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Ms. Mary T. Aycock

Remedial Project Manager

U.S. Environmental Protection Agency
Region IX Superfund Division

75 Hawthorne Street (SFD-8-2)

San Francisco, CA 94105

Subject:

Technical Memorandum #2 — Summary of Revised Nano-Scale Zero Valent
Iron (nZV1) Kinetic and Phase Il Field Testing Work Plan Activities,
Phoenix-Goodyear Airport-North Superfund Site Goodyear, Arizona

Dear Ms. Aycock:

ARCADIS U.S., Inc. (ARCADIS), on behalf of Crane Co. has prepared this Technical
Memorandum #2 to summarize activities related to the Revised Nano-Scale Zero
Valent Iron (nZVI) Kinetic and Phase Il Field Testing Work Plan (Work Plan)
(ARCADIS 2007a). Activities completed to date include:

=  Status of baseline groundwater sampling;

= Results of the nZVI kinetic testing;

= Injection well installation, development, and falling head tests;
= Tracer study results;

= nZVI manufacturing and shipping procedures;

= On-site colloid milling, injection system design and operation

The following sections provide details and results for the sampling and testing
activities performed to date, as well as an updated project and reporting schedule.

1 Baseline Groundwater Sampling

Two of the three baseline events planned to occur prior to initiation of the Phase Il
nZVI injection have been performed as described in Section 6 of the Work Plan. The
first two baseline sampling events included collection of groundwater samples from
Main Drywells Area monitoring wells MW-A, MW-B, MW-C, and MW-D (See

Figure 1) and were performed in November 2006 and January 2007, respectively.
The third baseline sampling event has been postponed until the tracer injection test,

Imagine the result
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which was initiated in October 2007, has proceeded closer to completion. Data
collection for the tracer test has been focused on a limited number of parameters
useful for evaluating the propagation and flow of bromide and fluorecein tracers (See
Section 4). The third baseline groundwater sampling event will be conducted in
January 2008 and will be reported in a future technical memorandum in February
2008.

2 nZzVIBench Scale Testing

A series of laboratory tests have been conducted to evaluate the performance of
newly formulated Polyflon PolyMetallix"™ nzVI (product number NSPP-GAM2M).
Technical Memorandum #1, (ARCADIS 2007b), summarized the preliminary testing
that preceded the kinetics testing.

21 Kinetics Testing

The kinetics testing described in Section 4.2 of the Work Plan was completed in
August 2007, by the ARCADIS Treatability Laboratory located in Durham, North
Carolina. The kinetic testing includes both the new formulation of nZVI slurry (product
number NSPP07182007-GAM2M [Standard Product]), as well as, the new
formulation of nZVI containing 10% sodium hexametaphosphate (SHMP), a
suspending agent that has been shown to minimize particle agglomeration (product
number NSPP07182007-GAM2M-D [Standard Product with SHMP]). The study was
performed using both trichloroethene (TCE) amended deionized (DI) water and TCE
amended Site groundwater from monitoring well MW-01. Laboratory and site
groundwater used during the kinetics testing was purged with nitrogen to remove
dissolved oxygen.

The purpose of the kinetic study was to evaluate whether the new formulation of
nZVI is capable of reducing TCE in both DI and Site groundwater, as well as the
evaluation of the affect the sodium hexametaphosphate and pH buffer (sodium
hydroxide) have on the kinetics of the TCE destruction in the presence of nZVI. The
results of the kinetics testing are summarized in the Tables and Figures presented in
Attachment 1.

Results of the kinetics study indicate that all five treatments included in the testing
resulted in an 85% to 99 % reduction in TCE concentrations over the 14 day testing
period. Degradation rate constants for TCE in the presence of nZVI (with and
without SHMP) in DI ranged from 0.66 to 1.053 day™, which corresponds to TCE half
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lives of 0.41 to 0.66 days, respectively. Degradation rate constants for TCE in the
presence of nZVI (with and without SHMP and with sodium hydroxide) in Site
groundwater ranged from 0.14 to 0.88 day™, which corresponds to TCE half lives of
0.79 to 4.9 days. These data suggest the following:

= TCE degradation by nZVI is slower in the presence of site groundwater (as
expected).

= Slower kinetics are beneficial (longer lasting nZVI).
= nZVIremains active up to 14+ days in the presence of site groundwater.

= SHMP affects the reaction kinetics, likely primarily due to interaction with
inorganic ions in groundwater.

= The addition of sodium hydroxide to Site groundwater does not adversely
affect the reaction kinetics.

Therefore, based on these results, SHMP will be included in the formulation of nZVI
used for the Phase Il Injection Test.

2.2 Kinetics Testing for Colloid Milled Product

In addition, preliminary kinetics testing to identify a suitable dispersing agent was
previously performed in September 2006 on several different nZVI formulations with
various dispersing agents and post-manufacturing processing. Two of the samples
included in the preliminary testing were Polyflon PolyMetallix™ nzVI (product
number NSPP-GAM2M) and the new formulation of nZVI containing 10% SHMP,
(product number NSPP07182007-GAM2M-D [Standard Product with SHMPY)), both of
which had been passed through a colloid mill, which produces high speed shearing
effects that are designed to physically break up loosely agglomerated clusters of
particles. The results of the testing indicate that TCE degradation with Standard
Product (without SHMP) that had been processed with colloid milling as a polishing
step had a degradation rate constant of 0.42 day™ (TCE half life of 1.65 days). The
TCE degradation in the presence of the new formulation of nZVI containing 10%
SHMP that had been processed by a colloid mill was 0.144 day™ (TCE half life of 4.9
Days).

These data indicate that post-production processing using a colloid mill did not have
a significant effect on the reactivity of the nZVI. This preliminary test using standard
product (with and without SHMP) that had been colloid milled was performed in DI

water. However, based on comparison of these results to the results for the testing
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performed in DI water discussed above in Section 2.1, it is anticipated that the TCE
degradation rates resulting from the use of the colloid milled product in Site
Groundwater would be comparable. Thus, the use of a colloid mill to physically break
up loosely agglomerated clusters of particles and improve the potential for
injectability is not anticipated to affect the reactivity of the nZVI.

3 Injection Well Installation, Development, and Falling Head Tests
3.1 Injection well installation and development

The injection wells IRZ-IW-3 and IRZ-IW-4 (See Figure 1) were installed between
July 31, 2007 and August 17, 2007, and were completed similarly in the borings as
follows:

= 4-inch diameter PVC well casing from land surface to approximately 108
feet bgs. The actual placement of the well screen was determined by
vertical profiling of the higher permeability zones.

= Aten foot section of 0.03-inch slot, continuous wire wrapped stainless steel
well screen from 108 to 118 feet bgs with a 10-20 Colorado Sand filter pack
that extended from 108 feet bgs to 118 ft bgs. Wire wrapped screen was
selected to maximize the open area of the screen and reduce resistance to
water flow, thereby facilitating the injection of the nZVI media and carrier
fluid.

= PVC bottom cap at approximately 118 feet bgs. The balance of the original
borehole was sealed with neat cement/bentonite mixture prior to setting the
injection well per the procedures outlined within the Main Drywells Source
Area Work Plan.

Additional completion details for IRZ-IW-3 and IRZ-IW-4 are included in Attachment
2. IRZ-IW-3 and IRZ-IW-4 were developed on August 23, 2007 using the procedures
outlined in the Main Drywells Source Area Work Plan (ARCADIS G&M, Inc. 2004).

ARCADIS carefully monitored the nearby observation wells during the installation of
the injection wells (water levels, well sounding, turbidity field sampling, visual
observations, etc.) to evaluate effects that drilling the additional observation wells
within 5 feet did not impact the observation wells.
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3.2 Falling head tests and injection well redevelopment

Preliminary falling head tests were performed on IRZ-IW-3 and IRZ-IW-4 on
November 30, 2007. Based on the low sustained flow during the tracer study (See
Section 4), the two wells were redeveloped on December 5 through 7, 2007.
Additional falling head tests are scheduled to occur in late December 2007. Results
of the falling head tests will be presented in a future technical memorandum
scheduled to be submitted in February 2008.

4 Tracer Study Implementation and Results

A tracer study was conducted to quantify radius of influence, groundwater flow
velocity, dilution effects, as well as to verify connectivity between the monitoring wells
and the injection zone. Between October 17, 2007 and October 25, 2007, a total of
3,900 gallons of injection solution containing 100 pounds of potassium bromide, 4
pounds of concentrated Fluoresecent FLT Green/Yellow Dye and water was injected
at IRZ-IW-3. A tracer study standard operating procedure (SOP) was prepared and
used during the tracer injection and post-injection monitoring period. A copy of the
Tracer Study SOP is attached in Attachment 3.

Samples were collected for analyses of bromide and fluorescein tracer, as well as
selected filed parameters, at specific injection volumes, from selected monitoring
points. Monitoring points include “Primary Wells” (IRZ IW-03, IRZ IW-04, IRZ MW-B,
IRZ MW-C and IRZ MW-D), “Distal Wells” (MW-02, MW-03, MW-04, MW-06, MW-07
and MW-23) and “Extraction Wells” (EA-01, EA-03 and EB-01) (See Figure 1).

Samples were collected by a combination of Hydrasleeve® discreet interval
samplers, low-flow sampling, 3 well volume purge sampling, spigot sampling and
with activated carbon samplers in accordance with the tracer study SOP. Post-
injection samples were collected at 1, 2, 4, 8, 14, 20, 32 and 37 days after injection of
tracer was completed from selected monitoring points. Additional post-injection
samples are scheduled to be collected at 60, 90, 120, 150 and 180 days after
injection was completed (December 2007 through March 2008). The full sampling
schedule is shown on Table 1.

4.1 Flow rate analysis

The injections were conducted in five primary periods. The first injection started at
10AM on October 17, 2007 and ended at 4:47 PM on October 17, 2007. The second
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injection period started at 9:00AM on October 18, 2007 and ended around 12:30 PM
on October 23, 2007. Two hours into the second injection period on October 18" the
injection method was shifted from pumping to gravity feeding. On October 19", the
IRZ-IW-3 was surged, in an attempt to further develop the injection well. The surging
did not appear to improve the injection solution intake. During the last approximately
16 hours of the second injection period the injection flow rate decreased as the
injection tank emptied. The third, fourth and fifth injection events consisted of short
duration, small volume injections (~ 50 gallons) on October 23, 24, and 25, 2007 in
order to complete the 3,900-gallon injection event.

The injection solution flow rates were measured using a flow meter rated from 1
gallon per minute (gpm) to 50 gpm. The observed injection flow rates ranged from
0.2 to 4 gpm. The higher flow rates were observed during the early part of an
injection period, as the well filled. Generally, the injection well IRZ-IW-3 was able to
sustain an approximate flow rate of 0.8 gpm. This was much lower than anticipated
and slightly below the accuracy of the flow meter. Therefore, portions of the flow
volume data and totalizer readings were corrected using the measured volumes in
the injection tank. Due the lower than expected injection flow rates, the step test
planned and outlined in the tracer Study SOP was not conducted.

4.2 Bromide and dye analysis

A 3,900 gallon solution of bromide and fluorescein dye was injected into the injection
well IRZ-IW-3 as the tracers for this study. The injection concentration of bromide
was approximately 1,850 milligrams per liter (mg/L) and the injection concentration of
fluorescein was 156 parts per million (ppm). Both bromide and fluorescein were
observed in some of the primary observation wells and a few of the distal observation
wells. The tracer data is summarized in Table 2 and on Figure 2. Additional
sampling event are planned and not all analytical data was available at the time of
this report. Subsequent data will be presented in a future technical memorandum
upon completion of the transport portion of the tracer testing.

Break through was observed in two of the primary observation wells (IRZ-MW-C and
IRZ-MW-D). Figure 4 shows the normalized concentrations of bromide and
fluorescein in both of these monitoring wells. The normalized concentration is
calculated by subtracting the observed concentration from the background
concentration and then dividing that result by the injection concentration subtracted
by the background concentration. Figure 4 also includes monitoring well IRZ-MW-D
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and injection well IRZ-IW-4 data. Elevated concentrations of bromide or fluorescein
were not observed in either of these wells.

Activated carbon samplers were also deployed in the more distal wells. The purpose
of the activated carbon samplers was to absorb the fluorescein dye passing through
the observation well over an extended period of time. Therefore, the activated
carbon sampler results represent the cumulative fluorescein concentration over the
deployed period of time. The cumulative concentration allows for the detection of
lower concentrations of fluorescein in the aquifer compared to the standard grab
sample. Therefore, the activated carbon samplers were utilized for the more distal
wells where dilution and the heterogeneity of the aquifer were anticipated to
significantly reduce the observed tracer concentrations. The mid-deployment date
for the activated carbon sampler was used to evaluate the approximate tracer dye
break through time for the observation wells.

The observed tracer break through in monitoring well and IRZ-MW-C and IRZ-MW-D
were used to calculate the transport velocity of the tracer. The transport velocity was
calculated by dividing the distance between MW-C and MW-D (15.5 feet) by the
transport time (15 days). Based on this formula and the interpreted tracer break
through times, the transport velocity was approximated at 1.0 feet/day. This
calculation assumes that groundwater flow direction was direct from IRZ-MW-C to
IRZ-MW-D.

4.3 Radius of Influence and volume calculations

A 5.5 ft radius of influence was achieved after an injection of 1,220 gallons. Due to
potential well efficiency issues and the duration of the injection, the mobile porosity
could not be accurately calculated from the volume calculation. ARCADIS suspects
that the natural heterogeneities and the local hydraulic gradient had influence on the
observed injection radius due to the low flow rates. The mobile porosity will be
calculated following the analysis of the measured hydraulic gradient and the
calculated hydraulic conductivity.

4.4 Dilution calculations
The injection bromide tracer data was used to determine dilution factors of the

injection solution after transport through the groundwater aquifer. The dilutions were
calculated using the following formula:
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Conc gps — CoNe pack
Dilution = X 100% - 100%
Conc tank — CONC pack

Where Conc 4,5 equals the observed tracer concentration in the observation well
(IRZ-MW-C and IRZ-MW:-D), Conc o,s equals the background concentration of the
tracer, and Conc ,« equals the average tracer concentration in the injection solution.
The peak bromide concentration in IRZ-MW-C was 42% of the injected
concentration. The peak bromide concentration in IRZ-MW-D was 7% of the injected
concentration. The normalized or dilution concentrations over time for the primary
observation wells are illustrated in Figure 4. The dilution is approximately 58% at a
distance of 5.5 ft from the injection well and 93% at a distance of 10.5 from the
injection well. A portion of the dilution is attributable to the dilution of the
groundwater samples collected from the 30 foot long well screens in the observation
wells. The injection well screen was 10 feet long.

4.5 Tracer test summary

The following is a summary of the tracer test results, based on the tracer
breakthrough data:

= Injection of 1,200 gallons solution would result a radius of influence of
approximately 5.5-feet;

= The dilution of the groundwater within the aquifer as a result of the tracer
injection event is estimated to be 58% at a distance of 5.5 ft from the
injection well and 93% at a distance of 10.5 from the injection well

5 nzVI Manufacturing and Shipping Procedures

Polyflon will prepare nZVI for the Phase Il Injection Test at their facility and will be
shipped to the site in a pre-reduced aqueous solution containing the dispersing agent
SHMP to preserve the reactivity of the iron and to control agglomeration and
oxidation/passivation of the iron surface. Polyflon has continuously tested and
evaluated its manufacturing procedures to improve the quality of their nZVI product,
which has recently included evaluation of post-production colloid milling as a
polishing step to physically separate loosely agglomerated clusters of particles via
high speed shearing forces. A fresh batch of product will be shipped at a stock
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solution strength of 30 g/L and will be used within 10 days of preparation to maximize
product reactivity and minimize potential for agglomeration.

6 nzVlInjection System Design

ARCADIS is currently preparing a SOP to document the specific equipment and
materials and procedures to be followed during the injection test. The SOP will be
finalized and forwarded to U.S. EPA 30 days prior to the injection test. The
conceptual design for the injection system is illustrated in Figure 3 and described
below.

6.1 Premixing process and mixing techniques

Pre-treatment of the carrier liquid will begin up to one week prior to the injection.
Treated groundwater from the Main Treatment System (MTS) will be used as the
carrier liquid for the nZVI injection solution. The treated groundwater will be
transferred from the MTS to a 1,500 gallon polytanks located adjacent to the injection
area. A filter will be placed inline to separate any precipitated solids from the carrier
liquid when transferring to the mixing tank. During the duration of the Phase I
injection event, the 1,500 gallon tank will be filled up to four times to accommodate
injection of 3,000 gallons in fluid into each of the two injection wells (IRZ-IW-3 and
IRZ-IW-4). Only one batch will be prepared at a time.

6.1.1 Nitrogen purge

Tech Memo #1 provided a summary of the ARCADIS Treatability Lab short-term tank
study to determine the time and volume nitrogen necessary to reduce the dissolved
oxygen (DO) of a 100 gallon tank to less than 1 mg/L. Removal of DO from the mix
water used during the injection will reduce the potential for non-target corrosion
(oxidation) of nZVI particles prior to injection. The dissolved oxygen concentrations
will be measured continuously while mixing during the pre-reduction step.

6.1.1.1 Nitrogen Sparge Scale-up for Field Application

ARCADIS queried its supplier for the liquid nitrogen dewar and determined that the
supplier routinely loads the dewar with 380 pounds (Ibs) of liquid nitrogen. Using the
ideal gas law, the mass of liquid nitrogen converts to approximately 138,000 liters of
liquid nitrogen at standard ambient temperature and pressure (STP). It is ARCADIS’
intention to de-aerate up to 3,000 gallons (two batches of 1,500 gallons) of water
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prior to support the injection of Polyflon PolyMetallix™ nzVI during the Phase Il Field
Testing at the Site per well.

Proportionally, if approximately 1,500 liters of nitrogen gas was needed to sparge out
approximately 120 gallons of water at DO saturation, 15,000 liters of nitrogen gas
should be sufficient to sparge out 1,500 gallons of Main Treatment System water in
the field. One dewar containing 380 Ibs of liquid nitrogen converts to approximately
138,000 liters of nitrogen gas at STP; therefore, ARCADIS calculated that two
dewars equaling a total 760 Ibs of liquid nitrogen should be more than sufficient to
achieve the sparging goal at field pilot scale and provide sufficient nitrogen to
maintain a blank above the water surface within the tank (276,000 liters of Nitrogen
available compared to the 60,000 liters needed (4 batches of 15,000 liters required
for each 1,500 gallon tanks of mixing water).

It is anticipated that field scale sparging in the 1,500 gallon mixing tank be more
efficient than sparging in the 120 gallon tank because the height of the water column
and thus the length of time that nitrogen bubbles are in contact with the water will be
greater in the 1,500 gallon tank. In addition, multiple air stones would be connected
in parallel and placed in the mixing tank to increase the gas partitioning efficiency.
Lastly, the combined flow rate from two dewars of liquid nitrogen would result in a
positive tank pressure sufficient to keep the 1,500 gallon tank under slight positive
pressure even when batches of make-up water are periodically withdrawn.

6.1.2 Pre-mix colloid milling

In an effort to disaggregate clusters of agglomerated particles that may form during
transport of the nZVI product to the site, a pre-mix colloid milling procedure will be
performed on site. The stock nZVI slurry from the drums shipped from Polyflon
would be transferred into two tanks then, pumped back and forth between the tanks
and through a colloid mill a minimum of four times (based on calculations performed
by the manufacturer), which will ensure that 99% of the particles are effectively milled
just prior to transferring the product into the mixing tank.

6.1.3 Mixing

The injection solution will be prepared in a 1,500 gallon polyethylene tank located
next to the injection wells. An initial injection will be carried out in with two batches of
1,500 gallons of carrier liquid and 30 Ibs of nZVI to provide a concentration of 2.4g/L
(total of 3,000 gallons and 60 pounds). The carrier liquid for the first batch prepared
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two days prior will be transferred from one polytank to the other using a 2" trash
pump connected to the cam-lock fittings at the bottoms of the polytanks. In addition,
SHMP will be added to the 1,500 gallons of carrier liquid to achieve a concentration
similar to the concentrated nZVI solution. The objective of adding sodium
hexametaphosphate to the carrier solution is to condition the MTS water and
maintain the same concentration of dispersant in the diluted nZVI solution as the
concentrated solution. Sodium Bromide will be added to the carrier liquid as a tracer
for the test at a concentration of 2.6 g/L.

6.1.4 Injection techniques

Although the kinetics testing indicated that the use of sodium hydroxide would not
hinder the reactivity of the nZVI, the pH of the aquifer in the vicinity of the injection
wells will not be adjusted prior to nZVI injections. There is very limited available
literature to indicate that that this activity will be lead to a successful injection of nZVI.
In addition, the resulting increased ionic strength of the groundwater and potential for
precipitation of inorganic mineral precipitates that may reduce the mobile porosity are
more likely to be counter-productive. Therefore, ARCADIS will not be performing the
pre-injection of sodium hydroxide as part of the injection test.

The nzZVI media will be introduced into the mix tank immediately after the pre-mix
colloid milling and just prior to injection to minimize potential oxidization and
agglomeration of the nZVI. When preparing nZVI for addition to the carrier liquid,
nZVI solution will be mixed with a motor mounted impeller. The nZVI solution will
then be transferred to the polytank with a submersible pump. The effluent end of the
transfer hose will be placed under the surface of the carrier liquid to reduce
splashing/oxidation. A 2" trash pump placed next to the polytank and have both the
influent effluent ends plumbed into the tank for constant circulation of material within
the tank.

Similar to the Phase | Work Plan, the contracted drillers will install a 1” drop tube in
the newly installed injection wells IRZ-IW-3 and IRZ-IW-4. The injection system will
either consist of a gravity feed approach or will include the use of a packer. If using a
packer, it will be installed above the top of the screened interval to maintain the
injected solution near the bottom of the screen. In addition, a packer will be installed
in observation well MW-C. Pressures created within the well by the placement of the
packer will prevent nZVI from preferentially traveling to and collecting in this well
during injections. Creation of a preferential pathway would inhibit the desired radial
dispersment of the nZVI material.

G:\ENV\PROJ\900\987 Crane-New\2007\00013 ZVI Pilot Test\Deli | Deliverables\Final Reports\ZVI Tech Memo #2\Tech Memo #2_Nano-scale ZVI Kinetic and Phase Il Field

Testing_12142007.doc

Ms. Mary T. Aycock
December 14, 2007

Page:
11/14



ARCADIS Ms. Mary T. Aycock

December 14, 2007

The injection well head will be fitted with cam-lock fitting, and manifolded with a
pressure gauge and flow meter. The nZVI media will be delivered to the subsurface
using a Moyno pump to maximize mixing of the media prior to injection. In addition
the colloid mill will be placed in line immediately upgradient of the injection well head
for a final polishing step. An initial flow rate of 1 gpm is proposed and the flow rate
will be gradually increased up to a maximum of 3 gpm, if the onsite field personnel
determine that the injection well appears to be accepting the ZVI media. A pressure
maximum pressure for the injection to prevent any damage to the formation will be
calculated based on the final selected injection approach. A 150-gallon flush of the
pre-treated water will follow the nZVI injection to ensure nZVI does not remain within
the well casing.

Upon successful completion of the first injection, another batch will be mixed and
injected into IRZ-IW-3. The same procedures used during IRZ-IW-3 injection will be
applied during the injection at IRZ-IW-4. A log will be kept during each injection
event to record the final make-up of the injection solution, the total volume of solution
injected into each injection well interval, the injection pressure at each injection well
interval, and the injection flow rate.

In summary, each of the two injection wells will receive two batches of 30 pounds of
nZVI| suspended in approximately 1,500 gallons of carrier liquid, for a total of 60
pounds 3,000 gallons of injection fluid per well, resulting in an injection strength
concentration of 2.4 g/L nZVI.

7 Oversight and Performance Monitoring

As discussed in the work plan an increased number of field staff and senior technical
resources will be present during the injection activities. Post-injection groundwater
monitoring will be performed in accordance with the monitoring program described in
Section 6 of the Work Plan (ARCADIS 2007a). Data Evaluation and Reporting will be
performed in accordance with Section 7 of the Work Plan (ARCADIS 2007a).

8 Schedule

The proposed revised schedule for completion of the nZVI kinetic and pilot testing is as
follows:
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s Continue tracer test post-injection monitoring through Day 90, perform
baseline sampling event #3 for pilot study wells, and perform falling head tests
— December/January 2008.

= Receive EPA comments in Tech Memo #2 — January 2008.

= Prepare and submit response to comments on Tech Memo #2 along with final
injection design SOP - February 2008.

= nZVlinjection — March 2007 (assumes 30 day U.S. EPA review period).
= Performance monitoring — June through September 2007.
»  Submit pilot study completion report — December 2008.
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Table 1. Phase Il Testing Tracer Injection and Sampling Schedule
Phoenix-Goodyear Airport-North Superfund Site, Goodyear, Arizona

Calendar Week Day Injection Wells to sample Sample Analysis Comments
Phase II: Tracer
Study
10/15/2007 0 -1 Pre-injection Primary wells Full List Three well volume purge sample at moderate moderate-low purge rate
10/15/2007 0 -1 Pre-injection Distal Wells and Extraction Wells Partial List Three well volume purge sample at moderate moderate-low purge rate, grab samples from extraction well
10/15/2007 0 -1 Pre-injection __ ~ Deploy Activated Carbon Samplers in Distal wells (place one Sampler in 1L bottle of MTS water- retain as control)
10/16/2007 0 0 Pre-injection Tank Sample #1 Partial List Grab Sample after complete mixing is achieved (Collect one primary sample and 2 duplicates)
10/16/2007 0 0 X (into IW-3) - - Start of tracer test
10/16/2007 0 0 @100 Gallons IW-3, MW-C Visual and Partial List Collect groundwater using Hydrasleeve to obtain conductivity averaged sample
10/16/2007 0 0 @200 Gallons IW-3, MW-C Visual and Partial List Collect groundwater using Hydrasleeve to obtain conductivity averaged sample
10/16/2007 0 0 @300 Gallons IW-3, MW-C Visual and Partial List Collect groundwater using Hydrasleeve to obtain conductivity averaged sample
10/16/2007 0 0 @400 Gallons IW-3, MW-C, IW-4 Visual and Partial List Collect groundwater using Hydrasleeve to obtain conductivity averaged sample
10/16/2007 0 0 @600 Gallons IW-3, MW-C, IW-4 Visual and Partial List Collect groundwater using Hydrasleeve to obtain conductivity averaged sample
10/16/2007 0 0 @800 Gallons MW-B, MW-C, MW-D, IW-4 Visual and Partial List Collect groundwater using Hydrasleeve to obtain conductivity averaged sample
10/16/2007 0 0 @1,000 Gallons MW-B, MW-C, MW-D, IW-4 Visual and Partial List Collect groundwater using Hydrasleeve to obtain conductivity averaged sample
10/16/2007 0 0 @1,200 Gallons MW-B, MW-C, MW-D, IW-4 Visual and Partial List Collect groundwater using Hydrasleeve to obtain conductivity averaged sample
10/16/2007 0 0 @1,400 Gallons MW-B, MW-C, MW-D, IW-4 Visual and Partial List Collect groundwater using Hydrasleeve to obtain conductivity averaged sample
10/16/2007 0 0 @1,600 Gallons MW-B, MW-C, MW-D, IW-4 Visual and Partial List Collect groundwater using Hydrasleeve to obtain conductivity averaged sample
10/16/2007 0 0 @2,500 Gallons MW-B, MW-C, MW-D, IW-4 Visual, Partial List Collect groundwater using Hydrasleeve to obtain conductivity averaged sample
10/16/2007 0 0 - Tank Sample #2 Partial List Grab Sample after complete mixing is achieved (Collect one primary sample and 2 duplicates)
10/16/2007 0 0 @3,000 Gallons MW-B, MW-C, MW-D, IW-4 Visual and Partial List Collect groundwater using Hydrasleeve to obtain conductivity averaged sample
10/16/2007 0 0 @3,500 Gallons MW-B, MW-C, MW-D, IW-4 Visual and Partial List Collect groundwater using Hydrasleeve to obtain conductivity averaged sample
10/16/2007 0 0 @4,000 Gallons Primary wells Visual and Partial List Collect groundwater using Hydrasleeve to obtain conductivity averaged sample
10/24/2007 1 1 Post Injection Primary wells, MW-2 Visual and Partial List Collect groundwater using Hydrasleeve to obtain conductivity averaged sample
10/24/2007 1 1 Post Injection Distal Wells and EA-01 Visual and Fluorescein Collect groundwater using Hydrasleeve to obtain conductivity averaged sample
10/25/2007 1 2 Post Injection Primary wells, MW-2 Visual and Partial List Collect groundwater using Hydrasleeve to obtain conductivity averaged sample
Remove and Re-deploy Activated Carbon Samplers in Distal wells (place one Sampler in 1L bottle of MTS water- retain
10/25/2007 1 2 Post Injection Distal Wells and EA-01 Visual and Fluorescein as control)
10/29/2007 1 4 Post Injection Primary Wells Visual and Partial List Collect groundwater using Hydrasleeve to obtain conductivity averaged sample
10/29/2007 1 4 Post Injection Distal Wells and EA-01 Visual and Partial List Collect groundwater using Hydrasleeve to obtain conductivity averaged sample
10/31/2007 2 8 Post Injection Primary Wells Visual and Partial List Collect groundwater using Hydrasleeve to obtain conductivity averaged sample
Remove and Re-deploy Activated Carbon Samplers in Distal wells (place one Sampler in 1L bottle of MTS water- retain
10/31/2007 2 8 Post Injection Distal Wells and EA-01 Visual and Fluorescein as control)
11/7/2007 2 14 Post Injection Primary Wells Visual and Partial List Collect groundwater using Hydrasleeve to obtain conductivity averaged sample
Remove and Re-deploy Activated Carbon Samplers in Distal wells (place one Sampler in 1L bottle of MTS water- retain
11/7/2007 2 14 Post Injection Distal Wells and EA-01 Visual and Fluorescein as control)
11/13/2007 3 20 Post Injection Primary Wells Visual and Partial List Collect groundwater using Hydrasleeve to obtain conductivity averaged sample
Remove and Re-deploy Activated Carbon Samplers in Distal wells (place one Sampler in 1L bottle of MTS water- retain
11/13/2007 3 20 Post Injection Distal Wells and Extraction Wells Visual and Fluorescein as control)
11/13/2007 3 20 Post Injection MW-D, IW-04 Visual and Partial List 3 well volume purge sampling with low flow pump. Samples collected at 1, 2 and 3 well purge volumes.
11/13/2007 3 20 Post Injection MW-B, MW-C, MW-D Visual and Partial List Hydrasleeve depth specific sample from ~125' bgs.
11/26/2007 5 32 Post Injection MW-B, MW-C, MW-D, IW-04 Full List Collect groundwater using Hydrasleeve to obtain conductivity averaged sample
Remove and Re-deploy Activated Carbon Samplers for Distal wells, grab samples from Distall wells and Extraction
11/26/2007 5 32 Post Injection Distal Wells and Extraction Wells Visual and Partial List wells
Partial List samples collected with Hydrasleeve prior to purging. 3 well volume purge sampling with low flow pump.
11/26/2007 5 32 Post Injection W-03 See Comments Partial List samples collected at 1 and 2 well purge volumes. Full List samples collected at 3 well purge volume.
11/30/2007 6 37 Post Injection MW-C, MW-D Visual and Partial List Collect groundwater using Hydrasleeve to obtain conductivity averaged sample
Remove and Re-deploy Activated Carbon Samplers for Distal wells, grab samples from Distall wells and Extraction
12/21/2007 9 60 Post Injection Distal Wells and Extraction Wells Visual and Partial List wells
Remove and Re-deploy Activated Carbon Samplers for Distal wells, grab samples from Distall wells and Extraction
1/23/2008 13 90 Post Injection Distal Wells and Extraction Wells Visual and Partial List wells
Remove and Re-deploy Activated Carbon Samplers for Distal wells, grab samples from Distall wells and Extraction
2/22/2008 18 120 Post Injection Distal Wells and Extraction Wells Visual and Partial List wells
Remove and Re-deploy Activated Carbon Samplers for Distal wells, grab samples from Distall wells and Extraction
3/24/2008 22 150 Post Injection Distal Wells and Extraction Wells Visual and Partial List wells
4/24/2008 26 180 Post Injection Distal Wells and Extraction Wells Visual and Partial List Remove Carbon Samplers for Distal wells, grab samples from Distal wells and Extraction wells
Notes: Notes:
All All IW-3, IW-4, MW-A, MW-B, MW-C, MW-D, MW-02, MW-03, MW-04, MW-06, MW-23, EB-01, EA-01, and EA-03
Primary Wells Primary Wells IW-3, IW-4, MW-B, MW-C, and MW-D
Distal Wells Distal Wells MW-02, MW-03, MW-04, MW-06, MW-23, MW-07
Extraction Wells Extraction Wells EB-01, EA-01, and EA-03
X X Injection event begins.

Field Parameters Field Parameters Specific Conductance, Conductivity, Temperature, pH, Turbidity
Partial List Partial List Field parameters, Bromide, Fluorescein
Full List Full List Field Parameters, VOCs, Total and Dissolved iron, Calcium, Magnesium, Sodium, Potasium, Nitrate, Sulfate, Chloride, Bromide, Fluorescein

P\EN\Common\Crane Phoenix\ZV| Evaluation\Tech Memo#2\Final tech memo\Table 1- Proposed Sampling Schedule.xls



Table 2.

Summary of Tracer Analytical Data

Phoenix-Goodyear Airport North Superfund Site
Goodyear, Arizona

Fl Br
Location [Date & Time Days# (ppm) (mg/L)
EA-01 10/16/07 14:50 -0.8 0 <2.5
EA-01 10/24/07 12:52 7.1 0
EA-01 10/26/07 09:50 9.0 0 <2.5
EA-01 10/31/07 13:00 14.1 0 <2.5
EA-01 11/07/07 09:58 21.0 0 <2.5
EA-01 11/13/07 13:45 27.2 0
EA-03 10/16/07 15:45 -0.8 0 <2.5
EA-03 11/13/07 16:22 27.3 0
EB-01 10/16/07 12:30 -0.9 0 <2.5
EB-01 11/13/07 15:35 27.2 0
IW-03 10/15/07 14:50 -1.8 0 1.7
IW-03 10/17/07 11:36 0.1 148 1800
IW-03 10/17/07 14:12 0.2 154 1800
IW-03 10/17/07 16:00 0.3 155 1700
IW-03 10/17/07 16:53 0.3 157 1800
IW-03 10/18/07 08:24 0.9 162 1800
IW-03 10/18/07 09:45 1.0 163 2000
IW-03 10/18/07 12:25 1.1 163 1900
IW-03 10/18/07 15:35 1.2 155 1900
IW-03 10/18/07 18:15 1.3 155 1900
IW-03 10/18/07 23:55 1.6 154 1900
IW-03 10/19/07 08:25 1.9 154 1900
IW-03 10/19/07 14:00 2.2 154 2000
IW-03 10/24/07 11:50 7.1 152 1900
IW-03 10/25/07 17:10 8.3 159 1900
IW-03 10/26/07 07:50 8.9 161 1900
IW-03 10/31/07 13:46 14.2 149 2000
IW-03 11/07/07 12:04 21.1 154 1900
IW-03 11/13/07 09:28 27.0 152
IW-04 10/15/07 15:40 -1.8 0 1.8
IW-04 10/17/07 17:10 0.3[ 0.000331 <2.5
IW-04 10/18/07 08:50 1.0 0.000044 <2.5
IW-04 10/18/07 09:55 1.0 0 <2.5
IW-04 10/18/07 10:45 1.0 0.000385 <2.5
IW-04 10/18/07 15:55 1.2] 0.000278 <2.5
IW-04 10/18/07 18:25 1.4] 0.000293 <2.5
IW-04 10/18/07 23:06 1.5] 0.00021 <2.5
IW-04 10/19/07 08:45 1.9] 0.000365 <2.5
IW-04 10/19/07 14:15 2.2 0.000335 <2.5
IW-04 10/19/07 17:00 2.3] 0.000239 <2.5
IW-04 10/20/07 09:05 3.0[ 0.000285 <2.5
IW-04 10/20/07 16:56 3.3 0 <2.5
IW-04 10/21/07 10:40 4.0 0 <2.5
IW-04 10/21/07 17:50 4.3] 0.000247 <2.5
IW-04 10/22/07 17:15 5.3] 0.00007 <2.5
IW-04 10/23/07 13:22 6.1] 0.000103 <2.5
IW-04 10/24/07 11:26 7.1[ 0.000152 <2.5
IW-04 10/25/07 16:20 8.3] 0.00101 <2.5
IW-04 10/26/07 08:00 8.9 0.000339 <2.5
IW-04 10/31/07 13:32 14.1| 0.000084 3.1
IW-04 11/07/07 11:47 21.1] 0.000171 <2.5
IW-04 11/13/07 07:58 26.9] 0.000277 ---
IW-04 11/13/07 09:03 27.0 0
IW-04 11/13/07 09:51 27.0 0
IW-04 11/13/07 10:37 27.0 0
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Table 2.
Summary of Tracer Analytical Data
Phoenix-Goodyear Airport North Superfund Site
Goodyear, Arizona

Fl Br
Location [Date & Time Days# (ppm) (mg/L)
MW-02 10/16/07 15:10 -0.8 0 <2.5
MW-02 10/21/07 3.8/ 0.00167*
MW-02 10/24/07 12:07 7.1 0 <2.5
MW-02 10/25/07 17:50 8.3 0 <2.5
MW-02 10/26/07 08:37 8.9 0 <2.5
MW-02 10/28/07 11.2 0*
MW-02 10/31/07 13:07 14.1 0 <2.5
MW-02 11/07/07 10:08 21.0 0 <2.5
MW-02 11/10/07 24.0] 0.000524* -
MW-02 11/13/07 10:30 27.0 0
MW-03 10/16/07 13:45 -0.8 0 <2.5
MW-03 10/21/07 4.1 0*
MW-03 10/24/07 13:00 7.1 0
MW-03 10/26/07 11:10 9.0 0 <2.5
MW-03 10/28/07 11.6] 0.000596* -
MW-03 10/31/07 12:10 14.1 0 0.79
MW-03 11/3/07 175 0*
MW-03 11/07/07 09:20 21.0] 0.00263 <2.5
MW-03 11/10/07 24.1] 0.000851* -
MW-03 11/13/07 15:20 27.2 0
MW-04 10/16/07 13:25 -0.9 0 <2.5
MW-04 10/21/07 4.1 0*
MW-04 10/24/07 12:41 7.1 0
MW-04 10/26/07 11:30 9.1 0 <2.5
MW-04 10/29/07 11.6] 0.000513* -
MW-04 10/31/07 12:42 14.1 0 <2.5
MW-04 11/3/07 17.6 0*
MW-04 11/07/07 09:50 21.0 0 <2.5
MW-04 11/10/07 24.1 0*
MW-04 11/13/07 13:40 27.2 0
MW-06 10/16/07 13:10 -0.9 0 <2.5
MW-06 10/21/07 4.1] 0.00222*
MW-06 10/24/07 14:30 7.2 0
MW-06 10/25/07 12:54 8.1 0
MW-06 10/26/07 11:01 9.0 0 <2.5
MW-06 10/28/07 11.6] 0.0078*
MW-06 10/31/07 12:15 14.1 0 <2.5
MW-06 11/3/07 17.6] 0.0115*
MW-06 11/07/07 10:59 21.0 0 <2.5
MW-06 11/10/07 24.1 0.014*
MW-06 11/13/07 14:59 27.2 0
MW-07 10/16/07 16:05 -0.7 0 <2.5
MW-07 10/21/07 4.2 0*
MW-07 10/24/07 14:46 7.2 0
MW-07 10/26/07 12:03 9.1 0 <2.5
MW-07 10/28/07 11.6 0*
MW-07 10/31/07 11:37 14.1 0 0.65
MW-07 11/3/07 17.5 0*
MW-07 11/07/07 08:55 21.0 0 <2.5
MW-07 11/13/07 16:00 27.3 0
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Table 2.

Summary of Tracer Analytical Data

Phoenix-Goodyear Airport North Superfund Site
Goodyear, Arizona

Fl Br
Location [Date & Time Days# (ppm) (mg/L)
MW-23 10/16/07 14:30 -0.8 0 3.4
MW-23 10/21/07 4.1] 0.00112*
MW-23 10/24/07 13:55 7.2 0
MW-23 10/25/07 13:28 8.1 0
MW-23 10/26/07 10:02 9.0 0 2.7
MW-23 10/28/07 11.6] 0.000757* ---
MW-23 10/31/07 12:52 14.1 0 <2.5
MW-23 11/07/07 10:17 21.0] 0.000935 3.3
MW-23 11/13/07 12:36 27.1 0
MW-B 10/16/07 11:30 -0.9 0 1.6
MW-B 10/19/07 08:54 2.0[ 0.000108 <2.5
MW-B 10/19/07 14:25 2.2 0.000085 <2.5
MW-B 10/19/07 17:05 2.3| 0.00007 <2.5
MW-B 10/20/07 09:32 3.0[ 0.000032 <2.5
MW-B 10/20/07 16:36 3.3 0 <2.5
MW-B 10/21/07 10:05 4.0| 0.000027 <2.5
MW-B 10/21/07 17:25 4.3 0 <2.5
MW-B 10/22/07 16:42 5.3] 0.000028 <2.5
MW-B 10/24/07 11:04 7.0 0 <2.5
MW-B 10/25/07 15:10 8.2 0.000287 <2.5
MW-B 10/26/07 08:25 8.9 0.000078 <2.5
MW-B 10/31/07 13:17 14.1] 0.000097 <2.5
MW-B 11/07/07 11:20 21.1] 0.000048 <2.5
MW-B 11/13/07 08:37 26.9 0
MW-C 10/15/07 16:40 -1.7 0 1.8
MW-C 10/17/07 11:45 0.1| 0.000076 <2.5
MW-C 10/17/07 14:20 0.2 0.000767 <2.5
MW-C 10/17/07 16:05 0.3] 0.00457 <2.5
MW-C 10/17/07 16:59 0.3] 0.00751 <2.5
MW-C 10/17/07 17:52 0.3] 0.00555 <2.5
MW-C 10/18/07 08:30 0.9 0.0019 <2.5
MW-C 10/18/07 09:50 1.0/ 0.00413 <2.5
MW-C 10/18/07 12:35 1.1] 0.0121 14
MW-C 10/18/07 15:45 1.2 0.0481 76
MW-C 10/18/07 18:20 1.3] 0.0799 59
MW-C 10/18/07 23:45 1.6 0.261 100
MW-C 10/19/07 08:35 1.9 0.277 38
MW-C 10/19/07 14:10 2.2 3.62 380
MW-C 10/19/07 16:55 2.3 5.26 410
MW-C 10/20/07 09:39 3.0 10.4 580
MW-C 10/20/07 17:04 3.3 11.2 500
MW-C 10/21/07 10:50 4.0 23.6 750
MW-C 10/21/07 18:05 4.3 21.3 620
MW-C 10/22/07 17:45 5.3 25.1 790
MW-C 10/24/07 11:36 7.1 16.7 440
MW-C 10/25/07 16:45 8.3 2.76 240
MW-C 10/26/07 08:08 8.9 10.1 280
MW-C 10/31/07 13:38 14.2 1.77 130
MW-C 11/07/07 11:56 21.1 0.464 72
MW-C 11/13/07 09:17 27.0 0.314
MW-C 11/13/07 10:07 27.0 0.616
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Table 2.

Summary of Tracer Analytical Data

Phoenix-Goodyear Airport North Superfund Site
Goodyear, Arizona

Fl Br
Location [Date & Time Days# (ppm) (mg/L)
MW-D 10/15/07 17:00 -1.7 0 1.8
MW-D 10/19/07 16:35 2.3 0.000046 <2.5
MW-D 10/20/07 09:15 3.0[ 0.000069 <2.5
MW-D 10/20/07 16:48 3.3 0 <2.5
MW-D 10/21/07 10:30 4.0 0 <2.5
MW-D 10/21/07 17:40 4.3| 0.000087 <2.5
MW-D 10/22/07 16:58 5.3 0 <2.5
MW-D 10/23/07 13:15 6.1 0.000046 <2.5
MW-D 10/24/07 11:15 7.1 0 <2.5
MW-D 10/25/07 15:55 8.2 0.00023 <2.5
MW-D 10/26/07 08:16 8.9 0.000105 5.6
MW-D 10/31/07 13:25 14.1 0 94
MW-D 11/02/07 13:23 16.1] 0.00663 130
MW-D 11/05/07 16:25 19.3] 0.0273 98
MW-D 11/07/07 11:35 21.1 0.047 140
MW-D 11/09/07 13:51 23.2| 0.0697 110
MW-D 11/13/07 08:50 27.0 0.289
MW-D 11/13/07 09:05 27.0 0.26
MW-D 11/13/07 10:05 27.0 0.14
MW-D 11/13/07 11:46 27.1 0.297
MW-D 11/13/07 12:53 27.1 0.387
MW-D 11/13/07 13:40 27.2 0.507
Tank 10/17/07 09:40 0.0 152 1800
Tank 10/23/07 14:00 6.2 162 1900
Notes:

FI (ppm) - Fluorescein dye concentration in parts per million

Br (mg/L) - Bromide concentration in milligrams per liter

# - Days before or after the injection started (10/17/2007 at 10:00 AM)
* - activated carbon sample, sample date = mid date during collection pe
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