement in

groundwater quality for most constituents

« Infiltration of relatively high quality stormwater can improve
groundwater conditions

DRYWELL IMPACT ON DRINKING WATER:
THE USGS STUDY IN MODESTO

BACKGROUND OF STUDY

In 2002, the USGS began studies of contaminants affecting public-supply
wells in Modesto, California.

Previous studles suggest long term agricultural development and more
recent urbanization resulted in increased levels of natural and
anthropogenlc contaminants In the aquifer

Goal of study: Determine whether and how d the
Modesto public supply wells

Relevance of study for our purposes: Long term use of drywells in
Modesto, D« fon of ial effects on groundwater quality.

@.‘ N
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Pulllic-
gy
well
. Tiow et = 1,600 gations
per minute

S
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Depth below land surlace, in matess
=
3
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USGS MODESTO STUDY STUDY DESIGN

+ Depth of monitoring wells
2gentioiowel > Water-table wells: Within 5 meters of the water table.

! « Shallow wells: Represent the chemistry of the groundwater
i below the water table down to 50 meters
E:?;i:sgﬂmmau- + Intermediate wells: Represent the chemistry of groundwater
Cantaw v 3 et et e o7k between 50 and 70 meters.
;:.,;’;:.u“wm“ oo « Deep wells: Represent the chemistry of groundwater below 70
Ubanlad e ey meters.
+ Overlaying Land Use
bm;‘suﬁv wgﬁ”""ﬂ * Urban: Residential and commercial land along
——_._L__T_"::;;ﬁ_ — « Agricultural: Farmed land
— o ! = Recently Urban: Land that had been agricultural within the last
10 to 20 years, but has been or is being currently developed
WATER CHEMISTRY ANALYSIS RESULTS: PESTICIDES DETECTED IN MONITORING WELLS

- Conventional water parameters
» pH, dissolved oxygen, major ions, water age
+ Gasoline related compounds {BTEX)
« Benzene, toluene, ethylbenzene, xylenes
* Pesticides
« About a dozen pesticides including simazine and atrazine
+ Volatile organic compounds
* Refrigerants
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Nilrate concentration at various siles

RESULTS: VOLATILE ORGANIC COMPOUND DETECTED

T
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contaminants than 215 ) m | 2151453 | m | m mo
deeper levels 256 | 657 | a3y | ane | m | om | o |
Deep 182 L 002 | m | o | m [ | om |
MCL =30 ppb
PATTERN OF CHEMICAL CONCENTRATION
RESULTS & CONCLUSIONS
s
| ”! £~ T= qa = -
| m,“ = —p [ ] . j .
11 * Younger water in shallow zones more susceptible to
1 contamination
20 [ s s P - » Primarily influenced by agriculture
mne less
Y| o] 2owoltota low * Scant evidence of typical urban contaminants
e M - * Water in deep zones had no anthropogenic contaminants
o ﬁ v 1 ® * Even with high levels of contaminants in shallow and
i iyt 22 L H ; intermediate zone, the public supply well water quality met
|| = drinking water standards
i 1 « Caveat: not all common stormwater contaminants evaluated,
o i ie., pyrethroids, PAHs, copper, zinc.
0o L] f L ] |
F "o it
10
% of Total flow to PSW Uranl Ho/L Nitrate mg/L

SI1UDLY OF GROUNDWATER RECHARGE BENEFITS OF DRYWELLS

CONCLUSIONS FROM LA AND MODESTO STUDIES
(Robert Pitt, U. Alabama)
Millburn, NJ
No evidence for contaminants associated with urban runoff Dry well disposal of for ground; recharge In

conjunction with Irrigation beneficial use

« For the past several years, the city of Millburn has required dry wells to
Infiltrate increased flows from newly develaped areas

¢ There are some underground water starage tanks now being installed
to use stormwater for inigation

» Our current project, supported by Uie Wet Weallier Flow Research

Program of the LS EPA, s investigating the perfarmance of this shallow

aige i I8 coptamination potential)

b irrigation beneficial uses of the sarmwater,

in aquifer at a level of concern (near the MCL).
Need for further studies to investigate pesticides and other
pollutants not included in these studies.

rech
Fl cofjund thon wil
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Wivn sy walia aen
Laing menHored
In Malbum, Nl 21
part of EPA project
For long-term
hydrautic
parformance, snd

Examples of how dry wells
are used in Milloum's
residentlal neighborhoods

Schematic of Millburn Dry Wells

Pt e

IMIONITORING WATER QUALITY 2 FT. BELOW DRY WELLS

Monitoring occurred after 10 rain events {(0.1-9 inches,

median 0.15 inches)

Three drywells monitored and 1 cistern

« Total N, total P04,, chemical oxygen demand, copper, lead, zinc,
e.coli for all events

* Herbicides/legacy pesticides {not pyrethroids) for 1 event

* Results from 2 drywells no different

» Exceedances of New Jersey standards: bacterial and lead

GENERAL CONCLUSIONS FROM STUDY

No difference between stormwater and water collected 2
feet below dry well.

* Only roof runoff should be passed through drywell
Raingardens best suits for coliection of driveway and road
runoff

Use of cisterns permits irrigation use of stormwater

Unclear what quality of water wouid be 10,20, 50 feet below
drywell. Lock to Modesto study for answers.

REGULATIONS PERTAINING TO DRYWELLS
IN CALIFORNIA AND ELSEWHERE

Examples from other states

Examples from cities within California
Water Board’s Anti-degradation policy
US EPA Underground Injection Wells

10
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HOW DOES OUR NEIGHBOR, ARIZONA, MANAGE DRYWELLS? DESIGN OF DRYWELLS IN ARIZONA

Urban W,
History — Maricopa County/Phoenix

= Simple rock wells used since 1930s as major stormwater
management practice

1970s — required use of LID to retain stormwater onsite

1987 — Formal regulation of drywells, established Aquifer
Protection Program

« License drywell installers

- Drywell registration for all, permits required in specific

situations County’s Novel

2008 - 40,500+ registered drywells in Arizona, 3000+ new Approach to ==
ones/yearly Stormwater N
Depth: Median = 20 feet (19-120 ft) Management

and DiSpOSBl Typical installation costs $20,000 to infiltraie
runoff from site with 1 acre impervious cover.

sl aficurmem of 4 b oy 3 (e Tt R

Southwest Hydrology, 1an/Feb, 2010

DRY WELL GUIDELINES — LOS ANGELES COUNTY

Drywell Registration
ma-u T Fol‘m Ravived 06:3010)

of tmlmmul u

Standard Urban Stormwater Mitigation Plan (SUSMP)
» Drywells requirements

T T T _:lr + 3-4 feet minimum space between drywell bottom and
seasonal high water table
+ Surface grate should be a minimum 3 inches above landscaped
Ow [Bw (O retention basin to facilitate settling of sediment
= foe |oe = Screening to retain larger debris

Use of hydrophobic petrochemical absorbent

No individual dry well permits are issued

~ - -
DRY WELLS GUIDELINES — LOS ANGELES COUNTY US EPA GROUNDWATER INJECTION PROGRAM
@TQEEPEOPLE
AP0, \WMER  vomnteR  pnoctas  var  opl * Drywells classified as Class V groundwater injection wells
© s Bl stemn i
S Install a Drywell * Deeper than wider

» Used to inject non-hazardous fluids underground.

et S « Registration of new drywells {(online) recommended
BMPs for drywells: http://www.epa.gov/ogwdw/ulc/class5/pdf/page_uic-
class5_storm_water_bmps.pdf

- N Do

2 =y
Adrywell 2
’ o the ground
. = Drywells
polltarts.Feoping Pam 0.1 ofme siorm draln sysem
- o s P e L
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CALIFORNIA'S ANTI-DEGRADATION PouCY

Restricts degradation of surface and ground water

« Palicy protects water bodies where existing quality is higher than necessary
for the protection of beneficial uses

Any waste producing activities which discharge to existing high quality

waters will meet waste discharge requirements to assure

* A pollution or nuisance will not oceur,

« Discharge does not unreasonably affect present and anticipated beneficial
use of the water,

« Highest water quality consistent with the maximum benefit to the people
will be maintained

Any plans that may affect surface waters are subject to the Federal Anti-

degradation Policy

Unclear at this point how this policy will be applled to drywells

http://www.waterboards.ca gov/water_: /programs/ diaf0a_laws_policy.shtml;
http:// epa gov/scitech/ i / q y/ca_9_6B_16.cim

DRYWELLS AND CLIMATE CHANGE

Some have suggested that drywells might be one solution to
the expected shortages of water associated with climate
change

More precipitation as rain not snow

Limited capacity to store rain behind system of dams along
western slope of Sierras

Some experts have hypothesized that a large system of drywells
could recharge the aquifer in Central Valley and elsewhere,
thereby protecting drinking water sources.

TAKE HOME: PRELIMINARY CONCLUSIONS

No evidence from studies performed so far that dry wells
contribute to groundwater quality degradation
+ Could be an cost-effective tool in the LID toolbox
* Benefits

* Protection of surface water and aquatic habitat

» Recharge aquifer (need quantification for most places)
Use of dry wells might be considered on a site by site basis.
Factors to consider
* Soil characteristics
« Depth to groundwater
* Hydrology of aquifer
Need for statewide guidance on design criteria and siting.
Need to fill in data gaps on fate and transport of certain metals
and pyrethroids

SOURCE OF USEFUL INFORMATION ON
STORMWATER QUALITY

National Stormwater Quality Database, 2004
http://rpitt.eng.ua.edu/Research/ms4
» Covers a wide variety of potential contaminants
www.oehha.ca.gov
* Ecotoxicology

+ Annotated bibliography

- New Jersey study

« Links to useful websites

THANK YOU

Contact info:
Drywell / Groundwater Quality Project staff:
» Barbara Washburn,

barb: hburr hha.ca.gov
+ Ary Ashoor
ary.ashoor@oehha.ca.gov
> Nelson Pi

nelson.pi@oehha.ca.gov

2/27/2017
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Presentation 2: Dry Wells and Groundwater Quality

State Water Resources Control Board, Division of Water Quality —
Statewide Meeting

April 25, 2013



Dry Wells and Groundwater
Quality

G Howlis®, M. Carr®, £ Duwnast, V. Kretsinger', © Meirovits!, ©
Nulspnd, NP, 6. Washhurn®, D Wilson!

' ehee wco anglnaoning surface water ‘r.-\n-rm!nqv ;

! Frovk EWIIMun;: Projeck roe(plent, statmwater dngineieing
* Liddhordl & Sealr 1 par fydiology

* fiffice of Envienine

QA/an

Dry Wells

Gravity fed excavated
pits lined with
perforated casing filled
with gravel

Can be used in
conjunction with EID
systems to/improve
rate of stormwater
Infilteation

Outline

Theissue
Dry ' Well Regulations & Guidelines CA & Elsewhere
Key stidigs
Los Angeles - Water Augmentation Study
Maodesto = USGS
Prop. 84 Dry Well Project

2/2/2017

Basis for Interestin dry wells: [dentify tools to protect
aguatic ecosystemin the face of urhanization

LD Gral
Mimicnatural Hydralogy
Reduce dimage To aquatic
ecosystem

« Challenge

Achievinginfiltrationin
claysalls

« One solution: drywells

Ihgrease (nfiltration rate
Cusastionsabout riskto
grouidwatar guality

Dy Wielly

P, B i, St Caleis, b L ulfpen end Eimivwd

EPA Recommendations

Class V. injection wells (despar than wider)
Subjeat to WS EPA Undarground Injection Gantrol
reguiations

Registern dry wells if serves > 1 house

Only infiltrate uncontaminated stormwater
Welisite cantains alfst ofirecommendations for
appropriate uses
[htm:Hwamt.t‘.F!-J.!{o\iprn.fgruundw.\tur{umf{.lnﬁjE\Jinﬂmf.cfm]

Constructed more than 10 ftabove the seasonal high

watér table

Use pre-treatment



Use of Dry Wellsin Califarnia

Not widely used in Californis
Concerns about groundwater quality
Unclearhow State regulations apply to dry wells
+ Fallsunder Californta’s ForterColagne-Act and anti-
degradation policy
« Califarnia DWHR regulations, Bulletin 74
“Prevant surface watar from entering Injection wells”
Contradiots the purpose of dey walls (Infiltration of
stermwater) ‘
No‘unifarm guidelines or
regulatiens:inCalifarnia

In Other Places

* Thirteen states have dry well regulations
New Jersey
Guidalines and spetifications, (nfiltrates roaf runaff at naw
residantial devalopiments
Arizona
Registeation regulrad) payment of fee; design guidalines
Portland
Guldalines, permit required excaptif Input s only from
rooftaps
Washington
Guldance af design, diting; contmminants of risk, treatmant by
vidose zone, distance from water table, ete

Summary of Arizona’s Management of Dry Wells

| Arizona dry well reguirements CA dry well regulations

Must be registered with AZ Dept of' Regionél Board can prescribe

Envir. Quality. Fee must be paid discharge requirements for
injection wells

Requires Aquifer Protection Permit No direct requirements

and approval by DEQ prior to

construction

Requires information on design, Region Boards may require a report

pollutant characteristics, and of discharge, No formal statewide

closure strategy process.

A general permit covers facilities Requirements may vary by region

that have obtained a NPDES permit and municipality.

and have a stormwater pollution

prevention plan in place,

Key studies of dry wells and
groundwater cantamination risks

Impacts of Dry Wells on Drinking Water Quality
in Madesto

e g Rt FIL A

pem—
B

Background on Maodesto

Over 11,000 dry walls

since the 1950

1985 < PTE spill at

Halford's Cleanars

conteminated

groundwater datected
Assaciutud with
dnfective dry
claaning machines
PEE entared leaking
sewear line

Publie supply well 11

contamlhated




Background on Modesto

« Superfund site late 1990s
Clean up & menitoring..... 2000+
Some made the linkage! dry wells = groundwater
contamination?
US EPA reports: no association
Conduit for PCE: sanitary sewer lines, not dry wells

USGS Stucly

« Study goal
Determinewhether and how contaminants might
enter drinking water supply wells,

Relevance of study, for our purposes

Given lang history ofdry well use — assess long
term potential risks to groundwater quality.

Stucdy Design

Analyzed water quality from 1 drinking water wel|
Series of monitoring wells at various depths

Water table — up to 38 ft,

Shallow zone = 115 ft.

Intermediate zZone = 200 ft;

Deep zone— 300 + ft.
Monitaring wells along a gradient of agricultural and
urban land uses as well:as groundwater gradient

Water Chemistry Analysis

« Conventional Water parameters
pH, dissolved oxygen, major lons, water age
« Gasaline related compounds (BTEX)
Benzene, toluene, sthylbenzene, xylengs
Paesticides
About a dozen pesticides including chlgrinated
farms, simazine and atrazine
Volatileiorganic compounds
Chloroform, PCE, TCE, gthyl benzene, xylene; ete.
Refrigerants

Brief Summary of Results

Younger water {shallow depths) more susceptible to
contamination
Mainlyagriculture influences, &.g. nitrate
Some evidence of typical urban contaminants, but
below MCLs
Older water (deep zones)
No anthropogenic contaminants
Uranium and arseni¢ contamination

Summary.of Monitoring Well Detections of
Selected Pesticides
| Al ks Iriawine  Simazine Mrazine
‘Detection 39 39

0.0079 0.028

0108

A hoaith pdvisery deink roquialent fovel
AT roe vl on-can s by et
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Summary of Monitoring Well Detections of
Selected Volatile Organics

| Al wnits pph Chilor Fithyl Xyliene

Detection Freq.
%)

Median

Max. Conc.
MCL

MCL/Max.
Conc,

Uranium pg/L Nitrate mg/L

Main Message from USGS Study

No contaminants associated with urban runoff near
the MCL in public supply well water
Some urban contaminants present in shallow
aquifer

2/2/2017

Los Angeles Water Augmentation Study

WATER AUGMENTATION STUDY

wwwiwatershedhealth org/documents

Background

Ten year study by the Los Angeles and San Gabriel Rivers Watershed

Council {Council on Watershed Health) and partners
City of Los Angeles Department of Water and Power
Metropolitan Water District of Southern California
United States Bureau of Reclamation

« Overall goal

Assesses feasibility of the capture and infiitration of stormwater
to augment local water supply (reduce dependency in imported
water)

One specific goal
Assess effects of infiltrating stormwater on groundwater quality

Study Sites Overview

Six sites - diversity of land
uses
School
Office building
Residence
Two industrial sites
Public park
Dry wells installed at:
Office building
Private residence
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Office Building Summary of Results — Los Angeles Study

Roof runoff drained toidry SIS + Contaminants detected at-high levels inigroundwater
well were at low levels.in SW

3t de.p'th HWRCLIR » Contaminants at high-levels in stormwater were at
Poprly Infiltrating salls s
low levels in GW

Monltoring wells and
lysirneters (manitors pore
water in vadose rong)
Installed

Private Residence Nitcate (a5 N) MCL = 10 ppm

Driveway sheet fluwto dry .
well ll
200,ft. depth to water table
Slow-maoderate Infiltrating -

solls
Lysimietersinstaliad

L d

Concentration (mg/L}

[} AR bR Y da
$ £ LTSS
e‘f o@? éﬁ o & F &
Date
4 Monitoring Well i Reference Well & SW -Roof < SW - Parking Lot

Menitering Program MCL—1300 ppb

Stormwater samples taken during stokm events for 3.4
yERrs
Past-starm samples taken from lysimeters and monitoring
wells
Endpoaints

General physical & chemical

Metals

Qll, grease; and vehicle-related cantaminants

Valatlle and semi-volatiie arganlc compounds

Bacteria
< Monitoring Well [ Reference Well &4 SW -Roof < SW - Parking Lot




Trichloroethylene (TCE) MCL -5 ppb
PHG - 1.77 ppb

Concentration (ug/L)

*
a

o #% n BAa &b * T %Ak
& & F TS

4 Monitoring Well @ Reference Well & SW -Roof @ SW - Parking Lot

Perchlorate MCL -6 ppb
PHG -1 ppb

> >
N &
S8
& 4
Date

| & Monitoring Well il Reference Well 4 SW - Roof & SW - Parking Lot

Summaryof Results— Los Angeles Study

Contaminants detected at high levelsin graundwater
were at low levels in SW

Contaminants at high levels in stormwater were at
low levels in GW

Limitation of Studies

« Los Angeles —Water Augmentation study

Samples nottested forsome contaminants; pesticides
InGurrent use

Monitaring wells not instalisd ar alf sites

Some monitoring wells upsgradient of dry well

USGS — Madesto Study
Samples not tested for some important stormwater
contaminants: metals, pyrethroltls, PAHS
Limited stormwater analysls

Prop. 84 Dry Well Project

Background

Main purpose! Assess risk, if any, of groundwater
contamination associated with use of dry wells
Secondary: ‘Assessrole of pre-treatment
Dry wells with associated monitoring wells
Different land uses: roadway, residential,
commercial/light industrial
Loeation: Elk Grove
Pre-treatment: grassy/vegetatad swales/rain
garden

2/2/2017
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Dry Well SystemDesign

« Dry wells installed at a/depth to:
Promuote infiltration/into more pervious soil layers
Use vadase zane for some treatment

Monitoring well clusters around the dry wells to
detect contaminants
Verify that menitoring wells down gradient with

tracer tests
/ Dy weull

Monltbring
wall

Monitoring Plan

Stormwater and groundwaten samples collacted aver  period
of two years

Three wet weather stormwater samples

155 & pymthroldsat begitning and end of swale/min pidan

Threewet and one dry weather monitaring well samples
Constituents to be tested

General physical & chemical

Metals:(EPA 200)

Semi-volatites (EPA 625)

Harblcidas [ERA 515)

Pyrethrolds (WREL, DFW method)

TPH (EPA BOLS)

Pyrogenic PAHs (EPA 8310]

Total colifarm

2/2/2017

Data Analysis

Assess changes inGW constituents over time

+ Assess contaminant removal efficiency over time

Swales. (sollds, pyrethraids)
Dy wells & vadose zone (all contaminants)
Detarmine if any contaminants exceed MCL or PHG

Deliverables

Factshieats
Summary of guldelings & regulations
Key findings of the project
Annotated bibliography
Education & Outreach
Scientific paper
Présentations
Qutreach toschoal nedr sampling site
ary of Project Experiences (Guldante Manugl)
Design of diywells
Effectiveness/design of predreatment
Results entered into CEDEN and GAMA
Website with all products-and general Information

Take Home Thoughts

Back tothe beginning
LiD offers stofmvater Enagement
option that pratect vallabls aguatic
TEsoumes
Ory wells could be a useful toolin the LID
Lol bax
Could Increase aptiond for groundwater
rechargs
Could reduce ficod s law cost
Results fram this study and companion study
i LA, will help fill in data gaps to suppatt
Development of solind, s6i@nce-bosed
palicies for '
kel local alities: make wise
dicisions 1 g/use of dry Wells
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Thank you

~Contacts

. Darren Wilson

gy: Casey Meirovitz




Presentation 3: TAC Kick-off Meeting
1. Proposition 84 Stormwater Grant Program — An In Depth Look at
Next Steps
2. Separating Fact from Fiction: Assessing the Use of Dry Wells to
Reduce Stormwater Runoff while Protecting Groundwater Quality
in Urban Watersheds (Project Overview and TAC Roles and
Responsibilities)
3. Pretreatment Features — Project Sites
City of Elk Grove and TAC Members
June 25, 2013
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PROPOSITION 84
STORMWATER GRANT
PROGRAM

An In-Depth Look at the
Next Steps

April 4, 2013

Water Boards

Roles of GM, PA, and PD

¢ Grant Agreement between State

Water Board and Grantee (City of Elk

Grove)

- State Water Board does not have
agreements with contractors or
cooperating agencies

—The GM should only have one
representative contacting them
concerning the project, ¢

Introductions

¢ Grant Manager Background
- Started at State in March 2008
—-BS in Geology from CSU Sacramento in
2003

- Previous experience:
» Student at: DTSC and Region 5
» Environmental Company
« Geotechnical Engineering Firm
« State Water Board

Grant Manager (GM) Roles

e Site Visits and Field Reports

* Keeps State Water Board’s records and is
Grantee’s main contact

e Keeps grant on schedule

e Review, comment, and/or accept reports
and work products as required in
agreement

s Review and approves invoice

Rl 5 AT b

Important Due Dates

e Start Dates

e Critical Due Dates
e Estimated Due Dates
o Work Completion Date
... » Final Invoice Date

s s o R N L e S

Program Analyst’s (PA’s) Role

e Reviews invoice

e Creates project-specific tracking
spreadsheet for expenditures

¢ Track expenditures

e Ensure reimbursement is not over 90% of
the grant dollars

* Process approved invoices

3‘"""‘-'féfgﬁ%ﬁéYFég}(PrOCESseS“ Fmend mehféﬁ“‘* g s
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Project Director’s (PD’s) Role

¢ Maintains schedule per negotiated time
lines

e Keep lines of communication open with
GM

¢ Prepare and submit invoices and reports

¢ Grantee maintains auditable file for 35
years

_* Ensure tasks listed in grant are completed.
*°° as specified - RN

Invoice Formatting

e PA provides Excel file Invoice Template

¢ Invoices will have names, addresses, and
the dollar amounts filled out

» GM will not accept any other invoice
template for reimbursement and will
reject any other version of the invoice

Auditable File - 35 Years

¢ Application

o State Water Board Resolution & Approved
Funding List

e Grantee Resolution

o Amendments, Deviations, Reductions, &
Extensions

o Significant Correspondence/Notes
* Invoices
e Backup documentation to support all
. __project costs (reimbursed and match) . ..
s Deliverables

Invoice Administration Process
Grantee ’

_D-_:){_—Gr”éﬁf_ 7

= Manager
_,\[_ “Program ‘
v Analyst

__,}[ Fiscal Unit J

L]—_:>§ Accounting W
L

TE e
—> ( Controller's
___Office

Invoice Due Dates

¢ Invoices are due on GM’s desk 45-days
following end of quarter - CAN BE
EARLIER!!

¢ Your accounting department should
already be working on 1st invoice

¢ Late invoices may trigger a Breach of
Agreement

Invoice Template

vty o—
s - P
¥ Ll
Pt L St L
e | ot | meetmts | st et i i
—“—ﬁ.& ﬂ. aTE .‘2—' Pt by
e
= . - - - -
u - - - -
e - - - -
AL - - - .
& - - - -
& - - = -
- - = - - =
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-
e — ] — —
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Supporting Documentation

Invoice Submittal Summary Sheet
¢ Receipts

¢ Grantee Labor Certification Form
e Progress Report

¢ Other Deliverables

Progress Reports

¢ Used to document progression of project
e Supports expenditures Invoiced
e Submitted quarterly

¢ Provides description of work performed,
accomplishments/setbacks during
reporting period, and milestones

e Must be sent with quarterly invoice

Common Invoice Mistakes

Lack of supporting documentation

Incorrect calculations on invoice

Incorrect roll-over amounts from previous invoice
¢ Lack of organization

Asking for reimbursement or match on items that
do not pertain to project

Poor Progress Reports
Overhead/Indirect Charges

Project Assessment and
Evaluation Plans (PAEPs)

¢ Provides framework for assessment and
evaluation of project performance

¢ Identifies measures to monitor progress

¢ Provides a tool to monitor and measure
progress and guide final project
performance

» Provide info to help improve current and
future projects

« To maximize value of public expenditures

o

Invoice Disputes

* Will be sent via e-mail
¢ Stops “clock” on payment of invoice

e “Clock” does not restart until revised
invoice or documentation received by GM

» Takes few hours to a few days to address
issues in dispute

L AR R

CEQA
e Provide electronic copy

¢ State Water Board must develop its own
independent CEQA findings for every funded
project

¢ Project cannot begin without State Water
Board clearance
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Questions?




Clry or

ELK GROVE

PROUD HERITAGE BRIGH T FUTURE

ELK GROVE

LLMDOREF 5
G

CIlG

Technical Advisory Committee Members

Annallsa Klhara, PE, Water State Water Resources Control Board, Dlvislon of
Resource Control Engineer, Water Quallty
Stormwater Unit
2, Dana Booth, PG, QSD, Program Sacramento County Department of Water
Manager, Stormwater Quality and Quallty
Partnership
EN Darrell Eck, Senlor Clvll Englneer ~ Water Supply Planning and Development
Sacramento County Water Agency
4. Genevleve Sparks, Environmental  Central Vailey Reglonal Water Quality Control Board,
Sclentlst Stormwater MS4 Program
S.  John Borkovich, P.G., GAMA State Water Resources Control Board, Division of
Program Manager, QA/QC ‘Water Quality
6. lulle Haas, PE, Senior Engineer Californla Department of Water Resources, Division
of Integrated Regional Water Management
7. Mark Madison, General Manager  Elk Grove Water
8. Paul Marshall, .G, Laguna Creek Watershed Council
9. Rob Swartz, PG, CHG Regional Water Authorlty, Sacramento
Groundwater Authorlty
10.  Susan Willlams, M.S. Sacramento County Environmental Health
Department, Well Program — Permitting &
Divlsion
11,  Elalne Khan, PhD Chief Water Toxicology Section, Offtee of
Health Hazard (OEHHA}
Background

* Proposition 84 Stormwater Grant Program
* Applied for grant January 2012
* Awarded grant June 2012
* Received grant funding amount $489,820
* Match of in-kind services
= City of Elk Grove $110,000
= OEHHA $140,000
* Total project cost $740,349
* Grant term 3-years (ends April 2016)
* Convene a TAC

Project Team

Darren Wilson, P.E., Project Director!
Connie Nelson, CFM, Project Manager?
Fernando Duenas, P.E., Design Manager?
Barbara Washburn, PhD, QA/QC?
Casey Meirovitz, PG., Consultant’
Scott Lewis, P.G., Consultant?
John Fawcett, P.E. Consultant!
Chris Bowles, PhD, P.E., Consultant®
Melanie Carr, P.E., Consultant®
Nelson Pi, M.S. Consultant®
1 City of Elk Grove: Project Director arid grant recipient
2 Mdmwnm Pfojmmwnxﬂu: nl’v?;r; ’vlvell design
3 Office of Environmentol Health Hozord Assessment: oguatic toicology
4 Ludhorff & Scalmeanini Consulting a: grount hydrology and
monitoring well design g
Scbec eco-engineering: surface water hydrology and vegetated swale design

Meeting Outline

* TAC Roles and Responsibilities
* Ground Rules

* Project Purpose

* Project Goals

* Proposed Project

* Monitoring Plan

* 60% Design Plans

21212017



TAC'S Roles and Responsibilities

Convene a TAC of experts in groundwater protection,
stormwater management and environmental protection to
provide feedback and oversight of the Project

Attend kick-off meeting; and provide feedback on Monltoring June 25,2013
Plan and dry well and monitoring wells 60% deslgn’

Review and provide feedback on 90% design? June 26, 2013
Attend meeting and revlew results of first year of monitoring? October 2014

Review and provide feedback on fact sheets

oDry Well Fact Sheet? August 2013

eProject Results Fact Sheet? Novemnber 2015
Attend meeting and revlew Project results and interpretation! Novemnber 2015
Revlew and provlde feedback on draft sclentific paper? Novernber 2015
Attend presentation on Project results® December 2015

1Allend meelingsin person or conlerence call B e g St MR o T
2 Attend presentations or webinar.

2/2/2017

Project Purpose

Evaluate the potential for using dry wells, in
combination with low impact development
practices, to infiltrate stormwater runoff,
alleviate localized flooding, and recharge
groundwater without negatively impacting
groundwater quality

Ground Rules

1. Attendance

Attendance is important to the inuity of the group. hould make every
attempt to attend In person. Topics covered in one TAC meeting will not be revisited In
subsequent meetings for members that were absent In meeting they missed.

2. Honor Time

‘We have an ambitlous Project schedule and agenda. In order to meet our Project goals
It will be important to follow the strict Project imelines given by the Project Director/
Manager.

3. Decision Making
The TAC wlll operate as a consensus seeking body that provides oversightand technical
advice for the Project. All tsand be i

4, Use Common Conversational Courtesy
Don't interrupt; use appropriate | no third party di: i etc,

5. Humor Is Welcome and Important, but humor should never be at
someone else's expense,

Project Goals

* Assess the potential for contamination of
groundwater associated with the use of dry
wells for infiltrating stormwater

* Assess the ability of the various pre-
treatment facilities to remove suspended
solids from stormwater

* Provide education and outreach on the use
and benefits of dry wells

Ground Rules

6. All Ideas and Points Have Value
You may hear something you do not agree with, Please remember that the
purpose of these meetings are to share ldeas and be courteous to others.

7. Cell Phone Courtesy
Please turn cell phones, or any other communication ltemn with an on/off swltch to
“sllent.”

8. Be Comfortable
Please help yourself to refreshments or take personal breaks. If you have other
needs please let Clty staff know.

9. Project Website
City of Elk Grove will malntain a Project webpage accesslble to the TAC and public.

Proposed Project

* Install 3 dry wells with a series of
monitoring wells

* 3 sites representing different land uses
= Residential
= Commercial / Light Industrial
= Major Road




Proposed Site Locations

* Enhance or modify existing
pre-treatment/BMPS

= Vegetated swales
= Amended soils
* Stilling well/Sump
« Capture additional debris/trash
= Emergency shut-off valve

¢ Dry wells
= 12" sand pack to capture suspended solids H " & -
= Promote infiltration into more pervious ] Treaiment Zone
. + .

soil layers
= Crush rock for filtration

I et T i
S T 20 |

Proposed Project Design

* Monitoring well clusters
= Detect contaminants down-gradient from dry well

= Perform tracer tests
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Proposed Project Stormwater Treatment
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Proposed Monitoring Plan

Presentation by Barbara Washburn

Proposed Data Analysis

* Assess changes in groundwater
constituents over time

* Assess contaminant removal efficiency
over time

= Vegetated swale (solids and pyrethroids)
» Dry wells and vadose zone (all contaminants)

* Determine if any contaminants exceed
MCLs or PHGs

* Build upon previous studies/investigations




Previous Studies/Investigations

USGS-Modesto Study

Background
= Used dry wells to manage =i,
stormwater for more than
50 year
= Currently more than
11,000 wells in operation e

Previous Studies/Investigations

Los Angeles Water Augmentation Study

Background
= Study to evaluate
feasibility of promoting
stormwater recharge
using LID practices
without impacting
groundwater quality

Previous Studies/Investigations

Study Design
* Installed 23 monitoring wells to various depths
= Groundwater quality sampled for general
parameters, inorganic, pesticides, BTEX, VOC's,
and refrigerants. Did not measure metals,
pyrethroid pesticides, or PAHs

Previous Studies/Investigations

Study Design

* Dry wells and monitoring wells at 1 residential
and 1 commercial site

= Groundwater quality sampled for general
parameters, metals, oil and grease, VOC’s,
Semi volatiles, organic compounds, and
bacteria. Omitted pyrethroid and other
pesticides

Previous Studies/Investigations

Results

» The shallow aquifer showed elevated
concentrations of nitrate and uranium
attributed to agricultural and natural sources

* No contaminants were detected in the public
supply well completed in multiple aquifers
units

= After 50 years of dry well use, no contaminants
were detected in public supply well that
exceeded the MCLs

Previous Studies/Investigations

Results

= At both sites, contaminants detected at high
concentrations in stormwater were detected at
low concentrations near dry well, suggesting -
effectiveness of pre-treatment and aquifer
attenuation

» Sites with elevated concentrations of
contaminants in groundwater had low levels of
those contaminants in stormwater

v'Source of contaminants not linked to
infiltration practices

21212017



Data Gaps

« Some contaminants common today were not
used extensively when studies were performed

= Pyrethroids will be analyzed

« Other contaminants not included in analysis
= Metals, some PAHs, some pesticides

* Not all monitoring wells reported on dry wells

= Will perform tracer studies to verify
relationship between dry well and monitoring
wells

Anticipated Project Outcomes

« Maintain a high quality of groundwater while
infiltrating stormwater through dry wells

* Assess the role of various types of pre-treatment
at removing pollutants-laden sediment in
stormwater

« Successfully develop/adapt a design for dry wells
that minimize clogging and maintenance

* Assess the volume of stormwater that a dry well
can infiltrate to help reduce localized flooding
(Grant Line Road/ Bond Road site)

Anticipated Project Outcomes

¢ Provide education and outreach on the use of dry
wells as part of a suite of LID management tools
with scientifically sound information and data

¢ Increase knowledge of dry wells and their effects
on groundwater quality, their design, registration
requirements, and overall regulatory infrastructure

« Develop a list of interested stakeholders on the
Project and keep them informed of Project
outcomes

« Develop working relationships among regional
stakeholders to encourage future monitoring after
the term of the grant

CLey af

ELK GROVE
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Vegetated Swale

i Vegetated Swale Example

General Description 8 P

» Vegetated swales are stormwater conveyance
and soil filter systems that temporarily store
and then filter the desired water quality
volume

Stormwater is conveyed slowly through a
vegetated swale due to roughness associated
with plants

Vegetated Swale

Function Vegetated Swale Example

Provide water quality treatment through
filtration

Increase groundwater recharge through
infiltration

Reduce peak discharge rates and total runoff
volume

* Provides a location for temporary water
storage

Vegetated Swale Example Vegetated Swale Example
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Hydrology
Vegetated Swale Example Site 2: Commercial/Light Industrial -
City of Elk Grove Corporation Yard

Land use:

Commercial/Light
Industrial (C = 0.90)
Rainfall intensity: ' A

0.18 inches/hour

Watershed size:
0.64 acres

Design flow: 0.1 cfs

Hydrology
Site 3: Major Road —
Grant Line Road/Bond Road

Project Hydrology and
Vegetated Swale Design

Land use: Roadway
e Hydrology (weighted average

€ =0.55)
Rainfall intensity:
0.18 inches/hour

Watershed size: 1.9
acres

e Vegetated swale design

Design flow: 0.19 cfs

Hydrology
Site 1: Residential - Strawberry Creek
Detention Basin

Vegetated Swale Design
Using Flow-Based Design Criteria

Flow-based contral measure design standards apply
o to control measures whose primary mode of
. 2 Si
La”‘.j s .S nglle pollutant removal depends on the rate of flow of
family residential _ . T runoff through the facility or device (e.g. swale)

{C =0.,50)
; : [T Typically, flow-based design criteria calls for the
§ Ralnf_all Intens e Me B3 capture and infiltration or treatment of the flow
0.18 inches/hour VAR LT runoff produced by rain events of a

o Watershedisiza: specified magnitude

163 9Cieg For the local area, the intensity of such a rain event
* Design flow: 15 cfs is 0.18 inches/hour for other cities in Sacramento

County and unincorporated Sacramento County




Vegetated Swale Design
Using Flow-Based Design Criteria

This method satisfles the provisions of the Sacramento Area wide and City
of Roseville NPDES Municipal Stormwater Permits, which requires that
flow-based measures be designed for at least the maximum {peak) flow
rate of runoff produced by the 85th percentile hourly precipitation
intensity multiplied by a factor of two, referred to here as the flow-based
85th percentile method (CDM, 2003)

» This criterion Is the same as the one prescribed by the 2003 California
BMP Handbook. From Appendix D of that handbook, the 85th percentile
hourly precipitation intensity for the Sacramento gage Is approximately
0.09 inches/hour

« Multiplving by two, the required intensity Is at least 0.18
inches/hour. The factor of two specified for this methad by the
municipal stormwater permits appears to be provided as a factor of
safety: therefore, caution should be exercised when applying additional
factors of safety during the design process so that over design can be
avoided, {CASQA, 2003)

Vegetated Swale Design
Site 1: Residential - Strawberry Creek
Detention Basin

Vegetated Swale Design
Site 1: Residential - Strawberry Creek
Detention Basin

Water quality volume (WQV) =

12 hour storm: 169,130 cu ft

Vegetated swale design volume: 18,792 cu ft
Length of channel: 75 feet

Contact time: 2 min

Design depth goal: 3-6 inches
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Vegetated Swale Design
Site 2: Commercial/Light Industrial -
City of Elk Grove Corporation Yard

=it

Vegetated Swale Design
Site 2: Commercial/Light Industrial -
City of Elk Grove Corporation Yard

Vegetated Swale Design
Site 2: Commercial/Light Industrial -
City of Elk Grove Corporation Yard

Water quality volume (WQV) =

12 hour storm: 1,319 cu ft

Vegetated swale design volume: 18,792 cu ft
Effective length of channel: 64 feet

Contact time: 6.4 min

Design depth goal: 3-6 inches
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Vegetated Swale Design
Site 3: Major Road - Grant Line Road/
Bond Road

Vegetated Swale Design
Site 3: Major Road - Grant Line Road/
Bond Road

Water quality volume (WQV) =

12 hour storm: 2,413 cu ft

Vegetated swale design volume: 1,650 cu ft
Length of channel: 110 feet

Contact time: 7 min

Design depth goal: 3-6 inches




Presentation 4: Assessing the Use of Dry Wells as an Integrated

LID Tool for Reducing Stormwater Runoff While Protecting
Groundwater Quality in Urban Watersheds

Sacramento Central Groundwater Authority

November 13, 2013



ASSESSING THE LISE OF DRYANELLSIAS AN INTEGRATED
LD TOOL FOR-HREDUCING STORMWATER RUNDEF
WHILE PROTECTING GROUNBWATER QUALITY N

URBAN WATERSHEDS

€. Bowles!, M. Carrl, F- Duenas?, V. wmtsinger’, €. Mofrovitz®, C.

Dry Wells

« Gravity fed excavated

pitslined with
perforated ¢asing filled
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Nelson®, NP, B Washburn®, 0 Wilion? with gravel

Melig: stirface water Hydtalogy

v & Willdan Project tadipinng, stofmwatareniinadiing N Can hE USEE‘ in
SLudhartt & Sealmuninis groundwatar hydrology A g Wt
L Difice of Enyifonmental Hitalth Hazard Assessmants aayatie welcmlogy conjunction with LID

GRFaL systéms to improve
rate of stormwater
infiltration

Claiss ¥ Imjection Wells ClassV injections Well Defined

By definition, a well is “any bored, drilled, NG YES

driven shaft, or dug hole that is deeper than Rain gardens Infiltration traxich, IF it

y - = = . free hoxes includes “an assemblage of
ils wides! surface dimension, or an improved

Swales perfcrated pipes, draintiles,
sinkhole, or a subsurface fluid distribution Bloretention Arens

et intended to distribute
system”, A dry well that collects flurds halaw the surface of
ONLY robf runoff

the ground”
Dry wells, whichare deeper
thitn thiey are wide

=
An “injection well” is a “well” into which
“fluids” arc being injected (40 CFR §144.3).

Assuch; dry wells must be
registared (not permittad)
with the US EPA

Basis for Interestin Dry Wells
Outline

The issue
What we have lzarned about dry well use from
others . Brosystem

Los Angeles = Water Augmentation Study Use LID practices

Modesto — USGS Challenge

Portland = Underground Injection Control System Achteving (nfiltrarianin

(UIES) Program Ciafistle

o Bre : One solution: dry wells

Proposition 84 Project Inerease Infilteation (ate
Questionsabout riskta
groundwater quality

Mimie natural hydrology
Reduce damage to aquatic




Dy Welhy
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Use of Dry Wells in California

Not widely usedin California
Concerns about groundwater quality
Unclear how State regulations apply to dry wells
falls under California’s Porter-Cologne Act and antl-
degradation policy
Calitarnia DWR regulations, Bulletin 74
“Prevent surface water from enteringdnjection wells”
Contradicts the purposeof deyiwells (Infiltration of
Starmwater)

Ne uniferm guldelinesor
regulationsiin California

Typical UICS in Portland

Catch basin
Sedimentation
manhole

Dry well (UIC)

http://www porilandoregon.gov/bes/48213
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EPA Recommendations

Class Vinjection wells'{deeper than wider)
Subject'to US EPA Undergrotind Injection Central
regulations
Reglster'dry wellsifserves >1 house
Odly infiltrateUncontaminated stormwater
Website contains aljst of recornmendationsfor
approprigte Uses
{https//watenena. gav/tinedatindwatan/Ule/clises/mi oy o)
Constructed more than 10/t above the seasonal high
water table
Use pre-treatment

Dry Well Use in Other Places

Thirtean states have dey well regulations
One of the mpst developed programs isin Portland,
OR
20,000 UIES in City = in some place, only
starmwater management system
Pringiple underlying their program: If contaminants
in stormwater are below the MCL1evels, do not
need to warry about graunhdwater contamination
Elaborate monitoring stormwater
Modeling of fate and transport ofimost common
contaminants in the vadose zone

Portland UICS Program

* Insert here'some graphs showing low levals of
contaminants

Subsurface transport: PCP =4 feet
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Lessons from Portland

« Stormwater from streets might not be as

cantaminated as typically assumed y
+ Settling oF solids important Key studies of dry wells and

* Appears to be asuccessful program groundwater contamination risks
* Caveat: .
CA gaology: Contains many toxic metals (As, Cr)
which could be mabilized by high specific
canductivity, alkalinity of SW,
Need to investigate this potential by-product of
UICS use:

Impacts of Dry Wells on Drinking Water Quality Background on Modesto

in Modesto Gver 11,000 dry wells

since the 18503

1985 « FEE spll| gt

Halfords Cleaners

contamimated

grodndwatar datested
ALsomated with
dafeotive dry
cleaning machines
PCE enterad Jealing 8
sowar lire

Public supply well 11

contaminated

Backgroundon Modesto USGS Study

Superfund site late 19905 Study goal
Clean up & monitoring..... 2000+ Determine whether and how contaminants might
enter drinking water supply wells:

Some made thelinkage: dry wells = groundwater
contamination? Relevance of study for our purposes

LS EPA reparts: no association Given long history of dry well use - assess long
Condult for PCE: sanitary-sewer lines, not dry wells term potential risks to groundwater guality,
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Study Design Water Chemistry Analysis

+ Analyzed water quality from 1 drinking water well * Conventional water parameters
» Series of monitoring wells at various depths PH, dissolved oxygen, major ions, water age
Water table — up to 38 ft. » Gasoline related compounds (BTEX)
Shallow zone — 115 ft. Benzene, toluene, ethylbenzene, xylenes
* Pesticides
About a dozen pesticides including chlorinated
forms, simazine and atrazine
Volatile organic compounds
Chloroform, PCE, TCE, ethyl benzene, xylene, etc.
Refrigerants

Intermediate zone — 200 ft.
Deep zone — 300 + ft.
= Monitoring wells along a gradient of agricultural and
urban land uses as well as groundwater gradient

Summary of Monitoring Well Detections of
Brief Summary of Results Selected Pesticides

+ Younger water (shallow depths) more susceptible to [ At unite | iazine | Simazing | Atrazine | Metola | Diazinon  Dieldrin [
contamination L o
Mainly agriculture influences, e.g. nitrate
Some evidence of typical urban contaminants, but
below MCLs
Older water (deep zones)
No anthropogenic contaminants

Uranium and arsenic contamination

* US EPA health advisory drinking water equivalent level,
guidance values, non-cancer health effects

Summary of Monitoring Well Detections of
Selected Volatile Organics

All units ppb Chlorofonm h Fihyl Xylene




Main Message from USGS Study

« Necontaminants associated with urban runoff near
the: MCL in public supply well water
Some:urban contaminants present fn shallow
aguifer
Some maobilization’'of naturally occurring toxic
metals

Background

Ten yesr study by the Lot Argeles and San Gabirial Rivers Watdrshed

Counell (Cotnell an Watarshisd Heslth) snd partners
City of Les Angeles Cepartmant of Wator and Power
ietropolitan Watsr District of Scuthern Cafifornio
Unired States Bureau af Ratlamaticn

Cverall goal
Assessey fieasibllity of thi capture and Infiltration of stormwater
to sugmant local watern supply (teduce degandency in imported
watar)

+ One specific goal

Assess affects of inflitrating stormwater an groundwater quality

Office Building

Roof runeff dralngd 'ta dry FMLN Comporlon R g Flits
well

31 ft. depth to water tabla

Paorly Infiltrating salls

tonitaring wells and

lysimeters (maonitors pore

water in vadose zone)

nstalliad

Los Angeles Water Augmentation Study
o ——

A

WATER AUGMENTATION STUDY

wivwwatershedboalth o fdocimienty

Study Sites Overview

Six sites - diversity of land

uses
School
Office bullding
Residence
Two (ndustrial sites
Public park

v Dy walls installed at:

Offlce bullding
Private residence

Private Residence

Driveway sheet flow to dry:
wall

200 ft. depth 10 watar table
Slowsmoderate Infiltrating

soils

Lysimetersinstalled

2/2/2017



Monitoring Program

« Stormwater samples taken during storm events for 3-4
years
* Post-storm samples taken from lysimeters and monitoring
wells
Endpoints
General physical & chemical
Metals
Qil, grease, and vehicle-related contaminants
Volatile and semi-volatile organic compounds
Bacteria

Nitrate (as N)

" -

L]
n

o La an L
FEES LTSS
Date

+ Monitoring Well @ Reference Well 4 SW - Roof o SW - Parking Lot

Trichloroethylene (TCE MCL~5 ppb
lrecarhyiena (YCE) PHG = 1.77 ppb

-
*

3
i
;

-
[ ]

sE288s83888

o P T ma s e e
e‘f f\ée@a@é‘ @‘f e“fﬁe‘é@ﬁ
Date

+ Monitoring Well @ Reference Well 4 SW - Roof  © SW - Parking Lot

Summary of Results — Los Angeles Study

Contaminants detected at high levels in groundwater
were at low levels in SW

« Contaminants at high levels in stormwater were at
low levels in GW

Copper MCL - 1300 ppb

- ®
om § M d
f & & & & & & f
N A
Date
# Monitoring Well 8 Reference Well A SW-Roof & SW - Parking Lot

Perchlorate MCL -6 ppb
PHG - 1 ppb

L] moa o
& v & & N2 & & &
F & ¢S
R Y O U P
Date
4 Monitoring Well M Reference Well A SW-Roof  © SW - Parking Lot

2/2/2017



Summary of Results —Los Angeles Study

* Contamlnants datected at high levels in groundwater
were at low levels in SW

» Gontaminants at high levelsin stormwater were at
low levels in GW

Prop. 84 Dry Well Project

Vadose sane will: 55 ft b, water tabie wells: 120 1t by
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Limitation of Studies

* Los Angeles = Water Augmentation Study
Samples not tested for same contaminants: pesticides
Ih current use
Monitoring wells notinstalled at sl sites
Some monitoring wells up:gradient of dry well

USGS = Modesto Study
sSamples not tested for some important stormwater
contaminants: metals; pyrathrolds, PAHS
Limited stermwater analysis

Location

Meonitoring wells: vadose zone & water table



DRYWELL SYSTEM

AT ey SOl ATy

BATER 04 i rERAE A

Project Timelinga

Sample collectedal
beginaing ol vegelated
b et

Sample collected prior 1o
enlening the dry well

e T e

ELAT AR B R AR AT B

[Toah T ®a
|

Ve B e e BT 11
P Ve, i

e R e L T el Ly

T3l 3 Fry ool and Mo 1onng Vet inilat aver.

Wred 1 Vhbrmmn i (i Wby [ ot e e o puitd

Deliverables

Factsheets
Summarty of guidelines & regulations
Key findings of the project
« Annotated bibllography
Education & Qutreach
Scientific paper
Presentations
Outreach to school near sampling site
Summary of Project Experierces (Guidance Manual)
Design af dry walls
Effectivenes sign of prestreatment
Results entered Inta CEDEN and GAMA
Website with all products and general Information
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Overview of Monitoring Plan

Stormwater and groundwater samples collected overa period
of two years

Thraa wet weather stormwater samples

TS5 8 pyrethioids at tesinoing nod eod of swalofrin gardan
Thres wet and one dry weather monitoring well samples
« Gonstitushts tobe tested

Gengral physical & chemical

Metals [EPA 200)

Semivolatiles (EPA 625)

Herbicldes (EPA 515)

Pyrethroids [WPRCL, OFW method)

TPH (EPABO15)

Pyrogenic PAHS (EPA 8310)

Total collfarm )

Data Analysis

Assess changes in GW constituents ovar time
Assess contaminant removal efficlency over time
Swales (solids, pyrethrolds)
Drywells & vadose zone (all contaminants)
Determine ifany contaminants exceed MCLorPHG

Thank you



Presentation 5: stormwater Infiliration using Dry Wells as a
Possible Adaptation to Climate Variability

24th Meeting of Society of Environmental Toxicology and Chemistry
(NorCal SETAC), UC Berkeley

May 7, 2014
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Qverview
wrnwwater Infiltration using Bry Wells a5 &

ssible Adaptationto Climate Vanability . Backgmund

Elk Grove Dry Well Project
C. Bowles?, M. Carrl, ¥ Duensy’, V) wretsinger?, C, Melrovite!, C. ) i
Nalson®, N, PI%, 8, Waahburn®, 0. Wilson? Other awthS

ehee geo onginoering: wirfneg water hydrology
Gy of Elk Grove B Willdan: Project eaciplent, stormwates sojiinsasing
VLudharil & Mmaninll grodndwates hydraligy
*alliee of Enviranmansal Healh Hazard Assnssmant aaustis tsmcology;
as/in

. Value of using dry wellsin California
What are Dry Wells

Stormwater:
Gravity fed excavated pits

= ' : - Facilitate stormwater infiltration even inclay soils
lined with perfarated Helbs t hvd dificati s t
casing filled with gravel T 1elpsto rn.eat_. ydromodification. managemen
. Dégperthanwide . Protacts aquatic ecosystem

y Climate change / drovght:
Usediin conjunction with 48 i : ' Facllitates aquifer recharge
LID systems to imprave
rate of stormwatar
infiltration and
groundwater recharge

Repart Vel water under 311 puntp
sirain across Cahfornia

up. Mesi of the

acosystem and its

e M Y el 2 A e M e
T T m———"

il v by
w1 eaperd e 210
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Stormwater BMP installation in major
cities Role of Dry Wells

TMDL control TR MR « Can facilitata the use of LID practices where soils have
MS4 permits —— poor permeability (Soil Groups € and D}

First flush '

capture

Groundwater
augmentation | Paradigm Shifting

Urban aesthetics

hitpawwwvnwe susanorgAdocmesiad oot pdl

The Challenge

 DWR Bulletin 74-81/90: guidelines toprevent
surface water entering water well (Water Code

Sect13710). )
Dry wells: Class Vinjection wells Elk Grove Dry Well Project

+ BUT . LIDiand hydromodification rules
encourage or requireinfiltration ot stormwater

Perception that dry wells contribute to
groundwater contamination (e.g. Modesto)
Need for additional information to Inform policy

Ellk Grove Project: 3 parts
Field study
Contaminant fate and transport modeling

Education and outreach

Field Study
Begins Fall, 2014




2/2/2017

Location

Vadose zone well: 55 ft. bgs; water table wells: 120 ft, bgs

Monitoring wells: Vadose Zone and Water Table Structural Vegetated
Dry Well Pre-treatment Pre-treatment

B e e
—— Water
collected at
beginning of
vegetated
pre-treatment

prior to
entering the
dry well

Water Quality Monitoring Plan Estimates of Recharge

Stormwater and groundwater samples collected for two years

Three wet weather stormwater samples Veloclty sensor will
Three wet and one dry weather groundwater well samples permit monitoring of flow

= Constituents to be tested
General physical & chemical i -
Metals (EPA 200) i : e e i
Volatiles (EPA 8260) ' Initial estimate
Semi-volatiles (EPA 625) ol
Herbicides (EPA 515)
Pyrethroids (WPCL, DFW method)
TPH (EPA 8015)
Pyrogenic PAHs (EPA 8310)
Total coliform
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Questions that will'be addressed

* Primary question:
Are contaminants Introduced Into groundwater
through the drywells?

Secondary questions:
How:eftactive s pre-treatment at removing
cantaminants and sediment from stormwater? Fate and Transport of Contaminants
What Is recharge poténtial? 4 s Ve e B T
What are maintenance requirements?

Logping boring sofl sampfes o1 well s0es

Contaminant modeling

Addresses two major cancerns:
How far might contaminants migrate from bottom
of dry.well over many. years?
Could naturally occurring metals (e.giAs, U) be
mobllized asa result of high spegific conductivity
often found in stormwater?

UCDILAWR faculty and a grad student will address

Litermture Roview 3
Factabuats

feports

Wabglte

Portland: Underground Injection Contral Program Contaminant Monitoring Program

9,000 publicly owned dry Multimillion dollar-&ffort over 7 years:
L Stormwater anly, little groundwater
Located In strépts
10,000 privately owned Contaminants evaluated
Metals
Volatile organics and sermi-volatiles
PAHS
Pasticldes and herbicides
Key benchmark
Marimum allowable discharge level = MCL




Commoan pollutants
« DEHP

BlalP
= PCP

e
o ey
Pe=r

e

Aorae of Gomvenet Vs Lg%

* Pentachlérophenol —
pesticide; preservative b
on utllity poles ST S L Ik e e b
by v,

Fate and trapsport e muna
modeling: Soll binds B Aerage gesm

PCP; limiting migration  °Fr Sample sfie =30
to < 10 feet

MEEEEH 004 1W SRR ED L3RV B0 A

impacts of Dry Wells on Drinking Water Quality
in Modesto

Background on Modesto

Superfund site late 1950s
Clean up:and monitoring.... 2000+
Some made'the linkage: dry wells = groundwater
contamination?
LS EPA reports: condUlit for PCE - sanitary sewer
lines, not dry wells
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Lessons from Portland

Stormwater from streets dogs not appear to be as
tontaminated as typically assumed
No evidence for groundwater contamination

« Caveat:

California geclogy and climate very differant than
Portland

USGS: Background on Mocdesto Perc'Spill

Overd1,000 dry wells
sinte the 19508
1985 - PCE spilliat
Halford's Cleaners
contaminatad
groundwater
detected
Associated with
defective dry
cleaning machines
PCE antered
leaking sewer line

USGS Study

Study goal
Determine whether and how contaminants might
enter drinking water supply wells

Relevance of study for our purposes
Givan lang history of dry.well use —assess long
term potential risks to groundwater quality



USGS Study Design

Analyzed water quallty from one drinking water well
Series of manitaring wells at various depths
Water'tahle = up to 38 ft.
Shallow zone =115 f.
Intermediate zone = 200ft.
Deep zone 300 + ft.
Monitoring wells along a gradient of agricultural and
urban land uses aswell as groundwater gradient

USGS: Summary,of Key Results

Younger water (shallow depths) mare susceptible to
contamination
Key prablems:
Nitrate: Agricultural activity
Uranium and arsenle: Natural
Some evidence of typical urban contaminants; but
below MCLs
Older water (deeper zones)
Na anthiropogenic contaminants

Main Message from USGS Study

No contaminants associated with urban runoffnear
the MCL In public supply well water
Some urban contaminants present in shallow
aquifer
Possible mobilization of naturally occurring toxic
metalswith high alkalinity ...
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LUSGS: Water Chemistry./Analysis

« Conventional water parameters
pH, dissolved oxygen; major ions, water age
» Gasoling relatad compounds (BTEX)
Benzene; toluene, ethylbanzene, xylenes
» Pesticitdes
About a dozen pesticidesincluding chlorinated
forms; simazine and atrazine
« Volatilé organi¢ compounds
Chloraform, PCE, TCE, ethyl benzene, xylene, etc.
Refrigerants

120 = TR i
% of Total flow to PSW Uranium pg/L Nitrate mg/L

Los Angeles Water Augmentation Study

A2
= U ¢
wrw. walesshedhealin org/documants
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Background on LA Study Study Sites with'Dry Wells

Tenyear study by Council on Watershed Health and
partners
v Goals
Assesses feasibility of stormwater capture'to
augment local water supply.
Assesseffects of infiltrating stormwater on
groundwater guality

Site 1: Office bullding
Groundwaterand
vadose zone mpnitaring
ELES

Site 2t Residence
Vatlose zone walls only

Key Results: Los Angeles Study,
LA Study: Monitoring Program
Starmwater samples taken during:storm events for 5+ Contaminants detected at high levels in groundwater
years were at low levalsin SW
« Post-storm samples taken 2 — 10 days after event Contaminants at Righ lavelsin stormwaten were at

Analytes low levels in GW

General physicat and chemical

Metals Little evidence for a groundwater, contamination

Oll, grease; and vehicle-related contaminants

Volatile and semi-volatile organic compounds

Bacteria

LA Study - Groundwater Augmentation Model Areaincluded in the GWAM

Worked with Bureau of Reclamation to develop
model to:
Estimate the maximum amount of recharge that
might occur In areaof study
Currently ~600,000 acre/ft. becomes runoff
Key finding: if 1% %" rain of every storm an all
property captured, about 47% of precip could be
infiltrated, ar ~578,000 a/fi enough faor % million
households
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Groundwater Augmentation Model Dry Well tab

Estimated for the Los Angeles Basin 5
I_||
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Presentation é: Stormwater Infiltration using Dry Wells as a Low
Impact Development (LID) Tool

Association of State Floodplain Managers (ASFPM) 2014 Conference,
Seattle, Washington

June 4, 2014



Stormwater Infiltration using
Dry Wells as a Low Impact

Development (LID) Tool

Presented by:
Connie Nelson, CFM
City of Elk Grove/Willdan Engineering

%

June 4,2014 ELKGROVE

Background

* California is in a severe drought
* Legislation is calling for:
—Water reuse
—Treating stormwater as a resource

—Strengthen groundwater management
* A solution may be the use of dry wells

for these challenges m

FLK GROVE

Effects of Urbanization

* Decrease in the infiltration of rain water due
to hardscapes such as building and roads

This alteration in the natural flow patterns is
called hydromodification

—Impacts aquatic ecosystem
—Increased flood risk

i

ELK GROVE

2/2/2017

Today's Discussion

» Background
— California’s water situation
— Groundwater recharge (hydrologic cycle)
— Effects of urbanization
— Stormwater as a resource

* Use of Dry Wells as a Low Impact Development

Tool
— What is Low Impact Development?
— What are dry wells?
* Elk Grove Dry Well Projects m
- State funded projects
ELK GROVE

— Other projects

Groundwater recharge is a hydrologic process
where water moves downward from the surface
water to groundwater.

Surface water and groundwater have always been interconnected!

e — T ——

Naturally occurring process and is the primary input to the aguifer
- = - r 7

-

Effects of Urbanization

Typical cycle in an undeveloped area

/)
T ahow inlistisn -

5-fold increase in urban runoff in a developed areg,
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Groundwater Supplies Depleting in Central | One Solution is to Treac Stormwater as a Resource |
Vallgy in Northern California *Improve water S L) WD oo U—
s qualley
{*Reduce urban runoff E
* Prayide groundwater 1

N Sinking Land
i * 50 million acre feet

W  groundwater lost _ i
: Paradigm Shifting

| Aesthnﬂca.lly P‘ minx tto fwwv it omg/ decumnant s/ Boahm. pdt

“Greener approach...return to natural hydrologic regime.”

What is Low Impact Development?

Innovative stormwater management approach

Dry Wells as a Low Impact DevelopmentTool * Mimics natural hydrology
* Manage stormwater at the source

» Captures, stores, cleanses and slowly releases
stormwater (reducing peak flows)

* Water quality treatment through filtration

* Recharges stormwater to groundwater

¢ Treats small to medium storm events ﬂ
» Mitigate flooding, erosion and reduction in

sedimentation ELKGROVE

Waten Storage
REL2IOTEEE  Mulch.Layer

Sandy Loam

Bioretention and grassy swale Rain gardens



What are Dry Wells?
« Promote infiltration of SR
stormwater runoffto.
rechange groundwater
Can infiltrate
stonmwater through
clay soils

Use in conjunction with
Low Impact )
Development practices 4

i
¥

Example Grassy Swale and Dry Well

Bioretention and

Elk Grove Dry WWell Projects

2/2/2017

How does it Work?

Receives water from one “

or more entry points

Collect, store and . 3
disburse water 1o

Discharges water v e
through small openings

Bottom of dry well is

placed at permeable soils

Challenges

* Competing regulations:

—Water Code 13710: guidelines to prevent
surface water entering water well (DWR
Bulletin 74-81/90)

- State Water Board promotes stormwater
infiltration and dry wells are an important
tool in the Low Impact Development tool

kit
* Perception that dry wells contribute uﬂ
groundwater contamination ELK GROVE
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* State funded Stormwater Grant Program
* Total project budget $825,000

* Received grant funding amount $489,820
* In-kind services $335,180

Project |: DryWellsias Low Impact Development

i

Fi K GROVE

Project Purpose Project Team

W WILLDAN | i

Feac

Evaluate the potential for using dry wells, in
combination with low impact development
practices to:

* Infiltrate stormwater runoff

+ Alleviate localized flooding

* Recharge groundwater

...without negatively impacting quality @ ELKGROVE

of groundwater. FLKGROVI s o

Phase |:
Site Selection, Design and

Construction
2012 - 2014
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Project Site Schematic Monitoring Well Network

Shaliow groundwater well: 55 feet
Deep groundwater wells: 110 feet

VARG B R S  EAT

Phase 2:
Field Study

Begins Fall, 2014

LATER ) W R AR

CRAY ul‘ll RRMEERSa A AV TUEVATIVE Sl

Field Study Stormwater Water Sampling

* Collect and sample stormwater and
groundwater for 2 years
— 3 wet weather stormwater samples
— 3 wet and | dry weather groundwater samples

ﬂ A —

ELK GROVE




Water Quality Chemistry

* Constituents to be tested in stormwater and
groundwater
~ General physical & chemical
— Metals (EPA 200)
— Volatiles (EPA 8260)
— Semi-volatiles (EPA 625)
— Herbicides (EPA 515)
— Pyrethroids (WPCL, DFW method)
— TPH (EPA 8015) ﬂ
— Pyrogenic PAHs (EPA 8310)
— Total coliform

ELK GROVE

Logging boring soil samples at well sites

Phase 3:
Fate and Transport Modeling
2014-2015

Questions that will be Addressed

* Primary question:
— Are contaminants introduced into groundwater
through dry wells?
* Secondary questions:

— How effective is pre-treatment at removing
contaminants and sediment from stormwater?

— What is groundwater recharge potential?
— What are maintenance requirements!

ELK GROVE

2/2/2017

Estimate Recharge and Infiltration
Capacities

Education and Outreach &=

Project 2: Sleepy Hollow Detention Basin Retrofit
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« State funded Implementation Grant Retrofit an existing detention basin for
* Total project budget $850,000 multifunctional purposes to:

*+ Received grant funding amount $240,000 ¢ Infiltrate stormwater runoff

* In-kind services $610,000 :

Alieviate localized flooding
* Recharge groundwater

* Improve water quality

* Provide habitat enhancement/riparian
P P

LLKGROVE EI KGROVE

Sleepy Hollow Detention Basin

Other Elk Grove Dry Well Projects

Elk Grove Rain Garden Plaza

* Largest rain

garden in o o A4 ‘-m
| N

Dry Wells Rural Roadway
nv.-"- 1 .‘ .

California

Educates

sustainable

stormwater

practices

Demonstrates Low

Impact

Development

techniques “Q State and Regionol Awards™

Alternative to typical storm drain system
Localized flood control

Less expensive

Groundwater recharge potential

http://www,elkgrovecity.org/rain-garden/
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Contacts

Conclusion
Project Manager: Connie Nelson, CFM
|City of Elk Grove/Willdan Engineering

* Sustainable Water Resource Management
cnelson@elkgrovecity.org

—Multiple purposes and beneficial uses !
* Incorporate into any project QIA Officer: Barbara Washburn, PhD

* Maintain groundwater quality

* Proposition 84 Projects California EPA
—Provide scientific data to help local and Barbara. Washburn@oehha.ca.gov m

State agency on the beneficial uses ﬂ .
ELK GROVE

of dry wells as a Low Impact
Development tool ELK GROVE
P Hatthce Mmacary M eaa

Office of Environmental Health Hazard Assessment,

JL

Questions?
Thank you




Presentation 7: stormwater and Groundwater Issues and the Elk
Grove Dry Well Project

Regional and State Water Board Member's Annual Meeting/Tour -
Educational Forum

October 1, 2014
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Presentation 8: pre-Bid Meeting — Dry Wells as a Low Impact
Development (LID) Improvement Project (WDRO19)

City of Elk Grove and Contractors

June 30, 2014



Pre-Bid Meeting

Dry Wells as Low Impact

Development (LID) Improvement |
Project (WDRO019)

Connie Nelson, CFM
Project Manager

City of Elk Grove ﬂ

ELK GROVE
June 30,2014

Project Purpose

Evaluate the potential for using dry wells, in
combination with low impact development
practices to:

* Infiltrate stormwater runoff

¢ Alleviate localized flooding

* Recharge groundwater

...without negatively impacting quality ﬂ

of groundwater. ELK GROVE

Background

¢ State funded Stormwater Grant Program

* Construct two dry wells with pre-treatment
features

* Two locations

A

FLK GROVE

Project/Construction Site Locations

TR O A

AVER il b b

ALY LTI MR S R A LW ON b

Project Site Schematic

Shallow groundwater well: 55 feet
Deep groundwater wells: 110 feet

2/2/2017




Lithology Report — Corporation Yard

2/2/2017

* Have submittals ready
as soon as possible to
ensure on-time start.

* Drill cuttings
collected: 5 foot
intervals, at formation
changes or as
directed by Engineer.

* County of Sacramento Well Permits and Well
Completion Records

* Corporation Yard: Excavation/spoils shall be
removed daily

* Grassy Swale Establishment: 90 Calendar Days
v" Preference to begin at Corporation Yard

¢ Full Retention: Cannot release full retention until
35 days after the Notice of Completion is
and recorded with the County. ﬁ
This occurs after the City Council

ELKGROVE
“Accepts” the project. e

* Bid Opening: july 8,2014 2:00 PM 2:00 PM
+ City Council Award: july 23,2014
* Contract Approved (urm in submialsy: August 18,2014
* Pre-Construction Meeting: August 22,2014
v Staging at Corporation Yard
* Construction

Start Date: week of August 25, 2014 ﬂ
* Working Days: 20 days ELK GROVE

Contacts

Project Manager: Connie Nelson, CFM
City of Elk Grove

(916) 478-3638
cnelson@elkgrovecity.org

Project RE: Paul Sipple
City of Elk Grove

(916) 478-3647
psipple@elkgrovecity.org




wim

Questions?
Site Visit (optional)
Thank you

Site Visit

Edward Harris Middle School
8691 Power Inn Road

Elk Grove, CA 95624
Parking Lot

City’s Corporation Yard
10250 Iron Rock Way
Elk Grove, CA 95624

Park at entrance, west side next to fenn
L4

ELK GROVE

2/2/2017



Presentation 9: stormwater Infiliration using Dry Wells as Low

Impact Development (LID) Tool — Project Overview and Construction
Presentation/Tour

State Water Resource Confirol Board

October 23, 2014



Stormwater Infiltration using
Dry Wells as a Low Impact

Development (LID) Tool

Presented by:
Connie Nelson, CFM

Fernando Duenas, PE.
City of Elk Grove/Willdan Engineering @

LK GROVE

October 23,2014

» California is in a severe drought
* Legislation is calling for:
—Water reuse
—Treating stormwater as a resource

—Strengthen groundwater management
* A solution may be the use of dry wells

for these challenges m

LK GROVE

Effects of Urbanization

Typical cycle in an undeveloped area.

358 e iy « ‘

434 derg blllteateon ﬁ-
" R

105 i itntion

5% deep mlization

5-fold.increase in urban runoff in a developed area.

2/2/2017

Today’s Discussion

* Background
— California's water situation
— Groundwater recharge (hydrologic cycle)
— Effects of urbanization
— Stormwater as a resource
* Use of Dry Wells as a Low Impact Development Tool
— What is Low Impact Development?
— What are dry wells?
* Elk Grove Dry Weli Project
— Project overview ﬂ
— Dry well construction .
— Site visits FLKGROVI

Groundwater recharge is a hydrologic process
where water moves downward from the surface
water to groundwater

Tho Water Cycle

Surface water and groundwater have always been interconnected|
—————— T S s 1 "

Naturally occurring process and is the primary input to the aquifer
=

One Solution is w Infilirate Stormwater |

RS Ce fi e i dnsy — SR L AT |

* Improve water
qualley

* Provide groundwater !
argumentation

*Reduce localized
flooding

* Provide habitat
enhancement and
protects aquatic
resounces

* Aesthetically pleasing

Paradigm Shifting

b ewne nonr s oned degurentsS Baglin, pik |

“Greener approach...return to natural hydrologic regime."i
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'VWhat is Law Impact Development?

Innovative stormwater management approach
Dry Wells as a Low Impact DevelopmentTool | * Mavags stormmwatar 2.t felree
* Mimics natural hydrology

» Captures, stores, cleanses and slowly releases
stormwater (reducing peak flows)

* Recharges stormwater to groundwater

i%

LUK GROVE

| Example of Low Impact Development | | Example of Low Impact Development |
e

Water Storage
Muleh Layer

Sandy Loam

Bioretention and g swiale Rain gardens

What are Dry Wells? : How does it Work?

i — | Receives water from one
or more entry points

* Promote infiltration of
stormwater runoft to |
recharge groundwater | 8 C:ollecr_ storeand

» Can infiltrace disburse water
stormwater through
clay soils

Discharges waten
through small openings
Bottomof dry well is

* Use in conjunction with placed at permeable soils

Low Impact
Development practices




Example Grassy Swale and Dry Well
S

Elk Grove Dry Well Project

2/2/2017

Project Purpose

Evaluate the potential for using dry wells, in
combination with low impact development
practices to:

* Infiltrate stormwater runoff

* Alleviate localized flooding

* Recharge groundwater

...without negatively impacting quality ﬂ
of groundwater. ELK GROVE

Project Team

LS

Project Overview

* Conducting 3-year study
* 2 project sites: residential and commercial

* Construction of 2 dry wells with vegetated and
structure pre-treatment features (LID)

¢ Construction of network of monitoring wells
* Perform stormwater and groundwater sampling

* Estimate groundwater recharge capacity and
percentage of stormwater captured

¢ Education and outreach

* Reporting mechanisms RHKORONE

Phase |I:
Site Selection, Design and
Construction

2012 - 2014
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[l Shallow groundwater welll 55 fest Dy welli400a5 feet
Daep proundwinter weelis: 110 feat

e e T

LAY LANTR - BIPYEL AA T (T

Field Study

+ Collect and sample stormwater and
groundwater for 2 years
— 3 wet weather stormwater samples
— 3 wetand | dry weather groundwater samples

Phase 2:

Field Study
Begins Fall| 2014 ﬂ

LI GROVE




Stormwater Water Sampling

2/2/2017

Water Quality Chemistry

» Constituents to be tested in stormwater and
groundwater

— General physical & chemical

— Metals (EPA 200)

— Volatiles (EPA 8260)

— Semi-volatiles (EPA 625)

— Herbicides (EPA 515)

— Pyrethroids (WPCL, DFW method)

— TPH (EPA 8015) a
— Pyrogenic PAHs (EPA 8310)

— Total coliform

ELK GROVE

Water Quality Chemistry

* Constituents at Corporation Yard
- Oil and Grease
— Volatiles and Semi-volatiles compounds
— Pyrogenic PAHs

 Constituents at Water Quality Basin
— Pyrethroid pesticides
— Herbicides such as 2,4-D

— Nutrients (nitrogen and phosphates)
— Semi-volatiles (possibly) m

— Oil and grease (possibly) ELK GROVE

Logging boring soil samples at.well sites

Phase 3:

Fate and Transport Modeling

2014 - 2015

Estimate Recharge and Infiltration
Capacities

Phase 4:




2/2/2017

Construction — Corporation Yard Construction — Corporation Yard

mlmw Y

Construction — Corporation Yard

m-"'-n-q ' - 4 | : g | O




Construction — Corporation Yard

- Construction — Strawberry Creek Water

Quality Basin
i

Construction — Strawberry Creek Water

Qualiry Basin

1]

2/2/2017

' Construction — Strawberry Creek Water

Quality Basin

| Construction — Strawberry Creek Water |
Quality Basin

¥ q

r Y \ - ;?-...

;q"';:ﬁ.* = L

1 Yo i

Construction — Strawberry Creek Water
Quiality Basin
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" Construction ~ Strawberry Creek Water | Construction — Strawberry Creek Water
Quality Basin Quality Basin

Construction = Strawberry Creek VWater | Contacts
Quality Basin
|Projecc Manager: Connie Nelsan, CFM
(City of Elk Grove/VVilldan Engineering
cnelson@elkgrovecity.org

QIA Officer: BarbaraWashburn, PhD
Office of Environmental Health Hazard Assessment,
California EFA

Banbara.Washburn@pehha.ca.gov “

ELK GROVE

T L R T T

Vi i

Questions?
Thank you




Presentation 10: Using Dry wells for Stormwater Infiliration:
Assessing the Risk of Groundwater Contamination

American Basin Council for Watersheds Meeting

November 5, 2014



Using Dry Wells for Stormwater Inﬁltration{
Assessing the Risk of Groundwater

Contamination

Project Team — Key Staff:

City of Elk Grove/Willdan Engineering: Connie Nelson,
Fernando Duenas

OEHHA: Barbara Washburn
cbec eco engineering: Melanie Carr
Ludhorff & Scalmanini: Reid Bryson

November 5,2014

2/2/2017

Today’s Discussion

* Background
* Dry wells
* Elk Grove Dry Well Project

Background

* Groundwater recharge

— Recent report (Stanford Woods Institute of the
Environment) identified the aquifer as cheapest
and easiest way to store water

— Recharge stormwater to groundwater
— Manage stormwater at the source
* Water Quality
— Implementation of LID practices
— Mimics natural hydrology “greener approach”

— Capture, stores, cleanse and slowly release
stromwater (reducing peak flows)

Background

* Uncertain water future
— Severe drought
— Climate change
* Legislation is calling for:
— Water reuse
— Treating stormwater as a resource
— Strengthen groundwater management
* A solution may be the use of dry wells
for these challenges

What are Dry Wells?

* Promote infiltration of
stormwater runoff to
recharge groundwater

* Can infiltrate
stormwater through
clay soils
Use in conjunction with
LID practices

How does it Work?

B
2l

=

Receives water from
one or more entry
points

Collect, store and
disburse water

Discharges water
through small openings

Bottom of dry well is
placed at permeable
soils
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Example Grassy Swale and Dry Well .
v Project Purpose

Evaluate the potential for using dry wells, in
combination with low impact development
practices to:

* Infiltrate stormwater runoff

* Alleviate localized flooding

* Recharge groundwater

...without negatively impacting quality

of groundwater.

Bioretention and grassy swales with dry well

Project Overview

* Conducting 3-year study

; * 2 project sites: residential and commercial
Elk Grove Dr)’ Well Prolect * Construction of 2 dry wells with vegetated and

structure pre-treatment features (LID)

¢ Construction of network of monitoring wells

* Perform stormwater and groundwater sampling
— 8 times over 2 year period

¢ Estimate groundwater recharge capacity and
percentage of stormwater captured

* Education and outreach
* Reporting mechanisms

Background

* State funded Stormwater Grant Program
* Total project budget $825,000

* Received grant funding amount $489,820
* In-kind services $335,180

* Awarded grant January 2013

Site Selection, Design and Construction
2012 -2014




Project Site Locations

PN

Strallow groundwater well: 55 feet  Dry well: 40445 feet

Deep groundwater wells: 110 feel

Dry Well Design

AR AL A

AN

FLAT LATEE ORI S AT AT

Construction — Corporation Yard

Construction — Corporation Yard

Construction —~ Corporation Yard
g
e s=

2/2/2017
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Construction — Corpora:ion'Yard ‘Construction — Strawberry Creek Water Quality Basin

L] _.p-ﬂ'.m:

Construction — Carpnmugn Yard | Constructlon — Strawberry Creek Water Quality Basin

I
]
-
I

Construction — Corporation Yard

T L{Fi—._‘-_,‘ ] -




|
‘Construction— Strawberry Creek Water-Quality Basin

Construction — Strawberry CreekWarter Quality Basin |

Field Study
Begins Fall, 2014

2/2/2017

Study Design

* Collect and sample stormwater and groundwater for
2 years

- 3 wet weather stormwater samples
—3 wetand | dry weather groundwater samples
« Comparisons to be made:

— Groundwater quality upgradient and
downgradient of dry well

— Stormwater, vadose zone, and groundwater quality

— Changes over time — groundwater and vadose
zone

Water Quality Chemistry

*+ Constituents to be tested in stormwater and
groundwater
— General physical & chemical
— Metals (EPA 200)
— Volatiles (EPA 8260)
— Semi-volatites (EPA 625)
— Herbicides (EPA 515)
— Pyrethroids (WPCL, DFW method)
— TPH (EPA 8015)
— Pyrogenic PAHs (EPA 8310)
— Total coliform
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Water Quality Chemistry

* Constituents at Corporation Yard
— Oil and Grease
— Volatiles and Semi-volatiles compounds
— Pyrogenic PAHs
* Constituents at Water Quality Basin
— Pyrethroid pesticides
— Herbicides such as 2,4-D
— Nutrients (nitrogen and phosphates)
— Semi-volatiles (possibly)
— Oil and grease (possibly)

Stormwater Water Sampling

" Water
. "™ collectedat
beglnning of
vegetated

T
| pre-treatment

" water collected
whk vy beort s wr saviesany prior to
entering the
dry well

Groundwater sampling will follow = 1 week after rain event

Estimate Recharge and Infiltration
Capacities

Velocity sensor to
monitor flow

Pressure transducer to
estimate the volume of

flow

Groundwater — Reference Conditions
Watch List - Corporation Yard

Analyte Value Range ML PHG
Arsenlc pgflL ND !_7) 10 0.004
Antimony pg/L ND-4.3 - 0.7
Chromium pg/L Nl?@ 50 Chrome 6: 10
Nitrate mg/L 15-57 45 45

Groundwater — Reference Conditions

Watch List — Strawberry VWater Quality

Basin
Analyte Value Range MCL PHG
Arsenic pg/L ND -4.4 10 0.004
‘Cadmium pg/L ND-4.3 5 0.04
Chromium pg/L | ND 50 Chrome 6: 10
’Thalllum pg/L ND - 16 2 0.1

Logging boring soil samples at well sites

Phase 3:

Fate and Transport Modeling
2014 - 2015
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Key Questions Fate and Transport
Modeling

* How long will it take contaminants detected
near the bottom of the dry well to reach the
water table?

* Could the elevated concentrations of salts
usually found in stormwater have the effect of
dissolving naturally occurring toxic metals
such as arsenic!?

Summary of Key Findings
Review of the Literature
* Lack of a clear link between dry well use and

groundwater contamination

* Pretreatment important — reduces clogging and
removes contaminants associated with sediments

* Don't use at high risk sites (industrial, etc.)

Keep away from public supply wells (>150 ft.2?)

Water soluble constituents pose a risk (nitrate)

* Sedimentation wells and vadose zone trap many
contaminants

Phase 4:
Education and Outreach
2013 - 2017

Contacts

Project Manager: Connie Nelson
City of Elk Grove/Willdan Engineering
cnelson@elkgrovecity.org

Barbara Washburn

Office of Environmental Health Hazard Assessment,
Cal/EPA

barbara.washburn@oehha.ca.gov

Education and Outreach

* Series of factsheets

* Annotated bibliography on dry wells and
influence on groundwater quality

* Lessons Learned Report
* Peer-reviewed publication
* Presentations (such as this!!)

Thank you




Presentation 11: Dry Wells and Rain Gardens: Eco-Friendly Ways
to Manage Stormwater

Stormwater Detectives Program, City of Lodi

May 14, 2015



DRY WELLS AND RAIN WHAT

GARDENS: ECO-FRIENDLY IS
WAYS TO MANAGE
STORMWATER STORMWATER?

)

WHY DO ALL THIS?




FOLSOM LAKE

RAIN GARDENS AND BIOSWALES

Present a great opportunity to retain
stormwater on site in an aesthetically pleasing
manner.

ALTERNATIVE PAVEMENTS

Reduce the amount of paving.

Use gravel, Hollywood Driveways,
permeable pavements|

KEEP RAIN WHERE IT FALLS!

Retain all the water that falls on your
property. This can be done with by a variety
of approaches, you are only limited by your

creativity:

Rain Gardens
Rain Barrels/Cisterns
Rain Chains
Driveway Material
Innovative Ideas

DISCONNECT

Disconnect rain gutters that run to the street
or piped stormwater systems.

Celebrate stormwater, replace traditional gutters with...

Site Design: Material Choices

Choose pervious materials, that allow rain
water to infiltrate.







Permeable Pavement

Rain Water Harvesting

Shade py not only provides a shaded area to sit
and have lunch but Includes rain harvesting
technigues such as rain barrels and rain chalns.




Rain Garden Demonstration Sculpture

Rain Garden Art

Each is connected to a drain pipe which leads to one of four fish heads
that empty into the rain garden.




152534
283825
JAIA IR
dhakad

| 57,000 Gallons 670 Pounds BO Hours

Water Yard Maintenance
Waste Hours

The Numbers Speak for Themselves

Traditional Landscaping vs. Sustainable Landscaping

4
) Ty ¥y
00000 182828
6,000 Gallons 250 Pounds 15 Hours
Water Yard Muntanance
Waste Hours

WHAT
IS
A DRY WELL?




What Are Dry Wells?

+ Promote infiltration of
stormwater runoff to ,
recharge groundwater

» Can infiltrate
stormwater through
clay soils

How Does It Work?

Receives water from
one or more entry
points

Collect, store and
disburse water
Discharges water
through small
openings

Bottom of dry well is
placed at permeable
soils

Torsm

HARDPANI AYER

Construction - Strawberry
Creek Water Quality Basin

Construction — Corporation

DRY WELL AT RAIN GARDEN




THERE ARE A NUMBER OF WAYS T0 . AND THEY ALL START WITH

WHAT CAN YOU DO?

LEND
ATCH WATER
SUPPORT

Thaha forsaving _ Come Visit Us!

watet!




Presentation 12: stormwater Infiliration using Dry Wells as a Low
Impact Development Tool

Low Impact Development Conference, American Basin Council for
Watersheds and CSUS's Office of Water Program

November 4, 2015



Stormwater Infiltration using
Dry Wells as a

Low Impact Development Tool

Connie Nelson, CFM!
Barbara Washburn, PhD?

1City of Elk Grove/Willdan Engineering a

20ffice of Environmental Health Hazard s
Assessment, California EPA ELK GROVE

Background

* California is in a severe drought

* Legislation is calling for:
—Water reuse
—Treating stormwater as a resource
—Strengthening groundwater management

* A solution may be the use of dry wells with
LID practices for these challenges

Groundwater provides 30 percent
of the California’s water supply

* 431 groundwater
basins

Covers 40% of the
State

* Storage capacity:

v/ 851 million
acre-feet (not
all useable)

2/2/2017

Today'’s Discussion

¢ California water situation and recharge
opportunities

e What are dry wells

* How to integrate low impact development
(LID) practices with dry wells

¢ Elk Grove Dry Well Project and results to date

* Regulations and permitting issues with dry
wells

Groundwater Supplies Depleting in Central
Valley in Northern California
T~

* Sinking Land
* 50 million acre feet ||
groundwater lost

* Gravity fed excavated
pits lined with
perforated casing
filled with gravel
Deeper than width
—3 feet wide
—20'to 60 feet
Can be used in
conjunction with LID
practices




How do they work?

Receives water from
one or more entry
points

Collects, stores, and
disburses water

Discharges water
through smalliopenings
Bottom/sides of dry
well placed at
permeable soils

2/2/2017

General Concept of LID Features
with a Dry Well

S A

Value of Using Dry Wells in California

* Captures and stores urban stormwater runoff

* Facilitates stormwater infiltration even in clay
soils

* Can improve surface water quality
* Facilitates groundwater recharge

* Helps meet hydromodification management
goal

* Reduces localized flooding
* Sustainable change

Background

State funded Stormwater Grant Program
Total project budget $825K
* Received grant funding amount $490K
* In-kind services $335K
— City of Elk Grove $195K
— OEHHA $140K
* Fate and Transport Modeling
(complementary, $135K)
* Grant term 4-years

Elk Grove Dry Well Project

Background
Stormwater andgroundwater monitoring
Fate and transport of contaminants
Education and outreach

b (o

Monitoring event November 2, 2014 |

at Strawberry Creek Water Quality
Basin

Project Team

,@

ELKGROVE

LUHDORFF & SCALRMANINI
EONSULTING ENGINEERS
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; Project Site Locations
Project Purpose

Evaluate the potential of using dry wells, in
combination with low impact development
practices, to:

* Infiltrate stormwater runoff

* Alleviate localized flooding

* Recharge groundwater

without negatively impacting groundwater

quality

Project Site Schematic | Dry Well Design

B LI L Ty
VAP YING UEGEIES OF IR ME AR

AR 0 b AT

ELAT LAVIR - SEFTRUNNARS AT IL e foed

Vadose zone well: 55 feet, water table wells: 110 feet

General Concept: Byp

ass Hardpan

L}

Manitoring ovent Movembar-3, 2014 at
Strowbany Creak Water Quality. Basin

Stormwater and Groundwater
Monitoring
Fall 2014 — Spring 2016




Water Quality Monitoring Plan

* Collect and sample stormwater and
groundwater for 2 years

—6 wet weather stormwater samples
—6 wet and 2 dry weather groundwater
samples
* Flow weighted composite samples collected
over 80% of storm volume

Water Chemistry

« Constituents to be tested in stormwater and
groundwater
— General physical and chemical
— Metals
— Volatiles
— Semi-volatiles
— Herbicides
— Pyrethroids
— Total petroleum hydrocarbons - gas diesels
— Pyrogenic polycyclic aromatic hydrocarbons
— Total coliform

Results: Year |

Tuality Basin

4/24/15 Stormwater  » Tolueno 0.84 ppb (150)
(compasite collacted Coliform >1600
atoutfall) = Bi }

4/24/15 Groundwater + No céllection .
!8/4/14 Groundwater NOy: 57 ppmi (45)

Stormwater Sampling

RATEE W W R T

ALAS VIR IR R AN A 1T RRATIN S
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Water Quality Monitoring Findings: Year 1

. 8/4/14 Groundwater Mn: 240 ppb (50; aesthetics)

2/6/15 Stormwater  + Organoleptic metals stormwater outfall (Al Fe)
(composite collected « Bifenthrin:
at stormwater outfall) « Stormwater outfall: 57 pptr
» Sedimentation well: 63 pttr
« Trace amts other pyrethroids

12/6/15 Groundwater « Bifenthrin; 7 pptr vadose zone
« Dalaphon: 3 ppb d di
« Total collform; 1600 MPN/100 ml vadose &
downgradlent wells

Results: Year |

4/24/15 Stor « Organoleptic metals (Fe, etc.)
{composite collected < Collform: >1600 MPN;/100 ml
at sedi ion well) « Bifenthrin:

« Curbcut: 4 ppir

Few contaminants detected
in dry well system

* Pretreatment removes over 50% of
suspended solids
« Subsurface attenuation




Monitoring Plan: 2015-2016

* 5 monitoring events
e 1% flush event includes 2 flow-weighted composites
— Early phase of runoff (highest contaminants)
— Middle-later phase up to 80% of total
* 3 monitoring events
— Flow weighted composites
¥'Modify analytes:
—Remove VOCs, SVOCs, PAHs, herbicides
—Add neonicitinoids (imidacloprid) and
phenylpyrazoles (fipronil, and/or PPCPs)

L b

AL

\

Lagpihg borng soll samples at wall $ites

Fate and Transport of Contaminants

City of Eik Grove Corporation Yard dry
well system

Education and Outreach

Recharge and Infiltration Capacities

T Ll

Preliminary infiltration rate:
Corporation Yard: 20 - 97 gpm (varies by intensity of storm event)
Strawberry Creek Water Quality Basin: 70 - 80 gpm

2/2/2017

Fate and Contaminant Modeling

* UCD hydrologists (G. Fogg, T. Harder and E.
Edwards)
* Address two major concerns:
—How far might contaminants migrate from
bottom of dry well over many years?

—Could naturally occurring metals (e.g. As, U)
be mobilized as a result of stormwater
influx?

* Factsheets
—Regulations
—Dry well programs
other states E:
—Findings of the project
* Annotated Bibliography
* Lessons Learned Report
* Journal article




Dry Well Regulations and Permitting

US EPA Underground Injection Control (UIC)
Program

¢ 1989: Authorized use of UICs but runoff entering dry well
cannot exceed MCL

* 1999: Performed large study, concluded:
— Additional regulations unnecessary
— No evidence of contamination problems
* 2002: EPA Region 9 Factsheet
— EPA primary agency for overseeing Class V Injection
Well Program in California
— ldentified Regional Boards and local agencies to
promulgate additional regulations and guidelines

2/2/2017

Dry Well Regulations and Permitting

Municipalities follow two different set of rules:
1. US EPA guidelines for UIC wells:

— Southern California and San Francisco:

— Southern California 10,000 dry wells

— Santa Clara and San Francisco Peninsula

Dry Well Regulations and Permitting

2. Follows DWR Bulletin 74-81 and 74-90 — guidelines for
drinking water wells; prevent surface water from
entering subsurface to protect groundwater

Sacramento region and other areas:
— Interpretation assumes stormwater is a waste product
— Wells “used for the injection of reclaimed waste
water” including “dry wells,” “drainage” wells and
sewer wells

— Waste defined as “sewage and all other waste
substances of human or animal origin....”

— Waste defined as Local interpretation: Dry well
should be constructed to drinking water well
standards and permitted as such

Dry Well Regulations and Permitting

Challenges

* Dry wells not commonly used in Sacramento
region; difficult to obtain permit

* No regional guidelines for design, placement,
monitoring, etc.

* Caution among stormwater managers
BUT.....

* LID/hydromodification requirements
* Water Board “Stormwater Initiative”

 Drought, climate change - all push for more
infiltration and groundwater recharge

Dry Well Regulations and Permitting

Summary

« Sacramento region and other areas of
California:
—No streamiined municipalities guidelines
— Lack of State Class V UIC Program: a barrier

to effective use of dry wells for stormwater
as a resource

Primary Enforcement Responsibility
throughout United States

Lack of statewide
UIC program has
led to piecemeal
practices around
the State

W st g
[
|
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Oregon’s Underground Injection

Control Program

* Good example of a carefully designed program
* Permits given by Oregon Department of
Environmentat Quality (DEQ)
* Requirements of permit
— Monitoring of runoff just prior to entering dry weli
to determine that it meets drinking water
standards

— Madeling of fate and transport

— Prohibition of use of dry wells in high risk areas:
industrial, gas stations, etc.

Oregon’s Underground Injection
Control Program: Portland

¢ 20,000 UICs — public and private
* Ten year Monitoring Program

— 30 sites, 6 times/year, and extensive list of
contaminants

* Model to determine fate and transport

* Received renewal of 1%t 10 year permit
* Beginning second decade of UIC Program

* |dentified little evidence of groundwater
contamination

' Elk Grove Dry Well Project

Preliminary Lessons Learned
* No evidence that dry wells contributed to
groundwater contamination
—Consistent with literature and experiences
from other States
* Challenges to placement and construction of
dry well systems

* Dry wells serves multiple benefits:
—Aquatic ecosystem protection

— Improved water quality
—Groundwater recharge
* Need to use stormwater as a resource

* A key driver for use of dry wells with LID
practices is drought and climate change

Contact

Connie Nelson, Project Manager
cnelson@elkgrovecity.org

(916) 478-3638
www.egpublicworks:org......click the dry well tab

THANK YOU!




Presentation 13: Summary of Dry Well Guidelines and Regulations
in California

Central Valley Regional Board

November 5, 2015



SUMMARY OF
DRY WELL GUIDELINES AND
REGULATION IN CALIFORNIA

November 2015

Barbara Washburn
Office of Environmental Health Hazard Assessment (OEHHA)

barbara washburn@oehha.ca.gov
916-316-7982
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US EPA UIC Program

2002: EPA Region 9 Factsheet:
< EPA primary agency for overseeing Class V
Injection Well Program in California

. ldentified Regional Boards and local agencies to
promulgate additional regulations and guidelines

Dry Well Regulations and Permitting Background

US EPA Underground Injection Control (UIC)

Program

- 1974: Passed and amended several times State
Drinking Water Act

- 1980; Authorized use of UICs but runoff entering dry
well cannot exceed MCLs (maximum contaminant
levels)

- Section 1422: States may apply to EPA for primacy
to administer UIC program

- 1983: California and US EPA agreed to split primary
responsibility:
v California: Class li: gas/oil production waste

SIS FPA Class | Il (V/ \ and now Wi

Dry Well Regulations and Permitting
Municipalities follow two different set of rules:

1. Allow use of dry wells following US EPA reporting
requirements:
- Southern California 10,000 dry wells

» Santa Clara and San Francisco Peninsula
et
T
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US EPA UIC Program

- 1987: Report to Congress on Class V wells:
« Stormwater drainage: moderate risk
v Need to inventory all existing and future wells

- 1993: Suit against EPA by Sierra Club asserting
inadequate regulation of Class V wells to protect
groundwater:

v One outcome: fluids entering wells not to exceed
MCLs (drinking water standards) or other health
based standard

- 1999: Performed large review of Class V wells:
v Additional regulations unnecessary
+ No evidence of contamination problems

Dry Well Regulations and Permitting
2, gs%uére permit based on DWR Bulletin 74-81 and

- Guidelines for drinking water wells; prevent
surface water from entering subsurface to protect
groundwater

- Wells "used for the injection of reclaimed waste
water” including “dry wells,” “drainage” wells and
sewer wells

Waste defined as “sewage and all other waste
substances of human or animal origin....”

Sacramento region: Dry well should be
constructed to drinking water well standards and
permitted as such

.

»




Dry Well Regulation and Permitting

Challenges

- Dry wells not commonly used in Sacramento region;
difficult to obtain permit

< No regional guidelines for design, placement,
monitoring, etc.

- Caution among stormwater managers in Sacramento
and throughout California

BUT .
- LiD/hydromaodification requirements
- Water Board “Stormwater Initiative”

- Drought, climate change - all push for more
infiltration and groundwater recharge

2/2/2017

Primary Enforcement Responsibility
throughout United States

B staic Program
B StatetPA Iogram
- TNOAVE HA I'rogram

In addition, consider California Water Code:
Waste Discharge Requirements

- Anyone seeking to discharge “waste” to the land or water
must submit a Waste Discharge Report to the Regional
Board, including construction of an “injection well:"

- Fill out report

» Wait 140 days, if not contacted by Regional
Board...OK to proceed

- Must also submit CEQA documentation

+ For Region 5, does not appear Waste Discharge
Report utilized

+ Other regions????
« California Water Code Sections13263.5, 13264

s R

Dry Well Regulation and Permitting

What we've learned so far....

» No streamlined municipalities guidelines

- Lack of State Class V UIC Program - a barrier to
effective use of dry wells to use stormwater as a
resource

Lastly, State's Anti-Degradation Policy
- Discharges that could affect surface or groundwater
not permitted if degradation of high-quality water
- Some degradation of high quality water is permitted if
there are maximum benefits to the people of the State
- Determined case by case basis taking into account
« Beneficial uses
v Economic costs
v Social costs
¥ Environmental impacts
v Alternatives
- In the current context:
v Would dry wells degrade groundwater quality?
v Do the benefits offset the risks?

Oregon’s Underground Injection Control
Program

- Good example of a carefully designed program

- Permits given by Oregon Department of
Environmental Quality (DEQ)

- Requirements of permit
+ Monitoring of runoff just prior to entering dry well to
determine that it meets MCLs (drinking water
standards)
+ Modeling of fate and transport
+ Prohibition of use of dry wells in high risk areas:
industrial, gas stations, etc.
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Oregon’s Underground Injection Control
Program: Portland
+ 20,000 UICs — public and private
« Ten year Monitoring Program
v 30 sites, 6 times/year, and extensive list of
contaminants
- Model fate and transport
- Received renewal of 1%t 10 year permit recently

- Identified little evidence of groundwater
contamination

Information on Elk Grove Dry Well Project

Connie Nelson, Project Manager
cnelson@elkgrovecity.org

(916) 478-3638
www.egpublicworks.org......click the dry well tab

Elk Grove Dry Well Project

Preliminary Lessons Learned
+ No evidence that dry wells contributed to
groundwater contamination
v Consistent with literature and experiences from
other States
- Challenges to placement and construction of dry well
systems

Bigger Picture

- Dry wells serves multiple benefits
v Aquatic ecosystem protection
v Improved water quality
v Groundwater recharge
- Need to use stormwater as a resource

+ A key driver for use of dry wells and Low Impact
Development (LID) in general is drought and climate
change




Presentation 14: An Evaluation of Dry Wells as Tools for
Stormwater Management and Aquifer Recharge

NWRI/DWR Workshop on Drought Vulnerability and Tools for
Improving Water Resilience, Los Angles

October 19 - 20, 2016
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s Sedimentation Chamber

An Evaluation of Drywells as ppe.. v e o™
Tools for Stormwater
Management and Aquifer ik
Perforationt in b o
Recharge N E
7 %
Emily Edwadrds Mileg Ploe : '::‘I Vadose Zone
University of Calitormi, Davis ol [
Departudar of Land, A and Waler Resouices ':I
1072072016 _J
H Separation Distance

Water Table

Talk Overview

Drywell Prevalence

,000 drywells in the US in 1999

& Drywell definition and description 4 Approximately 250

¢ Significance of drywell technology in CA ¢ Currently:
. . . . & 100,000 in Washington state
6 Drywell infiltration quantity studies + 19,000 in Portland, OR

¢ Drywell infiltration quality studies ¢ 52,000 in AZ
& At least 35,000 in CA

¢ Drywell numerical modelin
y 8 6 11,000 drywells used for 50 plus years in Modesto,

6 Recommendations and takeaways CA

Whati el Why evaluate drywell

technology?

6 Drywells have been in use across the world for

. ] . more than half a centur
é A well that is deeper than its widest surface B

dimension used to transmit surface water to
the subsurface (EPA, 1999)

4 Used extensively in Arizona, Oregon, and
‘Washington

4 Some reluctance to use in California due to
concerns about potential for groundwater
contamination

é Scientific studies performed in other states have
lead to drywell regulation reform




2/2/2017

¢ CA currently enering sixth ear of severe
drought

& Subsurface storage increasingly looked to as
solution for water availability and timing
issues

6 Drywells evaluated as tools to significantly
and safely recharge aquifers in CA

National Stormwater Quality

[nfiltration Quantity Studies

Land Use 1ype Commonly Detected SW Pussible Sources of
Contaminant Categories Conraminants
Apricultural Herbicides, insecticides, Crop applications, & Portland, OR (1994), 5,100 aryweils ihis coniradicts presioussiide info (19000) Mabe
nutrients, VOCs fertilizers, livestock and I UNCsin 194, Consider i is is aboul 20 years old)
dairy production & 75% of precipitation falling on paved surfaces enters drywells
Urban: Commercial ~ Bacteria, metals, nutrients, Pavement runoff ¢ 126,600 acre-feet per year
petroleumn by-products & 38% of total groundwater recharge vacicar wha this means - 36% of total recharge is
through UICs? Or 38% of total runoff Is recharged
Urban: Industrial Bacteria, metals, nutrients, PAHs, Pavement runoff, industrial 4 Bend, OR (2011), 5,000 drywells
petroleum by-products IRICCESSES 4 63% of precipitation falling within city enters drywells
¢ 13,400 acre-feet per year
Urban: Residential Bacteria, dissolved minerals, Pavement runoff, yard 0,
herbicides, metals, nutrients, applications, septic ¢ 12% of total groundwater recharge
oleum by-products systems, household usa:
e b L i & Los Angeles, CA (2010)
& 384 000 arpefeet sae siaag 1970

Drywell Studies

[nfiltration Quality Studies

& General design of eldstud -

6 Goals of studies: quantify recharge volume, or
4 Stormwater monitoring

determine recharge quality and possible effects to

hydrologic system + Groundwater monitoring

4 Criterda for groundwater risk decision-making process
& Study Types: pilot scale and full scale field studies,

. . ; . 4 Differences between studies:
analytical and numerical modeling studies

¢ Scale of study

Drywell design

Rigor of monitoring and water quality analysis
Subsurface conditions

Land use of sites

4 Study Locations: mostly U.S. (Arizona, California,
Hawaii, Montana, New Jersey, Oregon,
‘Washington, Wisconsin), also France and UK.

> o o o




Pierce County, WA
1 drywell
Stormwater and vadose
zone water sampled 16
times over 5 years
. .
Portland, OR
_{ 9,000 drywells

Stormwater sampled 6 times per year at 30-
40 locations for first two years, sampled on A% e permitnciab
o case-by.case basis years 3 through 10 City of Portland

them to sample 6
year every year as
recall. Please dou
check this info.

Pima County, AZ
[ 4 drywells

o Stormwater and sediment
sampled once at each drywell
over four years, groundwater
sampled once at three sites

Factors that Affect Field Study

Results

é Rigor of monitoring efforts

4 Thoroughness of water analysis
& Duration of study

6 Subsurface conditions

4 Regulatory environment

Contaminants Detected 1n

Stormwater and Groundwater

4 Metals (11/12) & Other organics
(5/12)
6 SVOCs and VOCs
(5/12) 6 Nutrients/minerals
é PAHs (4/12) oL

4 Biological

¢ Pesticides (4/12) contaminants (3/12)

2/2/2017

Contaminants Above MCLs

[Contaminant Metals TS\';’)C_;- and ! PAUHs Nuui(-msi/:\diI
!C‘.lwgur)' YOCs nerals

Contaminants Arsenic, cadmium, Benzene, Benzo(a)pyrene Nitrogen,

detected in chromium, copper, carbon (3), benzo®)fuor- sodivm (2)
stormwater lead (3), nickel, tetrachloride,  anthene, chrysene
thallium, zinc pentachloro-
phenol
Contaminants arsenic, uranium Nitrogen (3),
detected in . . sodium (2)
groundwater
Land use Residential idential identi Agricul
commercial, road-side
agricultural

Groundwater Contamination

& Groundwater protectiveness of drywells dependent
on:
4 Contaminants in stormwater and their concentrations

o Composition of subsurface (presence of clay layers
below drywell)

4 Separation distance between drywell bottom and
seasonal high water table

4 Use of pretreatment in design (only 6 of 13 studies)

Conclusions from Field Studies

4 Majority of studies (9 out of 13) concluded drywells
do not pose threat to groundwater and drinking
water quality

6 What did the other studies conclude?

4 Studies that incorporated pretreatment into design (6
out of 13) concluded it helped reduce contaminant
concentrations and prevent clogging

4 Some studies indicated that a longer study period
was needed to reach final conclusions




& Two year study conducted by OEHHA CalEPA and City of
Elk Grove, two different land uses.
¢ Residential neighborhood
& Vehicle servicing site (City Corporation Yard)

>

Dry well system composed of swale (Corp Yard) or water
quality basin (residential site) and dry well. Sedimentation
well constructed but functioned poorly as a resuit of design
limitations.

Elk Grove Study

in two years

¢ Contaminants used in numerical modeling: Al, bifenthin, Cr (total and
VD, di-ethyl hexyl phthalate (DEHP), Fe, Mn, permethrin, TBA

4 Results: no contaminants exceeded MCLs in gioundwater after 500 years
of 220 duys of stotmwates infiltrations/year escept Al afier 318 years
& Al detected a1 Corporation Yard (bus servicing giation), Resulis
suggedt a combination of either Improved pretreamment needed and/or
testricted use of dry wells at vehicle servicing/washing facilities (these
restrictions apply in WA, for example)

¢ Conclusions: with adequate pretreatment and in the presence of clay units
in the vadose zone, dry wells use does not appedr to pose risk to
grovndwater guality, even with loag lenm use.

DE
fan

Take Aways

4 Drywells can be an effective means to safely
manage stormwater runoff and significantly
recharge groundwater as long as:

4 Influent stormwater is not heavily contaminated

4 Appropriate pretreatment is used

& Sufficient separation distance to groundwater is
allowed

4 Subsurface provides adequate contaminant
attenuation over time

2/2/2017

References
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Recommendations for Drywell

Use

L 4

Assess nature and concentration of contaminants in_
stormwater, using existing data or perform new studies.

>

Include pretreatment (vegetative and/or structural)

& Subsurface conditions helps to inform extent of pretreatment
needed

4 Optimal conditions: some clay

[ 4

Monitor groundwater for changes in quality

>

Regular monitoring of stormwater entering dry well
4 Benchmark: MCL

>

Proper maintenance to avoid clogging




Presentation 15: Dry Well Use for Groundwater Recharge and

Stormwater Management: Lessons Learned From the Elk Grove Dry
Well Project
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DRY WELL USE FOR GROUNDWATER
RECHARGE AND STORMWATER
MANAGEMENT: LESSONS LEARNED FROM
THE ELK GROVE DRY WELL PROJECT

Barbara Washburn, PhD
Ecotoxicology Program

Office of Environmental Health Hazard Assessment,

Cal/EPA

TODAY’S DISCUSSION

—
* What are dry wells and how might they be useful

© How to integrate dry wells with low impact
development (LID) practices

Background of Elk Grove Dry Well Project
Project description and results

Lessons learned

Use of dry wells in other states

Future for use of dry wells in California

Receives water from one
Or more entry-points
Collects, stores, and
distributes stormwater
Discharges water through
small openings
Bottom/sides of dry well
placed:at permeable solls
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Fogg, Thomas Harter

Funded by Proposition 84 Stormwater Grant to the City of Elk
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DRY WELL OR
UNDERGROUND INJECTION CONTROL SYSTEM

« Gravity fed excavared
pits lined with perforated
casing filled with gravel
Deeper than width

— 3 feer wide

— 20 to 60 faet
Canbe used in
conjunction with LID
practices

VALUE OF USING DRY WELLS

+ Management of urban stormwater runoff
« Localized flooding

- Damage to aquatic ecosystem — scour and pollutants

Typical walor eycla In an undevalopnd ara yleHowabdayel o i ot i

I iy

25% deep infi iation
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[ | |
. DRY WELLS CAN BE INTEGRATED INTO LID ' GRASSY SWALE WITH DRY WELL
‘ FEATURES o —— - '

where rain falls. Ex: swales, rain
gardens, pervious pavement

Challenge in our region: CLAY
SOILS (Class C and D) that
make infiltration difficult

Dry wells can be constructed
to bypass clay layers and reach
units with high % sand and
gravel

VALUE OF USING DRY WELLS

Facilitates groundwater recharge and addresses:

- Efforts of State Water Resources Control Board
to use stormwater as a resource, one of which is
aquifer recharge

- Water shortages caused by drought

* Water storage challenges linked to changing
climate

PROJECT PURPOSE
\MWILLDAN el

Gt Assess risk to groundwater quality associated
ELK GROV]: with infiltrating stormwater through dry wells
i Estimate recharge capacity
Understand practices in other states

Provide information to stormwater and

groundwater managers and the public in

LUHDORFF & SCALNMANINI
CONSULTING ENGINEERS | general
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ELK GROVE DRY WELL PROJECT
LOCATIONS

: 55 feet, water ta e wells: 110 feet

5 Gener 1'[.||__.1]',‘ .(-ﬂ..;.' Bypass I

tuary
et

BATER o W A

LAY | AR < BISELE A A AT O

|
|
I
|
|

WATER QUALITY {
MONITORING PLAN |

« Collect stormwater and groundwater for 2 years
- 5 wet season stormwater and groundwater
- Groundwater: pre-construction, 2 dry season
- Contaminant analysis:
+ Organics (VOCs, SVOC, PAHs, gas, diesel, etc.)
* Pesticides/Herbicides
* Metals

« Bacteria




PROJECT RESULTS

VAR VING DEGREFS of FLKME AR lﬁm!’"
drywell

AL R A

CLAY LATIR - DEPINGON AND ATTEAVATION ZOBE

| BIFENTHRIN
SETTETO

Include casss: 1:60
e

Bifenthrin concentration SDB
TR i Analyve o | B Vst 190904
tnclude cases: 61:120

0

Molor of recoded (mgiL)
23

R

&

|
Alurninum concentrations SDB i Arsenic concenlralion SD8

Variable Al recoded | bectade cowes’ 017120
Include cases 61:120 | "

-y w e w B ow om w §

e

. SWoul E

St
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| . [
| VANADIUM | TOTAL COLIFORM BACTERIA
o '

Tolal colam conceniraliona SDB
2 RL analyles in Anatysis of RL 10_27_16 42v°590c
Include canas: 61:120

s » 8 w BT ESHEBYEY

Coliform recoded MPN/100 ml
668388883

. PRETREATMENT EFFICIENCY

S Total Guep Tota! Suspended Soflds SDB
VAL in Amalyels of « .
1RUIn Anetysis of data Final 11_1_16 91v*238c ‘:-.»um £ FIL I Aarhen of dlata el 113 VA SON-T30.
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HOW MUCH WATER INFILTRATED?

CYAvg | CYTotal | SDB Avg. SDB Total
Flow Vol | Flow Vol (gal) | +» Examine long term effects of using dry wells — out to
| (gpm) | (za1) (gpm) | 3,000 years to understand the risk of groundwater
1172115 8.46 1,017 4672 28,437 degradation
(0.1 CFS) * ID model
1/5/16 26.38 8,364 35.09 9,169

7Y Sen (0-?8.::;5) 15,800 A 3241 | » Used range of hydraulic conductivity values for clay

+ A variety of distribution coefficients specific to pollutants

* Used data from boring logs

LZze 122 [2E5 Ak 2534 + Aluminum, bifenthrin, chromium (total and hexavalent),

DEHP, iron, manganese, permethrin, and TBA (tert-butyl
alcohol) — all found at 2 sites; also fipronil and
imidacloprid




- MODELING RESULTS |

» Bifenthrin, TBA, total Cr, DEHP, permethrin, and
fipronil unlikely to ever reach the water table

» Al would reach water table between 200-400
years

« Mn and Fe, <5 years

* Imidacloprid, days

~ = Assumption: the Elk Grove dry well system was

used in modeling. Concentration of contaminants
likely greater than if sedimentation well working
properly

IONS
AND PERMITTING

. Follows DWR Bulletin 74-81 and 74-90 — guidelines for
drinking water wells; prevent surface water from entering
subsurface to protect groundwater
» Sacramento region and other areas
* Interpretation assumes stormwater is a waste product
* Wells “used for the injection of reclaimed waste water”

including “dry wells,” “drainage” wells and sewer wells
* Waste defined as “sewage and all other waste substances
of human or animal origin...."

* Local interpretation: Dry well should be constructed to
drinking water well standards and permitted as such

—————

= Oregon and Washington have state regulated systems
for using UIC (underground injection control
systems)

* Examples of their guidelines:
* Minimum |0 foot separation from high water table
« 500 feet setback from public supply well

* Not to be used near gas stations, vehicle servicing
facilities

2/2/2017

; . OTHER STATES — WHAT DO THEY DO

« Not to be used where contaminated soils are found |

* Monitoring as water enters the dry well 6 x year

—— ——

E e Treaimenl

. capacity

Pollutant .

/| toxding

Mediinm

Insigmficans

Remove solids’

T‘wo-slng‘e

1l Remove solids”

Remoxe solids’

Remave of and
]

3
Remaove onf sohds

ELK GROVE DRY WELL PROJECT
LESSON LEARNED ;

+ No evidence that dry wells contributed to groundwater quality
degradation

+ Consistent with literature and experiences from other States
+ Use of pretreatment very important

* Placement in vehicle servicing areas (gas stations) not advisable.
High risk areas should be avoided

« Registration/permitting process remains challenging, although
this appears to be changing due to State Water ﬁesources
Control Board Initiatives

* Need for more dry well professionals to oversee design and
construction

* Dry wells have a bright future for: stormwater and groundwater
management and aquifer recharge needs
« Benefits clearly outweigh risks

1
i
|




Contact info:

Barbara Washburn, 916-316-7982, ba

Connie Nelson, 916-478-3638, cnelson@elkgrovecity.org

Project website:
huepelfveerveligrovecity.org 1i/d
rks/

Select Dry Well project in menu on left.

' THANK YOU!

2/2/2017



Presentation 16: Dry Well Use for Groundwater Recharge and

Stormwater Management: Lessons Learned from the Elk Grove Dry
Well Project

OEHHA
January 9, 2017



DRY WELL USE FOR GROUNDWATER
RECHARGE AND STORMWATER
MANAGEMENT: LESSONS LEARNED FROM
THE ELK GROVE DRY WELL PROJECT

me S ECALMANY

COMEWL IR EHGiNEEag

LK GROVE

TODAY’S DISCUSSION

Goal of seminar: Obtain feedback on project
results and interpretation.

Topics:
* Overview
« Project methods and results

= Contaminant data: stormwater and naturally
occurring

+ Modeling
+ Use of dry wells in other states
» Future use of dry wells in California

VALUE OF DRY WELLS: STORMWATER

» Aid in management of urban stormwater runoff

* Reduce localized flooding

+ Reduce damage to aquatic ecosystem — scour and
pollutants

* Especially useful where
clay soils impair infiltra-
tion rate.

Dry well system, integrated with
LID features

TEAM PARTNERS

City of Elk Grove and Willdan Engineering: Connie Nelson,
Project Manager

cbec ecoengineering: Chris Bowles, Ben Taber, Rafael
Rodriguez, Chris Campbell

OEHHA: Bennett Lock, Ary Ashoor, Kathleen Doran,
David Katz, Hamad Hamad, Barbara Washburn

Ludhorff/Scalmanini: Reid Bryson

UC Davis Land Air Water Resources: Emily Edwards, Graham
Fogg, Thomas Harter

Funded by Proposition 84 Stormwater Grant to the City of Elk
Grove, State Water Board

Receives water from one
or more entry points

Collects, stores, and
distributes stormwater to
subsurface

Discharges water through
small openings

Bottomy/sides of dry well
placed at permeable soils,
overcoming clay ‘obstacle’

VALUE OF DRY WELLS: GROUNDWATER

» Facilitates groundwater recharge to address:
* Water shortages caused by drought

* Water storage challenges linked to changing
climate

* Efforts of Water Board to use stormwater as a
resource, one of which is aquifer recharge

2/24/2017



2/24/2017

| PROJECT GOALS AND OBJECTIVES

+ Assess risk to groundwater quality associated with
dry well use

ELK GROVE DRY WELL PROJECT

- Collect and analyze stormwater and groundwater
samples at two study sites

* Model fate and transport of contaminants through
vadose zone
- Estimate risk of mobilization of naturally occurring
toxic metals
+ Additional objectives — inadequate time to discuss
today

PROJECT LOCATIONS

+ Estimate recharge rate and capacity

- Review practices in other states and around
California

+ Learn from studies performed by others

* Provide information to groundwater and
stormwater managers and the public

Legend

Roagways

SLAYAATYR - HIFIEMEE Loy AT BEx v ety




WATER QUALITY MONITORING

+ Collected stormwater and groundwater for 2
years
+ 5 wet season storms: stormwater &
groundwater
+ Additional groundwater: pre-construction, 2 dry
season
* Flow-weighted composite stormwater samples
used to analyze over 200 contaminants
* Groundwater samples collected approx. 24
hours after rain event, based on presence of
water in vadose zone well

| STATISTICAL METHODS

 Needed special methods due to abundance of non-
detects

+ For data with a single reporting limit:
« Kruskal-Wallis test

« Multiple comparisons: Tukey's using ranked data (not
numbers) to minimize false discovery rate

« For data with 2 or more reporting limits:
+ Generalized Wilcoxon test

+ Multiple comparisons: Benjamini and Hochberg test

GROUNDWATER LEVEL AND GRADIENT

l;mhvnhlrh:mwlh
[83)

Poljopclic arofalle
Ipdeocarban (18) L

Eyreititnio pasticiio (1)
Drinfing watnemetal
(15).

Elncterts (1)

Totul potralium Diesed, gas, motor oil
Spocial farting (1) Hexsealont cheombm, glyphatate.
total suspended solids

FLOW AND INFILTRATION CAPACITY

RESULTS — ANALYSIS OF
CONTAMINANTS

2/24/2017
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e Dichlorobenzer rare
| :
none
rare
Bifenthrn, permathein,cpfluthrin  frequent
Total chromium, arsenic, lead frequent

(24

Bacteria (3] Total coliform, fecal coliform, e.coli frequent

Diesel, gas, motor oll Infrequent

"H tent o fonk Cré*tinfreq
total wepended solids Glyphosate: rare
J TSS:n/a
Goipmntional parsmntsrs Calcium, specific conductance, total  n/a/

Haperting Hirss.

[
b b /)

low ppb (ug/Ll}

low ppb (ug/}
low ppb (ug/L)

low ppr (ng/L)
low ppb (uglL)

1.8 most probable
number/100 ml

low ppm (mg/L)

low ppb {ug/L)
ppm (mg/l)

ppm (mg/L)

Motor oll recoded (mg/L)

ARSENIC

Arsenlc concentration SDB

concentration (ug/L)
concantration (ugiL)

concentration (ug/Ly

5
£
§
E £
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3
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BIFENTHRIN

e i

Blfenthrin conceniralion SDB
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-+ Median
25%-75%
| Min-Max

ALUMINUM

Concentrations of aluminum at sampling sites SDB

‘= Median
125%-75%
© Min-Max

&

nolification level




TOTAL COLIFORM BACTERIA

Tolal oolitorm conceniralios CY'

Titan aifoem corchetain 508

congentration (MPN/100 m}
g 8

N B
82 8

e

]

TS5 cncnnitien CY

TSS concentration SDB

concentration (mg/L)

CHANGES OVER TIME:VANADIUM CY

| MW4: 2=0.77.p= 0.009

Scatterplot V GW at CY
Include cases: 21:60

2/24/2017

NITRATE

eoncantration (mg/L:
i3

IN SOME CASES, STORMWATER DILUTED
GROUNDWATER CONSTITUENTS,
IMPROVING QUALITY

Bicarbonets conoaniration CY

upgradient ane Amunnriiont woRe
Bicarbomate conosnlrabon SDB

upgradiont and downgradient welle

8

3

Bicarbonate a5 CaCO3 (/L)
H

&

g

RESULTS: INFILTRATION
CAPACITY



HOW MUCH WATER INFILTRATED?

CYAvg CYTotal SDBAvg SDBTotal
Flow Yol Flow Vol (gal)
(gpm) (gal) (gpm) |
8.46 1017 46,72 28437
(0.1 CFS)

| 11518 26.38 8364 35.09 9169

{

(0.06 CFS)

_ 15:"4'} 16 1041 15800 21.54 3241
1422718 1429 1286 21.3 2534

BACKGROUND |

* What'’s metal mobilization:
¢ Metals associated with the solid phase are released
into aqueous solution
* How can it happen:

« Changes of geochemical conditions (e.g. pH, Eh)
that have the potential to interact with naturally
occurring metals in both soils and groundwater and
possibly results in metal release

* Why could it happen:

« Mixing of stormwater with groundwater disrupts
the local equilibrium or changes local groundwater
geochemistry

METHODS

> Potential mechanism for metal release
« Correlation between ion couples associated with physical-

chemical reactions

« If significant correlation detected between an ion couple,
signals a natural occurring mechanism

2/24/2017

METAL MOBILIZATION AND
PRELIMINARY RESULTS

* To look for direct evidence of metal release:

+ Compare upgradient and downgradient monitoring
wells -As and Cr

* If higher metal concentration was found in
downgradient, then metal might have been released due
to stormwater introduction

» Assumes metal not introduced by stormwater

Compleation reacions



MECHANISMS

Potentially correlated ion
couples

Positive correlation between As and
Fe or As and Mn

Posltive correlation between As and
SO,* and a negative correlation
between As and $*

Negative correlation between As
and PO*, HCOy, SIO,* or organic
matter

| Fansible mobilization

: mechanism

Fe/Mn oxides are common sinks of
arsenic (Reductlon of Fe/Mn oxides
may result in releasing its adsorbed
load of arsenic)

Sulfide mincrals are common sinks
of arsenic (oxIdizing these minerals
can release arsenic to the
groundwater)

Competltion for surface sites due to
ion exchange/ desorption processes
from common anions

DIRECT EVIDENCE ARSENIC: NS DIFFERENCES
UPGRADIENT & DOWNGRADIENT WELLS

Arsenic cancenirabon GY

=TI

umaradienl and downaradient vels

Areeric corcentration SDB
upgradient srd downgradient wels

N
H
;
§

L e e
Relationship between As and Mn
.4

MA 1,23,

- M P ———
| ot At menes y ¢ P IRGLS SUOOTY 1= 00495 p=°“J

]
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=00
1
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E
Mn concentration (ppb)

oncentration (ppb)
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DIRECT EVIDENCE CR: NS DIFFERENCE
UPGRADIENT & DOWNGRADIENT WELLS

Chromum conceatrabon at SDB
uppradient and downgradient wels

PRELIMINARY RESULTS NITRATE-N
(DIRECT EVIDENCE)

Nitrate-N concentraton GY
upgradient and dawngradien! wels

s = & O £ B & H M ¥ b

POTENTIAL MECHANISM ARSENIC

2

(MW 1,3, and 4)

.




POTENTIAL MECHANISM CHROMIUM: pH and Mn

Relationahip belween manganese and chromium
MW1,2,3,4

Ms reeoded Cr roceded. v » 100073 - 0
Les Q118 p e 04002 ¢ S 00841

z

Cr evesrenmen (ppb)
Cr Goncenlration (ppb)
=

W 10 200 260
Mn concaniralion (ppb)

NUMERICAL MODEL
ASSESSMENT OF
STORMWATER
CONTAMINANT TRANSPORT

MOTIVATION

+ Field studies can provide good data on water quality
effects of dry well use during monitoring period

* monitoring period often limited to a few years
+ difficult to perform thorough monitoring for large scale
dry well projects

* Numerical models can be used to predict effects of dry
well use tens, hundreds, even thousands of years into
the future

* Can easily manipulate model domains and inputs to
create hypothetical and worst-case scenarios

* Fill in some blanks when long-term, full-scale water
quality monitoring is not feasible

2/24/2017

PRELIMINARY CONCLUSIONS

| Boxplot results [Sonelistony

No significant difference No evidence for metal
between upgradient and mabilization
downgradient monitoring

wells

lon calpls ; Beatrarglon finding i Caneluniong

As with Fe, Mn,  No/weak correlation Within the concentration
SO or HCO;  between the range detected, no strong
proposed ion evidence for Fe, Mn, SO4%
couples or HCO? potential to
mobilize As

CrwithMnor NS NS
| oH

TALK OVERVIEW

+ Motivation for numerical model assessment

* Numerical model analyses done for other dry
well studies

* Our modeling approach: conceptual model and
HYDRUS 1D

* Model domains

« Selected contaminants

+ Model inputs and modeled scenarios
* Results

« Discussion and conclusions

Bend, OR, 2011 and
Portland, OR, 2008:
Spreadsheel models for
1D ADE contaminant

| Tueson, Az, 1987: 2D
vadose zone lransporl model

= Arizona state DEQ:

Spreadshesl modael for 1D
ADE contaminani fransport

Island of Hawail, HI, 2011:

3D vadose zone infiltration
+ model coupled with 3D i
| groundwater transport model




BENEFITS AND LIMITATIONS OF |
PREVIOUS MODELING |
APPROACHES |

Limitations

All domains for
spreadsheet models are
composed of a single
material (no layering)

Benefits

Spreadsheet models are
user-friendly and can be
run with minimal
modeling experience

2D and 3D model
domains show extent of
lateral contaminant
transport

2D and 3D models only
run for short time periods
(less than 150 days)
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CONCEPTUAL MODEL

| © 1D vertical
sethngislbm Ehainbey :::::uu; | transpor‘t from
bottom of
rl-— e
(e seasonal high
e W oo water table
Shortest path
stormwater

Wb fone

contaminants
travel to reach
groundwater

. Solute transport described by

HYDRUS 1D SOFTWARE

Public domain 1D vadose zone flow
and transport modeling software

Water flow described by 1D Richards 40
Equation 73

variations of 1D Advection and LB
Dispersion Equation

Simunek et al., 2013

MODEL DOMAINS |

1D profile lengths = site separation
distances

Material layering based on data from site
dry well and monitoring well driller's logs

Water and solute enter at top of profile

* Contaminated water is input for 230
days/year, followed by a 135 day dry
period (repeated for up to 1000 years)

Monitor contaminant concentration in
water exiting profile

Gily Carporate Yord Lithotogy Groes Surlion
oy ] [ v chowy i
v Vil shapry ety o) [ e o A oy vl
= wuloL ke brtat gy pra ey Ml by 0y
) ehapery sy wand M iy grasely and

L BT

Stiawhaery Crask Oalention Hasin Lilhology Cross 3achon




MODEL INPUTS

(Type of model Input Examples of  Sol vall

' - paramets |
.I - I_ |
Van Genuchten Soil hydraulic HYDRUS neural
parameters, other soil conductivity, soil network predictions,
charactersitics bulk density site falling head

Contaminant chemical Soil-water Literature values
characteristics partitioning coef.,
Henry's Law

constant

Annual infiltration Daily pressure Stage data from
record: pressure head head, contam. pressure transducers
and contaminant concentration of  at bottom of drywell
concentration influent water

MODELED SCENARIOS

* Eight scenarios run for each contaminant at each site

 Scenarios created by varying the contaminant input
concentrations, clay hydraulic conductivities, and Kd
values

eanuio el layor Ko faoika |
Best Case low high
Avg Case 1 low low | ‘

| Avg Case 2 high “high |
Worst Case high low I

LOS ANGELES SCENARIOS

Average case profile: 10.7 m of clay,
sandy loam, and sand

Worst case profile: 2.0 m of loam and
sand

Modeled contaminants
Metals: Al, Cu, Fe, Pb, and Zn
VOCs and SVOCs: TBA

PAHSs: benzo(a)pyrene and
naphthalene

Insecticides and herbicides: bifenthrin,
permethrin, fipronil, and imidacloprid

2/24/2017

CY dry well Ocl. to May of 2016 waler year

H\ __l\. "Lh\}\ N

[ LCETY

S=vcarpeaw

_ SCDB dry well Ocl. lo May of 2016 water year

s

il [l L Vit

90% REMOVAL SCENARIOS

- results of stormwater monitoring indicate
pretreatment can reduce influent contaminant
concentrations by 90%

- select contaminants from both sites were
modeled at 10% of their highest pre-
pretreatment concentrations

RESULTS

* Types of results:

+ arrival times

* times of regulatory exceedances

" peak concentrations at the water table
- Results available in table format

+ Also visualized as “breakthrough curves” (conc.
at water table as a function of time)

10
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|CY Contaminant and Worst case travel Worst case  Worst case peak | |SDB Contaminant Woral cise traval Worst case  Worst case peak |

[Input concentration time to reporting time to concentration at and input time to reporting  time to concentration at
i limit at WT ragulatory WT in 500 yrs congentration limit at WT regulatory WT in 500 yrs
i limit | limit
( AL 2ZEGVS SoLVISMCE 207mol Al 0.3 mgiL 29 yrs [influent] oo 0.299 mg/L
low
Cr (total) 11 ug/L doesn't reach WT n/a n/a
DEHP 3.01 ugiL [influent] too low  [in.] too low 273 uglL bifenthrin 100 ng/L 42 yrs no reg. limits 98.6 ng/L
Fe 16 mg/l Syrs 6yrs :3 sec 1.60 mg/L Fe 0.42 mgiL 190 days 2 yrs to sec 0.420 mgiL
N std
Mn 31 uglL Byrs [in.] too low 31.0 uglL Mn 41 ugiL 2yrs [in.] 100 low 41.0 ugit
permethrin 12.2 ngfL 17 yrs no reg. limits 8.78 ngiL
TBA 20 ug/L 3 days 4 days to not. 17.99 ug/L
limit
TBA 19 ug/L 10 days 12 days to 17.99 ug/L
not. limit fipronil 0.5 ug/L 18 days no reg. limits 0.468 ug/L
fipronil 0.5 ug/L 133 days no reg. limits 0.473 ugiL i ] o
imidacioprid 0.8 ugiL 16 days noreg. limits 0,855 ugiL Imicaciopridpie.SiLg/L 2udevs 09 (2 Ll (R

' SELECTED BREAKTHROUGH CURVES

|| SDB Contam, and Worst cace travel Worst case time  Worst case [paak] | SCDB fipronil breakthrough
.'I. [input] time to reporting  to regulatory limit  at WT after 500 L)
1 limit at WT yrs

2yrs o reg. limits 96.6 ng/L i B
a2
:E —ﬁ: Farifloy, g b
, o - —p
bifenthrin with 53 yrs no reg. limils 987 ng/L ol . CY Fe hreakthrough

removal 10 ng/L —kKel 10

@ %000 10000 j o1
fipronit 0.5 ugiL 18 days no reg. limits 0468 ug/l o1 14

Tima (days) 12

~——Ks G cny/day, Kd 100 mLfy
el L LT
~—Ks 10¢m/day, Kd 100 mifg
—Ks 10cm/day, Kd 25mlfg

fipronil with 22 days no reg. limits 0.0468 ug/L
removal

0.05 ugiL

0 x E U A0 4 1)
Time (yoars}

DISCUSSION TAKEAWAYS AND CONCLUSIONS

* Important caveat: most modeled influent contaminant
concentrations are highest concentrations detected in
stormwater before pretreatment

* results of modeling 90% removal for all contaminants
would indicate lowered risk

 Results indicate that Elk Grove drywells pose little risk to
local groundwater quality

* Worst case: only four contaminants are predicted to
exceed non-MCL regulatory limits

« Worst case: aluminum at the CY is the only contaminant
predicted to exceed its MCL after a minimum of 350 yrs

« All four modeled scenarios are conservative in terms of

transport + Some risk to groundwater quality does exist: further site

characterization would be needed for improved
assessment

* Model results present range of results for possible
chemical and subsurface physical conditions

* More physical site data is needed to obtain a narrower
range
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+ Oregon and Washington have state regulated systems for using
UIC (underground injection control systems)

* Examples of their guidelines:
* Usually minimum 10 foot separation from high water table
+ 500 feet setback from public supply well
¢+ Not to be used:
* near gas stations,
* where hazardous chemicals are used,
* where contaminated soils are found.

* Monitoring as water enters the dry well sub-sampled of dry
wells 6 x year (Portland) or not at all (most places in
Washington state)

WASHINGTON: GUIDANCE FOR PRETREATMENT

Treaiment
. capadity
Pollutant
londing e

significant

":!vm Reatove solids!

" " Remove orl and
Remove oif solidx’l

* EMILY slides here

DRY WELL REGULATIONS AND
PERMITTING

. Follows DWR Bulletin 74-81 and 74-90 — guidelines for
drinking water wells; prevent surface water from entering
subsurface to protect groundwater
¢ Sacramento region and other areas
* Interpretation assumes stormwater is a waste product
* Wells “used for the injection of reclaimed waste water”

including “dry wells,” “drainage” wells and sewer wells
* Waste defined as ““sewage and all other waste substances
of human or animal origin....”

* Local interpretation: Dry well should be constructed to
drinking water well standards and permitted as such.

2/24/2017
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!
KEY IDEAS FROM ELSEWHERE !

¢ Literature review: peer-reviewed, thesises,
government reports: Little evidence that dry wells
pose a risk to groundwater quality, includes US EPA
report and recent NAS report.

¢ Other states: dry wells widely used in WA, OR,AZ,
and 10,000 in SoCal. In WA/OR —in use for over a

decade, AZ for much longer. No reported

compromises of groundwater quality.

FINAL THOUGHTS

+ Reports will be submitted to Water Board and could be
used in developing statewide guidelines and standards for
dry wells.

* Your thoughts on results and conclusions welcome

* Thank you!

2/24/2017

PROPOSED CONCLUSIONS

.

E————

Use of pretreatment essential
Placement in vehicle servicing areas not advisable. Will be
closing CY dry well. High risk areas should be avoided.

Registration/permitting process remains challenging, aithough
this appears to be changing due to Water Board and DWR
initiatives

With proper design, siting, and maintenance, dry well present
minimal risk of degrading aquifer

* Need more info for water soluble pesticides (data gap)

13



Presentation 17: TAC Final Result Meeting - Separating Fact from

Fiction: Assessing the Use of Dry wells to Reduce Stormwater Runoff
while Protecting Groundwater Quality in Urban Watersheds - Final
Results

City of Elk Grove and TAC Members
January 17, 2017
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Special THANKS!

State Water Resources Control Board
for funding the project

Kelley List, Grant Manager

D

Water Bouards

Team Partners

Connie Nelson, Project Manager, City of Elk Grove
and Willdan Engineering

OEHHA: Barbara Washburn, Bennett Lock, Ary
Ashoor, Kathleen Doran, David Katz, Hamad Hamad

cbec eco-engineering: Chris Bowles, Ben Taber,
Rafael Rodriguez, Chris Campbell

Ludhorff and Scalmanini: Reid Bryson

UC Davis Land, Air and Water Resources .(LAWR):
Emily Edwards, Graham Fogg, Thomas Harter

Today’s Discussion

Goal of todays meeting: Obtain input on project
findings and degree of risk associated with dry
well use.

* Overview
* Project refresher

* Project conclusions and findings
* Next steps

What are Dry Wells!?

Gravity fed excavated
pits lined with
perforated casing
filled with gravel

Deeper than width

-3 feet wide

—20 to 60 deep

Can be used in
conjunction with LID
practices



How do they work?

Receives water from
one or more entry
points

Collects, stores, and
disburses water

Discharges water
through small openings
Bottom/sides of dry
well placed at
permeable soils
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Value of Using Dry Wells:
Groundwater

Facilitate groundwater recharge to address:

* Water shortages caused by drought

* Water storage challenges linked to changing
climate

* Treat stormwater as a resource to recharge
groundwater supplies

General Concept of LID Features
with a Dry VWell

-“"‘l

Value of Using Dry Wells:
Stormwater

* Aids in the management of urban stormwater
runoff

* Facilitates stormwater infiltration even in

clay soils
* Reduces localized flooding

* Reduces damage to aquatic
ecosystem — scour and
pollutants

Geiviral contdpt
Bypass hardpan

Groundwater provides 30 percent

43| groundwater
basins

Covers 40% of
the State

Storage capacity:

v' 851 million
acre-feet (not
alt useable)

Questions!?

i

ELK GROVE
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Project Site Schematic

Elk Grove Dry Well Project

— Matiioring event it Srawberty Crebk
Myater Quality Basin
Navernber 2, 2014

Dry wells: 40 feet, Vadose zone wells: 55 feet (screened 20 to 55
feet}, water table wells: 120 feet {screened: 80 to 115 feet)

Dry Well Desig
Project Purpose - ry Vell Design
= - N N e T

Evaluate the potential of using dry wells, in
combination with low impact development (LID)
practices, to:

* Infiltrate stormwater runoff

* Alleviate localized flooding

* Recharge groundwater

AR b A

without negatively impacting groundwater

LAY PR = W 8 AT

quality

Project Site Locations

Monitoring et at Srawlitry Craek
Wister Qualiyy Basn, Movember 2.2014

Stormwater and Groundwater
Monitoring

Fall 2014 — Spring 2016




Stormwater Sampling

[ P

KRAT AAVER - PREPTEUN ARE A VT SRATIOE T
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Logging baring sail samples at well sites

Fate and Transport of Contaminants

Water Quality Monitoring

¢ Collect and sample stormwater and
groundwater for 2 years
—5 wet weather stormwater samples
—5 wet and 2 dry weather groundwater
samples
* Flow weighted composite samples collected
over 80% of storm volume at the dry well

» Grab samples at curb cut and stormwater
outfall (3 events); composites (2 events)

Fate and Contaminant Modeling

* Address two major concerns:
—How far might contaminants migrate from
bottom of dry well over many years?
* Modeling performed by Emily Edwards,
UCD grad student, LAWR

—Could naturally occurring metals (e.g.As,
Cr) be mobilized as a result of stormwater
influx?

* Analysis performed by Xue Li, PhD, CSUS

Water Chemistry

+ Constituents to be tested in stormwater and

groundwater

— General physical and chemical

— Metals

— Volatiles

— Semi-volatiles

— Herbicides

= Pyrethroids

— Total petroleum hydrocarbons — gas, diesels

— Pyrogenic polycyclic aromatic hydrocarbons (PAHs)
- Total coliform

Annatated Bibliogmphy

Education and Outreach




Education and Qutreach

* Factsheets
—Regulations

~Project
* Annotated Bibliography
* Guidance/Lessons
Learned Document
* Presentations
* Project website
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Project Conclusions and Findings

» Siting dry wells where hazardous material are
used should be off limits

* Proper design and construction oversight will
avoid future problems

* Pretreatment is essential

* Vadose zone provides important attenuation of
contaminants

* Stormwater infiltration can dilute groundwater
constituents, improving water quality

Questions!?

F o

ELK GROVE

City of Elk Grove Corporation Yard dry
well system

Project Conclusions and Findings

Project Conclusions and Findings

* No evidence found for mobilization of naturally
occurring metals in subsurface

* Future monitoring of stormwater and
groundwater is advised

* Operations and Maintenance Plan should be in
place and implemented

Overall, dry wells can be safely used with
appropriate siting, design and maintenance

Logglng Boring Samples

Finding |: Siting Considerations
Influence the Risk and Performance of
the Dry Well




Undesirable and Desirable Siting
Considerations

* Undesirable conditions:
—Areas with hazardous chemicals
* Vehicle servicing, gas stations, industrial
—Areas with contaminated soils
— Proximity to public supply wells
* Desirable conditions:
—Combination of sand, gravel and clay in the
subsurface

Experience at the Corporation Yard |

* CY site not ideal
- Bus fleet washing and maintenance area
- Public Works maintenance yard
- >95% impervious

- Hazardous materials that could collect and
be conveyed on hardscape = dry well

Evidence: Motor Oil Concentrations High

Molor ail conceniralion SDB

* Madin
[ 125%-75%
I Min-Man
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Evidence: Aluminum Concentrations High

A b ittt 8 i =88 PO

Concenlralions of aluminum al sampling sites SDB,

# Madan
25%-75%
~ Min-Max

concentraton (gLl
5§ 8 8
.

concertration (ug/L)

Siting Recommendations from Literature

« Siting based on site-specific hydrogeological
conditions (i.e. vadose zone lithology), land use
practices, and soil composition (Wilson, Clark,
US EPA) should be considered

* High risk areas should be avoided (Olson, US
EPA)

Siting Restrictions in Oregon and VWashington

* Oregon and Washington have state regulated
programs for using UIC

* Examples of their siting guidelines:
— 500 feet setback from public supply well
—Not to be located:
* near gas stations
 where hazardous chemicals are used
 where contaminated soils are found




Questions?

&%

ELKGROVE
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Questions!

A

ELK GROVE

City of Elk Grove Corporation Yard dry
well system

Findings 2: Design and Construction

City of Elk Grove Corporation Yard
Dry Well

Finding 3: Pretreatment is Essential

= Sedimentation wells
designed too shallow
Swale at CY improperly
designed and built

— Slope of swale too steep
— Significant erosion

— Stabilization required
Poor infiltration at SDB

— Improper amount of sand, not to specifications

— Design specified one foot of sand, >5 feet placed in dry
well

+ Construction inspection critical

Pretreatment

» Combination of vegetated
and structural
pretreatment reduces
risk

* Many studies and reports
recommend vegetative
and structural

pretreatment
(Wogsland,Wilson, Pitt, : ’
Clark, US EPA) porstrteer Ll S T

¢ Portland, OR requires
pretreatment with UICs




Pretreatment

* Some data suggests as much as 90% removal
efficiency can be achieved with pretreatment

* In this project, the structural pretreatment
was ineffective due to design issues (discussed
later)

* 50 - 65% of suspended sediment and
associated pollutants were removed by
vegetated pretreatment

Evidence: Aluminum

Aluminum concentration al sampiing sites CY

300 |
Concentrations of aluminum at sampling sites SDB
. L 1200
200 * Median
. 25%-75%
#in-Max
2200 1000
2
S
= 2000
s ~ 800
8
oo 2
2 E 600
1000 £ .
g
5 w0
.
200
. . . -
SWout Sedwell w2 L MW4 Mw1
Site

Evidence: Bifenthrin

teeitain cocceanistion CF

Bifenlhrin concenlralion SDB
120
i L} * Medun
100 4 25%.75%
Min-Max
8
c
E 60
3
2
8 40
20 .
- o b b b
e S .
SWoul  Sedwell [TV MW3 Mwd MW
Site

concentration (mgiL)
4 8 & B B

2

concentration (mg/L)
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Evidence: Motor Oil

Molor oil conceniralion CY

» Madan
| 125%-75%
| Min-Mex

T2 consantiuben CY
TSS conceniration SDB

a Median
25%-75%
Min-Max

50% change

8

concaniration (mL)

a

Questions?

A%

LLK GROVE




Strmwherry, Crek Wil Gy Bauln/Lithedagy
Cross Socton |

Finding 4: Vadose Zone Provides
Important Attenuation of Contaminants

Evidence: Aluminum Concentration

Aluminum concentrallon at sampling sftes CY

* Median
25%-75%
T Min-Max

concentration (ug/L)
SN N
g 8 38

g

g

o

Evidence: Fate and Transport Modeling

)

_AI 2.1 mgll) CY 270 years . 350 yealrsl

Fe (1.6 mg/il) CY 5 years 6 years to 2™ MCL
Permethrin (12.2 ng/L) CY 17 years nfa
Bifenthrin (100 ng/L) SDB 42 years nfa

Fe (0.42 mg/L) SDB 190 days 2 years to 2" MCL

Assumprions: low foc. high Ks. highest concentration
measured, and contaminanc in dissolved form
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Washington: Role ofVadose Zone in/Attenuation
Treatment capacity of vadose zone determines required pretreatment

Innignificant

Remove solds’

Tun-
m‘:s".

Remove solids?

Remove ou*

Remove o and
solids™

* Physical properties of clay = attenuation
silt
pores)

Wogsland, Wilson)
year study)

study)

Evidence: Literature

— Huge surface area (10 m?/g) compared to sand or
— Adsorptive capacity (non-ionic, electrostatic,
* Metals attenuated in the vadose zone (Olson,

— Olson found metals and organics adsorbed to
sediment in dry well itself...did not migrate (2

— Wilson found vadose zone with two clay lenses
attentuated both metals and organics (3 year

Questions?

L%

FLKGROVE
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Dilution of Groundwater Contaminants

» Contaminants can be diluted by stormwater
from the dry well

= Same phenomena observed in the Los Angeles
Water Augmentation Study

Measiring infitraton rames at the Corpomnnan Yard
AptiL 015

Finding 5: Stormwater Can Reduce the

Concentration of Groundwater
Contaminants

Bicarbonate Concentration Lower in

Questions!?

Bicarbonate concentration SDB
upgrachen! and downgradien wells.

206~
o
3w
2
gm
%m
L™
o

Bicarbonate as CaCO3 (mgiL)

E 5 B B

8
5 5 5
E & & 5 &

%

ELKGROVE

Nitrate Concentrations Lower in
Downgradient Well

Nitrate-N concaniraion GY

; " Meaem [ *
= MM 3
4 7
£ W
:' - City of Elk Grove Corporation Yard
: iz 4 groundwater sampling
d o Finding 6: Stormwater Does Not Appear
b 2 et o1 . .
. to Mobilize Naturally — Occurring Toxic

Metals

10



* Evidence:

Preliminary Conclusions

* Over the course of the project, no apparent
mobilization of chromium or arsenic

—No differences in concentration between up
gradient and downgradient wells

—Weak evidence for mechanisms of desorption

2/2/2017

Preliminary Conclusions

Comparisons between upgradlent

Concluslons

and downgradient wells

NS

NS

lon couple

Relatjonship

No evidence for
metal mobilization
No evidence

Conclusions

between metals

As with Fe, Mn,

SO¢* or HCO;  between the

No/weak correlation Within the concentration

range detected, no strong

proposed ion couples evidence for Fe, Mn, SO4*

Cr with Mn or
pH

or HCO?* potential to
mobilize As

NS

mobilization

Positive correlatlon between As and Fe or
As and Mn

Positive correlation between As and SO,
and a negative correlation between As
and §*

Negative correlation between As and
PO, HCOy, Si0,2 or organlc matter

Fe/Mn oxides are common sinks of arsenic
{Reduction of Fe/Mn oxides may result in
releasing its adsorbed load of arsenic)

Sulfide minerals are common sinks of
arsenic (oxidizing these minerals can
release arsenic to the groundwater)
Competition for surface sites due to ion

h / desorption p from
commen anions

Potential Mechanisms: Arsenic

Relaborship between As and M
MN1,23 4
L a8
jon] ad
] 3| .
bl Anf o
b |
g gasf e
Sas g H
5 sl S
i (1P g -
g0 50
LT g . -
1] g 2|
20 H .
e [l anf -
7 i 24} -
e 2
Do [Fee gl - ez
Y P20 gl T T receoed e vecodl y < 31T « pa ....unnsp==m]
AL
20 "

200 20 300 30 40 40
W concertration (ppo)

Evidence As: NS Difference Upgradient

conceniratioon (ppb)

and Downgradient Wells

Assen; concertyation SDB

P upgrachent and downgradient wells
48
44 « Medan
i 25%-75%
42 Min-Max
an) 40
38
as goe
<34
10 5
. §s2
£
4 E 30
828
ar 26
.
24
2o 22
a0 20
W 18
w3 MW w1

Sk

z
&
3
i}
£
2
8

Evidence CR: NS Difference
Upgradient and Downgradient Wells

Ghromum concertyahon In upgreckent and
cowngradient wets. CY

Chromum concentrabon a1 SDB
upgrachent and downgradient wels

1w 'r
120
|

s}

mwor
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Questions?

A%
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Data Gap:Water Soluble Pesticides

CY contamitiant and “fravel time  Travel time to Peak

Input concentration  to water teach regulatory concentration at
table (worst  level §00 years
case)

Fipronil (0.5 ug/L) 133 days nfa 0.473 ught
Imidacloprid (0.9 ug/L) 16 days nfa 0,855 ug/l

Water soluble pesticides that are not attenuated by
pretreatment. Unclear effects of pretreatment.

* Grant is coming to a close

* Review factsheets (project factsheet by
January 315

* Decommission CY wells (thoughts?)

¢ Operation and Maintenance and Monitoring
Plan

* Scientific paper

* Dry wells serve multiple benefits:
—Improved water quality
—Groundwater recharge
—Aquatic ecosystem protection

* Stormwater is a resource

* A key driver for use of dry wells with LID

practices is drought, climate change, and
meeting NPDES requirements

|Flnw Volume Volume

(gpm)  (gal) (gah)
1017 28437
8364 9169
15800 21.54 3241

14.29 1286 21.3 2534

0.7 AF Water from SDB Dry Well (13.5" Rain)
Estimate | AF/year with ‘NORMAL rain

Take Away: Project’s Key Conclusion

With proper siting, design and maintenance,
dry wells appear to be a valuable tool to
reduce stormwater runoff and increase
aquifer recharge with little risk to
groundwater quality

12
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Contact

Connie Nelson, Project Manager
cnelson@elkgrovecity.org
(916) 478-3638

Barbara Washburn, OEHHA

barbara.washburn@oehha.ca,gov
(916) 316-7982

www .egpublicworks.org....,click the dry well tab

THANK YOU!
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Presentation 18: stormwater Infiltration Using Dry Wells and Elk
Grove Dry Well Project

Practical Stormwater Management and Beyond the Regulations
SAGE, Surveyors, Architects, Geologist, and Engineers

March 15, 2017



Surveyors
Architects
Geologists
& Engineers

OF EL DORADO COUNTY
- . — 7

SEMINAR

Practical Storm Water Management And
Beyond the Regulations

Come learn about the latest regulatory requirements of the Phase II MS4
Permit. Sustainable storm water practices used within the tegion and local
examples will be presented. Methodologies to determine infiltration capacities
and alternatives to mimic pre vs post development hydrology will be discussed.
Design options to filter, store, and detail storm water will be teviewed and the
practical implementation of storm water LID BMP's within the foothill region
will be highlighted.

Event details:

Date: March 15, 2017

Cost: $125 per person prior to March 15th, $150 cost at the
doot, and $100 for SAGE members

Address: Holiday Inn Express, 4360 Town Center Blvd,
El Dorado Hills, CA 95762

Time: 8:00a.m. to 5:00p.m

Seminar Topics and Speakers
Global Speaker-STORM PROGRAM-Phase I1 MS4
Mr. Bill Hereth, State Water Resource Control Board

ElDorado County Regulatory Compliance
M:. Brenden Ferry, El Dorado County

LID Design and Examples
Ms. Dalia Fadl P.E., City of Sacramento, Dept. of Utilities

Achieving LID Standards, CSUS
Ms. Maureen Kerner P.E., Office of Water Programs

Elk Grove Dry Well Project
Ms. Connie Nelson, CFM, Willdan Engineering/City of Elk Grove
Barbara Washburn, PhD, OEHHA

Panel Discussion: Site Characterization Infiltration/Bioretention Design
and Challenges in the Foothills

David Sederquist, CEG, CHG, Youngdahl Consulting Group, Inc.

Chris Shulze, P.E., TSD Enginecering

Biological Approach to Stormwater Management
Bill Roach, ASLA, LEED AP, Roach + Campbell

Participating Vendors
Basalite ~ Contech ~ Jensen Precast

SIGN UP AT: www.sage-edc.org



PRACTICAL STORM WATER MANAGEMENT
BEYOND THE REGULATIONS
SAGE 2017 Workshop
Wednesday March 15th, 2017,

Holiday Inn, 4360 Town Center Boulevard, El Dorado Hills

Introduction: 8:00-8:15

Speakers 1 & 2: 8:15-9:15

Global Speaker- STORM PROGRAM- Phase Il MS4 Mr. Bill Hereth, SWQCB

El Dorado County Regulatory Compliance, Mr. Brenden Ferry, El Dorado County

LID Design and Examples
Bioswales/Bioretention Planters 9:15-10:00
Ms. Dalia Fadl, P.E., City of Sac, Dept of Utilites
Break /Vendor 1 Presentation 10:00-10:30
Achieving LID Standards, CSUS 10:30- 11:15
Ms. Maureen Kerner, P.E. Office of Water Programs
Elk Grove Dry Well Project 11:15-12:00
Ms. Connie Nelson, City of Elk Grove

Barbara Washburn, OEHHA

Vendor 2 Presentation 12:00- 12:15
Lunch 12:15- 1:30
Infiltration and Bioretention Design 1:30-3:00

Site Characterization and Challenges in the Foothills
Panel Discussion/Forum David Sederquist, CEG, HG, Youngdahl

Antony Tassano, PE, Warren Consulting

Vendor 3 Presentation 3:00-3:15
Break 3:15- 3:30
7. Biological Approach to Stormwater Management 3:30-4:15

Bill Roach, ASLA, Roach + Campbell

Vendors: Contech Engineered Solutions/Jensen Precast/Basalite
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Stormwater Infiltration Using Today’s Discussion
Dry Wells and Elk Grove Dry Well Project |

* What are dry wells

* Where dry wells fit in the stormwater BMP
toolbox

* Elk Grove Dry Well Project
— Groundwater quality protection using dry wells

Connie Nelson, CFM? * Are they a risk?
Barbara Washburn, PhD* « Measures to reduce risk
1City of Elk Grove/Willdan Engineering ﬁ * Regulatory challenges of using dry wells in the

20ffice of Environmental Health Hazard Sacramento region
Assessment, California EPA ELKGROVE

What are Dry Wells? S How do they work?

= Gravity fed excavated (= 1\ . Receives water fram
pits lined with _ T : one or more entry
perforated casing | : points
filled with gravel = AR : Collects, stores, and
Deeper than width e disburses water
—3 feet wide e ) Discharges water
_20to 60 feet s through small openings

Can be used in
conjunction with LID
practices

Bottomy/sides of dry
well placed at
permeable soils

General Concept of LID Features
with a Dry Well

o AW
b
gt

* Uncertain water future

* Climate change alters

form of precipitation

— Drought

— Extreme climate
events

Need for additional

management tools

— STORMS Program




Groundwater provides 30 percent

of the California's water suppl

| %

* 431 groundwater
basins

¢ Covers 40% of
the State

* Storage capacity:

v'851 million
acre-feet (not
all useable)
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Groundwater Recharge

¢ Recent report (Stanford Woods Institute of the
Environment) identified the aquifer as cheapest
and easiest way to store water

« Recharge stormwater to groundwater
{conjunctive use)

* Manage stormwater at the source
* Dry wells one tool to help store water

Value of Using Dry Wells in California

« Captures and stores urban stormwater runoff
even in clay soils

¢ Can improve surface water quality
* Facilitates groundwater recharge

Helps meet hydromodification management
goal

+ Reduces localized flooding

Challenge: reluctance to use them due to
risks of degrading groundwater quality

Project Background

* Proposition 84 Stormwater Planning Grant
* Grant funding $489K
* Match Funding
—City of Elk Grove $225K
—OEHHA $140K
* Fate and Transport Modeling $135K
* 4-year grant term

Elk Grove Dry Well Project

Background and project overview
Project conclusions and findings
Lessons learned
- aorrrgngr
~ " Monitoring event at Strawberry Creek |

Warter Quality Basin
November 2,2014

Project Team

&% o

ELK GROVE

=

Water Boards
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Project Site Locations
Project Purpose A

Evaluate the potential of using dry wells, in
combination with low impact development
practices, to:

* Infiltrate stormwater runoff

* Alleviate localized flooding

* Recharge groundwater

without negatively impacting groundwater

quality

Project Site Schematic

CLAY LAVTR < SIPLE AR ITUREAT W (7

= | "=
Dry wells: 40 feet, Vadose zone wells: 55 feet |
| water table wells: 120 feet |

Water Quality Monitoring

* Collect and sample stormwater and
groundwater for 2 years

—5 wet weather stormwater samples
—5 wet and 2 dry weather groundwater

samples
Muopitoring ovent Novembar & 2004 a1
strawberry Crook Watar Quility Bakin | * Flow weighted composite samples collected
over 80% of storm volume at the dry well
Stormwater and Groundwater * Grab samples at curb cut and stormwater
Monitoring outfall (3 events); composites (2 events)

Fall 2014 — Spring 2016




Water Chemistry

 Constituents to be tested in stormwater and
groundwater
— General physical and chemical
— Metals
— Volatiles
— Semi-volatiles
— Herbicides
— Pyrethroids
— Total petroleum hydrocarbons - gas diesels
— Pyrogenic polycyclic aromatic hydrocarbons
— Total coliform

Fate and Contaminant Modeling

» UCD hydrologists (G. Fogg, T. Harder and E.
Edwards)

* How far might contaminants migrate from
bottom of dry well over many years?

—Modeling timeframe: 3,000 years

Project Conclusions and Findings

* No evidence that dry wells introduced
contaminants into groundwater

* Pretreatment is essential

* Vadose zone provides important attenuation of
contaminants

« Stormwater infiltration can dilute groundwater
constituents, improving water guality

* Long term stormwater monitoring help ensure
groundwater remains high quality

3/16/2017

Logging Boring soll samples atwell slitas

Fate and Transport of Contaminants

City of Elk Grove Corporacion Yard dry
well system

Project Conclusions and Findings

Project Conclusions and Findings

* Groundwater modeling, not monitoring, a
better investment of resources

* Siting dry wells where hazardous material are
used should be off limits

* Proper design and construction oversight will
avoid future problems

* No evidence found for mobilization of naturally
occurring metals in subsurface

* Operations and Maintenance Plan should be in
place and implemented
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Bife Aluminum concentralions CY
ue 3500
i 3 » Median
25%-75%
. = 3000 e
» . T MinMax

norce= e )
B
s gk )
g &
——

T
" N
6 |* 1 T
. . . g ¥ =
Finding 1: Stormwater Doesn't o |
| ; L} e 5
Degrade Groundwater Quality e
Benthrm - e o

Contaminant  Travel time to Worst case  Worst case peak - iem sy
input concentr. water table time to concentration at 1. & m:

(reporting regulatory  WT in 500 yrs. . 50 [ Minias |

limit) level .
Aluminum ] 1] 0.04 mg/L M i‘s
0.042 mg/L O 2 ,
Bifenthrin 470 yrs. na 10 ng/L £ s
11 ng/L §Y " -

3 i
Dissolved concentrations of contaminants based on measured totals at di'y "—':"— o— 1 = s = | ‘_._J
well v
Al: will never 1each water table in modeling timeframe o sl = ——
Bifenthiin: ~500 yeal's to be able to detect at water table Cuh Cuty Drywell M2 e b it
site

* Most contaminants never detected in stormwater or
groundwater

— PAHs, volatile and semi-volatile organics

= Those that were detected in stormwater did not
show up in groundwater

— Even after centuries, unlikely to pose a risk

* One of the keys to protecting groundwater is
removing pollutants from stormwater

Finding 2: Pretreatment is Essential
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Pretreatment

* Combination of vegetated
and structural pretreatment
reduces risk

¢ Many studies and reports
recommend vegetative and
structural pretreatment
{Wogsland, Wilson, Pitt,
Clark, US EPA)*

* Portland, OR requires
pretreatment with UICs

Pgwn 2 Sctwenmtic of typlaad ity UIC optum in Purtlaad. Sz
Porthand Bureau of Ennsanmentalsemaces

* Summarized in annotated bibliography

Pretreatment

* Some data suggests as much as 90% removal
efficiency can be achieved with pretreatment

* In this project, the structural pretreatment
was ineffective due to design issues

* 50 - 65% of suspended solids and associated
pollutants were removed by vegetated
pretreatment

Evidence: Motor Oil

Molor oil concentration CY

- Medan
[ 25%-75%
| Min-Mex

Strawberry Creek Water Quality Basin Lithologic
Cross Secrion

Pretreatment Efficiency

Tolal suspended solids! CY Total suspenxded solkis concenlration SDB
— 45 —

concentration (mgiL)
concertration (mg/L)

Evidence: Aluminum Concentration

Aluminum conceniralion al sampling sites CY

4 Median
25%-75%
T Min-Max

concentration {uglL)

@ Median el
|1 25%-75% [125%-75%
L Min-Max — | Min-Max

Finding 3: Vadose Zone Provides
Important Attenuation of Contaminants
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Evidence: Fate and Transport Modeling

Corporatlon Yard

Aluminum [} v 0.04 mg/L
0.042 mg/L

DEHP 0062 ug/L (] v 0.06 ug/L
Iron 0.16 mg/lL 7 yrs. v 0.160 mgfl
Manganese 10 ug/L | ¥ 10 ug/L
Permethrin 2.4 ng/L [ nfa 1,70 ng/L
TBA 19 ugll 12 days 12 days* 18 ug/l
Fipronil 0.5 ug/L 134 days nfa 0.47 ug/L
Imidacloprid 17 days n/a 0.85 ug/lL
0.9 ug/L

Evidence: Literature

* Physical properties of clay = attenuation

— Huge surface area (10 m? /g) compared to sand or silt

— Adsorptive capacity {(non-ionic, electrostatic, pores)

* Metals attenuated in the vadose zone (Olson,
Wogsland, Wilson)

— Olson found metals and organics adsorbed to
sediment in dry well itself...did not migrate (2 year
study)

— Wilson found vadose zone with two clay lenses
attentuated both metals and organics (3 year study)

Logglng Boring Samples

Finding 4: Siting Considerations
Influence the Risk and Performance of
the Dry Well

Undesirable and Desirable Siting

Considerations

= Undesirable conditions:

—Areas with hazardous chemicals

* Vehicle servicing, gas stations,
industrial

—~Areas with contaminated soils

— Proximity to public supply wells
* Desirable conditions:

—Combination of sand, gravel and clay in the

subsurface

Experience at the Corporation Yard

 Corporation Yard site not ideal
- Bus fleet washing and maintenance area
- Public Works maintenance yard
- >95% impervious

- Hazardous materials that could collect and
be conveyed on hardscape = dry well

Siting Recommendations from Literature

* Siting based on site-specific hydrogeologica!
conditions (i.e. vadose zone lithology), land
use practices, and soil composition (Wilson,
Clark, US EPA) should be considered

* High risk areas should be avoided (Olson, US
EPA)




Siting Restrictions in Oregon and Washington

* Oregon and Washington have state regulated
programs for using UIC

* Examples of their siting guidelines:
—500 feet setback from public supply well
—Not to be located:
* near gas stations
« where hazardous chemicals are used
* where contaminated soils are found

3/16/2017

fiiceritr of dry will; Stomwhbiery Creek
Wy Qualiry Bedn

Finding 5: Dry Well Useful Tool to
Recharge Groundwater

Recharge and Infiltration Capacities

,]_ i _“:'\vt

‘Basin
Average Total ' Total Average Total Total
flow volume rainfall  flow volume  rainfall
{gem)  [gallons) _[fniihe!} (spm} _la‘h"ﬂ -ﬂﬂc‘\_elll
46.72

8. 0. 28,500 ©  0.53
46 1000 0085 U

11/2015

2016 | 2638 8400 093 300 9200 109
3/2016 ‘ 10.4‘1 1,600 0.‘.'&0. . 11.54 . 3,200 - 0.2
42016 1329 1300 022 2005 250 02

2015-16 precipitation total: 13.5”
With 18” rain, 1 dry well, SDB infiltrate 1 AF; at highest rate, > 3 AF/yr.

Elk Grove Dry Well Project

Lessons Learned
* No evidence that dry wells contributed to
groundwater contamination
— Consistent with literature and experiences
from other states
* Challenges to placement and construction of
dry well systems

Measuring infiltration rates at the Corporation Yard
April, 2015

Finding 6: Permitting Still Challenging in
Sacramento Region

Dry Well Regulations and Permitting

US EPA Underground Injection Control (UIC)
Program
» 1989: Authorized use of UICs but runoff entering dry well
cannot exceed MCL
¢ 1999: Performed large study, concluded:
— Additional regulations unnecessary
— No evidence of contamination problems
¢ 2002: EPA Region 9 Factsheet
— EPA primary agency for overseeing Class V Injection
Well Program in California

— Identified Regional Boards and local agencies to
promulgate additional regulations and guidelines
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Dry Well Regulations and Permitting

Local authorities follow DWR Bulletin 74-81 and 74-
90 guidelines for drinking water wells
* Interpretation assumes stormwater is a waste
product
» Wells “used for the injection of reclaimed waste
water” including “dry wells,” “drainage” wells and
sewer wells
* Waste defined as “sewage and all other waste
substances of human or animal origin....”
» Waste defined as local interpretation: Dry well
should be constructed to drinking water well
standards and permitted as such

Dry Well Regulations and Permitting

Challenges

* Dry wells not commonly used in Sacramento region;
difficult to obtain permit

* No regional guidelines for design, placement,
monitoring, etc.

 Cautious attitude among stormwater managers
BUT.....
* LID/hydromodification NPDES requirements

* Drought, climate change - all push for more
infiltration and groundwater recharge

¢ Water Board STORMS Program - SW = resource
* Future: State establishes guidelines and standards.

| Take Away -

With proper siting, design and maintenance, dry wells
pose little risk to groundwater quality

Provide many benefits:
* Flood control
» Stormwater Management/NPDES
* Aquifer recharge
*  Water quality/aquatic ecosystem protection

Contact

Connie Nelson, Project Manager
cnelson@elkgrovecity,org
(916) 478-3638

Barbara Washburn, OEHHA

barbara,washburn@oehha.ca.gov
(916) 316-7982

www,egpublicworks.org.....click the dry well tab

THANK YOuU!
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Fact or Fiction: Is there a link between drywells and groundwater contamination?

Ashoor, A, N. Pi, & B. Washburn

Office of Environmental Health Hazard Assessment, Cal/EPA, Sacramento, CA.

] Abstract

[ USGS Modesto Study |

Impervious surfaces characteristic of urban areas have resulted in increased stormwater runoff with ele-
vated pollutant levels. In an effort to protect water quality and aquatic habitat, traditional stormwater
management systems, which divert stormwater off site, are being replaced with low impact development
{LID) practices which infiltrate runoff on site and provide the added benefit of augmenting the aquifer.
One challenge to LID practices is poorly-infiltrating soils, common in many parts of California. Drywells can
be used to avercome this dilemma. They are typically a 3 foot wide hole in the ground that is filled with
rock/gravel which extends down 15-35 feet. Some are concerned that drywells could introduce contami-
nants into the groundwater and pollute drinking water. To address this issue, OEHHA has reviewed key
state and federal reports as well as peer-reviewed literature. There is little data to support this assertion.
The data suggests that with proper usage and design, drywells can be used for stormwater management
without adverse effects on groundwater quality.

Los Angeles Basin Water Augmentation Study (cont.) |

LID Background

Traditional methods of stormwater man-
agement have adverse impacts on the
aquatic ecosystem:

@ Alteration in aquatic habitats

© Reduced aquatic life

® Reduced water quality

*Mistatonslof thelCIean WatSrice Figure 1: Natural creek affected by channel scouring

Rather than shunting stormwater via pipes to local waterways, LID practices promote capturing runoff at

its source through a variety of natural infiltration methods:
B W 'y

Fblry Gaedon

 Bioretention (Rain Gardens)
® Green Roofs

® Vegetated Swales

® Permeable Pavement

® Drywells

Drywells

W mve bos 67 e i

Drywells are typically a 3 foot wide hole in the ground
that is filled with rock/gravel which extends down 15-35
feet. In areas containing soils with poor infiltration rates,
where stormwater is created faster than the soil can ab-
sorb it, drywells can overcome the slow rate of infiltra-
tion by penetrating through clay layers to allow access to
more permeable soil. Drywells have multiple benefits in-
cluding stormwater management and groundwater re-
charge.

of warer

Drywell Safety

Some have raised concerns that groundwater could become contaminated with the pollutants present in
stromwater runoff. Runoff entering a drywell will often bypass the upper layer of sail where contaminants
such as organic compounds and metals are removed by microbes and plants, The drywell itself provides
little to no treatment, allowing potentially contaminated stormwater to enter a aquifer. Contaminants
which are highly mobile in subsoil, have high concentrations in stormwater, and have high soluble fractions
have the greatest potential to contaminate groundwater. These contaminants include nitrates, some pesti-
cides, phthalates, viruses, copper, nickel, and zinc.

Los Angeles Basin Water Augmentation Study

Background: The Los Angeles and San Gabriel Rivers Watershed Council, in conjunction with numerous
partners, conducted a long-term study to explore the potential for augmenting local water supplies by in-
creasing infiltration of urban stormwater runoff. The study evaluated the feasibility of promoting infiltra-
tion of stormwater through the use of LID practices without adversely affecting groundwater quality. Of
the six sites studied, drywells were included in two, one at a private residence and a second at commercial
office building.

Figure 2: Pictures of LID practices used at two of the study sites. Figures 2A and B were taken at the of-
fice building site. Figures 2C and 2D were taken at the residential site.

Ihacking lot ta landucape unp

Roof drain ta drywell

b

Figure 2A. Figure 2B.

Roof drain to landscaping Driveway to drywell

Figure 2C. Figure 2D.

Monitoring Program: The monitoring program consisted of collecting stormwater runoff samples
from the “first-flush” and post-storm samples from the vadose zone (sub-surface unsaturated soil) us-
ing lysimeters and from aquifers via monitoring wells. Each sample was analyzed for general monitor-
ing parameters (pH, nitrate, fluoride, temperature, etc.), metals, oil and grease, volatile and semi-
volatile organic compounds, and bacteria. Analytes omitted include pyrethroids and some other pes-
ticides.

Results: A general analysis comparing stormwater samples to lysimeters or monitoring well samples
was conducted. In a few instances, concentrations of contaminants above the maximum contami-
nant level {(MCL) were found in groundwater. However, they appear to reflect pre-existing conditions
of the soil and were not statistically linked to the infiltration of stormwater. Selected results, shown
below, reflect cases where there were significant differences between groundwater and stormwater
samples

Figure 3 {below). Scatterplot of Contaminants in Stormwater & Pore Water at the Residence. Samples
collected from lysimeters at the private residence were compared to runoff from the roof and drive-
way. If stormwater was contaminating pore water in the vadose zone, levels of both should be elevat-
ed. This was not observed for any contaminants. The low levels of chloride found in stormwater sam-
ples is not likely to have contributed to the already elevated levels of chlaride within the soil. All in-
stances of metals such as copper, lead, and zinc were present at high levels in stormwater, but was not
found to affect soil pore water quality.
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Figure 4 {below). Scatterplot of C i in Stor and Gr at the Office Building.
Unlike the residential site, a control monitoring well (background, red square) was installed to monitor
groundwater unaffected by the drywell. Both nitrate and perchorate concentrations were elevated in
groundwater. However, it does not appear that stormwater is responsible for these levels. With re-
spect to nitrate, concentration in water drawn from the control monitoring well and the “experimental”
well are similar and stormwater samples had very low levels of nitrate, These finding suggest that exist-
ing nitrate in the soil or from elsewhere are the source of elevated nitrate. With respect to perchlorate,
only a single stormwater sample had elevated perchlorate levels in contrast to all of the groundwater
samples. This suggests that stormwater infiltration is highly unlikely to be the source of the groundwa-
ter contamination.

Office Building
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CONCLUSIONS: For all constituents analyzed, there was no statistically significant degradation of
groundwater quality due to stormwater infiltration. Roof runoff had lower contaminant levels when
compared to those from the driveway and parking lot. Detection of nitrate and chloride in the ground-
water likely reflects pre-existing conditions. The detection of perchlorate at the office building also
cannot be associated with stormwater infiltration as it was only detected in one stormwater sample,
Removal of metals is likely due to adsorption to soil surfaces during infiltration. Groundwater quality
saw seasonal improvement for some constituents due to the infiltration of relatively higher quality

In 2001, the U.S. Geological Survey’s National Water-Quality Assessment (NAWQA) Program began a
study to assess the vulnerability of public supply wells to contamination from a variety of constituents,
Modesto was selected as a representative of specific geological and aquifer settings for other similar
regions in the nation. This study is of particular interest in light of the fact that for the pasat 50 years,
Modesto installed over 11,000 drywells that are used to manage stormwater. Although it was not the
intended purpose of the USGS study, the data generated from the study can be used to understand the
long term risk associated with the use of drywells. In other words, if drywells have been serving as a
conduit for contaminants enterlng groundwater, the USGS study should reveal this problem.

Brief background on Modesto’s Aquifer:
The aquifer is a mixture of gravel, sand, Dryprenl
silt, and clay mixed with water. Most
drinking water wells in Modesto are
200 to 400 feet deep. Drinking water is a

mixture of waters drawn from various & kb
[ ! L
depths including deeper, older water /—."‘l = ' . l

urhar Hagharge

and shallower new water. The shallower

water reflects current land use practices

while water deep can be over 1000 oy s
years old. Although groundwater move-

ment is typically slow, irrigation and

groundwater pumping in Modesto have increased the rate that water moves through the aquifer by
more than 10 times, As a result, water affected by recent land-uses has moved downward to depths of
more than 150 feet. Because the aquifer in Modesto is unconfined, water moves relatively freely be-
tween different depths, This permits contaminants to mix with older, deeper water without significant
constraints. Bottom line: If drywells were contributing pollutants to the upper aquifer, there is a risk
that drinking water could be contaminated.

Unconfined Aquiter

]
Publle Supply Well Imigaticn Wel

Study design: Twenty three monitoring wells were installed at various depths to collect samples from
the water table interface with vadose zone, upper, middle, and deep aquifers. Groundwater samples
were collected between one to five times during the study (Oct 2003-June 2005) using methods devel-
oped by NAQWA, Stormwater runoff was collected in catch basins connected to gutters, and overflow
from catch basins was routed to drywells beneath the sidewalk. All water samples were analyzed for
conventional water parameters (e.g. pH, dissolved oxygen), inorganic constituents (e.g, uranium), pes-
ticides (e.g sizamine), gas related compounds {BTEX; benzene, toluene, ethylbenzene, and xylenes),
volatile organic compounds (VOCs), and refrigerants. Contaminants not measured were 1) metals, 2)
pyrethroid pesticides, and 3) PAHSs.

Results:

Figure 5 (below). Pesticide detection in gr | itoring well ples (23 wells x 1-5 samn-
ples/well over the course of the 2 year study). None of the water samples contained pesticides which
exceeded their maximum contaminant level (MCL), legal threshold limit on the amount of a substance
that is allowed in drinking water.
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Figure 6 {below). Volatile Organlc Compound detection in ground ing well pl

Similar sample size as in Figure above. None of the water samples contained pesticides which exceed-
ed their MCLs.

‘ USGS Modesto Study (cont.)

In general, drinking water samples contained low concentrations of a variety of contaminants, includ-
ing uranium, nitrate, volatiles, and pesticides. All values were below the drinking-water MCLs, Depth-
dependent sampling indicated that most contaminants in the water came from the shallow aquifer,
which provides about 20% of the total volume of water withdrawn from the well. Water in the deep
zones of the aquifer contained no anthropogenic contaminants. Although no contaminant from the
well exceeded drinking water standards, uranium and nitrogen were detected at concentrations of
concern (Figure 7). In water-table and shallow monitoring wells, uranium and nitrogen were detected
above their maximum contaminant levels of 30ug/L and 10 mg/L respectively. The likely source of ele-
vated concentration of nitrate is agricultural whereas uranium is a characteristic of the local geology.

Implications on the safety of drywell use: Drywells were initially used in Modesto as an inexpensive
way to manage stormwater. Due to the presence of a hardpan layer only small volumes of stormwater
will infiltrate through the soil. Therefore the quality of the groundwater described in USGS study can be
viewed as a report card on the risk of contamination associated with long-term drywell use.

Evidence exists for higher levels of some contaminants
in shallow aquifer. However, even at their highest lev-
els, all values were beiow MCLs. None of these contam-
inants penetrated into the deep aquifer except in trace
amounts, Some have expressed a concern that other
studies of drywells did not monitor groundwater for a
long enough period of time to detect contamination.
However, after 50 years of dry well use, none was ob-
served. The contaminants identified in this study cannot
be attributed to drywell use but rather to agricultural
(nitrogen) and natural {uranium) sources. Additional
studies that investigate contaminants omitted from the *®Tefewtcrsw  Uranium gl
Modesto study should be performed.

Nitrate mgiL

Figure 7: Concentrations of uranium and nitrate drawn
from different depths of the aquifer. Contamination
was highest in the shallow aquiler.
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Preliminary Conclusions on Drywell Use

Neither the Los Angeles study nor the USGS Modesto study suggest that groundwater quality is degraded
by drywells.
Drywells could be a cost-effective tool in the low impact development toolbox, They allow infiltration of

| instomathanes Solvents Sasolineselsted compounds stormwater in areas with clay soils. Studies to date do not provide justification for removing them from
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Separating Fact from Fiction: Assessing the Use of Dry Wells to Reduce Stormwater
Runoff While Protecting Groundwater Quality in Urban Watersheds

A « | MEIROVITZ, Casey!(cmeirovitz@lsce.com), BOWLES, Chris?, CARR, Melanie?, FAWCETT,
ELKGROVE John!, KRETSINGER GRABERT, Vicki', NELSON, Connie?, PI, Nelson?4, and WASHBURN, Barbara?,

E LUHDORFF & SCALMANINI (1) Luhdorff &Scalmanini, Consulting Engineers, (2) cbec Inc., eco engineering, (3) City of Elk Grove and Willdan Engineering, W WILLDAN (v c bec
St (4) Office of Environmental Health and Hazard Assessment (California EPA)

Introduction

Watershed urbanization can result in degraded water quality and increased flood
risk due to hydromodification (larger peak runoff volume and shorter watershed
residence time). Low Impact Development (LID) can reduce these effects by
infiltrating and retaining, filtering, or slowly releasing stormwater from a given
site or sites. Shallow, low-permeability (clay) soils limit infiltration rates
throughout California. Dry wells, constructed above the water table and
bypassing these low-permeability zones provide enhanced infiltration, and
connection to groundwater storage, benefiting both groundwater and surface
water systems. However, there is concern that dry wells could allow stormwater

Proposed Study Design

 Install 1 dry well and 4 monitoring wells at each of the 3 sites representing
residential, commercial/light industrial, and roadway land uses.

Surficial Pre-Treatment (Vegetated Swales)

=  Design Strategies
= Use vegetation to increase surface roughness.
* Provide water quality treatment through filtration.
= Use soil amendment to increase infiltration.
* Reduce peak discharge rates and total runoff.
Benefits
» Control peak discharges by reducing runoff velocity,
lengthening flow paths, and increasing time of conc.
» Trap, filter, and infiltrate particulates and associated
pollutants.

* Enhance or modify existing surficial pre-treatment using vegetated swales and
bioretention.

Inlet Access Poinl

. .——=——Inlet pipe and energy
dissipator

+ Continuously monitor flow volumes to the dry wells and groundwater levels in
all project wells.

Trealment corridor

*  Water quality sampling 4 times per year for 2 years (following 3 storm events
in the rainy season and 1 round of sampling at the end of the dry season).

« Stormwater quality sampled before and after pre-treatment.
Limitations
» Effectiveness reduced by compacted soils, steep
slopes, short flow paths, and large storm/flow events.
= Less effective at removing soluble nutrients like
phosphorous.
= Potential vector concerns due to standing water.
¢ Vegetation may require irrigation/maintenance.

to bypass the natural filtration provided by the uppermost soil units and
ultimately impact underlying groundwater quality.

* Coordinated groundwater and stormwater quality sampling events.

*  Water quality sampling for general parameters, TSS, metals, VOCs,
semi-VOCs, PAHs, pyrethroid pesticides, TPH (gas & diesel), and
coliform bacteria.

Project Objective: Evaluate the potential for using dry wells, in combination
with other LID practices, to infiltrate stormwater runoff, alleviate localized

+ Perform a tracer test at each
site following the first year
of sampling to quantify
uncertainty relating to the
monitoring network design. M

flooding, and recharge groundwater without negatively impacting groundwater

quality. Effectiveness

I Total =1 T | |
 |Buspended| Tolal J..Télz!.l_ Lhul | el
mn,l . |Phosphorous| Nitrogen [Nitrate! Matals | Organics Bacteria
% Removal  60-95 15.45 16-65 2565 2080 7590 7590

+  Use appropriate methods to [
analyze results (contouring,
trend analysis and stats).

Previous Investigations

USGS Modesto Study

* Propose monitoring beyond [

Background . . 4 "
*  Modesto began using dry wells to manage stormwater more than 50 Dry Well DeSIgn and Op eration the life of the project.
years ago. .
«  Currently more than 11,000 dry wells in operation. Safety and Treatment Conceptual Design
Study Design < 99
¢ Installed 23 monitoring wells to various depths. 7 Step sto Safety Design Strategies Manitoring T
*  Groundwater quality sampled for general parameters, inorganics, Surf ? Reduemmotiendleniance Sli"ifllllg s Antlcipated Outcomes
pesticides, BTEX, VOC’s, and refrigerants, Did not measure metals, pm;,e:,,',:',m Intake Structure groundwater recharge Ve {rm—,
i ici {Dobrls and Traah} ) — ! * Determine effectiveness of eco-engineered structures as pre-treatment
pyrethroid pesticides, or PAHs. {Eltmtion@larsntion} . P ~ | * —— [ 24 P
Results: p > <l i) i:f,’;é‘f; :ggﬁl;tm :S?Ztﬁ “ 1 [_*, |_ v | strategy.
*  The shallow aquifer showed clevated concentrations of nitrate and «  Construct dry well with * Develop dry well designs that minimize potential impacts and maintenance.
uNramum att_rlbuted to airlcultudra.] and nat'uralsourgf.s, respelzctlvellly ’ treatment zone sufficiently A + Evaluate the efficacy of using dry wells for enhancing groundwater recharge
B coln:agu.nantsltv.velre ct(.:fc te lﬁ a monitored public supply we above groundwater table. ILow Perm. [+] 1 | in areas with shallow, low permeability soils/geologic units.
compieted m muitipie aquiler units. = Protect groundwater quali | Zone {4 <|H ; . : ;
R Aﬁe? 50_ years of dry we!l use, no contaminants were detected in through filtzation, treatmertl}t,, : . 1R 1] . Qsl;antlfy potential impacts to groundwater quality resulting from dry well
monitoring wells exceeding MCLs. and flow control. High Perm. TN : P
Los Angeles Basin Water Augmentation Study Upnee i Pack * Enhance long-term infiltration Zone o2 Deyelop and provide useful data to cities/counties, health and vyater agencies,
Background inslde Uppar 6.10 ft of Wal (E*"':';?;:"';';g f:t?m through sediment control. | e, ] } the .St.ate Water Resources Contrf)l Board, and the US EPA to inform
+ Study to evaluate feasibility of promoting stormwater infiltration using {Fittration/Stoppage of Flow} + Reduce maintenance costs. [l _ ; i | decisions relating to the appropriate use of dry wells in urban watersheds.
LID ti ithout i ti dwat li % vy ¥ ¥ i]
Sy Des}g}:lrac ices without impacting groundwater quality. Limitations/Concerns : = ; ? g I
* Dry wells and monitoring wells at 1 residential and 1 commercial site. : * Long-term effectiveness. [ : Tre_a:unant Eone : References
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Watershed urbanization can result in degraded water quality and increased flood risk due to hydromod-

ification (larger peak runoff volume and shorter watershed residence time). Low impact development
{LID) techniques can help reduce these effects by infiltrating and retaining, filtering, or slowly releasing
stormwater from a given site. In many areas throughout California, the use of LID practices is challeng-
ing due to poor infiltrative capabilities associated with clay soils. Dry wells constructed above the wa-
ter table and bypassing these low-permeability zones, provide enhanced infiltration and connection to
groundwater storage thus benefiting both surface water and groundwater water systems. However, in
California, dry wells are used infrequently and with caution due to the concern that they could poten-
tially allow stormwater to bypass the natural filtration provided by the uppermost soil units and ulti-
mately impact underlying groundwater quality. Studies conducted in Los Angeles, Modesto, and Port-
land suggest that the use of dry wells introduces few, if any, contaminants to the groundwater. To help
fill in some data gaps the City of Elk Grove and its partners are conducting a study to evaluate the risk
of groundwater contamination by monitoring water collected from dry wells, pre-treatment features
and a series of shallow and deep monitoring wells over 2 water years. A wide range of contaminants,
including volatile and semi-volatile organics, pyrogenic PAHs, metals, and pesticides will be analyzed in
samples collected 3-4 times each year during dry and wet seasons. Estimates of recharge capacity will
also be made to determine percent of stormwater captured. Results of this study should provide addi-
tional information for decision makers on the safety and efficacy of using dry wells to manage storm-
water runoff and recharge the aquifer to mitigate for potential impacts of climate change.

Project Objective: EVALUATE THE POTENTIAL FOR USING DRY WELLS, IN COMBINATION WITH OTHER LID
PRACTICES, TO INFILTRATE STORMWATER RUNOFF, ALLEVIATE LOCALIZED FLOODING, AND MAXIMIZE AQUIFER
RECHARGE.

_Sumr_\jaru)f_ _P_revious Work

USGS Modesto Study

Background: Moadesto began using dry wells to manage stormwater more than 50 years ago. Currently
there are mare than 11,000 dry wells in operation. They are primarily simple pits filled with rocks with little
or no pre-treatment. This design requires high maintenance due to clogging with fine material, requiring
regular vacuuming and/or rack replacement.

Study Design: Twenty-three monitoring wells were installed at various depths, Groundwater was sampled
for general parameters, inorganics, pesticides, BTEX, VOCs, refrigerants, and naturally occurring toxicants
such as arsenic and radionucleides. Samples were collected at various depths and age of the samples were
determined. Samples from a single public supply well were also collected.

Results: The shallow aquifer, primarily influenced by agriculture and more recently urban land uses, had el-
evated concentrations of nitrate and uranium, Samples collected from deeper units contained older water
and had little if any contamination of any type. No contaminants were detected in the public supply well
completed in multiple aquifer units. After decades of use, no contaminants above MCL were detected in
the monitoring wells.

Conclusion: Although the purpose of this study was not to assess the risks of using dry well, the analysis
demonstrated that none of the common urban contaminants were detected at levels of concern, suggesting
that dry wells did not introduce pollutants into the aquifer.

Water Augmentation Study—Los Angeles

Background: Los Angeles is heavily dependent on imported water. The focus of this 10-year study was to
determine if stormwater infiltration could supply the L.A. area with a modest supply of drinking water. Prior
to addressing this issue, the risk of groundwater contamination using LID practices, including dry wells, was
assessed.

Study Design: Various LID practices were installed at 8 sites; 2 of these, a residential and a commercial site,
contained dry wells. Groundwater quality was sampled to determine concentrations of general parameters,
metals, oil and grease, VOCs, semi-VOCs, organic compounds, and bacteria.

Results: At both sites, contaminants that were detected at high concentrations in stormwater were detect-
ed at low concentrations in vadose zone/groundwater, suggesting that stormwater did not contaminate the
aquifer. Conversely, contaminants detected at low levels in stormwater were detected at higher levels in
groundwater, suggesting that the contaminants were introduce from other sources.

Conclusion: Dry wells do not appear to contaminate groundwater.

ADDITIONAL BENEFITS OF DRY WELLS
Urbanization has caused dramatic changes in the hydrologic cycle of urban creeks, increasing the volume
and timing of stormwater runoff. The effects on the aquatic
ecosystem are numerous, including scouring of the bed and
banks of creeks and introducing pollutants into the waterways.
Ancther consequence is the smothering of redds with fine sed-
iment. A suite of LID tools have been developed to minimize
these changes in the water cycle by infiltrating stormwater
where it is created. The clay soils found throughout California
pose a challenge to achieving even modest infiltration rates.

Dry well are one solution to this problem.

Figure 1. Salmon yolk sac fry in a redd.
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S;lei Dégg_a_;_l: Overview |

s Install 1 dry well and 4 monitoring wells {1 vadose downgradient, 2 water table downgradient, 1
water table upgradient) at 2 sites representing residential and commercial/light industrial land
uses.

s Enhance or modify existing surficial pre-treatment using vegetated swales and bioretention.

e Continuously monitor flow volumes to the dry wells and groundwater levels in all project wells.

& Groundwater quality sampling 4 times per year for 2 years (following 3 storm events in the rainy
season and 1 round of sampling at the end of the dry season),

o Stormwater quality sampled before and after pre-treatment. 3 times during wet season.

o Coordinated groundwater and stormwater quality sampling events.

e Water quality sampling for general parameters, TSS, metals, VOCs, semi-VOCs, pyrogenic PAHs,
chlorophenoxy herbicides, pyrethroid pesticides, TPH (gas & diesel), and coliform bacteria.

® Perform tracer test at each site following the first year of sampling to quantify uncertainty relating
to the monitoring network design.

e Use appropriate methods to analyze results (contouring, trend analysis and stats).

e Propase monitoring beyond the life of the project.

L4 b

Dry Well System Design
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Figure 2. Design of the dry well system. The dry well system is composed of 3 parts:

o Avegetated pre-treatment designed to capture sediment and contaminants adsorbed to particles,

e A structural pre-treatment or sedimentation basin designed to capture additional sediment. The sedi-
mentation basin is approximately 4 feet deep and will be vacuumed periodically to maintain capacity., A
sampler will be placed just below the pipe leading to the dry well to facilitate analysis of the effectiveness
of contaminant removal using the 2 pre-treatment features.

o The dry well. Itis designed with sand and gravel near the top to facilitate trapping of any remaining par-
ticles, The dry well will be filled with crushed rocks. It will be completed in a pervious layer of material
which is underlain by a clay layer, which will serve as an additional contaminant attenuation and dispersal
zone

Design Considerations

e Capture particulates to the maximum degree possible to avoid contaminating groundwater.

e Minimize clogging of the dry well,

& Minimize long term maintenance costs

Limitations/Concerns

e Soluble pollutants (N and P) will pass through the dry well system.

e Groundwater monitoring network might not be effective.

e High specific conductivity of stormwater could mobilize naturally occurring metals (arsenic, etc.).

Stormwater Infiltration using Dry Wells as a Possible Adaptation to Climate Variability

C. BowlesA, M. CarrA, F. DuenaSCE, J. Fawcett®, V. KretsingerB, C. Meirovitz®, C. NeIsonCE, B. WashburnD, and D. Wilson®
Acbec ecoengineering, West Sacramento, CA; ® Ludhorff Scalmanini Consulting Engineers, Woodland, CA; ¢ City of Elk Grove, CA; o Ecotoxicology Program, OEHHA, Cal/EPA, Sacramento, CA; E willdan Engineering.
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Figure 3. The two sites where dry

well systems are being constructed in
Elk Grove. The northern site falls
within the Strawberry Creek (a tribu-
tary of Marrison Creek) sub-
watershed. The dry well and moni-
toring network will be located in a
large water quality basin that drains a
residential neighborhood.

The location to the south falls within
the Grantline Channel drainage shed,
ultimately draining to the Stone Lakes
National Wildlife Refuge. The dry well
and associated monitoring netwark

will be constructed in the parking lot
of the City’s Corporation Yard.
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Figures 4a and b. Aerial photographs of the two study sites. The left panel is the Strawberry Creek site;

the right panel is the City’s Corporation Yard. Location of monitoring wells, dry well, and the vegetated pre

-treatment features are shown.

-
ﬁ Sample Collection and Analytical Chemistry

| Table 1. List of contami-

Analyte Method | Detection Limit
b nants and general constit-
Total suspended solids . EPA 160.2 | 300 pg/L vents that will be moni-
Pyrethroid pesticides WPCL PYR_WATER | 0.001—0.003ug/L |tored in stormwater and
Chlorinated herbicides EPABISIA | 0.0005-10ug/L |Broundwater  samples.
T g = —_—f————————— Stormwater samples will be
Gas: 50 ug/L .
Total petroleum hydrocarbons EPA 8015 . collected at 2 locations:
Diesel: 50 pg/L .

- - - the beginning of the vege-
 Pyrogenic polycyclic aromatic TN 10 pg/L tated pre-treatment and
hydrocarbons i X R

just prior to water entering

:“Seml-_vola_nle organics 1 EPA 625 10 ug/E the pipe into the dry well,
Volatile organics EPA 82608 0.056-2.2 ug/L | Three sampling events will
o . Varies per metal | 0ccur during the wet sea-
Drinking water metals EPA 200 series (0.17-1.35 pg/L} son after significant rain
| General physical EPA STDM varies events. The groundwater
General mineral EPA STDM varies samples will be caltected 4
! times a year: 3 wet and 1
Total coliform SM 9221 1.1 MPN/100 m| dry season. in addition to

the analysis of these classes of constituents/contaminants, field measurements will be taken that
include flow, pH, temperature, electric conductivity, dissolved oxygen, and turbidity {NTU).

IF YOU WOULD LIKE TO RECEIVE UPDATES ON THE PROJECT, PLEASE LEAVE YOUR BUSINESS CARD (OR JUST YOUR NAME
AND EMAIL) IN THE ENVELOPE BELOW. OR TAKE A BUSINESS CARD OF PROJECT STAFF. WE WELCOME YOUR INPUT.

o Chec

W WILLDAN
ﬁ _Fu_t_u_re Resu-lt_Si v _E

;(esearch Quaiodn_ ata that will be used to addressTnis issue

fferences in turbidity and pyrethroid concentrations

|Are the vegetated and structural pre-treatment
features effective at removing contaminants and :of stormwater samples collected at the beginning of

sediment from stormwater? ithe vegetated pre-treatment and just prior to entry in-
ito the dry well. |

iDifferences in contaminant concentration between
'stormwater samples collected just prior to entering the
idry well and water collected from the vadose zone and
idowngradient groundwater monitoring wells.

Does the dry well introduce contaminants into
the groundwater or vadose zone?

ifferences in contaminant concentrations between
e upgradient and downgradient water table wells.

collected from the downgradient vadose zone well and
2 groundwater monlitoring wells.

‘contaminant concentration in water infiltrated
through the dry well?

'Does the sedimentation well help to reduce pol-  Differences in contaminant concentration in sediment
lutant concentrations in stormwater? samples collected from the sedimentation well and wa-
_ter that enters the dry well.

Modeling of Possible Long Term Effects and Mobilization of Naturally Occurring Toxic Metals
Working with faculty and students in the Department of Land, Air, & Water Resources, a new task was re-
cently added to this project that will address 2 important issues:

1. Increases in the conductivity of stormwater is among the most well documented stormwater quality
changes associated with urban land uses (www.epa.gov/caddis/ssr_urb_wsg2.html). In the Sacramento
region, this is often linked to industrial effluent and concrete weathering. High concentrations of these
salts can lead to alkaline desorption of arsenic from mineral oxides {(Rodriguez-Lado, et al,, 2013, Science,
341:866). Itis currently unknown if the concentration of salts in stormwater at the 2 Elk Grove sites is
sufficiently high to solubilize these metals.

2. While it is possible contaminants will not reach the water table over the course of 2 years of sampling, it
is possible that over 5, 10, or more years, these pollutants might work their way through the vadose zone
and reach groundwater. Using contaminant and local stratigraphy data, estimates will be made of the pe-
riod of time toxicants will need to migrate to the water table. Analysis from the Portland Underground In-
jection Control Program (https://www.portlandoregon.gov/bes/48213) suggests that there will be only
very small migration of chemicals (< 10 feet), data reflecting local soils, geologic formations, and precipita-
tion pattern vary considerably and could produce different results.

Conclusions

Results of this study should fill in existing data gaps and provide information to decision makers regarding
the risks associated with using dry wells as a stormwater management, flood control, and climate change
adaptation tool. Results will be published in peer-reviewed journals as well as in a Lessons Learned report,
available on the project website (http://www.egpublicworks.org. Click the Dry Well Project tab) . We wel-
come feedback and suggestions.

Figure 5. Tracking indicators of climate change. Every
2 years, OEHHA summarizes key literature addressing
environmental conditions and effects of climate
change. The Executive Summary (left) and full report
can be downloaded at:
http://www.oehha.org/multimedia/
epic/2013EnvindicatorReport.htmi.

Climate Change
in California
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Background TAN Key Findings - Conclusions and Future Work
California is entering its fourth year of severe  infiltration and groundwater recharge in areas ; . | Drywells have been shown to be an effective and involving a residential site and an industrial site in Elk
drought. During wet and average years, comprised primarily of low permeability surfaces Several studies modeled the VOlumft ofstormvx"ater ent.ermg H practical means by which to manage stormwater runoft Grove, CA. The study will use modeling tools to assess
groundwater provides approximately 30% of or soils. Stormwater runoff that would otherwise rywells and consequently recharging underlying aquifers, || and recharge groundwater. Their success, however, is the recharge potential and groundwater protectiveness of
California’s agricultural and urban water use, be routed to streams or drains in urban areas is Average Annual | dependent on local subsurface conditions, the land use drywells, Both sites are outfitted with four monitoring
however during dry years that percentage used as a source of aquifer recharge. However, Precipltation surrounding the wells, and the quantity of water wells each: an upgradient monitoring well, two
increases to up to 60%. Recently passed state the potential for groundwater contamination {Portland Basin, OR, Performed mass balance (assuming all 42 inches N e T ol | infiltrating. A stratified subsurface containing some layers downgradient monitoring wells, and a vadose zone
| groundwater legislation has brought groundwater ~ caused by urban runoff bypassing surface soil 1994 runoff entering drywells infiltrates to per year added to Portland | | with high clay content is appropriate. Drywells should not monitoring well. The results of water quality sampling |
: ! to the forefront of the California water debate. filtration has prevented more widespread use of aquifer) for representative area housing Basin aquifers | be installed in areas that are expected to experience any  will determine the contaminants of interest. A model of
| With usage of groundwater at an all-time high and drywells as a recharge mechanism. We present the | | 3.700 drywells. ! | type of contaminant spills or surface applications of the fate and transport of these contaminants in the
.| overdraft becoming a serious issuc, there is an results of a literature review to assess the Los Angeles, CA, Theoretical model based on the fact that 18 inches 1 578,000 acre fi/year | potential contaminants. Runoff from roofs was found to  vadose zone will be coupled with hydraulic models to
| urgent need for altemative recharge water potential of drywells for safe stormwater 2010 ::%;gi:‘\ﬂz’:j:g;‘:’:sﬁﬁ;“y e could be added to LA | be the most devoid of contaminants. Drywells may be of  estimate the response of the hydrogeologic system to
| sources. recharge. This work is part of an ongoing pilot 'thils) could be infiltrated thmlsli.d:wﬂlss aquifers | great use in California as a method of groundwater drywell recharge. The study goal is to create a | A
Drywells are gravity-fed, excavated pits with  study being performed in Elk Grove, CA. S — recharge, however further studies are needed in order to  comprehensive planning and assessment tool for the |

evaluation of future drywell locations,

| perforated casings used to facilitate stormwater
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Motivation and Background

Drywells (Fig. 1):
-gravity-fed, excavated pits with perforated casings
-used to facilitate stormwater infiltration in areas with low permeability surfaces or soils
Benefits:
-decrease surface runoff in urban areas
-enhance groundwater recharge and storage
-influent stormwater contaminants undergo attenuation processes in subsurface
Concerns:
-potential for groundwater contamination
Elk Grove, CA Drywell Study
-two drywell sites (site IDs SCDB and CY) in Elk Grove, CA, one suburban and one industrial
-drywell construction completed Oct. 2014
Study Objectives:
-determine risk of groundwater contamination from drywells
-facilitate development of design criteria for typical California conditions

Figure 1. Typical drywell. [Pt

| Influent stormwater is routed | Lisnited
sedimentation Chamber
Fermeabiny el
through a pretreatment pis g S firating iy

feature before entering a

sedimentation. The drywells

built for the Elk Grove study

are 0.76 m in diameter and

12.8 m deep with an open

bottom, backfilled with pea |

gravel and encased in o

perforated concrete. The |

separation distance is the g

| vertical distance between the | |
bottom of the drywell and the I

Thetibed Sediment

Windorse Tane

seasonal high water table, and l L[Mplulinnmuam
is 4 m and 11 m for the sites .
| invalved in this study. Water Table

Emily C. Edwards?, Thomas Harterl, Graham E. Fogg?, and Barbara Washburn?
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Stormwater Infiltration @AGU FALL MEETING
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2 oyt i i [ Figure 3 wwwmw;:woﬁr,sg-;w“i Preliminary Findings and Future Work
Y i e e Sandy cliyay s ot el . Fovtegded
st !EI:;:":L: 5":‘5:’;.,.“, "‘"“'";" Ll Findings:

-contaminants with high Kd values do not reach water table within current simulation period (4 years)
-significant lateral flow through layers with high Ks underlain by layers with low Ks (e.g. sand on clay)
-simulated ponding in drywell resembles ponding observed in field data

-work currently constrained by run-time of simulations

Future Work:

-comparison of constant contaminant loading scenarios with temporally variable contaminant loading
scenarios

-groundwater modeling of contaminant plume migration using MODFLOW to represent drywell input as
point source to predict any interaction with local municipal wells (Harbaugh, 2005)

Figure 6. water content distribution through the SCDB domain
during an infiltration event. The red in the drywell material
indicates ponding inside the drywell.

:_ Figures 7 and 8. contaminant distributions of bifenthrin and a
conservative tracer in the SCDB domain after one year of
| infiltration.

| Figure 9 and 10. contaminant distribution of iron in the CY domain
‘ as plume enters groundwater and after three years of infiltration

Figures 2 and 3. Lithologic cross-sections created using borehole
data taken during monitoring well and drywell construction.
Figures 4 and 5. Axisymmetrical HYDRUS 2D domains for SCDB and
CY respectively (SCDB domain is 17 m by 24 m, and CY domain is 23
m by 24 m) created to represent the vadose zone materials
portrayed in the cross-sections.

Study Design Part 1. Field Sampling

Sampling Methods:
-hourly, flow-weighted composite samples taken from pipe connecting sed. chamber to drywell
-groundwater samples taken between 2 and 5 days after storin

‘Water Samples Analyzed For:
-general parameters -volatile organics -pyrogenic PAHs  -minerals  -hexavalent chromium
-herbicides -semi-volatile organics -pyrethroids -metals -total coliform

Table 1. contaminants and concentrations detected at each event. Contaminants exceeding MCLs are

indicated with red, upgradient monitoring wells with blue, downgradient monitoring wells with green.
= ——
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| 08/04/2014 02/06/2015 04/24/2015 11/02/2015
SCDB Bifenthrin: 62,9 ng/L Toluene: 0 84 pg/L B: 130 ug/L
Deltamethrin: 17.4 ng/L Fe:190 pg/L Al: 300 pg/L
rmwater = Permethrin cis: 8.4 ng/L Mn: 70 pg/L Fe: 340 g/l
sto ate Al: 590 pg/L Total coliform: >1600 MPN/ Mn: 41 pgfi
Fe: 550 pg/L 100 mL V5.6 pg/l
ViS55 pg/l NO3: 4.4 mg/L
NO3:3.6 mg/L
SCDB Blfenthrin: MW2: 4 ng/L Dalaphon: MW3: 3.1 pg/L
As: MW1: 3,89 pg/L, MW3: Bifenthrin: MW2: 7 ng/L
4.4 pgh, MWA4: 4.3 pg/i. V: MW1: 15 pg/L, MW4: 20 pg/L
groundwater Mn: MW4: 240 ug/L Fe: MW1: 140 pg/L, MW2: 13 pg/L
As: MW2:2.5 ug/t, MW3: 2.7 pg/L, - -
MW4:2 5 pg/L
Mn: MW4: 30 pg/L
NO3: MW1: 8.6 mg/L, MW2: 5.8 mg/L,
MW3: 8BS mg/L, MW4: BOmg/L
Total coliform: MWA4: 1600 MFN/100
mL, MW2: >1600 MPN/100 mL
Fe: 700 pg/L Al: 920 pg/L
CY stormwater Mn: 23 ug/L Fe: 1100 pg/L
- - V:4.6 pg/L Mn: 30 ug/L
Total coliform: >1600 MPN/ Total Cr: 11 pg/L
100 mL V82 g/l
NO3:2.2 mg/L
cy Total Cr: MWL: 15 g/L, = Al: MW1: 1600 pg/L, MW3: =
MW4:13 gl 1100 pg/L, MWd: 150 pg/L
As: MW1: 38 pgfl, MW3: As: MW1: 3.6, MW3: 4.2 pg/L,
groundwater e R

Study Design Part 2. Numerical Modeling

Modeling Method:
-HYDRUS 2D/3D finite element model used to simulate water flow and solute transport in variably saturated media
(Simunek, 2011).
Domain Design:

-drywells are very high Ks gravel with low Ks clay perforated linings

-domain materials are constructed from borehole data, and physical parameters inferred from field infiltration tests
Model Inputs:
'l -physical and chemical subsurface parameters (Van-Genuchten parameters including Ks, p, f,.)
-solute reaction parameters and influent concentrations
-time variable fluxes (365 day precipitation record repeated over simulation period) inferred from field flow rate data

-SCDB: 11000 cm/day

-CY: 4000 cm/day

e

-

| Table 2. The contaminants and concentrations chosen as inputs into the two site simulations. The input parameters for

the contaminants include their diffusivity in water (Dy,) and in gas (Dg), their partitioning coefficient (K,), and their
Henry’s Law constants. K4 values for organic compounds are the product of their octonol water partitioning coefficient |
(K.,.) and the fraction organic carbon (F_ ) of the material through which the contaminant is being transported.

Dy Ds Ky Henry’s
(cm?/day)  (cm?/day) (cm3/g) c°“(‘;a"t

Bifenthrin @ 1.0E-4 mg/L 0.388 1555.2 2.3E6  4.1E5

. This project would not be possible without funding from the Proposition 84 Water Bond Fund and cooperation |
Aluminum @ 0.6 mg/L xFye from the City of Elk Grove, CA. Thanks also to Ary Ashoor, Kathleen Doran, Hamad Hamad, and Bennett Lock |
0 0 1500 0 of CalEPA OEHHA; Chris Bowles, Melanie Carr, Rafael Rodriguez, and Benjamin Taber of CBEC Eco

CcY Bifenthrin @ 6.3E-8 mg/L 0.388 1555.2 2.3E6 4.1E-5 thanks go to Maziar Kandelous of UC Davis LAWR.
Iron @ 27 mg/L xF Simiinek, 1., M. Th. van Genuchten, and M. Sejna, The HYDRUS Software Package for Simulating Two- and Three-Dimensional Movement of
" oc Water, Heat, and Multiple Solutes In Varlably-Saturated Media, Technical Manual, Version 2.0, PC Progress, Prague, Czech Republic, pp. 258, 2011, |
0 0 25 0 Harbaugh, AW, D [T} ital Survey modular ng-water = thie Ground: T = U.S. Geological

Survey Techniques and Methods 6-A16, variously p., 2005,
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‘Assessment of Drywells as Effective Tools for Stormwater Management and Aquifer

Recharge: Results of a Two-Year Field and Numerical Modeling Study
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Background and Motivation Methods

Climate change and a five year drought have shown California’s surface water resources to be less F | e I d M et h O d S Fig. 14 stage in drywell at
reliable and resilient than they have been in the past. Snowpack from the Sierra Nevada is CY site derived from| ,
decreasing and melting earlier in the year, increasing the temporal gap between peak surface Site stormwater and groundwater samples taken. Five groundwater pressure transducer data| | i ) ||'Il l | [ [
water availability and peak water usage. Agricultural and urban water users are turning to monitoring occurred during the 2015 and sampling events were also conducted at ;or d‘2016 wet 52350”“ s ! ' 1 f | I |
9 o N R . . . onaing occurs In drywel i LA . N
groundwater as a more reliable water source. In order to maintain groundwater as a sustainable 2016 water years. Six stormwater each site between two and five days after for mgost/all of r\;inv r N\ W
water resource there is an urgent need for alternative sources of aquifer recharge. sampling events were conducted at each each sampled storm, with an additional Leason Boe) —— e o "
. > . 5 . > 201 1 113 J 0 3 Sf154/016
site with hourly, flow-weighted composite three dry season sampling events. g
Drywells are gravity-fed, excavated pits with perforated casings used to facilitate stormwater Da : W atr (G 5 Stormwater and Groundwater Samphng
infiltration and groundwater recharge in areas with low permeability soils or cover. Stormwater b 08/4/14 CYand SCDB  GW / ; f : 0
runoff that would otherwise be routed to streams or drains in urban areas is used instead as a = 02/6/15 SCDB SWand GW
source of aquifer recharge, potentially mitigating the effects of un-sustainable groundwater usage 3 04/24/15  CYandSCDB  SWand GW (CY)
and harm to natural surface water bodies. However, the potential for groundwater contamination i 09/17/15  CYandSCDB  GW Detectedin  SWand SWand  SWonly Not SW only swand SWand SWand
caused by urban runoff bypassing surface soil attenuation processes has prevented large scale use 11/02/15  CYand SCDB  SWand GW (SCDB) SW or GW GW fony GW detected GW GW GW
of drywells in California. This project was conducted in order to assess the safety of drywell use. ¢ A U S e e R S e G =
) 03/04/16 CYand SCDB  SWand GW —
o e P L — Reg. limit yes .(TBA no no no no yes yes yes
. ; o N 05/17/16 T T exceed- notifica- (Al MCL, Fe  (nitrate
Drywell Design and Site Description % = = nces_ tonleve) sec.sd) _ MCLGW)
T | Fie. 7 SW and GW iing | — | Tablil §ampllr?gddates and locations from ‘ Analytes TBA DEHP Bifenthrin  Al, total Cr,
LHM — Fig. 7SWan sampling locations | monitoring perio chosen for i i and Fe, and Mn
permeability sedimentation  pretreatment N |nn = | M h d modeling permethrin
surface drywell chamber grating featur u erlca et o S - e —
ﬁ — 2 . . . | Table 3 results of water quality analyses |
lt‘ - '_'-.-.L:‘.j : = i B b The va.dose zone flow and transport Type of madel input Individual Sources of values Statl Stl Ca I An a |yS I S
; gravel backfill {1 J modeling software HYDRUS 1D was parameters i — - -~ —
F 1 used to predict the travel times of  Van Genuchten K. Q, Q,an p, HYDRUS neural = 2 g s a £ - R be
A 1 : : . parameters, other soil network predictions, ) L # - b <
perforations o K inflow of stormwater chosen contaminants vertically charactersitics Falling head tests at = a Bu |
in casing E__ -L infiltration  Funoff downward from the bottom of the sites El b Su ?-!
<Y drywell to the top of the seasonal  contaminant chemical Ky orK,, H,k D, Literature values 5 b Se b &l
L ) Y p : Dd oc g - b » B b 3
. ]-: ' H H 3 characteristics " " b el
2 | St.'llllng ~ R | vadose zone hlgh fatey atlc Elght st.:enarlos Annual infiltration Daily W, contam.  Stage data from N bt | ’ ‘ i ab
Fig. 1 (above) Grassy swale pretreatment pipe | J were run for each contaminant at \~gEChE b, . —— of @

: b 3 : K : : record: pressure head concentration of  pressure transducers at . - J |
feature at CY site L __] each site with varying contaminant  and contaminant influent water bottom of drywell curb sedwell MW2 MW3 Mw4 MWl curb sedwell MW2 MW MW4 MWl cuth sedwell MWZ MW3 MW MWL
Fig. 2 {below) Installation of perforated HE . . 9 — e -
drgwelf casin )at CV site & I ]‘. R T input concentrations, clay K, values, concentrauon_ — Figures 15, 16, 17 box plats for Al, Mn, and nitrate at CY site combining results of all water sampling events

Y & \’L separation distance and fuc values. ITable 2 information on model inputs J N _ I M d I -
i : umerica odelin
Fig. 3 (at right) water table Cily Corporale Yard Lilhology Gross Section g
Drywell design | . T ] r— i CY Fe breakthrough ... SCO8 bifenthvin breakihrough
3 f i ] | f sand - e 3
The two drywell field sites arele located |r\ Elk Grove, CA (see fig.s 4 through e T s sty et - 2
6). The Corporate Yard (CY) site has an industrial land use. The Strawberry Vd V| | critotal) 11 ) u o/a ER $
i 4 ] 5 o sandy silty clay o a
Creek Detention l?asm (§CDB) site was con§trucFed in a pre-exw_tmg e DEHP 3.01 ug/L a . 273wl | o _ :
stormwater detention basin surrounded by residential land use. The sites’ ., Fa 16 mE B S | Tewstyonn e
drywells are between 12.2 and 13.7 m in depth and include vegetated Mn 31ug/L 8 yrs a 31,0 ug/L Y TRAB 'Figur;s 14, 15, 16 break-|
pretreatment features and sedimentation chambers. Both field sites [Figures 8, 9, 10 1D] permethrin 12.2ng/L 17 yrs e 878ng/l | L through curves for selected |
include four monitoring wells: a vadose zone monitoring well, an HYDRUS domain for TBA 19 ug/L 10days 12daysn.  17.99ugl | §% ) contaminants from both sites |
upgradient groundwater monitoring well, and two downgradient CV site. Profile is 9.75 fipronil 0.5 ug/L 133 days € 0.473 ug/L : Shie showing results from  the|
groundwater monitoring wells. m long imidacloprid 09 ug/L 16 days £ 0.855 ug/L e T 7 |four modeled scenarios

|
. = F = . |
Tahle 4 selected results from CY site modeling showing worst case scenario travel times and concentrations. |
Contaminants in blue were not found in site stormwater, but were modeled at theoretical concentrations. !

SCDB Key
sandy silty clay

Conclusions and Recommendations

sand

The results of the field testing and numerical model analyses indicate that the Elk Grove
drywells pose little risk to groundwater quality; however, some risk does exist. The worst case
scenario modeling results show stormwater contaminants exceeding regulatory limits with

- ST VIS B ! g _ Figures 11, 12, 13 1D

(RIS v e s HYDRUS domain for prolonged use. The average scenario modeling results show a few of the stormwater
y SCDB site. Profile is contaminants exceeding regulatory limits decades into the future. Stormwater quality analyses
2.78 mlong show that the designed pretreatment features decrease influent contaminant concentrations

by approx. 52%, and literature indicates that with improved pretreatment design this can
increase to 90% removal. With adequate vadose zone separation distance and appropriate land
use siting, drywells can be a safe means to manage stormwater and provide aquifer recharge.
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Dry Wells: Using Stormwater as a Resource

while Protecting Groundwater Quality -

CWyan

EL K GROVE

This project will evaluate the risk to groundwater quality associated with Watershed urbanization can
infiltrating stormwater runoff through dry wells with pretreatment facilities. result in increased flood risks
To accomplish this goal, the City of Elk Grove has brought together a team of and degradation of water
surface water and groundwater hydrologists and toxicologists from Cal/EPA's guality and aguatic habitat
Office of Environmental Health Hazard Assessment, Willdan Engineering, and due to hydromodification.
local consulting firms. The project is funded by a California State Water Resources Low Impact Develapment
Control Board Proposition 84 Stormwater Planning and Monitoring Grant. (LID) techniques may help

Strawberry Creek Water Quality Bas reduce these impacts.

in Investigation Boring/Monitoring Wells

However, in many areas
throughout Califernia, the
use of LID techniques is
challenging due to poor
infiltrative capabilities
associated with clay soils.
One solution is to bypass
these low-permeability clay

zones through the use of

dry wells; vertical infiltration
* The project is comprised of two site locations in Elk Grove: a residential neighborhood pipes which are deeper than
and a commercial parking lot. they are wide. Studies have
* Monitoring wells are constructed at each site, upgradient and downgradient of the shown that when combined
dry well system to monitor groundwater quality (Figure 1). with LID pretreatment, dry
e Water quality monitoring will be performed four times per year for two years. wells can recharge the
» Stormwater samples will be collected from the dry well system at two locations aquifer with little, if any
(Figure 1) during significant storm events. risk of groundwater guality.
* Post-storm event groundwater samples will be collected from all monitoring wells. Furthermore, this combined
* Analytes to be measured include volatile and semi-volatile organics, pesticides/ approach will decrease

herbicides, combustion by-products (PAHs), metals, and conventional water quality stormwater runoff and may

parameters. reduce the adverse impacts
e Flow rates will be measured and estimates of groundwater recharge capacity of hydromodification on

will be made. receiving water bodies. The
* Risk of groundwater quality degradation associated with dry well use will be goal of this project is to

determined. further quantify the benefits

* Potential for long term migration of contaminants through sub-surface and and potential risks of using
mobilization of naturally occurring metals will be modeled by Land, Air and Water dry wells to accomplish

Resource Department, UC Davis. multiple objectives.



DRY WELL SEDIMENTATION WELL PRE<-TREATMENT FEATURE

INLET GHATE & FLOW &—— STORMWATER
AUNCOFF
T

TOPSOIL

HARDPAN LAYER

VARYING DEGREES OF PERMEABILITY

LAYER OF HIGH PERMEABILITY

CLAY LAYER - DISPERBION AND ATTENUATION ZONE

OROUNOWATER TABLE
=

FIGURE 1: DRY WELL SYSTEM UNDER EVALUATION IN THE ELK GROVE PROJECT

1. Stormwater will enter a vegetated pretreatment facility such as a swale
or bioretention cell. Sediment will be captured through the swale or
bioretention cell. Approximately 70% of stormwater pollutants are
associated with sediment; and this is the first step in the treatment
train to help reduce the contaminant load prior to entering the dry well.

2. Stormwater will subsequently flow into a sedimentation basin that will
further allow particulates to fall out, thereby reducing pollutants entering
the dry well. The sedimentation basin is a 3 foot diameter concrete vault
that can be cleaned out as sediment accumulates. The volume of sediment
that accumulates will also provide data on the effectiveness of the
vegetated pretreatment as well as provide information on the maintenance
requirements of future dry well systems.

3. The upper layers of the dry well system will contain sand and gravel
to further trap fine particulates. This portion of the dry well will be easily
accessible for removal and replacement of sand and gravel as necessary
for maintenence purposes. The majority of the dry well will be filled with
large gravel and stones. The interior pipe will permit access to water in the
dry well for sampling and water level determinations.

4. The bottom of the dry well will sit in a layer of permeable sub-surface
material to optimize infiltration capacity. Further, beneath this permeable
layer, there will be a layer of clay which will function to disperse stormwater

horizontally and serve as a final site of pollutant attenuation.

Contact: Connie Nelson, CFM, Project Manager, (916) 478-3638, cnelson@elkgrovecity.org

or visit us online at: egpublicworks.org/dry-wells/

In California, dry wells are
used infrequently and with
caution due to the concern
that they may provide a
conduit for cantaminants to
enter the groundwater. This
contrasts with neighboring

states such as Arizona and

Oregon, where dry wells

are used extensively as
stormwater and flood control
management tools. Results
of this project along with

a comprehensive literature
review should provide
scientific information on the
risk to groundwater quality
associated with dry well

use in urban areas. This
information may be used by
decision makers to determine
appropriate guidelines for
dry wells in the Sacramento
region and throughout the
State of California.

This project is in partnership with:

W WILLDAN | £

ELu»»mumFF: £ SCALMANING
b

& Chec @ :
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Project Contacts and Stakeholders
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Appendix 6.7

Well Closure/Abandonment Plan for the
Corporation Yard



Well Closure/Abandonment
CITY OF ELK GROVE DRY WELL PROJECT [Bxfela _

Well Closure/Abandonment Plan for Corporation Yard

1.0 Overview
The City of Elk Grove (City) is planning to abandon the Corporation Yard (CY) site dry well and
monitoring wells. This site includes one dry well with pre-freatment features (i.e. sedimentation
well and grassy swale), and four monitoring wells, one upgradient and two downgradient wells,
and a vadose zone well (Figure 1). It was determined that the CY site should be
decommissioned for the following reasons:

¢ Vehicle/bus servicing areas are not appropriate for dry well sites due to multiple
chemicals in use.

¢ Influent stormwater exceed the MCL for aluminum more than once.

é Sedimentation well too shallow and not functioning as designed, therefore pollutants
removal was not efficient.

¢ Challenge with maintaining safety of groundwater without regular monitoring and
existing dry well system design shortfalls (sedimentation well).

This reasoning is consistent with practices with States of Washington and Oregon's Dry Well
Programs to protect water resources. In those states, dry well use in vehicle servicing areas is
not permitted. The Well Closure/Abandonment Plan will be implemented as soon as the City
receives approval from the State Water Resources Control Board that the approach of this
Plan is acceptable.

2.0 Implementation
Closure will be accomplished through destruction of each well in accordance with guidelines
set forth by the California Water Code, California Department of Water Resources {Bulletins 74-
81 and 74-90) and Sacramento County, Environmental Management Department regulations.
A brief description of destruction methods for the two types of wells are provided below. These
methods are preliminary and will be revised as needed to ensure that correct abandonment/
destruction procedures are completed. In addition, the appropriate permits will be obtained
and an experienced dry well driling contractor (C-57 well contractor) will be used to complete
the work.

2. 1 Monitoring Wells
Prior to destruction of each monitoring well, the well will be cleaned out, likely by airlifting, to
remove any sediment. After a thorough cleaning, the standard procedures include removal of
all internal components such as piping, screens, and shields and pumping grout down the main

- Agreement 12-424-550
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Well Closure/Abandonment
CITY OF ELK GROVE DRY WELL PROJECT [W&fela |

casing. The contractor will perforate the casing and pressure grout using neat cement. This
process will push cement into void spaces in the formation immediately surrounding the well,
sealing off the well to limit interaction with surrounding aquifer(s). The top 5 feet below ground
surface (bgs) will be backfilled with clean fill such as silt, clay, or engineered material and
compacted as it is in place. Land surface surrounding the monitoring well will be restored with
similar material, if necessary.

2.2 Dry Well
The dry well is a large diameter (36 inches) perforated pipe filled with sand and gravel.
Destruction of this well will occur in the dry months when moisture in and around the well are at
a minimum. The gravel, sand, and accumulated sediment will be removed from the well 5 feet
bgs using a large vactor truck. Once the material in the chamber has been removed, the
resulting hole will be filled with clean fill such as silt, clay, or engineered material and
compacted as it is in place. The intake and outfall pipe will be capped at sedimentation well,
and dry well (Figure 2), respectively. The intake pipe for the dry well incorporated a shutoff
valve that will be permanently closed. The grassy swale willremain in place to continue to filter
out sediment and contaminants prior to entering the MS4 system.

2.3 Registration with EPA
Within 30 days of decommissioning the wells at the CY, the City will de-active and abandon the
wells on EPA’s website portal for underground injection wells. The City will also, complete and
file with State of Cadlifornia Department of Water Resources (DWR) the Well Completion Report
for each destroyed well.

2.4 Financial Responsibility
The City assumes financial responsibility of decommissioning the dry well and monitoring wells
at the CY site.

Agreement 12-424-550
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