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Mark Parkinson, Governor 
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RE: Response to KDHE Letter of March 24, 2010 Regarding the Proposed Phytoremediation 
System Installation 
Former Unocal Chemical Distribution Facility, Wichita, Kansas 

Dear Mr. Mailloux, 

The Kansas Department of Health and Environment (KDHE) acknowledges receipt of the above
referenced document, prepared by URS Corporation of behalf of Chevron Environmental 
Management Company (Chevron EMC), dated March 30, 2010. KDHE has completed its 
review and approves the document with the recognition that responses to KDHE's comments 
pertaining to maintenance, monitoring, and contingencies will be addressed by Chevron EMC 
under separate cover. Chevron EMC is approved to move forward with proposed 
phytoremediation system installation activities. As previously indicated, KDHE may require 
modifications to or expansions of the phytoremediation plots and/or implementation of 
contingencies if new information becomes available which suggests the need to do so. Should 
you have any questions regarding this letter, please contact me by phone at 785-296-0225 or 
email at ccarey@kdheks.gov. 

Sincerely, 

~c.~ 
Christopher C. Carey, LG 
Environmental Scientist 
Remedial Section/Site Remediation Unit 
Bureau of Environmental Remediation 

c: E. Jean Underwood ---j- Unocal File- C2-087-00431 
Derek Peacock, URS 

BUREAU OF ENVIRONMENTAL REMEDIATION 

CURTIS STATE OFFICE BUILDING, 1000 SW JACKSON ST., STE. 410, TOPEKA, KS 66612-1367 

Voice 785-296-1673 Fax 785-296-7030 



March 30, 2010 

Mr. Christopher C. Carey 
Post-Remediation Unit/Remedial Section 
Bureau of Environmental Remediation 
Kansas Department of Health and Environment 
1000 SW Jackson Street, Suite 410 
Topeka, KS 66612-1367 

RE: Phytoremediation Interim Measure Work Plan 
Former Unocal Chemical Distribution Facility 
2100 East 3ih Street North 
Wichita, Kansas 67219 

Dear Mr. Carey: 

This letter is intended to respond to the comments from the Kansas Department of Health and 
Environment (KDHE) regarding the phytoremediation system installation issued in a letter dated 
March 24, 2010. URS Corporation (URS) has prepared this letter on behalf of the Chevron 
Environmental Management Company (EMC). 

Responses to Comments Regarding Phytoremediation System Installation 

1. General Comment: The installation of tree boreholes, piezometers and monitoring wells 
will provide a significant amount of information regarding site conditions within the 
phytoremediation areas, including but not limited to better definition of the bedrock and 
potentiometric surfaces. Please be advised that KDHE may require future modifications 
to or expansions ofthe phytoremediation plots if new information becomes available 
which suggests the need for such actions. 

Comment noted. During the phytoremedial tree borehole installation and backfill task, the 
general depths to groundwater and competent bedrock will be ascertained at each of the 
planting locations. This information will provide a better general understanding of the 
subsurface in Plots Band C. During the piezometer and monitoring well installation tasks, 
more refined data will be generated; using the hollow-stem auger borehole advancement 
method, detailed lithologic information will be ascertained by an experienced geologist. The 
lithologic and potentiometric data derived from the piezometer and monitoring well 
installations will be spatially referenced both laterally and vertically. With the additional 
piezometer and monitoring well locations, a more refined potentiometric surface map can be 
developed. 

URS Corporation 
P.O. Box 201088 
Austin, TX 78720-1088 
9400 Amberglen Boulevard 
Austin, TX 78729 
Tel: 512.454.4797 
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2. Plot C Orientation: Monitoring Well (MW) 28, which was installed following the 
Feasibility Study (FS), was intended to serve as a downgradient monitoring point for the 
proposed phytoremediation system; however, sample results from this well indicate 
elevated concentrations of site contaminants of concern (COCs). As such, KDHE 
requests that Chevron EMC expand Plot C (by increasing the distance between trees 
and/or installing additional trees) to address contamination identified in this area. Please 
provide a figure showing the expanded Plot C orientation which identifies any necessary 
modifications to the piezometer network. 

Within Plot C, the tree spacing in the northerly-southerly direction was adjusted from 1 0-foot 
centers to 12-foot centers; one additional row of trees (8 total trees) were added to the 
southern-most portion of Plot C to extend the plot southward. These modifications extended 
the phytoremediation area to include the area surrounding monitoring well MW-28. The 
revised Figure 14, showing these modifications, is attached. Revisions to the piezometer 
network will be discussed in an implementation summary, which will include details 
regarding the monitoring plan. 

3. Plot B Orientation: The Plot B orientation as presented in the IM Work Plan does not 
fully address the areas described in the FS. While KDHE recognizes that substantial 
western expansions of Plot B may interfere with Site ingress/egress, the IM must be 
designed to meet project remedial action objectives. KDHE requests that Chevron EMC 
expand Plot B or collect additional data from this area to determine whether expansions 
to Plot Bare necessary. Please note that KDHE does not believe that sampling proposed 
piezometer BPZ- 1 alone will be sufficient to support this determination. If necessary, 
expansions to Plot B may be installed during a future mobilization. 

Three additional columns of trees (6 total trees) were added to the western portion of Plot B 
to extend the plot westward. The revised Figure 13, showing this extension, is attached. The 
expansion allows Plot Band C to create an almost continuous groundwater barrier in the 
southerly and westerly directions. It should be noted that the capture zones for the 
plantations will extend well beyond the actual borders of the plantations. 

4. Management of Remediation Waste: The plan leaves open two options for 
management of soil wastes: (1) offsite disposal or (2) onsite landfarming. Per previous 
discussions with URS, KDHE understands that the current path forward is to properly 
characterize and dispose soils offsite. The plan indicates that waste soils will be managed 
in accord with URS' Standard Operating Procedure for Investigation-Derived Wastes; 
however, KDHE requests that Chevron EMC provide a more detailed description of 
remediation waste management procedures (including storage requirements, sample 
analysis and frequency, disposal facility, etc.). 
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A detailed description of the remediation waste management procedures for the 
phytoremediation system installation is included in Attachment A. 

5. Borehole Construction: As depicted in Figure 12, it appears that tree installation 
boreholes may act as a conduit for down-hole migration of surface water to groundwater. 
KDHE requests that Chevron EMC describe the method (s) that will be used to limit 
down-hole infiltration. 

The former Unocal site is relatively flat and slightly higher than the surrounding properties, 
preventing rairifall sheet flow onto the site from adjacent properties. Within the site proper, 
there are several/ow spots where ponding of rainwater has been observed after heavy rains. 
During the last field event, measurements were performed to determine the differences in 
ground elevation near each of the plots. Plot C was determined to be relatively flat, gently 
sloping from the north to south. Therefore, based on the topography of Plot C, it is not 
anticipated that significant down-hole migration of surface water to groundwater will occur. 
A low spot does exist, however, in Plot B (in the vicinity of MW-178). The elevation 
differences are not significant, so it is anticipated that spot grading will be sufficient to direct 
rainfall awcy from Plot B. Additionally, for each of the plots, Chevron EMC will create 
mounds of compost/soil around the base of each tree. These mounds will be at least four 
inches higher than the final grade. 

6. Plot B Capture Zone: Page 3-17 indicates that the capture zone thickness for Plot B will 
be 22 feet; however, Figure 9 indicates that the saturated zone thickness for the eastern 
part of Plot B is 24.7 feet. This suggests that the proposed planting strategy for Plot B 
may not result in complete capture of the saturated zone. KDHE requests that Chevron 
EMC evaluate whether modifications to the proposed planting strategy are necessary to 
ensure capture. Please be advised that KDHE will likely require Chevron EMC to 
perform capture zone analysis on each phytoremediation plot (once they reach maturity) 
to ensure that each area is performing as designed and that remedial action objectives are 
attained. 

The maximum capture zone thickness/or Plot B is 24.7 feet; the minimum thickness is 14.5 
feet. Chevron EMC has evaluated this modification and feels that the proposed planting 
strategy will achieve capture of the saturated zone. 

Chevron EMC requests that comments associated with the Monitoring, Maintenance, and 
contingency plan be addressed at a later date. Chevron EMC will prepare a memorandum for 
KDHE that will document details associated with the phytoremediation system installation. In 
that letter, Chevron EMC will respond to the remaining comments, including the monitoring 
plan. We may request for additional verbal communication, such as a conference call, to discuss 
the remaining comment prior to issuing the implementation memorandum 
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If you have any questions or comments, please feel free to contact me at 512-419-6180. 

Respectively Submitted, 
URS Corporation 

Derek R. Peacock, P.E. 
Project Manager 

cc: Mr. Michael P. Mailloux, Chevron EMC 
File 

Attachments 
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Management of Remedial Wastes from Phytoremediation IM Activities 
at the Former Unocal Chemical Distribution Facility 

INTRODUCTION 

The purpose of this addendum is to establish the management procedure for remedial wastes 
generated during the phytoremediation IM activities by Chevron EMC at the Former Unocal 
Chemical Distribution Facility. The primary waste stream generated will be comprised of soil 
cuttings from tree borehole installation. 

All soil waste produced during this event will be stored within the fence and locked gate of the 
Former Unocal Chemical Distribution Facility site. Samples will be collected from this waste 
for characterization. After proper characterization is establish, wastes will then be disposed of at 
an off-site disposal facility coordinated by Clean Harbors. 

PROCEDURE 

Soil waste produced during the tree borehole installation will be placed directly into lined roll
offs that will be delivered (by Clean Harbors) to the site during the first day of the mobilization .. 
It is anticipated that three roll-offs will be required. Soil waste will be transported from the 
Phytoremedial plantations to the roll-offbox location via a Bobcat equipped with a front-end 
loader. 

Soil waste from the three-inch, fully penetrating boreholes will be commingled with the soil 
waste from the eight-inch unsaturated zone boreholes. No segregation of waste will be 
performed, so the entire volume of waste will be profiled, transported, and disposed under a 
single waste manifest. The roll-offs will be covered nightly to limit the potential for generating 
dust. The roll-offs will be covered during rainfall events so that the soil waste will remain 
relatively dry. 

Upon completion of the tree borehole installation, one composite soil sample will be collected 
and analyzed from four aliquots from each roll-off (twelve total aliquots). "Pending analysis" 
labels will be affixed to each of the three roll-offboxes. Soil samples will be analyzed by 
Lancaster Laboratories in Lancaster, Pennsylvania, a KDHE-certified laboratory, for Toxicity 
Characteristic Leaching Procedure (TCLP) volatile organic compounds (VOCs). 

After the waste determination is made, a waste profile will be prepared and submitted to the 
waste management facility for acceptance. Shipments of waste will be accompanied by 
appropriate shipping documents such as a Uniform Hazardous Waste Manifest, Uniform Non
Hazardous Waste Manifest, or Land Ban Certificate. A copy of all documents (manifests, chain
of-custody, laboratory analyses, etc.) associated with each waste shipment will be maintained in 
the project files. 

Page 1 of I 



DEPARTMENT OF HEALTH 
AND ENVIRONMENT 
Division of Environment 

March24, 2010 

Mr. Michael Mailloux 
Chevron Environmental Management Company 
6001 Bollinger Canyon Road 
San Ramon, California 94583 

RE: Phytoremediation Interim Measure Work Plan 
Former Unocal Chemical Distribution Facility 
Wichita, Kansas 

Dear Mr. Mailloux, 

Mark Parkinson, Governor 
Roderick L. Bremby, Secretary 

www. ov 

The Kansas Department of Health and Environment (KDHE) acknowledges receipt of the above
referenced document, prepared by URS Corporation on behalf of Chevron Environmental 
Management Company (Chevron EMC), dated March 3, 2010. KDHE has completed its review 
and approves implementation of the Interim Measure (IM) Work Plan with consideration of the 
comments presented below. KDHE requests that Chevron EMC address the comments 
regarding phytoremediation system installation by submitting a response to comment letter 
before proceeding with implementation. The remaining comments, which pertain to 
performance monitoring, maintenance, and the contingency plan should be addressed in a 
response to comment letter, the phytoremediation interim measure installation report and an 
operation, maintenance and monitoring (OM&M) plan. 

COMMENTS REGARDING PHYTOREMEDIATION SYSTEM INSTALLATION 

1. General Comment: The installation of tree boreholes, piezometers and monitoring wells 
will provide a significant amount of information regarding site conditions within the 
phytoremediation areas, including but not limited to better definition of the bedrock and 
potentiometric surfaces. Please be advised that KDHE may require future modifications to or 
expansions of the phytoremediation plots if new information becomes available which 
suggests the need for such actions. 

2. Plot C Orientation: Monitoring Well (MW) 28, which was installed following the 
Feasibility Study (FS), was intended to serve as a downgradient monitoring point for the 
proposed phytoremediation system; however, sample results from this well indicate elevated 
concentrations of site contaminants of concern (COCs). As such, KDHE requests that 
Chevron EMC expand Plot C (by increasing the distance between trees and/or installing 
additional trees) to address contamination identified in this area. Please provide a figure 
showing the expanded Plot C orientation which identifies any necessary modifications to the 
piezometer network. 

BUREAU OF ENVIRONMENTAL REMEDIATION 

CURTIS STATE OFFICE BUILDING, 1000 SW JACKSON ST., STE. 410, TOPEKA, KS 66612-1367 

Voice 785-296-1673 Fax 785-296-7030 
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3. Plot B Orientation: The Plot B orientation as presented in the IM Work Plan does not fully 
address the areas described in the FS. While KDHE recognizes that substantial western 
expansions of Plot B may interfere with Site ingress/egress, the IM must be designed to meet 
project remedial action objectives. KDHE requests that Chevron EMC expand Plot B or 
collect additional data from this area to determine whether expansions to Plot B are 
necessary. Please note that KDHE does not believe that sampling proposed piezometer BPZ. 
1 alone will be sufficient to support this determination. If necessary, expansions to Plot B 
may be installed during a future mobilization. 

4. Management of Remediation Waste: The plan leaves open two options for mamgement of 
soil wastes: (1) offsite disposal or (2) onsite landfarming. Per pervious discussions with 
URS, KDHE understands that the current path forward is to properly characterize and 
dispose soils offsite. The plan indicates that waste soils will be managed in a.:;cord with 
URS' Standard Operating Procedure for Investigation-Derived Wastes; however, KDHE 
requests that Chevron EMC provide a more detailed description of remediation waste 
management procedures (including storage requirements, sample analysis and freqrency, 
disposal facility, etc.). 

5. Borehole Construction: As depicted in Figure 12, it appears that tree installation boreholes 
may act as a conduit for down-hole migration of surface water to groundwater. KDHE 
requests that Chevron EMC describe the method (s) that will be used to limit down- hole 
infiltration 

6. Plot B Capture Zone: Page 3-17 indicates that the capture zone thickness for Plot B will be 
22 feet; however, Figure 9 indicates that the saturated zone thickness for the eastern part of 
Plot B is 24.7 feet. This suggests that the proposed planting strategy for Plot B may not result 
in complete capture of the saturated zone. KDHE requests that Chevron EMC evaluate 
whether modifications to the proposed planting strategy are necessary to ensure capture. 
Please be advised that KDHE will likely require Chevron EMC to perform capture zone 
analysis on each phytoremediation plot (once they reach maturity) to ensure that each area is 
performing as designed and that remedial action objectives are attained. 

COMMENTS REGARDING PERFORMANCE MONITORING, MAINTENANCE, AND 

THE CONTINGENCY PLAN 

7. Monitoring and Maintenance Plan and Contingency Plan- General Comment: The IM 
Work Plan describes several prospective monitoring and maintenance activities for the 
phytoremediation system; however, at this juncture it is not possible to determine the optimal 
timing and/or locations of such activities or whether additional monitoring/maintenance tasks 
are warranted. Furthermore, KDHE anticipates that other maintenance a.:;tivities which are 
not currently described in the plan may be necessary (e.g., fertilization, irrigation, weed/pest 
control, pruning/thinning, management of plant waste, among others). These, along with 
other potential OM&M activities, should be discussed in an OM&M plan. In addition, KDHE 
requests that Chevron EMC thoroughly evaluate phytoremediation system performance and 
present any recommendations to enhance/update the performance monitoring and 



Mr. Michael Mailloux 
March 24, 2010 
Page 3 of4 

maintenance programs on an annual basis (e.g., in the Annual Report) or more frequently, as 
needed. These evaluations should also include recommendations for the implementation of 
contingencies, as appropriate. 

8. Monitoring and Maintenance Plan -Groundwater Quality: Section 5.1 of the IM Work 
Plan indicates that groundwater quality monitoring will be performed on an annual basis until 
the trees are established (minimally three years); however, the IM Work Plan does not 
address the frequency of water quality monitoring once the phytoremediation systems have 
matured. KDHE understands that recommendations for groundwater monitoring after the 
trees are established will be presented at that time under separate cover. To help evaluate the 
effectiveness of the phytoremediation system during the growing season and dormant period, 
KDHE anticipates that groundwater monitoring for VOCs on a quarterly (or more frequent) 
basis will be necessary. The IM Work Plan also indicates that no additional monitoring wells 
are proposed at this time; however, KDHE does not concur with this recommendation. 
Additional monitoring wells (east and west of BPZ.6) are needed downgradient of Plot B to 
monitor offsite contaminant migration. In addition, to ensure that sufficient baseline data are 
available, KDHE recommends that Chevron EMC collect groundwater samples for chemical 
analysis from select piezometers during an initial sampling/gauging event. Based on these 
data, KDHE may request that Chevron EMC include sampling of some piezometers in the 
performance monitoring program. Please provide a figure showing the proposed monitoring 
well locations. 

9. Monitoring and Maintenance Plan -Hydraulic Effects: Section 5.2 of the IM Work Plan 
indicates that the proposed piezometers within and adjacent to each phytoremediation plot 
will be screened from 5 to 20 feet below grade. Instead, KDHE recommends that the 
piezometers be fully screened across the saturated zone. Additionally, KDHE requests that 
Chevron EMC install additional piezometers downgradient of the northwestern corner of Plot 
C and immediately east of Plot B to better define the potentiometric surface in these areas. 
Once hydraulic monitoring data indicate that the phytoremediation systems are affecting 
groundwater elevations, KDHE may request that Chevron EMC evaluate the seasonal and 
diurnal elevation trends and propose methods to determine the horizontal and vertical capture 
zone. Please provide a figure showing the proposed piezometer locations. 

10. Monitoring and Maintenance Plan - Tree Growth and Health: KDHE requests that 
Chewon EMC expand performance monitoring activities related to tree growth and health. 
Such activities may include routine measurements of tree height, girth, and diameter, leaf 
area index, stress indicators, root system health, among others. 

Please provide a response to comment letter addressing the comments pertaining to 
phytoremediation system installation (including any necessary figures) within 15 days of the date 
of this letter and before proceeding with implementation of the IM Work Plan If necessary, 
Chevron EMC's response to the remaining comments may be submitted later (within 30 days of 
the date of this letter). No revisions to the IM Work Plan are required. Instead, any 
modifications should be addressed via the response to comment letters and incorporated into the 
phytoremediation interim measure installation report and OM&M Plan 
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On an unrelated note, as discussed during our March 23, 2010 teleconference, KDHE believes 
that additional data are needed to support KDHE's issuance of the Corrective Action Decision 
for the areas of the Site proposed for monitored natural attenuation (MNA). The existing data 
indicate that MNA may occur in some parts of the Site; however, the spatial and temporal 
distribution of the samples collected for MNA parameters does not fully satisfy KDHE policy 
requirements. Concurrent with other ongoing efforts, KDHE requests that Chevron EMC 
submit a letter work plan for evaluating MNA in plumelets D, E, and F within 45 days of the 
date of this letter to facilitate implementation of the initial MNA sampling event at the same time 
as the 2010 annual groundwater monitoring event (i.e., June 2010). The work plan should be 
consistent with KDHE's policy on MNA (BER-RS-042), which is available online at 
http://www.kdheks.gov/ber/policies/BER RS 042.pd' and the U.S. Environmental Protection 
Agency (EPA) guidance document entitled Technical Protocol for Evaluating Natural 
Attenuation of Chlorinated Solvents in Ground Water (EPA/600/R-98/128) available online at 
http://www.epa.gov/ada/download/reports/protocol.pdf 

Should you have any questions regarding this letter, please contact me by phone at 785-296-0225 
or email at ccarey@kdheks.gov. 

Sincerely, 

~c.~ 
Christopher C. Carey, LG 
Environmental Scientist 
Remedial Section/Site Remediation Unit 
Bureau ofEnvironmental Remediation 

c: E. Jean Underwood~ Unocal File- C2-087-00431 
Derek Peacock, URS 
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Acronyms and Abbreviations 

water use multiplier for a tree 
degrees Celsius 
below ground surface 
benzene, toluene, ethylbenzene, and xylene 
Corrective Action Decision 
centimeter 
square centimeter 
cubic centimeter 
chemical of concern 
chlorinated volatile organic compound 
day 
dichloroethene 
electrical conductivity detector 
Environmental Management Company 
U.S. Environmental Protection Agency 
Effects Screening Level 
reference evapotranspiration 
foot, feet 
cubic feet 
gallon(s) 
gas chromatography 
nitric acid 
hour(s) 
hydraulic gradient 
investigation derived waste 
Interim Measure 
inch(es) 
Interstate Technology Regulatory Council 
hydraulic conductivity 
Kansas Administrative Regulations 
Kansas Department of Health and Environment 
kilogram 
liter 
leaf area index 
meter 
square meter 
cubic meter 
micrograms 
molar 
milligram 
membrane interface probe 
milliliter 
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millimeter 
month 
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National Oceanic and Atmospheric Administration 
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polyvinyl chloride 
Darcy flux 
rate of groundwater uptake by mature tree stand 
Risk-Based Standards for Kansas 
standard operating procedure 
temperature difference 
trichloroethene 
Toxicity Characteristic Leaching Procedure 
thermal dissipation probe 
transpiration stream concentration factor 
Unocal Chemical Distribution Facility 
URS Corporation 
volatile organic compound 
seepage velocity 
rate of transpiration 
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1.0 Introduction and Background 

This Phytoremediation Interim Measure (IM) Workplan describes the proposed implementation 

of groundwater phytoremediation systems by the Chevron Environmental Management 

Company (EMC) for the former Unocal Chemical Distribution Facility (Unocal) in Wichita, 

Kansas. Chevron EMC plans to install stands of deep-rooted willow trees on the site as an IM in 

conjunction with the remedial design that will be documented in the Corrective Action Decision 

(CAD) document, currently being prepared by the Kansas Department of Health and 

Environment (KDHE). The CAD will document all corrective actions to date, the IM injection 

work that was performed in December 2009, and this phytoremediation IM. 

This work plan is organized as follows: 

Section 1: 

Section 2: 

Section 3: 

Section 4: 

Section 5: 

Section 6: 

Section 7: 

Introduction and Background 

Implementation Overview 

Technical Approach 

Implementation Plan 

Monitoring and Maintenance Plan 

Contingency Plan 

References 

The objectives of this IM are to: 

• Reduce the potential for off-site migration of contaminants from Plumelets B and · 

C by creating two groundwater hydraulic barriers with stands of deep-rooted 

trees; and 

• Lower chlorinated solvent concentrations to below KDHE Tier 2 residential Risk

Based Standards for Kansas (RSK) via phytoremediation processes 

(rhizodegradation and phytovolatilization) and natural attenuation. 

Several remedial actions have been previously performed, such as soil vapor extraction, 

excavation, and active groundwater extraction and treatment. Phytoremediation can be 

considered the last step in a treatment train approach for this site. All previous response actions 

were documented in the Final Revision 1 Feasibility Study Report (URS Corporation [URS], 

June 2009). The Feasibility Study Report also presented a conceptual approach for 

implementing phytoremediation. 
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Phytoremediation will be implemented for historical Plumelets B and C where the bedrock 

surface is relatively shallow. By creating a hydraulic barrier with the tree stands, the potential 

for off-site contaminant migration will be reduced. Dissolved-phase contaminants will be 

removed by various phytoremediation processes, including degradation by microbes in the root

zone of the trees (rhizodegradation) and plant uptake followed by volatilization 

(phytovolatilization). Rhizodegradation occurs for benzene, toluene, ethylbenzene, and xylene 

(BTEX) and chlorinated volatile organic compounds (cVOCs), although some percentage of the 

cVOCs will also be phytovolatilized and photo-degraded in the atmosphere. Ifphytoremediation 

is shown to be ineffective or inadequate for Plumelets B and C, a contingency plan will be 

implemented. This contingency plan was described in the Feasibility Study Report and is briefly 

described in this workplan. 
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2.0 Implementation Overview 

The goals of this phytoremediation IM are the following: a) to achieve hydraulic control of the 

contaminant plumes via groundwater uptake by the tree stands, and b) to reduce concentrations 

of contaminants in situ via rhizodegradation, plant uptake, and phytovolatilization into the 

atmosphere. This section provides an overview of the technical design that will be implemented 

to achieve these goals. Supporting sections that follow contain technical information that was 

used to demonstrate that the phytoremediation systems are capable of performing to the desired 

specifications. 

2.1 Implementation Objectives 
The objectives of the phytoremediation systems are to: 

2.2 

• Prevent the off-site migration of dissolved-phase groundwater constituents at 

levels exceeding the KDHE Tier 2 residential RSK values; and 

• Reduce contaminant mass that persists in the aquifer via: 

o Rhizosphere degradation; and 

o Uptake of contaminant mass followed by phytovolatilization into the 

atmosphere, where the contaminants will be rapidly photo-degraded. 

Implementation Summary 
Two groundwater phytoremediation tree stands will be installed at the former Unocal site: Plots 

Band C (Figure 1). These plots correspond with the locations ofHistorical Plumelets Band C, 

as defined in the Remedial Investigation Report (URS, November 2007). Plot B will be 

installed over a 0.07 acre area within historical Plumelet B. Plot C will be installed over a 0.15 

acre area that lies within and adjacent to historical Plumelet C. Fast growing, deep-rooted 

willow trees (Salix alba) will be planted within boreholes that will be drilled through the 

saturated zone to the bedrock surface. 

Salix alba willow trees were chosen because they grow quickly, uptake a significant amount of 

water compared to other hardwoods, and are fairly resistant to disease. It is anticipated that the 

willow trees will grow to roughly six feet in height during the 1st growing season and will 

continue to grow at six feet per year until the plot has matured. When fully mature, the willow 

trees will stand approximately 50ft high. Figure 2 shows pictures of the typical willows at the 

time of planting and after one year and four years. 
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Abbreviations 

PZ or P = Piezometer 
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Trees will be planted in a checkerboard fashion, with rows spaced roughly 10 feet (ft) apart and 

trees within the rows spaced on 10 ft centers. The rows will be oriented perpendicular to the 

direction of groundwater flow, and in the case ofPlumelet C, perpendicular to both directions of 

groundwater flow previously documented (the revised potentiometric surface map is presented as 

Figure 3). 

2.3 Implementation Supporting Information 
The sections that follow provide supporting information used to develop the phytoremediation 

plan, a detailed implementation plan, and the hydraulic and chemical monitoring plan. 

Section 3.0 presents the technical basis, background information, calculations, and analyses that 

support the phytoremedial design. The information provided in Section 3.0 includes: 

• A description of the decision processes used to develop this workplan; 

• Background information that supports the development of the site hydraulic 

conductivity, the hydraulic gradient in each area, and the advective transport 

velocity of groundwater. For each plot, the saturated thickness, the degree of 

layering, the variation in permeability, and the hydraulic conductivity are also 

discussed; 

• Background information regarding the contaminant characteristics in each 

Plumelet; 

• The basis for the tree plantation (stand) dimensions; 

• An estimation of the potential transpiration rate for a mature stand of willow 

trees; 

• An analysis of the capture zone; 

• A consideration of seasonal effects on plume capture; and 

• An estimation of the mass loading rate to the atmosphere. 

Section 4.0 provides a detailed implementation plan, which will be used by Chevron EMC and 

contractors to physically install the phytoremedial systems. Information provided in Section 4.0 

includes: 

• The process by which boreholes will be drilled and backfilled; 

• The planting methods; 

• Sequencing of work crews; 
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• A traffic plan; and 

• The process by which borehole soil waste will be managed. 

Section 5.0 presents the detailed monitoring plan, along with operation and maintenance 

methods. Site monitoring will include the following: 

• Groundwater sample collection for chemical analysis; 

• Hydraulic monitoring by fluid level analysis; 

• Tree transpiration monitoring via thermal dissipation probes; and 

• Phytovolatilization potential using tree core analysis. 

Section 6.0 presents a brief description of the contingency plans for Plumelets B and C. This 

plan is similar to the plan described in the Feasibility Study Report. 
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3.0 Technical Approach 

The technical approach presented below was developed on the basis of the project team's direct 

experience, references to current phytoremediation information, and information presented in the 

Interstate Technology Regulatory Council's (ITRC's) phytotechnology guidance document 

(ITRC, February 2009). That document contains descriptions ofphytotechnologies grouped by 

the following general mechanisms: phytosequestration, rhizodegradation, phytohydraulics, 

phytoextraction, phytodegradation, and phytovolatilization. The document also contains 

decision "trees" to ascertain whether phytotechnologies are appropriate for a given site. During 

the conceptual development of the systems proposed in this workplan, phytoremediation was 

determined to be an appropriate response action based on the logic presented in the decision 

trees. 

The goal of this section is to estimate the Darcy flux through the footprints of the tree stands, 

predict the rates of groundwater uptake, and present the design of the tree stands in the context of 

a water balance. As shown in this section, the footprints ofthe tree stands will be sufficient to 

capture, on a year-round basis, the lateral extent of the contaminant plumes for chlorinated and 

hydrocarbon constituents. Additionally, the thickness of the capture zones will be sufficient to 

capture the contaminants throughout the vertical extent of the plumes. 

Supporting technical information regarding contaminant fate in the context of rhizosphere 

degradation, groundwater uptake, and phytovolatilization is presented in Appendix A. 

3.1 Decision Tree Analysis 
Two decision trees were used to evaluate the application of phytoremediation at the former 

Unocal Site: the Remedy Selection Decision Tree and the Groundwater Decision Tree. These 

diagrams are included as Figures 4 and 5. 

Following the path of the Remedy Selection Decision Tree, each question was answered in 

sequence. The following table presents the decision tree analysis. 
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Table 1. Decision Tree Analysis for Remedy Selection 

Decision Tree Question Answer 

Is the contaminant soluble? Yes, all of the target contaminants are soluble. 

Is the degradation complete to innocuous Yes, rhizodegradation and photodegradation ultimately degrade 
byproducts? target contaminants to non-toxic byproducts. 

Is the contamination in surface soils or No, the target medium is groundwater. 
sediments? 

Is the contamination from either runoff or a No, the target medium is groundwater. 
groundwater seep? 

Is the contamination in surface water? No, there is no surface water on the former Unocal site. 

Is the contamination in groundwater? Yes, saturated soil/groundwater is the target medium. 

Based on the answers to the questions above, the path of the Remedy Selection Decision Tree 

indicates that the analysis should then follow the Groundwater Decision Tree. The following 

table presents the Groundwater Decision Tree analysis. 

Table 2. Decision Tree Analysis for Groundwater 

Decision Tree Question 

Is the target groundwater within 15 ft of 
ground surface? 

Is there sufficient area to plant that can be 
cleared of obstructions and support planting 
equipment? 

Based on screening, can the plant survive 
the groundwater geochemistry? 

Is the target groundwater impacted? 

Based on screening, can the plant survive 
the highest concentration of contaminant or 
byproduct? 

Is the thickness of impacted groundwater 
greater than 5 ft? 

Will the tree use groundwater after 
accounting for infiltration and irrigation? 

bgs - Below ground surface. 
cVOC- Chlorinated volatile organic compound. 
ft- Feet. 

Answer 

Yes, groundwater is typically encountered between 5 and 9 fl bgs. 

Yes, there is no infrastructure on this site. There is more than 
sufficient area to install the systems. 

Yes, the groundwater geochemistry is appropriate for plant growth. 

Yes, hydrocarbons and cVOCs are present. 

Yes; however, the Plumelet C stand will be constructed adjacent to 
the zone of highest contamination to prevent phytotoxicity. 

Yes, the saturated zone thickness exceeds this criterion. However, 
special planting methods are being employed to control migration 
from the entire saturated thickness. 

Yes, calculations and a water balance model were performed. 

The following sections provide existing hydrogeological and contaminant site characteristics 

followed by a detailed analysis of the predicted performance of the tree stands. 

3.2 Site Conceptual Model 
In order to document the baseline conditions in the areas where the phytoremedial tree stands 

will be constructed, hydrogeologic and contaminant data from previous field events, including 
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the 2009 Annual Groundwater Monitoring Event (URS, September 2009), was summarized. The 

following subsections provide a basic groundwater conceptual model. 

3.2.1 Hydrogeological Characteristics 

Relevant hydrogeological characteristics for Plumelets Band Care summarized in Table 3. 

Climate data are summarized in Table 4. Collectively, these data provide the basis for 

estimating groundwater flow velocity and for designing the tree stands based on considerations 

of the water balance method. Additionally, the hydrogeological characteristics were used to 

determine the most effective planting method. 

Table 3. Relevant Site Characteristics 

Representative 
Aquifer 

Water Table Depth Thickness 
Plot (ft bgs)1 (ft)2 

B 8.5 (MW-17S) 22 
c 5.0 (MW-26) 15 

1 Data for depth to water table were obtained in December 2009. 
2 See Figure 8. 
bgs - Below ground surface. 
ft- Feet. 
ftld - Feet per day. 
ft'/mo- Cubic feet per month. 

Equivalent K I 
(ft/d) (ft/ft) 
0.33 0.012 
0.81 0.035 

Plot Transect(s) 
(ft) 

80 (BB') 
128 (DD') 

Table 4. Climate Data for the Former Unocal Site 

Precipitation 
(in)3 

Darcy Flux 
(QGw) 

(fe/mo) 
209 

1,633 

Pan Evaporation ETo 1971-2000 2006-2009 
Month (inl (ini Total 

May 7.5 6.0 4.5 
June 8.8 7.0 4.0 
July 9.7 7.8 3.0 

August 9.2 7.4 3.3 
September 6.0 4.8 3.2 

Totals 41.2 33.0 18.0 
Averages (growing season) 8.2 6.6 3.6 

1 Data were obtained from the National Oceanic and Atmospheric Administration (NOAA). 
2 Reference evapotranspiration (ETc) is approximately 80 percent(%) of pan evaporation. 

Infiltrated Total Infiltrated 
3.8 6.7 5.7 
3.4 6.9 5.9 
2.6 3.3 2.8 
2.8 4.1 3.5 
2.7 5.2 4.2 
15.3 26.5 22.5 
3.1 5.3 4.5 

3 Approximately 15% of precipitation is expected to be intercepted by the foliage of a mature willow stand. Therefore, infiltrating precipitation is 
approximately 85% oftotal. 

in- Inch(es). 

The water balance is estimated by comparing the rates of hydraulic inputs and outputs for the 

system. The thickness of the saturated zone and the relative speed at which water moves through 

the aquifer matrix determine the volumetric input (Darcy flux) into the designated plot areas. 

The groundwater velocity is dictated by soil type (permeability) and the pressure induced by a 
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hydraulic gradient. The water balance considers the relative rates of water input (inflow and 

infiltration) and output (outflow and uptake from trees) from the system, as shown in Figure 6. 

Hydraulic Conductivity 

The hydrostratigraphic profile of the saturated zone where Plots Band Care proposed consists of 

multiple layers with multiple hydraulic conductivity values (Figure 7). A combination of site 

data and reference information was used to apply a hydraulic conductivity value to each layer 

within the profile at each plot. Using the thickness of each layer, an "equivalent" hydraulic 

conductivity was calculated. 

Pump tests were previously conducted by Maude Environmental, Inc. at monitor wells MW-2 

and MW-11 in 1993. The estimated hydraulic conductivity based on the tests at MW-2 and 

MW-11 were 5.02 feet per day (ft/d) and 9.92 ft/d, respectively (Maude Environmental, Inc., 

November 1993). 

During the pump tests at MW -11, it began raining. Therefore, draw down data from this well is 

suspect and was not used to determine the hydraulic conductivity of Plots Band C. Additionally, 

MW-11 is located on the Coleman property, over 1,000 ft away from the location ofPlots Band 

C. MW-2 is located on the former Unocal site near the location of Plot B; however, this well is 

screened across a sand layer in the saturated zone. Therefore, the hydraulic conductivity of the 

entire saturated zone is not reflected in the value obtained at MW-2. 

Slug tests were performed by Woodward-Clyde in 1991 at monitor wells MW-1S, MW-2, 

MW-3, and MW-4. The calculated hydraulic conductivity values for these monitor wells were 

'0.98 ftld, 0.88 ftld, 0.049 ftld, and 0.51 ft/d, respectively. 

Equivalent Hydraulic Conductivity 

URS calculated the hydraulic conductivity based on soil types to independently assess the data 

from the pump tests and slug tests. Drilling logs for MW-17S (in Plot B) and MW-26 (in Plot C) 

were used to determine the lithologies at these locations (Figure 7). Hydraulic conductivity 

values were assigned to each lithology (except for sand) based on typical published values 

(Nazaroff and Alvarez-Cohen, 2001 ). For the sand layers, the hydraulic conductivity calculated 

for MW-2 during the pump tests was used. The equivalent hydraulic conductivity of the 

saturated zone of each plot was estimated using the methods described by Payne et al. (2008): 
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Where: 

K is the hydraulic conductivity; 
i refers to the number of layers; 
d; is the individual layer thickness; and 
d is the total thickness of all layers. 

(Equation 1) 

The following K values were assumed for the individual layers (ft/d): 

• Sand: 5.02 

• Silt: 0.20 

• Clayey silt and sandy clay: 2.0 X 10-2 

• Silty clay: 2.8 X 1 o-3 

• Clay: 2.8 X 1 o-4 

Based on the thickness of the various layers reported in the drilling logs and the assumed K 

values for the layers, the following estimates of equivalent K values were obtained with Equation 

1 for the saturated zones in the phytoremediation Plots: 

• Plot B: 0.33 ft/d 

• Plot C: 0.81 ft/d 

These values are consistent with the values obtained during the slug tests. Since these values 

represent the lithologies specific to the pJot locations, they were USfd for the calculation ofDflrcy 

Flux. 

Hydraulic Gradient 

The hydraulic gradient (I) was calculated for each plot based on the revised 2009 potentiometric 

contours, presented in Figure 3. The calculated I values are: 

• Plot B: 0.012 ft/ft 

• Plot C: 0.035 ftlft 

Over time, hydraulic gradients have remained fairly consistent in these areas. 
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Darcy Flux 

The Darcy flux through the system was determined using the permeabilities, hydraulic gradients, 

and aquifer thicknesses in each plot. The surface topography and the bedrock elevation map 

(Figure 8) were used to develop aquifer thickness cross sections, presented in Figure 9. The 

thickness of the saturated zone varies across the plots because of variations in the depth to 

competent bedrock (the land surface is relatively flat). 

Figure 9 illustrates the variations in aquifer thickness across two transects: cross-section BB' 

through Plot B (Plumelet B) and cross-section CC' through Plot C (Plumelet C). Data are based 

on isocontour maps for the top of the competent bedrock; these maps are based on a 

compendium of available lithologic information. A gauging event performed in December 2009 

revealed water table depths of8.5 ft bgs within Plot B (MW-17S) and 5 ft bgs and 9.5 ft bgs 

within Plot C (MW-26 and MW-28, respectively). The maximum thickness of the saturated zone 

is roughly 24.7 ft across transect BB' and 15ft across transect CC'. Both of these transects 

contain monitoring wells, which provided lithologic information that was used in determining 

the saturated zone thickness. Transect DD' does not contain monitoring wells and, therefore, 

only its length was used in the Darcy flux calculations. 

Assuming steady flow conditions, Darcy's flux can be calculated as follows: 

Where: 

QGW =K X A X I (Equation 2) 

Qaw is the Darcy flux; 
K is the hydraulic conductivity; 
A is the cross-sectional area of the saturated zone; and; 
I is the hydraulic gradient. 

The cross-sectional area ofthe saturated zone (A) for each plot was determined using the BB' 
and DD' transect lengths and the maximum thickness of the saturated zone. 

Using Darcy's law, the pre-stressed Darcy flux for groundwater through each plot (Qaw) was 

calculated: 

• Plot B: 209 cubic feet per month ( ft3 /mo) 

• Plot C: 1,633 fe /mo 

3.2.2 Groundwater Contaminant Characteristics 

Groundwater contaminants include dissolved cVOCs and BTEX compounds in both Plumelets B 

and C (Figures 10 and 11). Concentrations oftotal detected cVOCs in groundwater are 
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approximately 0.3 milligrams per liter (mg/L) in MW-17S in Plot Band 28.5 mg/L in MW-26 in 

Plot C (URS, September 2009). Concentrations of total detected non-chlorinated hydrocarbons 

are approximately 1.9 mg/L in Plot B (MW -17S) and approximately 13 mg/L in Plot C 

(MW-26). The lateral and vertical extents for Plumelets Band Care based on current 

monitoring well data, direct-push groundwater sampling data, and data collected during the 

membrane interface probe (MIP) study in 2007. 

Plumelet B 

In order to characterize the groundwater contaminants for historical Plumelet B, the results from 

the 2009 Annual Groundwater Monitoring Event for the following wells were utilized: 

• MW-27 (previous source area); 

• R-1 and MW-6 (approximately 80ft downgradient ofMW-27); and 

• MW-17S (approximately 165ft downgradient ofMW-27). 

The only tetrachloroethene (PCE) exceedance ofKDHE Tier 2 residential RSK standards within 

historical Plumelet B occurred at R-1. At the previous source area (MW-27), trichloroethene 

(TCE) and vinyl chloride were the only cVOCs that exceeded KDHE Tier 2 residential RSK. 

Downgradient of the previous source area, a TCE exceedance occurred only at R-1, while cis-

1,2-dichloroethene (DCE) and vinyl chloride exceedances occurred at R-1, MW-6, and MW-

17S. Additionally, petroleum hydrocarbon exceedances were observed near and downgradient 

of the previous source area. Petroleum hydrocarbons act as electron donors to enhance reductive 

dechlorination of c VOCs. Based on these hydrocarbon levels, it was concluded that reductive 

dechlorination has occurred within historical Plumelet B and can aid in limiting the off-site 

migration of c VOCs. 

Plumelet C 

In order to characterize the groundwater contaminants for historical Plumelet C, the results from 

the 2009 Annual Groundwater Monitoring Event for the following wells were utilized: 

• MW-26 (previous source area); and 

• MW-28 (approximately 75ft downgradient ofMW-26). 

Both MW-26 and MW-28 had exceedances ofthe primary cVOCs (i.e., PCE, TCE, cis-1,2-DCE, 

and vinyl chloride) with the concentrations at MW -26 being significantly higher than at MW-28 

for all of the cVOCs, except vinyl chloride. Petroleum hydrocarbon exceedances occurred at 

MW-26, but not at MW-28. Based on the limited size ofhistorical Plumelet C and the 
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hydrocarbon levels, it was concluded that natural attenuation via reductive dechlorination has 

occurred in the previous source area, likely limiting off-site migration of contaminants. 

3.3 Technical Design and Specifications 
This section discusses planting methods, the creation of a groundwater capture zone, and the 

expected fates of the groundwater contaminants caught in the capture zone. Also included are 

descriptions of the dimensions of the tree stands in Plots Band C, expected transpiration rates for 

the tree stands, capture zone thickness, and the effects of the dormant season on plume 

migration. 

3.3.1 Planting Methods 
For a groundwater phytoremediation system to be effective, the tree stand must have deep roots 

to extract water from the saturated zone. Special tree root stock and planting methods will be 

used in this project to ensure that the trees have sufficiently deep roots to extract groundwater 

from the entire hydrostratigraphic unit beneath both plots. Tree saplings will be installed deeply 

within large boreholes advanced to below the hydraulic surface. The large boreholes will be 

backfilled with a sand/compost mixture. Within each of the large boreholes, smaller diameter 

boreholes will be advanced to the competent bedrock. These smaller boreholes will be 

backfilled with coarse sand to provide connection to the lower sand layers. This will allow the 

phytoremedial tree stands to capture groundwater from the entire vertical thickness of the 

saturated zone, especially those layers with higher permeabilities. Implementation details for 

this method are described further in Section 4.0. 

3.3.2 Transpiration Rates 
On a monthly basis, during the growing season, the potential transpiration rate of each plot is 

sufficient to extract more than the Darcy flux of groundwater into the footprint of the plot. The 

rate of water use for a stand of trees provided with ample moisture and under minimal stress can 

be estimated using the following equation (Ferro et al., 2003): 

Where: 

VT 

LAI 

VT=ETo * e * LAI (Equation 3) 

potential rate of transpiration (water use) by the stand (inches per day 
[in/d]); 
reference evapotranspiration during a given time period (in/d); 
the water use multiplier for a tree within the stand (rate of water use per 
leaf as a percentage of ET 0 ); and 
leaf area index (the leaf area per unit area of ground surface; square 
meter [ m2]/m2

). 
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Values for 0 and LAI are species-specific and depend on planting density and stand maturity. 

LAI increases gradually as a tree stand matures. At the former Unocal site, willow trees planted 

on 1 0 ft centers are expected to plateau upon canopy closure during the fourth or fifth growing 

season. At that time, V T will be maximal, and in this context, the tree stand will be considered 

"mature." 

The following parameters were used in Equation 3 for the mature willow stand at the former 

Unocal site (Table 4): 

ET 0 6.6 in!mo, averaged over the May - September growing season; 
e 0.6; and 
LAI 6. 

The stated values for 0 and LAI are based on previous observations for Salix alba on other 

projects, and the assumption that conditions at the former Unocal site will be nearly optimal. 

Any adverse conditions (e.g., diseases, phytotoxic chemical-stress, water-stress, etc.) can reduce 

both 0 and LAI, and thereby reduce V T· Salix alba is not typically prone to disease, and 

chemical-stress in Plots B and C are expected to be within tolerable limits. However, as outlined 

below, the rate at which the saturated zone can supply groundwater to the trees may be limiting 

at the former Unocal site, and this factor may reduce V T. 

VT for the mature willow stand provided with ample water is expected to be about 23.8 inches 

per month (in/mo) (vs. 4.5 in!mo of infiltrating precipitation during the growing season using 

averages for data from 2006 to 2009 in Table 4). Based on these estimates, the average maximal 

rate of groundwater uptake during the growing season for the mature tree stand (Qm) is expected 

to be 19.3 in/mo (Qm = V T minus infiltrating precipitation on a unit area basis). 

3.3.3 Stand Dimensions and Estimated Capture Zone Thickness 
The vertical capture zone is the specific vertical thickness of the saturated zone from which 

groundwater is taken up by the trees. MODFLOW modeling (Matthews, et al., 2003) suggests 

that, to create a capture zone for a plume of given thickness, the rate of groundwater uptake by a 

tree stand must be at least three times the pre-stress groundwater flux through the targeted plume. 

Pre-stress flux of groundwater is the flow prior to removal via pumping or plant uptake. 

Simulations (Thibodeau and Ferro, 2007) indicate that with a tree stand planted in a 10 ft by 10 ft 

staggered grid pattern, a maximum capture zone thickness of25 ft can be created. Using this 

model as guidance, it was determined that four rows of trees are required for Plots B and C based 

on the maximum capture zone thicknesses (22 ft for Plot B and 15 ft for Plot C) and the 
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hydraulic conductivity of the plots. Therefore, the tree stands in both Plots B and C were 

designed with at least four rows in the direction parallel to groundwater flow in order to maintain 

a capture zone over the entire depth of the saturated zone (Figure 1 ). The Plot B tree stand will 

be 40 ft by 80 ft with a total 30 trees placed on a 10 ft by 10 ft staggered grid. The Plot C tree 

stand will be 100ft on the western side and 80ft on the southern side with a total of 56 trees 

placed on a 10 ft by 10 ft staggered grid. 

The potential effectiveness of a groundwater phytoremediation system can be estimated by 

considering the various parameters of the water balance. The water balances for Plots B and C 

are summarized in Table 5. One important consideration is the relationship between the rate of 

groundwater uptake by the stand (Qm) and the pre-stressed Darcy flux of groundwater through 

the footprint of the stand (Qow)- As mentioned above, Qm must be at least three times the pre

stressed groundwater flux through the targeted plume. 

Table 5 shows that the Qm/Qow ratio for the mature Plot B is 24.6; this large margin of safety 

results from installing four rows of trees to meet the capture zone thickness requirement. The 

Qm/Qow ratio for the mature Plot C is 6.4, an appropriate margin of safety considering the 

thickness ofthe saturated zone. The "excess" Qm for both plots provide a reasonable margin of 

safety considering that the values for K are estimated. 

Table 5. Expected Water Balance for the Mature Phytoremediation System 

QGw 
Plot Area (Darcy flux) VT 

Plot (re) (feJmo)1 (fe/mo) 
B 3,200 209 6,336 
c 6,500 1,633 12,870 

1 See Table 3. 
2 Based on 2006 to 2009 average infiltrated precipitation (Table 4). 
re -Square feet. 
ft'lmo- Cubic feet per month. 
Qow - Darcy flux. 
QTD- Rate of groundwater uptake by mature tree stand. 

Infiltrated Precipitation QTD 
(ft3/mo)2 (ft3/mo) QTD/QGW 

1,200 5,136 24.6 times 
2,438 10,483 6.4 times 

Figure 1 depicts the locations and sizes of the two plots. Both plots are sufficiently wide in the 

direction of groundwater flow to intercept the BTEX and c VOC plumes. Since concentrations of 

cVOCs greater than about 50 mg/L can inhibit root growth (Newman et al., 1997), the original 

footprint of Plot C proposed in the Feasibility Study Report was L-shaped to avoid planting in 

areas containing groundwater that is potentially phytotoxic (based on groundwater grab results 

from MIP-15). Each leg of the L-shape corresponded to the varying groundwater flow direction 

(south to west). However, since the Feasibility Study Report, groundwater results from newly 
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installed monitoring wells MW-26 and MW-28 indicate that the concentrations of cVOCs in that 

area are less than 50 mg/L. Therefore, the potential for phytotoxicity in the source area of 

Plumelet C may be lower than previously anticipated. 

3.3.4 Seasonality 

An important consideration in the design of groundwater phytoremediation systems is 

seasonality. Because the stand is composed of deciduous willow trees, V T will drop to zero 

during the period of the year when the trees are dormant. During the dormant period, the 

groundwater plume will not be subjected to extraction (Qm). The distance in which a 

conservative tracer (no retardation) would migrate over time can be calculated by estimating the 

seepage velocity (V s). 

V s = K * V ~' where ~ is the porosity of the saturated zone. (Equation 4) 

The assumption is made that ~ = 0.3 for both Plots B and C. The migration distance of a 

conservative tracer of the Plumelet B would be 2.4 ft over a 180 day dormant period (October 1 

through April 1 ). Because the dimension of the Plot B parallel to the groundwater flow direction 

is 40ft, a travel distance of2.4 ft is not significant. The migration ofPlumelet C during the 180 

day period would be 17.0 ft. The dimensions of Plot C parallel to the groundwater flow direction 

are 40 ft in both a westerly and southerly direction. The travel distance of groundwater during 

the dormant season would still be within the footprint of Plot C by the next spring, demonstrating 

that the dimensions of the tree stands are appropriate. It should be noted that contaminants 

within these systems may travel at lower velocities than groundwater due to retardation. 

Additionally, physical and biological attenuation mechanisms appear to have stabilized 

Plumelets B and C such that they are not currently expanding. Therefore, the seasonality 

calculations can be considered conservative. 

3.3.5 Expected Air Quality 
An air-modeling exercise was performed to evaluate the emissions resulting from the trees 

phytovolatilizing cVOCs after canopy closure (roughly the fourth growing season). The Screen3 

modeling system was used to evaluate the deep-rooted tree stands in Plots Band C. The 

assumptions used in the model are listed below. 

• Concentration of total cVOCs beneath the tree stands: Plot B, 0.3 mg/L and Plot 

C, 28.5 mg/L. 

• Transpiration rate= 6.3 gallons per hour per tree (gal/hr/tree) (maximal rate of 

groundwater uptake for a stand of mature willow trees in Wichita in mid-July 

from 12:00 p.m. to 1:00 p.m.). 
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• Transpiration stream concentration factor (TSCF) for cVOCs = 1. This is a 

conservative estimate (see Appendix A). 

The Screen3 model determines the one hour worst-case scenario for air emissions. Parameters 

were determined for urban and rural settings with a moderate air stability class (Class 3, the 

worst case), and distance down-wind from the project site (the distance exhibiting the highest 

concentration). The one hour highest concentration for the urban setting for Plots B and C 

occurred 12 and 13 meters (m) downwind, respectively, while the rural one hour highest 

concentration occurred 20 m downwind for both plots. Concentration results for each plot are 

given in Table 6. 

The KDHE RSK standards are based on indoor (not outdoor) air quality values (KDHE, 2007). 

Therefore, the air modeling results were compared to the short term (one hour) Texas Effects 

Screening Level (ESL) for TCE (the lowest standard for all volatile organic compounds (VOCs) 

detected on-site). The model indicated that the extent of air emissions in this worst-case scenario 

was below the Texas ESL for TCE. Model outputs are displayed in Appendix B. 

According to the Kansas Air Quality and Regulatory office, a stationary stand of trees, if air 

emissions are applicable, would be classified under a State Construction Approval (Kansas 

Administrative Regulations (K.A.R.) Article 28-19, Chapter 28-19-300). The VOC threshold for 

a State Construction Approval is regulated at 50 pounds (lbs )/24 hr period. Thus, groundwater 

concentrations and Qm were used to calculate air emissions for both plots and the units were 

converted to lbs/24 hr period, which are presented in Table 6. These calculated air emissions 

indicate that the tree plots potential emissions are significantly below the Kansas State 

Construction Approval threshold. 

Table 6. Estimated Air Emissions for Plot B and Plot C 

Screen3 Model Prediction1 

cVOCs Concentration Urban Rural Air Emission- cVOCs2 

Plot (mg/L) (J.lg/m3) (J.lg/m3) (Ibs/24 hr period) 

B 0.3 0.4480 0.3723 0.0027 
c 28.5 45.28 38.02 0.515 

1 The short term Texas Effects Screening Level (ESL) = 540 micrograms per cubic meter (Jlg/m3
). 

2 The Kansas State Construction Approval volatile organic compound (VOC) threshold is 50 pounds (lbs)/24 hour (hr) period. 
cVOC- Chlorinated volatile organic compound. 
mg/L- Milligrams per liter. 
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4.0 Implementation Plan 

The phytoremediation implementation plan, outlined in Section 2.0, will address the remedial 

objectives outlined in Section 1.0. Section 3.0 provided technical information and calculations 

that were used to evaluate the expected performance of the proposed systems. This section 

provides details regarding the physical implementation of the proposed systems. 

The implementation plan involves the following steps: 

4.1 

• Locating and staking of borehole locations for tree planting; 

• Mobilizing, setup, and staging; 

• Drilling fully penetrating boreholes; 

• Backfilling fully penetrating boreholes with coarse sand; 

• Drilling larger diameter boreholes to the water table; 

• Backfilling the larger diameter boreholes with compost/sand backfill (rooting 

matrix); 

• Deeply planting Salix Alba (deep rooted willow trees) cuttings in the rooting 

matrix; 

• 

• 

Installing hydraulic monitoring piezometers within and outside tree stands; and 

Demobilizing . 

Installation Plan 
Figure 12 illustrates the borehole construction for each tree location. Dense rows of deep-rooted 

willow trees (Salix alba) will be installed in the locations depicted in Figures 13 and 14. The 

rows of trees will be spaced 10 ft apart and trees within the rows will be planted on 10 ft centers. 

The following subsections describe these steps in detail and include premobilization activities, a 

site management plan, an installation plan, and a waste management plan. A monitoring and 

maintenance plan is presented in Section 5.0. 

4.1.1 Premobilization 
Prior to crew and equipment mobilization, a team will travel to the site to stake locations and 

facilitate utility clearances. Each location will be marked with a three-inch roofing disk and pin, 

and a unique tree identification number will be written on each disk with a permanent marker. A 

surveyor's flag will also be placed at each location next to the roofing disk. This team will 

evaluate the site conditions, demarcate staging and decontamination areas, and establish traffic 

routes. Materials and equipment will also be received and stored during this task. 
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2. Fill 3-inch borehole with clean sand and saturate with water. 
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4. Fill 8-inch borehole with compost, sand, fertilizer mixture. 
5. Drawing is NOT TO SCALE and is schematic only. 
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4.1.2 Site Management Plan 
Once site clearance is assured, a drilling crew, support staff, and technical staff will mobilize to 

the site. All staging and decontamination areas will be established prior to drilling. A staging 

area has been designated (Figure 15) for receiving and storing all materials to be used during the 

tree stand installation. This staging area will include: 

• One area for a coarse sand pile; 

• One area for a compost pile; 

• A mixing area, where the coarse sand, compost, and nutrient amendments 

(fertilizer) will be mixed together; 

• A mobile storage unit for smaller materials, such as the trees and fertilizer; 

• A parking area for vehicles and equipment; and 

• An equipment storage area to use when equipment is not in use. 

A decontamination area will also be designated. This area will be established a safe distance 

from the phytoremediation plots, but close enough to reduce the travel distance from the work 

area to the decontamination pad. 

A traffic plan will be implemented to ensure the safety of workers, equipment, and the plots. All 

traffic will enter the site and proceed directly to the designated parking area. The boundaries of 

the plots will be designated with cones and/or colorful tape or rope to prevent vehicles from 

driving in those areas. All workers should be made aware when equipment, such as a drill rig, is 

in use and where that equipment will be operating. The gate leading into the former Unocal'site 

will remain closed during site work in order to prevent unauthorized individuals from entering 

the work area. 

Tree handling is important to ensure that the trees are healthy when planted. Once on-site, trees 

will be stored in a shady cool area, such as a storage shed. They will not be placed in the sun or 

allowed to dry out. Two to four days prior to planting, the trees will be soaked in water held in 

clean 55-gal drums. 
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4.1.3 Site Grading and Drainage 

Since the former Unocal site is relatively flat and lies generally at a higher elevation than the 

surrounding properties, sheet flow does not enter the site during significant rainfall events. As 

such, a detailed grading plan is not necessary. However, some localized grading may be 

necessary to reduce infiltration into the planted areas. This grading will address low spots within 

the plots and reduce surface flow from higher elevations toward the planting areas. The actual 

site grading plan will be field-determined, as it is expected to be minimal in scope. 

4.1.4 Drilling and Piezometer Installation 

To ensure that the deep rooted trees obtain groundwater from the entire thickness of the saturated 

zone, the following drilling and backfilling methods will be used: 

• Drilling of fully penetrating boreholes. A three-inch diameter solid auger will be 

advanced to the shale bedrock. The depth to the bedrock surface will vary from 

location to location in the plot, as shown in Figure 9. Encountering the shale will 

be based on the driller's judgment; the depth will be recorded by the field 

geologist. 

• Backfilling the fully penetrating boreholes. The three-inch diameter boreholes 

will be backfilled with coarse sand from the shale surface to near land surface. 

• Over-drilling of Salix Alba planting boreholes. At each planting location, an 8-

inch diameter borehole will be advanced to 10ft using an 8-inch solid auger. 

• Backfilling the planting boreholes. The 8-inch boreholes will be backfilled with a 

mixture of 60 percent (%) coarse sand and 40% compost, and the backfill will be 

soaked with water and tamped until it is well settled in the borehole. 

Figure 12 illustrates the borehole construction for each tree location. 

The first installation task to be performed is the advancement of three-inch fully-penetrating 

boreholes at each planting location. These boreholes will be advanced until competent bedrock 

is encountered. The sand backfill in these boreholes will provide communication between the 

tree root zone and the deeper layers of higher permeability sands that are present within the 

aquifer matrix. Coarse, dry sand will be installed within the open borehole using a tremie pipe, 

and the sand will be periodically soaked with potable water to ensure thorough backfilling. 

After the installation of the three-inch boreholes, eight-inch boreholes will be overdrilled at the 

same locations. The 8-inch boreholes will be advanced to the water table (approximately 
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10 ft bgs ). Boreholes will be backfilled with the sand, compost, and nutrient mixture. The 

optimal time for planting hardwood cuttings in Kansas is mid-April. 

4.1.5 Tree Installation 
Once the majority of the drilling and backfilling is complete, the installation task will begin. 

Long hardwood willow cuttings (8ft long "poles") will be planted 7.5 ft deep in the backfill. A 

long dibble will be used to make a planting hole in the backfill, and a willow pole planted. Roots 

will develop along the portion of the pole exposed to moist backfill, and the backfilled borehole 

will serve as a conduit for vertical root growth down to the water table. The deep three-inch 

portion of the borehole, filled with sand, will provide a conduit for groundwater in the lower 

units to rise up to the potentiometric surface and be taken up by the trees. 

The planting method used in this application is called "pole planting" and it is applicable for sites 

with relatively shallow water tables (less than approximately 8 ft bgs). The bottom ends of the 

poles will be placed very close to the water table, and roots will develop along the length of the 

pole. If the water table drops, the roots will be able to follow the receding saturated zone 

through the rooting matrix. An irrigation system is not required for this type of planting 

approach because the saplings will obtain ample moisture from the groundwater. 

4.2 Waste Management Plan 
Waste will be managed in accordance with the Standard Operating Procedure (SOP) for 

Investigation Derived Waste (IDW) (Appendix C). The drill cuttings will be stockpiled in the 

designated waste storage area (Figure 15) and kept covered. Cuttings from the saturated zone 

(three-inch diameter boreholes) will be stockpiled separately from the vadose zone cuttings 

( eight-i:r1,ch diameter boreholes), because it is likely that the cuttings from the saturated ,zone will 

be relatively more contaminated. Assuming an expansion factor of 30%, approximately 130 fe 

of soil from the saturated zone and approximately 390 fe of soil from the vadose zone will be 

generated. 

Representative samples of cuttings from both zones will be analyzed using U.S. Environmental 

Protection Agency (EPA) Method SW8260B for VOCs (to determine absolute concentrations in 

milligrams per kilogram [ mg/kg]) and the Toxicity Characteristic Leaching Procedure (TCLP) 

(to determine the leachate concentrations in mg/L). While it is likely that soil will be disposed in 

a landfill as a nonhazardous industrial waste, it is currently being explored whether a landfarm 

approach is feasible. Chevron EMC is currently communicating with KDHE's Bureau of Waste 

Management as to whether such a waste management strategy is acceptable. Details regarding 

this approach, if it is pursued, will be communicated via separate memoranda. 
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5.0 Monitoring and Maintenance Plan 

The monitoring plan for the groundwater phytoremediation systems in Plots B and C involves 

four components: 

• Groundwater quality monitoring; 

• Monitoring for hydraulic effects of the phytoremediation systems; 

• Measuring transpiration rates of the tree stands; and 

• Measuring phytovolatilization rates for cVOCs . 

5.1 Groundwater Quality 
Groundwater quality monitoring will be performed to determine contaminant levels within 

and/or adjacent to the tree stands using the current monitoring well network Water quality data 

from the monitor well network will be collected annually until the trees are established 

(minimum of three years). No additional monitoring wells are proposed at this time. 

5.2 Hydraulic Effects 
Trees will take up groundwater from the entire saturated thickness ofthe aquifer. However, the 

water balance presented in Table 5 suggested that the maximal rates of transpiration for the 

mature stands exceed the pre-stressed Darcy flux of groundwater into the footprints of the tree 

stands. Transpiration exceeds Darcy flux by 6.4 times for Plot C and by 24.6 times for Plot B. 

These estimates predict that the mature stands would create a substantial decrease in water table 

elevation. Seasonal and even daily fluctuations in water table elevation (relative to the controls) 

would probably be observed for the mature stand. Such data would indicate that the trees are 

removing groundwater at sufficient rate to change the groundwater hydraulic gradient. 

To measure hydraulic effects, piezometers will be installed within and near Plots B and C. 

Existing wells (outside ofthe zone of hydraulic influence of the tree stands) will be used for 

control monitoring. Figures 16 and 17 show the location of the existing monitoring wells and 

proposed piezometers relative to Plots B and C, respectively. Piezometers will be constructed 

with 2-inch diameter polyvinyl chloride (PVC) to a total depth of 20 ft bgs and will be screened 

from 5 to 20ft bgs. Water level measurements will be collected annually, and this monitoring 

should continue until the growing season after the stand attains canopy closure (minimum of 

three years). Hydraulic monitoring may occur more frequently during the third through fifth 

growing seasons, when the trees will begin to remove significant volumes. Hydraulic data from 

the monitoring wells and piezometers outside of the tree stands will provide a means to account 

for seasonal changes in water table elevation. 
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5.3 Transpiration 
Thermal dissipation probes (TDPs) will be installed when the trees attain sufficient growth 

(diameter> 1.5 inch, probably by the early summer of2012) and will be used to estimate 

transpiration rates for subsets of trees in Plots Band C. TDPs measure sap velocity, in 

centimeters per hour ( cm/hr), for individual trees. This is the rate at which a particle of sap flows 

upward through the xylem of the tree. TDPs are two needle-like sensors that are inserted into 

holes drilled into the stem, one above the other and about two inches apart. The upper needle is 

heated, and the temperature difference ( 6. T) between the two needles is measured. When sap 

velocity is high, heat in the upper needle is dissipated, and the 6. T is reduced. Values for 6. T 

and sap velocity are empirically related. The product of sap velocity and the cross sectional area 

of the sapwood at the point at which the TDPs are inserted square centimeters (cm2
) yields sap 

flow cubic centimeters per hour (cm3/hr), or gal/d. 

The electrical leads from the TDPs will be routed to nearby data loggers via electrical conduit. 

One data logger will be required for each of the two Plots (Plumelets Band C). A rain bucket 

will be wired to one of the data loggers to measure rainfall amounts. 

Obtaining transpiration data for the tree stands will be useful to assess the following factors: 

• Effectiveness of the planting methods; 

• Extent of chemical phytotoxicity; and 

• Rate of c VOC phytovolatilization using transpiration data in conjunction with 

xylem sap analysis. 

Planting method effectiveness. The pre-stressed Darcy fluxes of groundwater are listed in 

Table 3. If planting is effective in allowing the mature tree stands to take up water from the 

entire thickness ofthe aquifer, then the theoretical rate of groundwater uptake would be at least 

three times the pre-stressed Darcy flux. The total volume of water theoretically available for the 

stand transpiration would be three times the Darcy flux plus the infiltrating precipitation (data 

from an on-site rain bucket). Therefore, measuring the transpiration rates by the tree stands 

would be an indication of the effectiveness of planting. 

Assessing potential for phytotoxicity. As mentioned in Section 3.2.2, concentrations ofcVOCs 

greater than about 50 mg/L can inhibit root growth (Newman et al., 1997). The footprint ofPlot 

Cis located near MW-26, which had a concentration of total cVOCs in groundwater of28.5 

mg/L. Therefore, there is only a slight potential for phytotoxicity. The extent to which the 
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phytotoxic conditions may exist in different portions tree stand could be assessed using TDPs. 

Any adverse conditions (e.g., phytotoxic chemical-stress, water-stress, over-crowding, diseases) 

can reduce both e and LAI and thereby reduce V T· To assess potential phytotoxicity, TDPs 

would be installed in each of four trees in the NW comer of the site as well as in the portions of 

the tree stand directly downgradient ofMW-26. 

5.4 Phytovolatilization of cVOCs 
Tree core analysis for cVOCs would be carried out in 2011 and thereafter, as necessary, at yearly 

intervals. During these events, the xylem sap of certain trees in each plot will be assayed for the 

presence of c VOCs. These data results will be used with TDP data to estimate rates of 

phytovolatilization. The concentrations of cVOCs would be measured in samples of tree cores. 

This approach is based on the results of recent investigations showing that cVOCs can be taken 

up and transported from subsurface to above surface by trees (Ma and Burken, 2002; Vroblesky 

et al., 1999). These compounds can enter the trees either by advective uptake into the roots via 

the transpiration water or by diffusive uptake into the roots from groundwater or the soil vapor 

phase. 

Following uptake, the cVOCs may undergo sorption to wood, degradation (by plant enzymes), 

transport to leaves via the xylem, and diffusion to the atmosphere from stern and leaves 

(phytovolatilization). Most of the data in the literature regarding the fate of cVOCs in planted 

systems is for TCE in hybrid poplars. Accumulation in poplar tissue reportedly accounts for< 

1% of the TCE that is taken up, while TCE volatilization was shown to be the major fate 

mechanism (Ma and Burken, 2002). It is expected that the Salix species, being in the same 

family as poplars (Salicaceae ), would behave similarly in regard to accumulation of TCE and 

·other cVOCs. 

Tree core samples will be collected during the growing season (May- September) from sterns at 

a height of about two ft above ground surface using a five millimeter (mm) increment borer 

(Larsen et al., 2008). Samples will be enclosed in a 20 milliliter (rnL) crimp-top gas 

chromatography/mass spectrometry (GC/MS) vial capped with a Teflon septum. To each vial, 1 

rnL of 0.01 molar (M) nitric acid (HN03) will be added, and the vials stored on dry ice 

( -18 degrees Celsius ( C]). Vials will be shipped for analysis to Dr. Joel Burken, Department of 

Civil, Architectural, and Environmental Engineering, University of Missouri-Rolla. The 

analytical procedure will include heating the vials to 80° C for 1 hour before equilibrium 

headspace gas analysis using gas chromatography/electrical conductivity detector (GC/ECD). 
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The steady state concentration in the xylem sap (mg/L sap) will be measured by methods 

described above. Estimates for phytovolatilization for specific trees mg/d will be obtained by 

multiplying the concentration of cVOCs in the sap by the transpiration rate over a certain time 

interval (TDP data; gal/d). This approach for estimating rates of phytovolatilization are based on 

the following assumptions: a) the mass of c VOCs in the xylem sap will be translocated to the 

leaves and exit the tree via the stomata; b) cVOCs will not accumulate in the tissue to a 

significant extent; and c) VOCs in the plant tissue will not undergo metabolic transformation to a 

significant extent. Based on the reports by Burken and co-workers (Larson et al., 2008; Ma and 

Burken, 2002), these assumptions are reasonable. 

5.5 Maintenance Plan 
Maintenance for the phytoremediation tree stands is expected to be minimal, and the survival 

rate of the trees is expected to be greater than 90%. Pre-emergent herbicide will be applied to 

Plots B and C after planting to keep weed seed from germinating. Herbicide will be applied in 

June ofthe first growing season to kill weeds and grass. Ifthere are stressed trees, they will be 

replaced the following spring (20 11) by pole planting. A long dibble will be used to make a 

planting hole in the backfill in the location of the dead tree, and a willow pole planted. 
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6.0 Contingency Plan 

The monitoring plan described in Section 5.0 will be used to access the effectiveness of the 

phytoremediation IM. Depending on the monitoring results, amendments to the 

phytoremediation plan, such as the addition of trees, the installation of an irrigation system, 

and/or the thinning of Plots Band/or C, may be proposed at a later time. Prior to 

implementation, an amendment to this workplan outlining the details of the activities would be 

provided to KDHE for review. 

If Plots Band C continue to prove to be ineffective for the control ofPlumelets Band C, the 

following contingency plan would be implemented. This plan is based on Alternative 3 in the 

Feasibility Study Report (URS, June 2009), but has been modified to incorporate the 2009 

analytical results from the newly installed wells in historical Plumelet B and C (Section 3.2.2). 

6.1 Plumelet B 
If Plot B proves to be ineffective for control ofPlumelet B, a bioenhancement barrier would be 

installed along the Site's southern fence line (URS, June 2009; Figure 5-4). The design would 

be similar to the bio-barrier proposed in Alternative 3 of the Feasibility Study Report. The 

presence ofboth electron donors (BTEX) and degraded chlorinated constituents indicates a 

highly reduced environment in this area. In the southern portion ofPlumelet B, the primary 

chlorinated constituents PCE and TCE have degraded to cis-1 ,2-DCE and vinyl chloride. If it is 

decided that a contingency plan is necessary, substrates or other amendments will be selected on 

the basis of the distribution of contaminants at that time. 

A workplan outlining the details of the injection would be provided to KDHE for review prior to' 

implementation. This workplan would include a monitoring plan. Current monitor wells 

MW-17S, MW-17, and MW-27 would be used to monitor the effectiveness of the barrier. If 

necessary, injections would be repeated after five years. Injection barriers are not proposed in 

the source area ofPlumelet B because of the limited concentrations of cVOCs (PCE and TCE 

only) and the presence of appreciable amounts of BTEX. 

6.2 Plumelet C 
IfPlot C proves to be ineffective for control ofPlumelet C, injections would be carried out from 

6 to 18ft bgs along the southern and western extents ofPlumelet C (URS, June 2009; 

Figure 5-5). This Plumelet exhibits high concentrations ofboth electron donors (BTEX) and 

chlorinated constituents, including the primary contaminants PCE and TCE. If it is determined 

that a contingency plan is necessary for Plumelet C, substrates will be selected on the basis of 

their ability to reduce concentrations of the chemicals of concern (COCs). 
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Prior to implementation, a workplan outlining the details of the injection and a proposed 

monitoring plan would be provided to KDHE for review. Current monitor wells MW-28, 

MW-4, USD-1, USD-2, USD-3, and PMW-7 would be used to monitor these bio-barriers (URS, 

June 2009; Figure 5-2). If necessary, injections would be repeated after five years. Based on the 

MIP and 2009 annual groundwater monitoring results, petroleum hydrocarbons, especially 

toluene, are present at high concentrations in the source area for Plumelet C (MIP-15/MW-26). 

Therefore, injections are not proposed within the actual source area as part of the contingency. 
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Fate and Transport of Volatile Organic Carbon Constituents within Tree-Based 
Phytoremedial Systems 

Dissolved contaminants drawn up into the capture zone are removed by various 
phytoremediation processes, including degradation by microbes in the rhizosphere (for BTEX 
compounds) and plant uptake followed by phytovolatilization. Both rhizodegradation and 
phytovolatilization occur for chlorinated constituents ( c VOCs ). 

The rhizosphere and rhizodegradation. Trees and other plants exude a variety of 
carbon-containing compounds into soil (including sugars, organic acids, phenolic compounds) 
that act as a food-source for microbes. This exudation results in a great proliferation of 
metabolically active microbes in the plant root-zone (the rhizosphere). These microbes can 
degrade a range of organic chemical contaminants, and an extensive literature shows that the 
degradation rates for BTEX and cVOCs are enhanced in planted soils (rhizodegradation). 

Plant uptake and translocation. Many organic chemicals are passively taken up by 
plants. The most important property controlling root uptake and transport via the xylem is the 
chemical's lipophilicity, as measured by the octanol/water partition coefficient, Kow- Modeling 
studies suggest that maximal uptake from soils and sediments occur for compounds with log Kow 
0.5 to 1 (Burken, 2003). Most organic chemicals enter plants via the epidermis and diffuse 
though the porous cell walls of the cortex (the outer portion of the root tissue) where they 
encounter the endodermis. All solutes must pass through at least one endodermal cell membrane 
(including the waxy material called the Casparian strip) in order to enter the plant's vascular 
system, the xylem. 

Water and solutes are transported upward from the roots to shoots via the xylem. The efficiency 
of movement of dissolved compounds from roots to shoots is measured by the transpiration 
stream concentration factor (TSCF): 

TSCF = concentration in xylem sap/ concentration in soil water 

For passive uptake, the maximum value for the TSCF = 1, and the compound moves with the 
same efficiency as water. In most cases, the TSCF is greatest for organic compounds having log 
Kow values in the range of 1 to 4, with maximal uptake for compounds between 2 and 3. The 
physiological basis for the Kow optima are not fully understood, but apparently more polar 
chemicals are less able to cross hydrophobic lipid membranes, and more lipophilic chemicals 
possibly get retained in the lipid membranes themselves and cannot pass through. For TCE, log 
Kow = 2.3, and the reported TSCF is 0.7 (Burken and Schnoor, 1998). Related cVOCs 
presumably have TSCF values about the same as that for TCE. 

Phytovolatilization of c VOCs. Many tree species, including willows, can effectively take 
up cVOCs from the soil solution. Following uptake, these compounds are translocated from 
roots to shoots, where they exit the leaves in the transpiration gas via the stomata (pores on the 
leaves) in a process called phytovolatilization. The cVOCs are photo-degraded in the 
atmosphere and the rate of dilution of transpired c VOCs is extensive and rapid. In general, tree 
stands are not considered a source of air-pollution even when taking up groundwater from highly 
contaminated aquifers. 
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*** SCREEN3 MODEL RUN *** 
*** VERSION DATED 96043 *** 

Plume B - Rural 

SIMPLE TERRAIN INPUTS: 
SOURCE TYPE 
EMISSION RATE (G/S) 
SOURCE HEIGHT (M) 
INIT. LATERAL DIMEN (M) 
INIT. VERTICAL DIMEN (M) 
RECEPTOR HEIGHT (M) 
URBAN/RURAL OPTION 

VOLUME 
.100000E-03 
5.3340 
4. 9110 
1.7720 

.0000 
RURAL 

THE REGULATORY (DEFAULT) MIXING HEIGHT OPTION WAS SELECTED. 

02/19/10 
10:57:27 

THE REGULATORY (DEFAULT) ANEMOMETER HEIGHT OF 10.0 METERS WAS ENTERED . 

BUOY. FLUX = . 000 M**4/S**3; MOM. FLUX . 000 M**4/S**2 . 

*** FULL METEOROLOGY *** 

********************************** 
*** SCREEN AUTOMATED DISTANCES *** 
********************************** 

*** TERRAIN HEIGHT OF 0. M ABOVE STACK BASE USED FOR FOLLOWING DISTANCES *** 

DIST CONC U10M USTK MIX HT PLUME SIGMA SIGMA 
(M) (UG/M**3) STAB (M/S) (M/S) (M) HT (M) y (M) z (M) DWASH 

------- ---------- ------ ------ ------ ------
1. .0000 0 . 0 . 0 . 0 .00 .00 .00 

100. . 3480 6 1.0 1.0 10000.0 5.33 8.51 3.61 NO 
200. . 3015 6 1.0 1.0 10000.0 5.33 11.99 5.16 NO 
300. .2261 6 1.0 1.0 10000.0 5.33 15.38 6.61 NO 
400. .1706 6 1.0 1.0 10000.0 5.33 18.69 7.98 NO 
500. .1324 6 1.0 1.0 10000.0 5.33 21.95 9.29 NO 
600. .1056 6 1.0 1.0 10000.0 5.33 25.16 10.55 NO 
700. .8804E-01 6 1.0 1.0 10000.0 5.33 28.33 11.45 NO 
800. .7401E-01 6 1.0 1.0 10000.0 5.33 31.47 12.47 NO 
900. .6324E-01 6 1.0 1.0 10000.0 5.33 34.57 13.46 NO 

1000. .5520E-01 6 1.0 1.0 10000.0 5.33 37.64 14.29 NO 

MAXIMUM 1-HR CONCENTRATION AT OR BEYOND 1. M: 
20. .3723 3 1.0 1.0 320.0 5.33 8.89 4.06 NO 

DWASH= MEANS NO CALC MADE (CONC = 0.0) 
DWASH=NO MEANS NO BUILDING DOWNWASH USED 
DWASH=HS MEANS HUBER-SNYDER DOWNWASH USED 
DWASH=SS MEANS SCHULMAN-SCIRE DOWNWASH USED 
DWASH=NA MEANS DOWNWASH NOT APPLICABLE, X<3*LB 

*************************************** 
*** SUMMARY OF SCREEN MODEL RESULTS *** 
*************************************** 



CALCULATION 
PROCEDURE 

SIMPLE TERRAIN 

MAX CONC 
(UG/M**3) 

.3723 

DIST TO 
MAX (M) 

20. 

TERRAIN 
HT (M) 

0. 

*************************************************** 
** REMEMBER TO INCLUDE BACKGROUND CONCENTRATIONS ** 
*************************************************** 



*** SCREEN3 MODEL RUN *** 
*** VERSION DATED 96043 *** 

Plume B - Urban 

SIMPLE TERRAIN INPUTS: 
SOURCE TYPE 
EMISSION RATE (G/S) 
SOURCE HEIGHT (M) 
INIT. LATERAL DIMEN (M) 
INIT. VERTICAL DIMEN (M) 
RECEPTOR HEIGHT (M) 
URBAN/RURAL OPTION 

VOLUME 
.100000E-03 
5.3340 
4. 9110 
1.7720 

.0000 
URBAN 

THE REGULATORY (DEFAULT) MIXING HEIGHT OPTION WAS SELECTED. 

02/19/10 
11:02:21 

THE REGULATORY (DEFAULT) ANEMOMETER HEIGHT OF 10.0 METERS WAS ENTERED . 

BUOY. FLUX = . 000 M**4/S**3; MOM. FLUX .000 M**4/S**2. 

*** FULL METEOROLOGY *** 

********************************** 
*** SCREEN AUTOMATED DISTANCES *** 
********************************** 

*** TERRAIN HEIGHT OF 0. M ABOVE STACK BASE USED FOR FOLLOWING DISTANCES *** 

DIST CONC U10M USTK MIX HT PLUME SIGMA SIGMA 
(M) (UG/M**3) STAB (M/S) (M/S) (M) HT (M) y (M) z (M) DWASH 

---------- ------ ------ ------

1. .0000 0 .0 . 0 .0 .00 .00 .00 
100. .1912 5 1.0 1.0 10000.0 5.33 15.51 9.01 NO 
200. .7561E-01 5 1.0 1.0 10000.0 5.33 25.72 15041 NO 
3000 o4092E-01 5 1.0 1.0 1000000 5o33 35o58 21018 NO 
4000 o2615E-01 5 1.0 100 1000000 5033 45o10 26o44 NO 
5000 o1845E-01 5 1.0 1.0 1000000 5033 54o32 31.30 NO 
6000 o1389E-01 5 1.0 1.0 1000000 5o33 63o26 35o81 NO 
7000 o1095E-01 5 1.0 1.0 1000000 5o33 71.93 40o04 NO 
8000 o8931E-02 5 100 1.0 1000000 5o33 80o36 44o03 NO 
9000 o7473E-02 5 100 1.0 1000000 5o33 88o56 47o80 NO 

10000 o6382E-02 5 1.0 1.0 1000000 5o33 96o54 51o39 NO 

MAXIMUM 1-HR CONCENTRATION AT OR BEYOND 1. M: 
12 0 o4480 3 100 1.0 32000 5o33 7o74 4o37 NO 

DWASH= MEANS NO CALC MADE (CONC = 0 0 0) 
DWASH=NO MEANS NO BUILDING DOWNWASH USED 
DWASH=HS MEANS HUBER-SNYDER DOWNWASH USED 
DWASH=SS MEANS SCHULMAN-SCIRE DOWNWASH USED 
DWASH=NA MEANS DOWNWASH NOT APPLICABLE, X<3*LB 

*************************************** 
*** SUMMARY OF SCREEN MODEL RESULTS *** 
*************************************** 



CALCULATION 
PROCEDURE 

SIMPLE TERRAIN 

MAX CONC 
(UG/M**3) 

. 4480 

DIST TO 
MAX (M) 

12. 

TERRAIN 
HT (M) 

0 . 

*************************************************** 
** REMEMBER TO INCLUDE BACKGROUND CONCENTRATIONS ** 
*************************************************** 



*** SCREEN3 MODEL RUN *** 
*** VERSION DATED 96043 *** 

Plume C - Rural 

SIMPLE TERRAIN INPUTS: 
SOURCE TYPE 
EMISSION RATE (G/S) 
SOURCE HEIGHT (M) 
INIT. LATERAL DIMEN (M) 
INIT. VERTICAL DIMEN (M) 
RECEPTOR HEIGHT (M) 
URBAN/RURAL OPTION 

VOLUME 
.106800E-01 
5.3340 
5.3340 
1.7720 

.0000 
RURAL 

THE REGULATORY (DEFAULT) MIXING HEIGHT OPTION WAS SELECTED. 

02/19/10 
11:10:17 

THE REGULATORY (DEFAULT) ANEMOMETER HEIGHT OF 10.0 METERS WAS ENTERED. 

BUOY. FLUX = . 000 M**4/S**3; MOM. FLUX .000 

*** FULL METEOROLOGY *** 

********************************** 
*** SCREEN AUTOMATED DISTANCES *** 
********************************** 

*** TERRAIN HEIGHT OF 0 0 M ABOVE STACK BASE USED FOR 

DIST CONC U10M USTK MIX HT 
(M) (UG/M**3) STAB (M/S) (M/S) (M) 

------- ---------- ------
1. .0000 0 0 0 0 0 0 0 

100. 35.48 6 1.0 1.0 10000.0 
200. 31.18 6 1.0 1.0 10000.0 
300. 23.56 6 1.0 1.0 10000.0 
400. 17.86 6 1.0 1.0 10000.0 
500. 13.90 6 1.0 1.0 10000.0 
600. 11.11 6 1.0 1.0 10000.0 
700. 9 0 284 6 1.0 1.0 10000.0 
800. 7.815 6 1.0 1.0 10000.0 
900. 6.685 6 1.0 1.0 10000 0 0 

1000. 50 841 6 1.0 1.0 10000.0 

MAXIMUM 1-HR CONCENTRATION AT OR BEYOND 1. M: 
320.0 20. 38.02 3 1.0 1.0 

DWASH= MEANS NO CALC MADE (CONC = 0.0) 
DWASH=NO MEANS NO BUILDING DOWNWASH USED 
DWASH=HS MEANS HUBER-SNYDER DOWNWASH USED 
DWASH=SS MEANS SCHULMAN-SCIRE DOWNWASH USED 
DWASH=NA MEANS DOWNWASH NOT APPLICABLE, X<3*LB 

*************************************** 
*** SUMMARY OF SCREEN MODEL RESULTS *** 
*************************************** 

PLUME 
HT (M) 
------

.00 
5.33 
5.33 
5.33 
5.33 
5.33 
5.33 
5.33 
5.33 
5.33 
5.33 

5.33 

M**4/S**2 . 

FOLLOWING DISTANCES *** 

SIGMA SIGMA 
y (M) z (M) DWASH 

------ ------
.00 .00 

8.92 3.61 NO 
12.39 5.16 NO 
15.76 6.61 NO 
19.07 7.98 NO 
22.32 9 0 29 NO 
25.53 10.55 NO 
28.69 11.45 NO 
31.82 12.47 NO 
34.92 13.46 NO 
37.99 14.29 NO 

9.29 4.06 NO 



CALCULATION 
PROCEDURE 

SIMPLE TERRAIN 

MAX CONC 
(UG/M**3) 

38.02 

DIST TO 
MAX (M) 

20. 

TERRAIN 
HT (M) 

0. 

*************************************************** 
** REMEMBER TO INCLUDE BACKGROUND CONCENTRATIONS ** 
*************************************************** 



*** SCREEN3 MODEL RUN *** 
*** VERSION DATED 96043 *** 

Plume C - Urban 

SIMPLE TERRAIN INPUTS: 
SOURCE TYPE 
EMISSION RATE (G/S) 
SOURCE HEIGHT (M) 
INIT. LATERAL DIMEN (M) 
INIT. VERTICAL DIMEN (M) 
RECEPTOR HEIGHT (M) 
URBAN/RURAL OPTION 

VOLUME 
.106800E-01 
5.3340 
5.3340 
1.7720 

.0000 
URBAN 

THE REGULATORY (DEFAULT) MIXING HEIGHT OPTION WAS SELECTED. 

02/19/10 
11:18:02 

THE REGULATORY (DEFAULT) ANEMOMETER HEIGHT OF 10.0 METERS WAS ENTERED . 

BUOY. FLUX = . 000 M**4/S**3; MOM. FLUX . 000 M**4/S**2 . 

*** FULL METEOROLOGY *** 

********************************** 
*** SCREEN AUTOMATED DISTANCES *** 
********************************** 

*** TERRAIN HEIGHT OF 0. M ABOVE STACK BASE USED FOR FOLLOWING DISTANCES *** 

DIST CONC U10M USTK MIX HT PLUME SIGMA SIGMA 
(M) (UG/M**3) STAB (M/S) (M/S) (M) HT (M) y (M) z (M) DWASH 

------- ---------- ------ ------ ------ ------
1. .0000 0 . 0 .0 . 0 .00 .00 .00 

100. 19.89 5 1.0 1.0 10000.0 5.33 15.92 9.01 NO 
200. 7.954 5 1.0 1.0 10000.0 5.33 26.12 15.41 NO 
300. 4. 32.4 5 1.0 1.0 10000.0 5.33 35.96 21.18 NQ 
400. 2.770 5 1.0 1.0 10000.0 5.33 45.47 26.44 NO 
500. 1.958 5 1.0 1.0 10000.0 5.33 54.68 31.30 NO 
600. 1.476 5 1.0 1.0 10000.0 5.33 63.61 35.81 NO 
700. 1.164 5 1.0 1.0 10000.0 5.33 72.27 40.04 NO 
800. .9500 5 1.0 1.0 10000.0 5.33 80.69 44.03 NO 
900. .7953 5 1.0 1.0 10000.0 5.33 88.87 47.80 NO 

1000. .6794 5 1.0 1.0 10000.0 5.33 96.84 51.39 NO 

MAXIMUM 1-HR CONCENTRATION AT OR BEYOND 1. M: 
13. 45.28 3 1.0 1.0 320.0 5.33 8.38 4.57 NO 

DWASH= MEANS NO CALC MADE (CONC = 0.0) 
DWASH=NO MEANS NO BUILDING DOWNWASH USED 
DWASH=HS MEANS HUBER-SNYDER DOWNWASH USED 
DWASH=SS MEANS SCHULMAN-SCIRE DOWNWASH USED 
DWASH=NA MEANS DOWNWASH NOT APPLICABLE, X<3*LB 

*************************************** 
*** SUMMARY OF SCREEN MODEL RESULTS *** 
*************************************** 



CALCULATION 
PROCEDURE 

SIMPLE TERRAIN 

MAX CONC 
(UG/M**3) 

45.28 

DIST TO 
MAX (M) 

13. 

TERRAIN 
HT (M) 

0. 

*************************************************** 
** REMEMBER TO INCLUDE BACKGROUND CONCENTRATIONS ** 
*************************************************** 
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URS Standard Operating Procedure for Investigation-Derived Wastes at the Former 
Unocal Chemical Distribution Facility 

INTRODUCTION 

The purpose of this Standard Operating Procedure (SOP) is to establish a basic procedure for the 
management of Investigation-Derived Wastes (IDWs) by URS Corporation (URS) at the Former 
Unocal Chemical Distribution Facility. This SOP was developed on the basis of Kansas 
Department of Health and Environment (KDHE) Guidance Documentation. 

IDW may be generated at this site during investigation of potential or actual contaminated areas. 
These wastes include, but are not limited to: 

• Soil cuttings and purged water from well installation; and 
• Soil and purged groundwater from collection of samples. 

METHOD SUMMARY 

In the process of performing investigational activities, potentially contaminated IDW may be 
generated. The "site" refers to any area on the Former Unocal Tract and the Coleman Company, 
Hillmann Painting, or the Unified School District (USD) properties. All wastes produced at the 
site will be stored within the fence of the Former Unocal Distribution Facility site and will then 
be disposed of at an off-site disposal facility. Environmental Protection Agency (EPA) Guidance 
Document EPA/540/G-911009, "Management oflnvestigation-Derived Wastes" will be used for 
additional information concerning disposal ofiDW. 

PROCEDURE 

Analytical results from the investigation activity in which the IDW was produced will be used to 
classify the waste when appropriate. If analysis of IDW is necessary, it will be conducted by 
URS using KDHE-approved methodologies and technologies. For soil, a composite sample will 
be collected and analyzed from a randomly selected drum for every five (5) drums present. 
Stainless steel spoons will be used for sample collection. For groundwater, a liquid sample will 
be collected and analyzed from a randomly selected drum for every five (5) drums present. A 
disposable bailer will be used for sample collection. 

As discussed in the KDHE-approved Final Revision 0 Remedial Investigation Report, the 
constituents of concern (COCs) at the site include: 

• Chlorinated solvents (tetrachloroethene [PCE], trichloroethene [TCE], 
cis-1 ,2-dichloroethene [ cis-1 ,2-DCE], vinyl chloride, 1 ,1, !-trichloroethane 
[1,1,1-TCA], dichloroethane [DCA], chloroethane [CA], and 1,1-dichloroethene 
[1,1-DCE]); and 

• Fuel constituents (benzene, toluene, ethylbenzene, and xylene [BTEX] and 
1 ,2,4-trimethylbenzene [ 1 ,2,4-TMB]). 
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All soil and groundwater samples will be analyzed by Lancaster Laboratories in Lancaster, 
Pennsylvania, a KDHE-certified laboratory, for 32 volatile organic compounds (VOCs) by EPA 
Method 8260B. The appropriate KDHE SOP will be consulted for sampling methods for actual 
or potentially contaminated media generated as IDW. 

All wastes will be stored on-site and then disposed of using an off-site disposal facility. 

GENERAL CONSIDERATIONS 

Generation and sampling ofiDW will be recorded in the field notes for that investigation 
activity. Precautions will be taken during IDW generation and sampling to prevent cross 
contamination with uncontaminated media and samples. The following general considerations 
from the KDHE SOP will also be followed: 

• The site will be left in the same or better condition than existed prior to the 
investigation; 

• Any wastes that pose an immediate threat to human health or the environment will be 
immediately removed; 

• IDW that does not require off-site disposal or above-ground containerization may 
potentially be spread evenly on-site, however, this is not anticipated to occur without 
further consultation with KDHE; 

• Waste minimization will be employed for all tasks; and 
• Chevron Environmental Management Company (EM C) will comply with applicable 

clean-up and disposal standards to the extent practicable and as approved by the 
KDHE Project Manager. 

SPECIAL CONSIDERATIONS 

Disposal of soil must have concurrence ofthe KDHE's Bureau of Waste Management (BWM). 
URS will provide BWM with the necessary documentation and information for the IDW. Waste 
characterization and disposal must be in accordance with applicable State, Federal, and local 
waste management regulations and standards. 

SAFETY 

Safety issues will be covered under the Loss Prevention System site-specific training and job 
safety analyses. 
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