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This technical memorandum documents the performance of the Monk Hill Treatment System (MHTS)
operations through December 2014. The treatment system was implemented under the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) Program at the National
Aeronautics and Space Administration (NASA) Jet Propulsion Laboratory (JPL). Operation of the
treatment system is a part of the remedial action for Operable Unit 3 (OU-3), documented in the Final
Interim Record of Decision (ROD) 2007.1 Table 1 provides an overview of the system operations to date.
Startup testing was conducted in early 2011 and Pasadena Water and Power (PWP) began drinking water
production operations in July 2011.

Table 1. MHTS System Operational Summary (January 2011 through December 2014)

Parameter Units Windsor Arroyo Well 52 Ventura Total
Total Volume of Groundwater Extracted acre-ft 89 8,172 3,676 1,782 13,719
Mass of Perchlorate Removed Ib 1 833 70 25 929
Mass of Carbon Tetrachloride (CCla) b 0 51 0 0 51
Removed
Mass of Trichloroethene (TCE) b 0.50 15 19 13 3475
Removed

BACKGROUND

Liquid wastes (such as cleaning solvents, solid and liquid rocket propellants, cooling tower chemicals, and
analytical laboratory chemicals) generated at JPL in the 1940s and 1950s were disposed of in seepage pits,
a common and acceptable practice at the time. Some of these wastes contained chemicals (e.g., perchlorate
and chlorinated solvents containing volatile organic compounds [VOCs]) that have been found in
groundwater beneath and adjacent to JPL, including groundwater extracted from four drinking water
wells operated by PWP (Windsor, Arroyo, Well 52, and Ventura). Figure 1 presents the location and
boundaries of the JPL facility, PWP production wells, and MHTS.

VOCs were first detected in the PWP production wells in 1980. By 1989, VOC concentrations were
increasing and all four wells were shut down. With NASA funding, PWP installed a VOC treatment
facility for the wells in 1990; NASA also funded the ongoing operations of the plant. The VOC treatment
facility consisted of an air stripping tower and vapor-phase granular activated carbon (VGAC). The

treatment facility was operated in accordance with requirements of the California Department of Public
Health (CDPH).2

I NASA. 2007. Final Interim Record of Decision for Operable Unit, Off-Facility Groundwater, National Aeronautics and
Space Administration Jet Propulsion Laboratory, Pasadena, California. April.

2 Following a reorganization in 2014, drinking water permits are now overseen by the State Water Resources Control Board
(SWRCB) Division of Drinking Water (DDW).
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Figure 1. Location Map

Elevated perchlorate concentrations were detected in samples collected from the Arroyo Well in 1997,
when an improved analytical method using ion chromatography was developed to detect low levels of
perchlorate. The elevated perchlorate level caused an immediate shutdown in operation of the Arroyo
Well; five years later, in 2002, the remaining PWP wells were shut down due to elevated perchlorate
levels.

In 2009, construction was initiated for the MHTS. Construction and start-up testing were completed in
March 2011 and a drinking water permit was issued. The MHTS consists of eight ion exchange (IX)
treatment vessels and 10 liquid-phase granular activated carbon (LGAC) treatment vessels (Figure 2). The
IX system is divided into four pairs of Calgon Carbon Corporation (CCC) Model 12 vessels operating in a
lead/lag configuration. The LGAC system is divided into five pairs of 20,000 Ib CCC vessels. CDPH
issued a permit amendment on March 17, 2011 for the MHTS system. A copy of the permit is provided as
Attachment A. NASA completed a MHTS Installation Report3 in August 2011 as a record of the
installation and construction activities. NASA completed a MHTS Installation Report Addendum? in

3 NASA. 2011. OU-3 Monk Hill Treatment System Installation Report. National Aeronautics and Space Administration,
Jet Propulsion Laboratory, Pasadena, California. August.

4 NASA. 2012. OU-3 Monk Hill Treatment System Installation Report Addendum, Liner Removal, Evaluation and Repair
of Windsor Well (No. 48) and Well 52. National Aeronautics and Space Administration, Jet Propulsion Laboratory,
Pasadena, California. August.



December 2012 as a record of the liner removal, evaluation, and repair activities conducted at Windsor
Well and Well 52.

Figure 2. Process Flow Diagram
PWP PRODUCTION WELLS (W INDSOR, ARROYO, WELL 52 AND VENTURA)

Table 2 summarizes the maximum and average perchlorate, CCls, and TCE concentrations detected in the
PWP production wells. By the end of the reporting period, only Arroyo well was in operation. Well 52
was turned off in September 2014 due to low water levels associated with the drought and subsequently
Ventura well was turned off due to elevated nitrate levels (not associated with the JPL CERCLA site).
Also, Windsor Well is not operating due to elevated nitrate levels (not associated with the JPL CERCLA
Site). Perchlorate concentrations in Arroyo ranged from 16 to 27 pg/L, with an average of 20 pg/L.
Concentrations of CCly and TCE in Arroyo were stable throughout the reporting period, averaging 1.4
ng/L and 0.7 ng/L, respectively. Perchlorate concentrations in Well 52 ranged from 4.5 to 8.4 ng/L, with
an average of 6.0 pg/L. Concentrations of CCly; were < 0.5 pg/L and TCE ranged from 2.2 pg/L to 3.3
ng/L, with an average of 2.8 ng/L, showing a slight increase from 2013 readings. Perchlorate
concentrations in Ventura ranged from 4.8 to 7.7 ug/L, with an average of 5.5 ng/L. Concentrations of
CCly and TCE in Ventura Well were stable throughout the reporting period, averaging < 0.5 pg/L and 4.3
ng/L, respectively. Figures 3, 4 and 5 are graphs of the concentrations in extracted groundwater samples
collected at Arroyo, Well 52, and Ventura, respectively.



Table 2. Summary of Chemical Concentrations in the MHTS Wells, Since Startup

WINDSOR ARROYO WELL 52 VENTURA
Analyte Units Avg. Max Avg. Max Avg. Max Avg. Max MCL
CCla pg/L <0.5 <0.5 2.2 3.8 <0.5 <0.5 <0.5 <0.5 0.5
TCE pg/L 2.1 2.1 0.7 1.0 2.0 3.3 35 4.6 5
Perchlorate | pg/L 4.7 53 36.2 85.6 7.2 10.1 55 7.7 6

MCL = maximum contaminant level
Bold indicates concentration greater than MCL.

As part of the drinking water permit requirements for the MHTS, samples were collected quarterly from

Arroyo, Well 52, and Ventura and analyzed for low-level 1,2,3-trichloropropane (TCP) and 1,4-dioxane.
Results for all samples were non-detect.

Figure 3. Concentrations of Perchlorate, CCls and TCE in Arroyo Well



Figure 4. Concentrations of Perchlorate, CCls and TCE in Well 52

Figure 5. Concentrations of Perchlorate, CCls and TCE in Ventura Well



UPGRADIENT SURVEILLANCE MONITORING WELLS

NASA JPL has multiple monitoring wells located within the vicinity of the MHTS production wells (see
Figure 6). The drinking water permit provision #39 (Attachment A) identified MW-3 (Screen 2), MW-4
(Screen 2), MW-5, MW-10, MW-17 (Screen 3), MW-18 (Screen 4) and MW-19 (Screen 2) as part of the
MHTS upgradient surveillance monitoring program. These wells are sampled quarterly as part of
NASA'’s long-term groundwater monitoring program at JPL.

The upgradient surveillance monitoring wells serve as the best available indicator of near-future
concentrations that may be observed in PWP production wells. Table 3 provides concentrations of CCls,
TCE, and perchlorate for the year prior to MHTS startup (2010) and the current reporting period through
the end of 2014. The sample results in Table 3 represent the maximum and average concentrations
recorded at the sampling locations. All historical groundwater results for the NASA JPL monitoring wells
can be found in the most recent quarterly groundwater monitoring report.> Concentrations of VOCs and
perchlorate at the upgradient surveillance monitoring wells have decreased or remained relatively stable
since MHTS operations began, with the exception of perchlorate in MW-4 (Screen 2). Even so, the
observed concentrations do not indicate a need to modify treatment operations at the MHTS. The effect of
sustained pumping on the chemical concentrations in monitoring wells near JPL will be closely monitored
over the next several years of MHTS operations.

Low-level 1,2,3-TCP is monitored on an annual basis from the MHTS upgradient surveillance monitoring
wells. During the 2014 annual sampling event (second quarter 2014), 1,2,3-TCP was detected at MW-18
(Screen 4) at a concentration of 0.030 ng/L which exceeds the state notification level of 0.005 pg/L. 1,2,30
TCP was not detected at the other six sampling locations. During the 2013 annual event, 1,2,3-TCP was
detected in MW-18 (Screen 4) with concentrations of 0.035 pg/L, so concentrations appear to be stable..
1,2,3-TCP was not detected at the other six sampling locations during the 2013 annual sampling events.

N-Nitrosodimethylamine (NDMA) is also monitored on an annual basis from the MHTS upgradient
surveillance monitoring wells. During the 2014 annual sampling event (second quarter 2014), all seven
sample results were non-detect for NDMA. During the 2013 annual sampling events, NDMA was also
non-detect in all samples.

1,4-dioxane is also monitored on an annual basis from the MHTS upgradient surveillance monitoring
wells. During the 2014 annual sampling event (second quarter 2014), there were no detections exceeding
the state notification level of 1.0 pg/L. All concentrations were non-detect. During the annual 2013
sampling events, 1,4-dioxane was detected in MW-4 (Screen 2) at a concentration of 1.7 ug/L, which
exceeded the state notification level of 1 pg/L. All other concentrations were non-detect.

It should be noted again that, samples were collected quarterly from Arroyo, Well 52, and Ventura and
analyzed for low-level 1,2,3-TCP and 1,4-dioxane. Results for all samples were non-detect.

5 NASA. 2015. Technical Memorandum 2014 Groundwater Monitoring Summary. National Aeronautics and Space
Administration, Jet Propulsion Laboratory, Pasadena, California. January.



Figure 6. Monitoring Well Locations

Table 3. Analytical Results Summary from Upgradient Surveillance Monitoring Wells

Perchlorate CCls TCE
2010 [ 2014 2010 [ 2014 2010 [ 2014
MCL= 6.0 MCL= 0.50 MCL= 0.50
pa/L pa/L po/L
Max 184.0 32 <0.5 <0.5 <0.5 <0.5
MW-3 (Screen 2) Avg. 175.2 23 <0.5 <05 <05 <05
Max 38 100 <0.5 <0.5 0.9 2.0
MW-4 (Screen 2) Avg. 3.1 525 <0.5 <0.5 0.7 12
MW-5 Max <1.0 10 <0.5 <0.5 <0.5 4.7
Avg. <1.0 7.6 <0.5 <0.5 <0.5 3.7
Max 75.9 4.2 <0.5 <0.5 5.1 8.1
MW-10 Avg. 43.8 4.1 <05 <05 3.7 7.3
Max 10.7 76 05 <0.5 <0.5 0.6
MW-17 (Screen 3) Avg. 9.9 6.9 05 <0.5 <05 0.5
Max 67.2 16.0 10.0 4.2 1.2 2.2
MW-18 (Screen 4) Avg. 54.1 155 72 2.2 11 12
Max 6.8 6.3 <0.5 <0.5 1.9 0.8
MW-19 (Screen 2) Avg. 6.0 5.85 <05 <05 14 0.7

Bold indicates concentration greater than MCL.



ROUTINE MONITORING AND DISCHARGES

Table 4 summarizes the routine monitoring schedule for the MHTS and the associated production wells.
PWP provides monthly reports to SWRCB DDW summarizing analytical and performance data from the
system.

Figure 7 shows perchlorate analytical results associated with the IX system. The system was online for all
of 2014 and treated approximately 310 acre-ft of water per month. The system operated effectively,
removing perchlorate to below detectable levels at the effluent sample location. Perchlorate breakthrough
in the lead IX vessels occurred four times during this reporting period, triggering IX resin change-out
events. A total of 3,714 acre-ft of water was treated and distributed to customers during this reporting
period.

The LGAC system operated effectively, removing VOCs to below detectable levels at the effluent sample
location. Concentrations of CCly and TCE at the MHTS prior to LGAC treatment averaged 0.82 and 1.6
ng/L, respectively, in 2014. VOC breakthrough in the lead LGAC vessels occurred 10 times during this
reporting period, triggering carbon change-out events. LGAC and IX change-out frequencies have
averaged 309 and 362 days, respectively, since system startup. LGAC and IX change-out frequencies will
continue to be monitored closely to identify any operational issues.

Table 4. Sampling Locations and Monitoring Schedule

3 | = = 5
= g § € IS 3‘—? =
S lo |& | S| 5| W |5&S
s |2 |2 2 = £ Q | B¢
S s o S v w =
Analyte Method 2 | < = S x x S |2
CCls EPA 524.2 w w w w - w w w
TCE EPA 524.2 w w w w - w w w
PCE EPA 524.2 w w w w - w w w
Perchlorate EPA 314.0 w W w w w w w w
Nitrate EPA 300.0 w w w w w w w W
Total Coliform EPA 1604 M w W w w w W W
Heterotrophic Plate Count 9215B w w W w w W W w

* Sampled when in operation only
M = Monthly; W = Weekly; EPA = Environmental Protection Agency



Figure 7. lon Exchange System Performance

The combined effluent sampling locations have not contained detectable CCls, TCE, PCE, or perchlorate
concentrations at any time since startup in July 2011. This demonstrates that the plant is operating
effectively. Also, samples are collected at influent and effluent locations of the plant on a weekly basis to
analyze for nitrate concentrations. During this reporting period, effluent concentrations of nitrate (NOs)
ranged from 18 to 37 mg/L. Lastly, total coliform and heterotrophic plate count sampling is conducted
weekly to evaluate biological activity in the system. Results indicated that biological activity was
effectively controlled.

LGAC and IX change-outs require utility water to backwash each vessel prior to being utilized for
treatment. These discharges have followed the substantive requirements of General National Pollutant
Discharge Elimination System (NPDES) Permit No. CAG914001 in accordance with CERCLA Section
121(e) (1) and the approved Discharge Protocol (NASA, 2010).6 On March 7, 2013 the NPDES Permit No.
CAG914001 was amended and as a result new discharge parameters were established and followed. All
water discharged was stored in City of Pasadena spreading basins and allowed to percolate back into the
aquifer from which it originated and was not allowed to flow into receiving waterways.

6 NASA. 2010. Discharge Protocol Monk Hill Treatment System Protocol for Discharge to Arroyo Seco. National
Aeronautics and Space Administration, Jet Propulsion Laboratory, Pasadena, California. April.



A total of approximately 55.38 acre-ft was discharged to Spreading Basin #5 during the course of this
reporting period. Discharge samples were collected during each of the 5 of 6 discharge events that
occurred in 2014. Nitrogen (NO; as N) was detected in the October 24, 2013 discharge sampling event at a
concentration of 11.0 mg/L, which exceeds the effluent limitation of 8.0 mg/L. All other nitrogen results
were <8 mg/L. NDMA was detected in 2 discharge samples, March 3, 2014 and April 17, 2014 at 0.074
and 0.0046 pg/L. Both samples were below 0.5 ng/L but exceeded the maximum daily limit of 0.00069
ng/L. Nitrogen and NDMA will continue to be closely monitored as part of the annual discharge
sampling events; if elevated nitrogen and NDMA concentrations are detected consistently during future
sampling events, it will be investigated in more detail. Data tabulation for all 2014 discharge sample
results is included as Attachment B.

The future surface discharges will remain consistent with the regulations and operations outlined within
the Discharge Protocol.® The discharge operations will continue to be reviewed and optimized during the
next annual reporting period.

FIVE-YEAR REVIEW

In February 2012, NASA completed its first Five-Year Review of the JPL CERCLA program.” The review
concluded that the interim remedy at MHTS was protective of human health and the environment in the
short term. Potential exposure pathways that could result in unacceptable risk (i.e., ingestion and contact
with chemicals in groundwater) are being controlled through groundwater extraction and treatment by
the MHTS. Treated water from the MHTS is in compliance with all water quality requirements specified
by Federal and state regulations, with concentrations below Federal and California maximum
contaminant levels (MCLs).

One recommendation was made in the Five-Year Review Report related to the MHTS. The
recommendation was to minimize nitrosamine leaching from virgin resin at the MHTS by minimizing the
use of chlorinated water to flush the resin; pre-rinse newly installed resin prior to placing the vessel into
service; perform subsequent monitoring for nitrosamines; develop best practices with the vendor for on-
site maintenance activities to minimize the formation of nitrosamines; and require that the vendor prel’
rinse resin at an off-site location prior to placing it in the MHTS vessels. The nitrosamines have been
minimized as follows:

e PWP currently flushes and rinses virgin resin using treated system water that is non-chlorinated.
The vessel containing virgin resin is rotated to the lag position and the pair in lead-lag
configuration is forward rinsed and operated in normal treatment mode.

e All resin deliveries are pre-rinsed prior to installation at MHTS.

e CCC recently installed a rinsing station for all resin deliveries. All resin will be rinsed (20-25 bed
volumes) by CCC prior to delivery at MHTS. Resin was previously being rinsed in trailers by CCC
prior to delivery.

e Samples for nitrosamines in drinking water are in compliance with levels set by the State of
California.

"NASA. 2012. Final First Five-Year Review Report, National Aeronautics and Space Administration, Jet
Propulsion Laboratory, Pasadena, California. February.
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SYSTEM OPTIMIZATION

NASA submitted a revised draft Optimization Work Plan8 in April 2014. This plan proposed two
potential voluntary optimization projects for MHTS: 1) a new production well located north of the Arroyo
Well and within the Arroyo Seco for enhanced chemical removal, and 2) incorporation of PWP’s existing
Behner Plant into the MHTS for enhanced wastewater management. Both projects are in the conceptual
design phase. In 2015, NASA will continue to work with PWP and the regulators on these potential
optimization projects.

COST SUMMARY

Table 5 summarizes the operational costs incurred between December 2013 and November 2014. These
costs equate to $743.00 per acre-ft of treated water.

Table 5. Operational Costs: December 2013 through November 2014

Description Subtotal

Engineering Labor $163,167.03
Field Labor $ 165,277.54
Laboratory Fees $ 4,828.00
Carbon Treatment Costs $1,188,949.39
IX Treatment Costs $768,868.04
Pre-Filters $18,929.04
Disposal $-
Misc. Equipment $ 25,784.80
Misc. Services $-
Cocess Energy coste
DPH Billing $-
Treated Water ($80/Acre-Ft) $284,226.79

GRAND TOTAL

$2,758,944.29

8 NASA, 2014. Draft Final Optimization Work Plan, National Aeronautics and Space Administration, Jet Propulsion
Laboratory, Pasadena, California. April.
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Attachment A
CDPH Drinking Water Permit































































Attachment B
2014 Discharge Sample Tabulation



Effluent Limitations MO001 MO001 MO001 MO001 MO001 MO001
Parameters Units Average Monthly | Maximum Daily 3/3/2014 4/17/2014 5/12/2014 5/21/2014 | 6/18/2014| 11/20/2014
Total Flow Gal/day - continuously 2,090 4,060 1,351 2,400 3,973 3,550
pH S.U. - 6.5-8.5 8.09 7.93 7.88 7.62 6.79
Temperature F - 80 -- -- -- -- -- 67.5
Total Dissolved Solids mg/L - 1,550 340 440 310 550 470
Total Suspended Solids mg/L 50 75 ND 6.9 0.53 ND 6.7
Turbidity NTU 50 75 0.14 3.9 ND 0.13 2.6
BODs 20°C mg/L 20 30 ND ND ND ND ND
Oil and Grease mg/L 10 15 ND ND ND ND 1.7)
Settleable Solids mi/L 0.1 0.3 ND ND ND ND ND
Sulfides mg/L - 1 ND ND ND ND ND
Phenols mg/L - 1 ND ND ND ND ND
Residual Chlorine mg/L - 0.1 ND 0.1 ND ND ND
Sulfate mg/L - 350 60 83 77 71 95
Chloride mg/L - 150 56 54 58 53 59
NO; as Nitrogen plus NO, as Nitrogen mg/L - g% 6.5 4.4 7.3 6.6 11
Acetone pa/L - 700
Acrolein Mg/l - 100
Acrylonitrile pg/L - 0.059
Benzene pg/L - 1 ND ND ND ND ND
[Bromoform ug/L - 4.3 ND ND ND ND ND
[[Cadmium ug/L 15 3.1 ND ND ND ND ND
||Carbon tetrachloride Ho/L - 0.25% ND ND ND ND ND
[Chlorobenzene ug/L - 30 ND ND ND ND ND
llchiorodibromomethane Ho/L - 0.401? ND ND ND ND ND
[[Chloroethane ug/L - 100 ND ND ND ND ND
[Chloroform pg/L - 100 ND 0.31 0.26 0.32) 0.39]
[[Copper, Total Recoverable ug/L 8.5 17 0.48 0.64 5.1 1.4 0.55
Dichlorobromomethane pg/L - 0.56 ND ND ND ND ND
1,1-Dichloroethane pg/L - 5 ND ND ND ND ND
1,2-Dichloroethane Mg/l . 0.38% ND ND ND ND ND
1,1-Dichloroethylene Hg/L - 0.057” ND ND ND ND ND
1,2-Dichloropropane pg/L - 0.52 ND ND ND ND ND
1,3-Dichloropropylene Mg/l - 0.5 ND ND ND ND ND
Di-isopropyl ether (DIPE) pa/L - 0.8
1,4-Dioxane Mg/l - 3 ND ND ND ND ND
Ethylbenzene pg/L - 700 ND ND ND ND ND
l[Ethylene dibromide Hg/L - 0.05® ND ND ND ND ND
[[Lead, Total Recoverable ug/L 9 18 ND ND 0.1 ND ND
[Chromium 111, Total Recoverable pg/L 50 50 6.6 10
[Chromium V1, Total Recoverable pg/L 8 16 4.7 2.3 ND ND 3.9
[Chromium ug/L
[[Methyl bromide ug/L - 10 ND ND ND ND ND
(Methyl chloride ug/L - 3 ND ND ND ND ND
[[Methylene chloride pg/L - 4.7 ND ND ND ND ND
[[Methyl ethyl ketone (MEK) ug/L - 700
[[Methy! tertiary butyl ether (MTBE) ug/L - 5 ND ND ND ND ND
(Naphthalene ug/L - 21 ND ND ND ND ND
[IN-Nitrosodimethylamine (NDMA) Hg/L - 0.00069"” 0.074 0.0046 ND ND ND
Perchlorate pg/L - 6 ND ND ND ND ND
Tertiary butyl alcohol (TBA) pa/L - 12
1,1,2,2-Tetrachloroethane Hg/L - 0179 ND ND ND ND ND
Tetrachloroethylene (PCE) pa/L - 0.8 ND ND ND ND ND
Toluene pg/L - 150 ND ND ND ND ND
Total petroleum hydrocarbons(s) pa/L - 100 ND ND ND ND ND
1,2-Trans-dichloroethylene pg/L - 10 ND ND ND ND _
1,1,1-Trichloroethane pg/L - 200 ND ND ND ND ND
1,1,2-Trichloroethane Mg/l - 0.6 ND ND ND ND ND
Trichloroethylene (TCE) pa/L - 2.7 ND ND ND ND ND
Vinyl chloride pg/L - 0.5 ND ND ND ND ND
Xylenes pg/L - 1750 ND ND ND ND ND
Zinc, Total Recoverable pg/L 79 160 3.1 4.1 53 6.2 ND
Acute Toxicity” - - 90% - 100% 100% 100% 100%
E.coli density MPN/100mL 126 235 <2 13 2 80
Notes:

(1) Nitrogen effluent limit is consistent with the concentration in the Monk Hill Subarea groundwater.
(2) If reported detection level is greater than effluent limit, then a non-detect result using 0.5 pg/L detection level is deemed to be in compliance.
(3) Toxicity of this chemical increases with decreasing hardness concentrations. The figure in the table is determined based on effluent CaCO; concentration of 100 mg/L.
(4) The acute toxicity of the effluent shall be such that the average survival in the undiluted effluent for any three (3) consecutive 96-hour static or continuous flow bioassay tests shall be at least 90%, with no single test less

Sample Result out of compliance.
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