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REVISED LANDFARMS POST-EARTHQUAKE INSPECTION AND 
CORRECTIVE ACTION PLAN 

RICHMOND REFINERY 

1.  INTRODUCTION 
Leidos Engineering, LLC (Leidos) has revised and updated this Landfarms Post-Earthquake 
Inspection and Corrective Action Plan.  Bechtel Environmental, Inc and Dames & Moore 
(BEDM)  initially prepared the Landfarms Post Earthquake Inspection and Corrective Action 
Plan, to comply with a request by the California Environmental Protection Agency Department 
of Toxic Substances Control (DTSC), transmitted to Chevron in the DTSC’s August 15, 1995 
Notice of Deficiency (NOD) for the Revised Closure  / Post-Closure Plan, Richmond Refinery 
Landfarm Nos. 1 Through 5, Chevron U.S.A. Products Company, Richmond, California, 94801, 
EPA ID. No CAD 009 114 919 The initial Landfarms Post Earthquake Inspection and Corrective 
Action Plan was incorporated into the Hazardous Waste Facility Post-Closure Permit, dated 
March 4, 2003 by reference.   

Leidos has updated the initial plan based on comments received from the DTSC in the January 
12, 2015 First Notice of Deficiency, Post-Closure Permit Renewal Part B Application, Chevron 
USA Inc. Richmond Refinery, Contra Costa County, EPA ID No CAD009114919.  As requested 
by the DTSC, this Plan has been updated to reflect the final closure unit configuration, and 
includes the final as-built drawings. 

This plan is designed to be implemented by the Environmental Operations  Department (EOD) of 
the Refinery’s Utilities/Environmental Area Business Unit (U/E) in the event of any earthquake 
that generates ground shaking of Modified Mercalli Intensity VI or greater at the Landfarms.  An 
event of this intensity is generally described as follows:  “Felt by all. People walk unsteadily. 
Many frightened. Windows crack. Dishes, glassware, knickknacks, and books fall off shelves. 
Pictures fall off walls. Furniture moved or overturned. Weak plaster, adobe buildings, and some 
poorly built masonry buildings cracked. Trees and bushes shake visibly.” 

This plan discusses the containment facilities that may be impacted at the Landfarms by seismic 
deformations due to an earthquake.  The plan also addresses the corrective actions to be taken in 
the event of damage due to an earthquake. 

The initial November 1996 plan was prepared under the supervision of Mr. Mark J. Wahler, 
California Registered Engineer No. C-35633. The updated June 2, 2015 plan was prepared under 
the supervision of J. Austin Bond, California Registered Engineer No. C-66709. 

2.  POTENTIALLY IMPACTED FACILITIES 
The following sections discuss the major elements of the Landfarms containment systems that 
may be impacted by a major seismic event. Appendix A to this plan contains copies of the design 
and as-built drawings for the elements discussed in this plan. The nature of the facilities and 
contaminants at this site are such that fires or explosions are unlikely.  Furthermore, there is little 
likelihood of release of hazardous wastes that would pose an immediate threat to human health 
or the environment.  The only potential releases would occur if either the GPS discharge lines 
ruptured, resulting in a discharge of the extracted groundwater to the ground, or if heavy rains 
washed soils out of the closure unit through a rupture of the cover.  In either case, the release 
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would likely be contained within the Refinery and would not likely release constituents at levels 
that would cause a short-term risk to either people or the environment. 

2.1 GROUNDWATER EXTRACTION TRENCH  
The extraction trench is a vertical subsurface structure consisting of a geotextile-fabric-wrapped 
gravel drain.  As discussed in the Revised Landfarms Closure Plan, the extraction trench is a 
somewhat flexible structure.  Slope stability analyses presented in the Revised Closure Plan 
indicated that portions of the Landfarms may displace laterally as much as 1 foot following a 
Maximum Credible Earthquake due to shear failure in the underlying Bay Muds.  The impact to 
the GPS extraction trench was assumed to be minor as the shear plane would be in the 
underlying Bay Muds beneath the base of the trenches.  Total displacement would be less than 
the width of the trench, indicating that the trench may not be functional immediately after the 
event and may require repair.  If the fabric is torn, fines from the adjacent soils may enter the 
trench and eventually clog it.  This condition would become obvious during the routine 
monitoring of the trench piezometers and pumping rates and could be corrected at that time. 

The extraction sumps are durable elements and, as with the trench, are only likely to be damaged 
by a general slope failure during a major event.  Limited distortion of the sump or well casing 
would not significantly impair the operation of the trench or well.  If the casing is crushed or 
severed completely, it may become impossible to operate a pump within the sump or well.   

A failure of some or all of the extraction system may result in a slow rise in the groundwater 
level within the site.  Since the normal operating level of the system is below the level of 
groundwater outside the site, Leidos anticipates a considerable time would pass before the 
groundwater level rose sufficiently to create an outward gradient from the site or over-top the 
wall.  This time should be sufficient to repair the system. 

2.2 GROUNDWATER MONITORING WELLS AND PIEZOMETERS 
The groundwater monitoring wells and piezometers at the Landfarms could be disrupted by a 
significant ground rupture.  Since these features are only used to monitor water quality in the 
“A” and “C” Zones and the long-term effectiveness of the containment system, there would be 
no significant immediate consequences if they were to be damaged during an earthquake. 

2.3 GROUNDWATER EXTRACTION PUMPS AND CONTROLLERS 
The pumps are suspended in the sumps and extraction wells and would be immersed in water 
under normal operating conditions.  The sturdy construction combined with the damping effect 
of the water in the sumps should prevent damage from any movement during an earthquake.  The 
attached hoses will have sufficient slack to accommodate any movements. 

The controllers are mounted above grade (see drawings D-318641, D-318643, D-318651, 
D-318652, D-782424, D-782425, D-782441 and D-782442 in Appendix A) and are connected to 
the pumps with flexible tubing.  The system is flexible and is unlikely to be damaged.  However, 
if damage does occur, it would most likely consist of a separated piping connection and should 
be readily visible. 

The failure of some or all of the pumps would have the same consequences as the failure of the 
trench or wells themselves, which was discussed above in Section 2.2. 
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2.4  COMPRESSED AIR SUPPLY LINES 
The compressed air supply required to run the pumps and their controllers is supplied through an 
above-grade 2-inch galvanized steel pipe (see Appendix A).  A manual shutoff valve for the No. 
1 Landfarm system is at the air filters located just north of the end of the LPG loading tracks. 
(see drawings D-318640 and D-318641 in Appendix A).  A manual shutoff valve for the Nos. 2 
through 5 Landfarm systems is with the air filter located near the southwest corner of the 
Electrical Switchgear Station, which is just east of No. 3 Landfarm (see drawings D-782439 and 
D-782441 in Appendix A).  The connections from the air line to the pump controllers include a 
shutoff valve.  The line is flexible and the worst anticipated occurrence during a substantial 
earthquake would be the lines bouncing off their supports.  If the lines were to break, the rupture 
should be readily apparent and easy to repair. 

The air supply lines are carbon steel pipes that are connected to the existing Refinery compressed 
air system.  It is likely that, during a major seismic event, the Refinery’s compressed air system 
will go out of service, resulting in a loss of supply to the extraction sumps.  If this were to occur, 
the pumps would simply cease operating.  

2.5  GROUNDWATER TRANSFER LINES 
The discharge lines for the extraction pumps are either carbon steel or HDPE lines that parallel 
the compressed air supply lines within the Landfarms area and are equipped with similar sets of 
manual valves.  As with the air lines, in the unlikely event that the line is ruptured during a major 
earthquake, the damage should be readily apparent and easily repaired.  Most likely, an event 
strong enough to rupture the discharge lines would also disable the compressed air supply 
system, which would in turn stop the pumps.  Hence, only the water contained within the 
discharge line at the time of the event would be available to drain from the line.  Water draining 
from a broken line would flow into an existing swale from which it can be recovered. 

The discharge line ultimately drains to the Refinery’s No. 1A Separator.  A major seismic event 
may put the separator out of service for a period of time. 

2.6  STORMWATER TRANSFER SYSTEM 
The stormwater transfer system for No. 1 Landfarm consists of a several permanently installed 
submersible pumps connected to a 4-inch line that discharges to the No. 1 Oxidation Pond, First 
Pass. The transfer system for Nos. 2 through 5 Landfarm consists of gravity-feed culverts that 
discharge to either the Refinery effluent treatment system or the Richmond Refinery water-
enhanced wetlands. Damage to this system due to an earthquake is unlikely, but would be readily 
detected and could easily be repaired.  Damage to this system would only be of consequence if a 
significant rainfall were to occur before the system could be repaired. 

2.7  FINAL COVER 
The final cover over the Landfarms is a vegetated layer intended to promote the biodegredation 
of hydrocarbons remaining in the old Landfarms soils and to reduce rainwater infiltration into the 
old Landfarms soils.  The cover consists of a one-foot layer of vegetated fill, as shown on 
Drawings D-767513, D-767516 and D-767517.  If permanent displacement of the Landfarms 
cover occurs during the earthquake, the fill layer is likely to crack, creating an entry path for 
rainwater infiltration into the underlying materials.  This is only of concern if it is raining.  The 
nature of the underlying materials is such that they do not impose an immediate health hazard 
simply by being exposed. 
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3.  POST-EARTHQUAKE INSPECTION 
Due to the relatively low immediate consequences of earthquake-induced damage to the 
Landfarms containment systems when compared to the balance of the Refinery, the inspection of 
the systems has been divided into two phases.  The first phase would be performed as soon as an 
EOD operator could be available, ideally within 24 hours following a qualifying earthquake, and 
would consist of a quick inspection to ascertain if the systems had sustained major damage that 
might result in an immediate release of potentially contaminated groundwater to the ground 
surface.  The second phase would consist of a more thorough inspection to ascertain if any less 
significant damage had occurred.  If other post-earthquake demands on the operator are not 
urgent, the first phase can be skipped and only the more thorough inspection be performed. If 
conditions at the refinery pose a substantial risk to the health or safety of the inspector, the 
inspection will be deferred until it is determined to be safe to enter. 

3.1  PHASE I INSPECTION 
The intent of this initial inspection is to evaluate whether the extraction system should be shut off 
immediately and remain off until a more careful inspection can be performed or repairs 
completed.  The system is to be shut down if any of the following conditions exist: 

 Compressed air service to the Landfarms is discontinued. 

 The No. 1A Separator is out of service. 

 The discharge pipeline is ruptured, either at the Landfarms or at any point between the 
Landfarms and the No. 1A Separator. 

 The compressed air header at the Landfarms is ruptured. 

The locations for the system’s shutoff valves were described in Section 2.4.  When shutting off 
the system, the compressed air valve should be closed first and then the water discharge line.  
When restarting the system, the discharge valve should be opened first, followed by the 
compressed air valve. 

In addition, an individual pump is to be shut off if either its air supply line or discharge line is 
ruptured between the valve and the pump. 

3.2  PHASE I INSPECTION PROCEDURE 
The inspection of the Landfarms containment systems shall be performed by an operator who is 
familiar with the system.  During the course of the Phase I inspection, the operator shall keep a 
record of his observations and actions.  The record should include observations of ground 
ruptures, damage to service roads, pipeway supports, etc.  After an earthquake, inspect the 
system as follows: 

 Ascertain, if possible, if either the No. 1A Separator is out of service or if compressed air 
service to either of the Landfarms areas has been discontinued.  If either or both have 
occurred, proceed to the Landfarms system in question, shut off the extraction system, 
and discontinue Phase I of the inspection. 

 By vehicle or by foot, visually inspect the above-ground air supply and groundwater 
discharge line piping at each Landfarm, starting at one end of the system and proceeding 
along the system.  If any breaks in the main discharge line or main compressed air line 
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are seen, shut off the extraction system and discontinue Phase I of the inspection.  If any 
breaks in an individual pump’s discharge line or compressed air line are seen, shut off 
that pump. 

 Inspect the first sump to ascertain if compressed air is being supplied to this sump.  If no 
compressed air is being supplied to the pump, shut off the extraction system and 
discontinue Phase I of the inspection. 

 Proceed by vehicle or by foot to inspect the discharge lines.  Observe where the line 
enters or exits any below-grade pipe sleeves to ascertain if the line is ruptured within the 
sleeve. If any breaks are detected, shut off the extraction system and discontinue Phase I 
of the inspection. 

3.3  PHASE II INSPECTION 
The Phase II inspection is intended to be a more thorough inspection of the containment system.  
As with Phase I, the operator shall keep a written record of his observations during the 
inspection.  After a qualifying earthquake, inspect the system as follows: 

 Starting at one end of the groundwater extraction system, carefully inspect the full length 
of the system.  Carefully look for any evidence of damage or leakage, with particular 
emphasis on the following items.  Carefully check the system to ensure that: 

 The air supply and groundwater discharge pipelines are leak-free. 

 The pipelines are still properly located on all supports. 

 The pumps and pump controllers are undamaged and remain functional. 

 There is no evidence of a major slope failure or significant ground rupture that may have 
damaged any of the slurry walls, extraction trenches, extraction wells, monitoring wells, 
piezometers, or stormwater retention dikes. 

 All sumps, wells, and piezometers appear to be intact. 

 If a leak is discovered in the air supply line or discharge line for a specific pump, or if the 
pump or controller are not functioning properly, take the following actions: 

o Immediately shut off the air supply to the individual pump. 

o Shut off the discharge line from the individual pump. 

o Request maintenance to repair the problem in an expeditious manner and restart the 
pump once the repair is complete. 

 If a leak is discovered in the main air supply line or discharge lines, take the following 
actions: 
o Immediately shut off the air supply to the entire system. 

o Shut off the discharge line from the entire system. 

o Request maintenance to repair the problem in an expeditious manner and restart the 
system once the repair is complete. 

 If the lines have fallen off their supports or if other non-critical damage is noted, request 
maintenance to repair the problem. 
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 If there is evidence of a major slope failure or significant ground rupture that may have 
disrupted the slurry walls or extraction trenches, take the following actions: 

o Immediately shut off the air supply to the entire system. 

o Shut off the discharge line for the entire system. 

o Advise EOD of the problem. 

 If there is evidence of a major slope failure that may have disrupted one or more 
extraction wells, take the following actions: 
o Immediately shut off the air supply to the affected well. 

o Shut off the discharge line from the affected well. 

o Advise EOD of the problem. 

 If there is evidence that any of the monitoring wells or piezometers have been damaged 
beyond repair, advise EOD of the problem. 

 If the stormwater transfer system has been damaged, request maintenance to repair the 
problem. 

 Carefully inspect the surfaces of the Landfarms for cracking of the vegetated fill.  If any 
damage is observed, advise EOD of the problem. 

 If there is evidence that the vegetated cover is damaged and rainfall is imminent, 
sandbags shall be placed such that any surface runoff will be diverted away from the 
damaged area. 

3.4  INSPECTION REPORTING 
EOD will be prepared to provide the DTSC with a verbal report of the results of inspection of the 
system within 24 hours of the event.  The report will contain a summary of any damage 
observed, any temporary steps taken to mitigate the damage, and will describe what plans have 
been made to effect permanent repairs.  The information is to be provided on weekdays to EHS’s 
Environmental Supervisor for Hazardous Waste and Groundwater and to EHS’s On-Call Public 
and Environmental Affairs Officer on weekends and holidays. A written report presenting this 
information will be prepared and submitted to the DTSC within 15 days of the qualifying 
earthquake. 

If there is either a release of the extracted groundwater to the ground or a washout of soils from 
beneath the cover liner, several State agencies will need to be notified as follows: 

Immediately notify the State Office of Emergency Services at 1-800-852-7552 and report the 
following information: 

 the name and telephone number of the person reporting the incident; 

 the name and address of the facility; 

 the time and type of incident (e.g., release); 

 name and quantity of material(s) involved, to the extent known; 

 the extent of injuries (caused by the release), if any; and 
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 the possible hazards to human health, or the environment, outside of the facility. 

 Within 15 days of the incident, EHS’s Environmental Supervisor for Hazardous Waste 
and Groundwater shall submit a written report on the incident to the DTSC.  The report 
shall include: 

 the name, address, and telephone number of the owner or operator; 

 the name, address, and telephone number of the facility; 

 the date, time, and type of incident (e.g., release); 

 name and quantity of material(s) involved; 

 the extent of injuries (caused by the release), if any; 

 an assessment of actual or potential hazards to human health, or the environment, where 
this is applicable; and 

 the estimated quantity and disposition of recovered material that resulted from the 
incident. 

A written summary of the damage is to be provided to EOD within one week of the earthquake 
event. 

4.  CORRECTIVE ACTION PLAN 
Most of the actions required to correct minor damage to the system are included in the inspection 
procedures described above.  However, repair of below-grade structures, such as extraction 
trenches, low-permeability cover elements, and monitoring wells, is beyond the knowledge and 
experience of the Refinery’s maintenance crews and may require engineered designs.  These 
items are discussed in the following sections.  This work will be performed under the direction of 
Chevron’s Environmental Management Company (CEMC). 

Prior to the start of any repair activities described below, the DTSC will be given at least two 
weeks advance notice to allow for sufficient time to present their concerns. 

4.1  MONITORING WELLS OR PIEZOMETERS 
Any monitoring well or piezometer that is damaged beyond repair will be properly abandoned. If 
the well or piezometer is included in the Post-Closure corrective action groundwater monitoring 
program, the well or piezometer will be replaced within six months of its destruction. 

4.2  EXTRACTION TRENCH 
If the extraction trench has been disrupted by a slope failure or significant ground rupture, it will 
be necessary to repair the damaged section in order to avoid an excessive inflow of fines from 
the surrounding soils.  Depending on the actual nature of the damage, two courses of action may 
be taken:  1) the damaged portion of the trench can be excavated and repaired, or 2) a sand-
bentonite plug could be installed in the trench and, if needed, additional sumps could be installed 
to control the groundwater.   

4.3  EXTRACTION SUMP 
If an individual extraction sump becomes unusable due to excessive distortion and there is an 
adjacent, undamaged sump that is currently not being pumped, that sump can be substituted for 
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the damaged sump.  If no alternate sump is available, a new sump will be installed into the 
extraction trench.  The old sump will be left in place as it will not interfere with the operation of 
the trench. 

4.4  FINAL COVER 
If there is evidence that the vegetated fill cover layer has cracked, it will be necessary repair the 
damage.  If the surface has become sufficiently distorted such that it no longer drains freely, 
additional grading would be performed to restore proper surface drainage. 

4.5  CORRECTIVE ACTION REPORTING 
Within 21 days of the completion of any required work, EOD will prepare a written report to the 
DTSC that describes in detail all repairs that have been completed.  If the damage is such that the 
repaired containment system deviates significantly from the original design, CEMC will prepare 
and submit to the DTSC an addendum to the Landfarms Closure Certification Report. 

5.  REFERENCES 
Bechtel Environmental, Inc. and Dames & Moore (BEDM), 1996, Landfarms Closure Plan, 

September 15. 
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Appendix G 
Revised Landfarms Closure Plan (May 28, 1997) 

 












































































































































































