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ACRONYMS AND ABBREVIATIONS


A amperage 

bgs below ground surface 

CA DWR California Department of Water Resources 

DO dissolved oxygen 
DOT Department of Transportation 
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I.D. inside diameter 
IDW investigative-derived waste 

JPL Jet Propulsion Laboratory 

mV millivolts 

NASA National Aeronautics and Space Administration 
NFESC Navy Facilities Engineering Service Center 

O.D. outside diameter 
ORP oxidation reduction potential 

POC point of contact 
PVC polyvinyl chloride 

TDH total dynamic head 
TDS total dissolved solids 

USCS Unified Soil Classification System 
U.S. EPA United States Environmental Protection Agency 

voltage 
VOC volatile organic compound 
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1.0 WELL INSTALLATION


1.1 Drilling Method 

Each extraction/injection monitoring well will be drilled to the required depth below ground surface (bgs) 
using a 12.25-inch outside diameter (O.D.) mud-rotary drilling bit.  This diameter of borehole is sufficient 
to place the well construction materials (i.e., 6.625-inch or 8.625-inch O.D. casing and screen) and allow 
for an appropriate filter pack and sealing materials which should be a minimum of 2 inches in thickness 
between the casing/screen and borehole wall.  Approximately 20 ft of steel conductor casing will be set at 
the surface of each borehole to maintain the near surface integrity.  The conductor casing will be removed 
after the well is constructed and all backfill materials have been placed.  During drilling and well 
construction, drill cuttings will be separated from the drilling mud using a mud shaker.  The separated 
mud is recycled into the drilling process and the cuttings are stored in a roll-off bin.  Additional details 
regarding containerization and disposal of investigative-derived waste (IDW) are provided in Section 
1.3.6. 

All drilling equipment and materials, including drilling bits and pipes, drilling mud, and backfill 
materials, will be either new or cleaned in the field using a high pressure steam cleaner.  Clean water 
supplied from a nearby clean water source (e.g., water spigot) will be used during drilling and well 
construction activities.  During drilling, grab soil samples will be collected from the mud shaker for 
lithologic logging purposes and then disposed of with the soil cuttings.  Soil samples will be logged using 
the Unified Soil Classification System (USCS).  Soil boring logs will be incorporated into a bound field 
notebook. The field notebook will be used to document all sampling activities.  These notebooks will be 
maintained as permanent records.  An attempt will be made during the drilling process to collect one 
saturated and one unsaturated soil sample from each boring for use in determining selected physical 
parameters, such as hydraulic conductivity, porosity, and bulk density, as well as chemical analysis for 
perchlorate and volatile organic compounds (VOCs) by United States Environmental Protection Agency 
(U.S. EPA) Methods 314.0 and 8260B, respectively.  All samples will be analyzed by a California-
certified and Navy Facilities Engineering Service Center (NFESC) approved laboratory.  In order to 
collect these samples, the downhole drilling equipment will be tripped so that soil sampling equipment 
can be inserted down the well for sample collection.  An 18-inch long, 2-inch or 2.5-inch inside diameter 
(I.D.) split-spoon sampler attached to a 300-pound hammer will be used to collect undisturbed soil 
samples that will be used for analysis of physical and chemical parameters.  The drilling and sampling 
methods described above are standard methods for installation of extraction and injection wells and 
collection of environmental soil samples in alluvial aquifers similar to the subsurface conditions present 
beneath the Jet Propulsion Laboratory (JPL) facility.  Additionally, during well construction and 
development, the drilling mud will eventually be removed from the well. 

Detailed descriptions of the mud rotary drill process and field documentation procedure are provided in 
National Aeronautic and Space Administration’s (NASA) regulator approved Work Plan for Performing 
a Remedial Investigation/Feasibility Study at NASA JPL (Ebasco, 1993). 

1.2 Geophysical Borehole Logging 

The following sections provide details regarding geophysical logging methods that will be conducted in 
each borehole following the completion of well drilling activities.  Upon completion of drilling and prior 
to the well installation, the borehole will be logged using geophysical methods to assist the field geologist 
with the identification of borehole lithologies, water-bearing intervals, and stratigraphic correlation with 
existing JPL monitoring and treatment system wells.  Geophysical methods employed include:  Gamma 
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Log, Caliper Log, Single-Point Resistance Log, and Spontaneous Potential Log.  The purpose and use of 
these methods are provided in each of the respective subsections. 

1.2.1 Gamma Log 

This method records the amount of natural gamma radiation emitted by the rocks surrounding the 
borehole. Clay- and shale-bearing zones often emit relatively high gamma radiation because they contain 
weathering products that include uranium and thorium.  Clay and shale layers are aquitards and it is 
important to identify their locations within the aquifer to optimize the extraction and injection of 
groundwater. This method is also useful to compare with the geologic log created during the drilling 
process. 

1.2.2 Caliper Log 

This method records borehole diameter.  Changes in the borehole diameter are related to well 
construction, such as casing or drill-bit size, and to fracturing or caving along the borehole wall.  
Borehole diameter is useful in interpreting the other geophysical logs because it can affect the log 
response of the other methods.  Caliper logs can detect poorly consolidated sands that tend to collapse in 
the borehole.  These sands are generally very porous, water producing zones within the aquifer.  

1.2.3 Single-Point Resistance Log 

This method records the electrical resistance from points within the borehole to an electrical ground at the 
surface. Typically, resistance increases with increasing grain size and decreases with increasing borehole 
diameter, fracture density, and dissolved-solids concentrations of the water.  Single-Point resistance logs 
require a fluid-filled borehole and are only run in the saturated zone of the aquifer.  This method is useful 
in determining the location of water bearing zones because fluid-filled soil pores are less resistive than 
solid rock or low permeability soils (e.g. clays and silts).  Identifying the water-bearing zones within the 
aquifer will be helpful in optimizing the well construction for more efficient groundwater extraction and 
injection. This method is also useful to correlate with the geologic log created during the drilling process.   

1.2.4 Spontaneous Potential Log 

This method records potentials or voltages developed between the borehole fluid and the surrounding 
formation material and fluids. Spontaneous potential logs can be used in the determination of porous and 
permeable beds within the aquifer.  The spontaneous potential log are used in combination with single-
point resistance logs to identify shales and sandstones (non-porous and porous, respectively) within the 
aquifer. This information is useful for identifying high water-bearing zones to optimize the extraction and 
injection of groundwater.  This method is also useful to compare with the geologic log created during the 
drilling process.    

1.3 Well Construction 

Well construction will satisfy the requirements of the California Department of Water Resources (CA 
DWR), Water Well Standards, Bulletin 74-90, Supplement to Bulletin 74-81. 

1.3.1 Well Casing Blank 

The injection well casing will consist of 215 feet of 8.625-inch O.D., 7.625-inch I.D. Schedule (Sch) 80 
polyvinyl chloride (PVC) casing.  PVC casing is strong enough to resist collapse and is immune to 
electrolytic and galvanic corrosion that can occur with steel casing.  It is resistant to biological growth and 
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is also chemically resistant to virtually all chemicals found in the groundwater beneath the JPL facility 
including the acids that are used during well rehabilitation. 

Similar to the existing extraction wells, the new extraction well casing will consist of 215 feet of 
6.625-inch O.D., 6-inch I.D. low carbon steel.  Removal of chemical precipitates and biological growth 
(which have been identified in the existing OU-1 extraction wells) using chemical and physical cleaning 
methods can be accomplished with this casing material. 

1.3.2 Well Screen 

Well screens will consist of 100 feet of 10-foot long, 8.625-inch and 6.625-inch O.D., stainless steel wire 
wrap screens for the injection and extraction wells, respectively.  The screen slot size has been chosen to 
retain approximately 90% of the filter pack material after well development.  The injection well screen 
will have 0.050-inch slots while the extraction well will have 0.040-inch slots.  The slot size for each type 
of well was chosen to facilitate the flows necessary to operate the OU-1 treatment system.  Another factor 
selecting the slot size is analysis of drill cutting samples of the zone to be screened.  Based on past 
drilling activities at JPL and the surrounding area, the lithology generally consists of silty to gravelly 
sands. Stainless steel screens best meet the characteristics of having a large percentage of non-clogging 
slots, are resistant to corrosion, have sufficient strength to prevent collapse, are easily developed, and 
prevent sand production during pump. 

1.3.3 Well Sump 

The well sump will consist of a 10-foot long section of the casing material, placed at the bottom of the 
well as a sediment collection point.  The well sump for the injection well will consist of 7.625-inch I.D. 
Sch 80 PVC casing.  The well sump for the extraction well will consist of 6-inch I.D. low carbon steel 
casing. 

1.3.4 Filter Pack 

Filter-pack size is determined by evaluating the size of the surrounding aquifer material, the function of 
the well (e.g. injection or extraction), and the well screen slot size. In general, the size of the filter pack 
material should be large enough for adequate volumes of water to pass through, but small enough to retain 
the aquifer material and minimize sediment production within the well.  Filter pack material (e.g. sand) is 
sized according to how it falls through a wire mesh, or sieve.   

The filter pack in extraction wells will consist of #8 mesh sand.  The sand will be uniform in size and 
slightly larger than the slots in the well screen.  This will allow fine-grained material to be removed 
during well development without entering the well and decreasing its effectiveness.   

The filter pack in injection wells will consist of medium aquarium gravel.  This gravel is large enough to 
not pass through the injection well screen and provides ample permeability for the injected treated water 
to move quickly into the aquifer. 

In order to minimize bentonite sealing materials from permeating into the filter pack and potentially 
impacting the effectiveness of the well screen, the filter pack material will extend a minimum of 10-ft 
above the screen zone. The filter pack will be emplaced from the surface using the tremie method. 
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1.3.5 Seal 

A 5-ft thick transition seal consisting of ¼-inch, time release coated bentonite pellets will be added on top 
of the filter pack. The purpose of the transition seal is to prevent the annular seal (e.g. liquid bentonite 
grout) from entering the filter pack.  After the transition seal is in place, the annular seal will be installed.  
The purpose of the annular seal is to eliminate the formation of a pathway between the screened zone and 
potential contamination from the surface and overlying materials.  The annular seal will be placed into the 
annular space above the transition seal to approximately the ground surface.  The top of the well casing 
will be secured with a well head completed using a flush-mount H-20 rated single door steel well vault.  
Sealing materials will be emplaced from the surface using the tremie method. 

1.3.6 Waste (Sediment and Drilling Mud) 

All drill cuttings and drilling mud removed from individual boreholes will be placed directly into soil 
bins. The containers will be temporarily stored on site and labeled with the following information: date, 
project name and number, generator name, point of contact (POC), applicable contact numbers, contents 
of container, and the well identification number.  The method of disposal will be determined based on the 
analytical results from soil samples collected from the respective containers. As required at the JPL 
facility the following analysis will be ran on all samples prior to disposal: VOCs, SVOCs, Title 26 Metals 
plus strontium, Cyanide, Hexavalent Chromium, Total Petroleum Hydrocarbons and Perchlorate 
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2.0 WELL DEVELOPMENT


2.1 Well Development 

After drilling a borehole and installing a well, it is necessary to remove the residual drilling fluid that 
forms a thin layer of mud on the sand grains of the borehole wall and filter pack material and is forced 
into the pore spaces and cracks in the aquifer.  This plugging effect decreases the flow of water into or out 
of the well. This process is referred to as well development.  Additionally, well development physically 
commingles the sorted gravel pack with the native formation, creating a hydraulic filter around the well 
screen which allows efficient passage of water into or out of the well.  In general, the order of the 
development process for extraction and injection wells at JPL is as follows: 

• Primary bail 

• Brush 

• Secondary bail 

• Mud dispersant 

• Dual-swab airlifting 

• Mud dispersant 

• Dual-swab airlifting 

• Conventional surge pumping 

• Injection development (injection well only). 

Table 1 provides a description of the steps involved during initial well development.  The remainder of 
this section provides a brief discussion of each of the above well development techniques. 
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Table 1. Well Development 
Task Description Time 

Primary Bailing Bail solids from bottom of well with 2-3 hours 
suction bailer. 

Brushing Brush well from top to bottom in 20 100 foot screen should be brushed for 100 minutes. 
foot intervals for 20 minutes each. 

Secondary Bailing Bail solids from bottom of well with 2-3 hours 
suction bailer. 

Mud Dispersant Mud dispersant treatment added to 
well.  Dual-swab tool raised and 
lowered in well to agitate and mix 
dispersant distributing treatment into 

2 hours adding treatment to well. Well swabbed every two hours up 
to 24 hours; followed by removal. 

filter pack and borehole. 
Dual-Swab Airlifting Swabbing, surging, and airlifting 

(75-175 gpm) of screened zone at 
Pumping will occur at top of screened zone for 40 minutes (or until 
turbidity is ≤ 5 NTU) at a maximum pumping rate (between 75 – 

select 10 foot intervals. 175 gpm).  The dual-swab airlift equipment will be raised and 
lowered throughout the screened zone. During airlifting the air 
supply will be shut off to surge the screen. 

Bailing Bail solids from bottom of well with 2-3 hours 
suction bailer. 

Mud Dispersant Mud dispersant treatment added to 
well.  Dual-swab tool raised and 

2 hours adding treatment to well. 12 hours of swabbing; followed 
by removal. 

lowered in well to agitate and mix 
dispersant distributing treatment into 
filter pack and borehole. 

Dual-Swab Airlifting Swabbing, surging, and airlifting 
(75-175 gpm) of screened zone at 
select 10 foot intervals. 

Pumping will occur at top of screened zone for 40 minutes (or until 
turbidity is ≤ 5 NTU) at a maximum pumping rate (between 75 – 
175 gpm).  The dual-swab airlift equipment will be raised and 
lowered throughout the screened zone. During airlifting the air 
supply will be shut off to surge the screen. 

Bailing Bail solids from bottom of well with 2-3 hours 
suction bailer. 

Conventional Submersible pump is lowered into Pump set at 300’ and pump at max. rate achieved during airlift (i.e. 
Pumping well and saturated zone is 175 gpm) for 45 minutes  

overpumped and surged. Surge three times 
Pumping at 300’; pumping rate increased by 50 gpm to 225 gpm for 
45 minutes 
Surge three times 
Pumping at 300’; pumping rate increased by 50 gpm to 275 gpm for 
45 minutes 
Surge three times 
Pumping at 300’; pumping rate increased by 25 gpm to 300 gpm for 
45 minutes 
Surge three times 

Injection Water is injected from a fire hydrant 30 minutes of injection (from fire hydrant or other source capable 
Development (or other source) and then pumped of 200 gpm) and then pump for 40 minutes at 200 gpm 

with a submersible pump until the 
turbidity is below 5 NTU 

30 minutes of injection (from fire hydrant or other source capable 
of 200 gpm) and then pump for 40 minutes at 200 gpm 
30 minutes of injection (from fire hydrant or other source capable 
of 200 gpm) and then pump for 40 minutes at 200 gpm 
Stop when turbidity < 5 NTU 

Injection Testing Step injection test; water is pumped 
into the aquifer for up to 10 hours, 
and water levels are monitored in 
injection and nearby wells. The 
pumping rate is tested at 75 gpm, 
150 gpm, and the maximum 
injection rate, respectively, until the 
water level change is less than ± 1.0 
feet or ± 2.31 psi.  

Injection at 75 gpm 
Injection at 150 gpm 
Injection at maximum injection rate 
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2.1.1 Primary Bail 

During this process, a suction bailer is lowered into the well until it fills with water and sediment.  It is 
then pulled to the surface and emptied.  The bailer’s up and down motion causes a surging action which 
will initiate development in the area around the screen.  As a result of the surging action and mud 
removal, water from the aquifer will then flow towards the well and bring in more drilling fluid.  This 
process is continued until the majority of the drilling mud is removed from inside the well. 

2.1.2 Brush 

Brushing simply involves running a hard bristle brush up and down the length of the well screen to 
remove fines and sediment encrusted on the well casing and screen.  Similar to bailing, the up and down 
movement of the brush produces a surging effect, continuing the development process.  The diameter of 
the brush is slightly larger than the I.D. of the well, and should be made of a hard plastic or other material 
that will not abrade, gouge, or otherwise damage the casing or screen of the well.  Brushing the well 
begins at the top of the well screen and moves toward the bottom of the well in 20-foot intervals.  Each 
20-foot interval is brushed for 20 minutes before moving on to the next interval.  Upon completion of 
brushing, the total depth of the well is measured to determine how much sediment has accumulated as the 
result of the brushing activity. Any sediment that has accumulated at the bottom of the well is removed 
with a bailer. 

2.1.3 Secondary Bail 

After brushing, the suction bailer is lowered into the well to remove fines and sediment that have 
accumulated as a result of brushing. 

2.1.4 Mud Dispersant 

Following the completion of bailing, the majority of the drilling mud has been removed from inside the 
well. Next, a concentrated liquid polymer dispersant is applied to the well to facilitate removal of the 
residual mud and clay material present beyond the well screen and into the filter pack.  The dispersant 
will be applied following the manufacturer’s recommendations.  The following is an example of the 
mixture calculation for the mud dispersant previously used during development of the existing OU-1 
injection wells (i.e., Aqua-clear™ PFD): 

Aqua-clear™ PFD (gal or L) = 0.002 × Borehole Water Volume (gal or L) 

Therefore, 1 Gal Aqua-clear™ PFD should be mixed with 500 gals of water. 

The mud dispersant will be mixed at the surface in a clean, graduated poly tank. Once the mixture has 
been thoroughly blended, it will be applied to the screened zone via a tremie pipe.  To improve the 
effectiveness of the mud dispersant treatment, the well will be swabbed with a dual-swab every two hours 
for up to 24 hours (note: the available product information does not recommend letting the mixture sit 
overnight).  The swabbing action ensures the distribution of the chemical treatment through the screened 
zone and filter-pack. After completing swabbing, the well will be tagged to calculate the amount of 
material that has accumulated in the bottom of the well.  

The bottom of the well will then be bailed with a suction bailer to remove any sediment which may have 
accumulated.  The solids will be placed into a 55 gallon drum, and the water will be temporarily stored in 
appropriate waste containers. Following the completion of swabbing and bailing, the residual mud and 
dispersant will be removed from the well using the dual-swab airlifting tool or similar pumping tool.  A 
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second mud dispersant treatment followed by dual-swab airlifting will be conducted immediately after the 
first treatment.  Additional details regarding the dual-swab airlifting process are provided below.         

2.1.5 Dual-Swab Airlifting 

The dual-swab airlifting method helps to concentrate the surging action of the swab, and pumping brings 
loosened material out of the well instead of merely washing it back into the filter pack on the down stroke 
(Smith, 1995).  The tool used for this method consists of a 1-inch airline inside of a 4-inch eductor pipe 
attached to an open center double surge block.  The double surge block will consist of two surge tools 
connected to each other by a 10-foot long, 4-inch diameter slotted pipe.  The educator fitting is installed 
above the surge blocks inside the pipe.  Through the airline, air is pumped down inside the eductor pipe 
from the surface and past the mouth of the educator pipe causing a vacuum in the surge zone which 
allows water and solids to be brought to the surface. This method involves moving the dual-swab tool up 
and down within the well over an approximately 10-15 foot interval while simultaneously pumping the 
well. 

This pumping method requires adequate submergence of the airline to effectively lift the water to the 
surface for discharge. The pumping rate is dependant on the percent submergence of the airline below the 
water level present during pumping.  For example, using the equipment listed above, at 80% submergence 
(i.e., casing water level of approximately 43 ft bgs in the OU-1 injection wells) a pumping capacity of 
175 gallons per minute (gpm) could be achieved. The average water level observed in the OU-1 source 
area is approximately 200 ft bgs.  In order to achieve pumping rates between 75 and 175 gpm at the 
shallowest screen level (i.e., 215 ft bgs) in the OU-1 injection wells, pump submergence between 40% to 
80% would be required. This approach assumes casing water levels of between 129 to 43 ft bgs, 
respectively. During past attempts to artificially recharge the existing OU-1 injection wells while 
performing dual-swab airlifting, injection from the OU-1 treatment system was unsuccessfully attempted 
due to the low flow rates caused by the lack of equipment to direct the injection water down the casing 
while performing this development technique.  Therefore, during future dual-swab airlifting, a well-head 
adaptor consisting of an appropriately sized T-sweep will be used to connect the injection line to the well
head. Using this equipment, the injection water will be directed into the casing while the dual-swab airlift 
tool is inserted through the top of the adapter.  To the extent possible, water from the OU-1 treatment 
plant will be injected into the well in an attempt to create an artificial head (i.e. artificially raising the 
water level in the well through injection).  System flow meters will be used to quantify and regulate flow 
into the well casing.  Using water level measurements taken from inside the well, the flow control valve 
will be slowly opened until the maximum submergence (i.e., 80%) of the airline is achieved or the flow 
control valve is fully open. 

The dual-swab tool will be inserted into the well and set at the top 10 feet of the screened zone (i.e., 215 – 
225 ft bgs).  Airlift pumping will occur at the maximum rate possible for a period of approximately 40 
minutes or until the turbidity of the purge water is less than ≤ 5 NTU. Due to the turbidity of the airlifted 
water, the initial water will be pumped into a settlement tank before transferring to a containment tank.  
The dual-swab airlift equipment will be raised and lowered throughout the screened zone.  During the 
airlift pumping, the air supply will be periodically shut off allowing the water column to flow back 
through the screen.  The combination of swabbing, pumping and surging enhances the removal of trapped 
material in the screened zone and filter-pack.        

Upon completion of dual-swab airlifting, a second mud dispersant treatment/dual-swab airlifting process 
may follow.  
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2.1.6 Conventional Surge Pumping 

Conventional pump development involves pumping and surging the wells at a variety of rates until no 
further sand, turbidity, and drawdown declines are observed.  Surge pumping will be attempted at up to 
1.5 times the design capacity of the injection or extraction well.  Therefore, the injection and extraction 
wells will be pumped at a rate of 300 gpm.    

Conventional surge pumping will involve inserting a submersible pump (performance ≥300 gpm; without 
a back-flow preventer) into the well and set near the bottom of the screened interval.  Pumping will begin 
at a rate at or near the pumping rate achieved during dual-swab airlifting.  Throughout this process, 
starting with the initial pumping and each increase in pumping rate, the pump will be shut-off and the 
water in the discharge line allowed to drain back into the well and formation creating a surging effect.   

Pumping and back-flushing will be repeated with incremental pumping rate increases of 75 gpm, until the 
maximum pumping rate of 300 gpm is achieved.  Each pumping cycle will include back-flushing three 
times followed by continuous pumping for approximately 45 minutes.  An in-line totalizer gauge will be 
used to measure the total purge water removed from the well.   

While pumping, water quality parameters, including pH, conductivity, oxidation-reduction potential 
(ORP), temperature, dissolved oxygen (DO), and turbidity will be collected at least once every half hour 
and noted in the field book.  Pumping will continue at 300 gpm until the water is observed by the field 
personnel to be clear and free of debris.  At this point, parameter readings will be collected every three 
minutes using a handheld field meter and a flow through cell.  Pumping will continue until the parameters 
stabilize (i.e. three successive readings within ±0.2 for pH, ±5% for conductivity, ±20 millivolts (mV) for 
ORP, ±3% for temperature, ±0.2 mg/L for DO, and ±10% for turbidity [should be ≤5 NTU)]). Upon 
parameter stabilization, development of the extraction well will be considered complete.     

Turbid water produced during this process will be pumped into an intermediate tank for sediment settling, 
before being pumped into an open topped water storage tank.  The open topped water tank is important to 
facilitate easy cleaning of the tank before being returned to the tank vendor.  

2.1.7 Injection Development (Injection Well Only) 

Due to the specialized use of the injection well, one additional development step will be completed.  This 
step involves injection of water at a rate at or above the design injection rate (e.g. 200 gpm maximum) 
followed by pumping.  During injection development, the well is continually clogged through injection, 
then unclogged through pumping, removing the mobile material that moved during the injection.  The 
gravel-pack and formation are re-packed to withstand forces away from the well bore (injection).  

Injection development will be attempted by using an isolation pump tool consisting of a pump located in 
the pipeline between a dual-swab packer assembly.  The dual-swab packers will be connected to a 3-inch 
diameter injection/extraction pipe attached to a nearby fire hydrant or the OU-1 injection pipeline, if 
available. Using this equipment, water will be injected from the surface and recovered utilizing the down 
well pump.  Injection intervals up to 30 minutes followed by pumping intervals up to 40 minutes will be 
attempted until turbidity readings of ≤5 NTU are achieved.  In an attempt to assess the maximum 
injection capacity of the well, an injection flow control valve will be set at the maximum discharge rate 
and groundwater levels will be monitored and recorded.  Injection rates will be monitored using a flow 
meter attached inline from the water source. 
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2.1.8 Waste (Development Purge Water and Sediment) 

When developing a well that has been drilled using the mud rotary process, the drilling mud is removed 
from the borehole prior to removing the drilling equipment from the borehole.  However, residual drilling 
mud can remain in the borehole and the formation.  During the initial development process at other wells 
at the JPL facility, it was noticed that the purge water was highly turbid. Therefore, it is crucial to allow 
the sediment to settle out of the initial purge water in an open-top container.  After the sediment has 
sufficient time to settle to the bottom of the container, the clear water will then be decanted into a second 
container for holding prior to final disposition.  This process will be employed during the initial 
development of the wells at the JPL facility. 

Sediment (e.g., sand, silt, clay, etc.) that has been removed during bailing and airlifting activities will be 
placed directly into 55-gallon Department of Transportation (DOT) approved steel drums.  The containers 
will be labeled as stated in Section 1.3.6 above.  The drums will be temporarily stored at the JPL facility 
pending disposal classification.  The method of disposal will be determined based on the analytical results 
from soil samples collected from the respective boreholes during drilling and well installation activities. 

Clear water and water that has been treated with Aqua-clearTM PFD has been successfully processed by 
the water treatment system in the past and will be processed in the same manner in future well 
development or rehabilitation activities.   

2.2 Injection Testing 

At the completion of the development, the injection well will be tested to develop an operational baseline 
for future performance tracking and maintenance.  Data collected during this test will be used to measure 
the hydraulic response to injection cycles.  A step injection well test will be conducted to estimate the 
maximum injection capacity of the well and the response of the aquifer system to the stresses during 
injection. The maximum injection test pumping rate is dependent upon the capacity of the OU-1 
treatment system.  Depending on the injection capacity of the well, the injection test may be conducted 
under pressurized conditions. During the test, the initial injection rate will be set at 150 gpm.  Once the 
groundwater level in the injection well has stabilized, the injection rate will be incrementally increased, 
potentially up to the maximum injection rate or up to the capacity of the system, whichever is achieved 
first. 

During the injection test, flow rates will be recorded every 10 minutes using an in-line flow totalizer.  
Groundwater levels will be recorded with a pressure transducer placed in the well and in the two closest 
standpipe groundwater monitoring wells.  The pressure transducers will be programmed to take 
incremental readings throughout the entire testing procedure.  This data will be used to create a water 
level rise curve that demonstrates the mounding of the groundwater in the vicinity of the injection well.  

2.3 Inorganic and Organic Analyses 

Following the completion of well development, groundwater samples will be collected from the discharge 
pipeline for inorganic and organic analysis.  Results of these analyses are used to determine the clogging 
potential, encrustation or corrosion potential, and identify the types of organisms that are present in the 
groundwater that may lead to biofouling.  These data will be used to define the baseline conditions in the 
aquifer and subsequent analyses will be used to evaluate the presence of biofouling, establish trends 
associated with changes in the groundwater over time, and provide useful information relating to well 
maintenance and rehabilitation requirements (e.g., chemical treatments).  
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The physicochemical (inorganic) data analyses include Phenolphthalein Alkalinity (Standard Method 
(SM) 2320), pH (SM 4500-H+), Chlorides (SM 4500-Cl-), Total Dissolved Solids (TDS), Total Hardness 
(SM 2340/EDTA), Carbonate Hardness (Calculated), Non-carbonate Hardness (Calculated), Calcium 
(SM 3500-Ca), Magnesium (SM 3500-Mg), Phosphate (SM 3500-P), Iron (SM 3500-Fe), Copper (SM 

-3500-Cu), Nitrate (SM 3500-NO3 ), Tannin/Lignin (SM 5550), Sulfate (SM 4500-SO4
2-), Silica as SiO2 

(SM 4500-SiO2), Manganese (SM 3500-Mn), Saturation Index, and Redox Potential (SM 2580).  
Descriptions of the physicochemical analytical methods are provided in Table 2.    

The biological assay analyses will include assessment of the total bacterial count per milliliter (SM 
9211/Bioluminescence Test), the anaerobic bacterial load on the system (SM Modified 9221B), the 
presence of sulfur reducing bacteria (SM 9240D/9221C), the presence of iron oxidizing bacteria, 
branching or filamentous bacteria, protozoans (SM 9215 D, SM Modified 9221B, SM 9211/Bio-
luminescence Test), and the identification of the two largest populations of bacteria present (Method 
Biolog Microlog System).  These data will be used to determine the types of organisms that are present in 
the well as a baseline for later biofouling evaluation. 

Table 2. Summary of Physicochemical Methods Relevant to Well Maintenance 

Constituent Analysis Purpose of Analysis 
Fe (total, Fe2+/Fe3+, Fe minerals and 
complexes) 

Indications of clogging potential, presence of biofouling, Eh 
shifts.  Fe transformations are the most common among redox-
sensitive metals in the environment 

Mn (total, Mn4+/Mn2+, minerals and 
complexes) 

Indications of clogging potential, presence of biofouling, Eh 
shifts.  Less common but locally important in some wellfields. 

S (total, S2-/S0/SO4 
2-, S minerals and 

complexes) 
Indications of corrosion and clogging potential, presence of 
biofouling, Eh shifts. 

Eh (redox potential) Direct indication of probable metallic ion states, microbial 
activity.  Usually bulk Eh, which is a composite of 
microenvironments. 

pH Indication of acidity/basicity and likelihood of corrosion and/or 
mineral encrustation.  Combined with Eh to determine likely 
metallic mineral states present. 

Conductivity Indication of TDS content and a component of corrosivity 
assessment. 

Major ions Carbonate minerals, F, Ca, Mg, Na, and Cl determine the types of 
encrusting minerals that may be present and are used in saturation 
indices.  One surrogate for many cations in total hardness. 

Turbidity Indication of suspended particles content, suitable for assessment 
of relative changes indicating changes in particle pumping or 
biofouling. 

Sand/silt content (v/v, w/v) Indication of success of development/redevelopment, potential 
for abrasion and clogging. 

Note: Generally, the Fe2+/Fe3+ ratio (easily measured using conventional field analysis instruments) is the most useful.  In 
some settings, Mn oxidation (resulting in more difficult-to-remove minerals) and the sulfur system may be dominant. 
U.S. Army Corps of Engineers, 2000 

2.4 Video Survey 

Upon completion of well development and during each well maintenance event, a video survey will be 
completed in the wells to confirm the “as-built” construction of the well, to inspect for any damage (i.e., 
casing breaks, holes, etc.), examine the screened zone to ensure the well has been properly developed, and 
assess the well for potential fouling elements (e.g., biological growth, mineralization, and sedimentation).  
During a down-hole video survey, a camera is lowered into the well and the image is observed on a video 
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monitor and simultaneously recorded on a VHS tape (which can be transferred to a DVD once the log is 
complete).  The depth of the camera is superimposed onto the video image and is also recorded.  Once the 
log is completed, three hardcopy reports (including photos), and three color video log (VHS and DVD) 
copies will be obtained and stored onsite. 

2.5 Spinner Log 

Spinner probes are commonly used in water-producing wells to measure well hydraulics (i.e., water flow 
patterns). A static spinner log is conducted with the well pump equipment turned off while the 
groundwater is under static conditions.  Conversely, a dynamic spinner log is completed while the well 
pump is operating under normal conditions.  The flow log reveals zones where water enters and exits the 
well screen and allows for flow contributions from individual zones to be measured and documented.  
Spinner log data are correlated with geophysical log data (i.e., single-point resistance log) and the 
lithologic log from the well installation to evaluate flow conditions within the well during static and 
pumping (dynamic) conditions (extraction wells only).  This information is then used to identify specific 
zones within a well that have higher flow potential. 

A static spinner log will be completed in the injection well.  Both a static and dynamic spinner log will be 
attempted in the extraction well.  Based on the results of the spinner log analysis, depth discrete 
groundwater samples will be collected from high flow zones (if present) within the extraction well to 
create a baseline vertical contaminant profile.  These data, combined with similar data collected in the 
future, can be utilized during system optimization evaluations for repositioning the extraction pumps to 
target zones that exhibit higher levels of site chemicals of concern.  Because pumping equipment is not 
planned for the injection wells, dynamic spinner logging will not be conducted. 

2.6 Well and Pump Performance Monitoring 

Deteriorating conditions in wells can be complex and a result from a number of factors.  The screens can 
become clogged with fine-grained sediment, air, mineral deposits, or biological/bacteria growth.  The best 
way to combat these factors is to recognize them early and identify an appropriate and effective 
maintenance plan.  Tests should be done to detect the electromechanical, physical, chemical, and 
microbial conditions within the well. Record-keeping of pumping and well service is also essential.  
Table 3 lists important information that should be collected during performance monitoring. 

To facilitate the performance monitoring program for the OU-1 wells, background injection and 
extraction well data are critical.  Therefore, the following records will be kept onsite and available for 
review for the preventive maintenance program: 

•	 Physical locations and “as-built” descriptions of wells and equipment 

•	 As-built diagram of the well’s construction, with any modifications over time 

•	 Lithologic logs, well drilling and construction logs, and any other logging data (i.e. 
geophysical logs) applicable to the well drilling and design 

•	 Development logs (to provide benchmark data), available laboratory analytical data 
collected during development  

•	 Records of pumping/injection tests (aquifer and slug tests) and geophysical structure 
(i.e. spinner log) 

•	 Dates of replacement of components, manufacturer and type of component 

•	 Electrical, power and pump mechanical information 
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•	 Water quality data from wellhead samples, plus biofilm collector results, listed by 
date 

•	 Details of well rehabilitation activities, including dates, diagnosis, if any, treatment 
methods, results, time involved, and costs 

•	 Color borehole TV survey videotapes/DVDs.  

In addition to the data listed above, the system operator will collect the following information and data in 
order to observe and track injection and extraction system performance and efficiency:  

•	 Water levels will be manually collected with a water level probe weekly from the 
wells surrounding the extraction and injection wells 

•	 Injection and extraction well water levels will be taken daily with pressure 

transducers and weekly readings will be collected manually


•	 System and motor electrical testing (i.e. circuit voltage [V], motor amperage [A], 
phase [Φ], and resistance ohms [Ω]). Meters will be installed and the data will be 
manually collected by the system operator  

•	 Well head pressure readings (i.e. injection pressure)  

•	 Injection and Extraction flow rates (daily and at any rate change)  

•	 Inorganic and organic analyses will be conducted following development and 
rehabilitation. Inorganic analyses include alkalinity, pH, chlorides, total dissolved 
solids (TDS), total hardness, Ca, Mg, phosphate, Fe, Cu, nitrate, tannin/lignin, 
sulfate, Si, Mn, saturation index, and redox potential.  Organic analyses include total 
bacteria per milliliter, anaerobic bacterial load on the system, the presence of sulfur 
and/or iron reducing bacteria, the presence of iron oxidizing bacteria, protozoans, and 
the identification of the two largest populations of bacteria.  

Measuring water levels is important in determining well discharge or acceptance into the aquifer as well 
as monitoring mounding (injection wells), or drawdown (extraction wells).  In addition, monitoring water 
levels/injection pressure in the injection wells can indicate clogging of the filter pack and screened zone.    

Monitoring the system’s electrical power is important to detect problems within the electrical system and 
prevent excessive motor aging, poor performance, and maintaining motor and system efficiency. 

Monitoring well head pressure and injection/extraction flow rates can indicate well efficiency.  Lower 
flow rates may be indicative of inefficient pump performance or screen and filter pack clogging.  Table 4 
provides a description of the causes of poor well performance. 
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Table 3. Performance Monitoring 
Task Description Frequency Records What does data indicate? 

Water Levels Manual collection of water levels in 
wells surrounding injection and 
extraction wells. 

Weekly Field book Determines well discharge or 
acceptance into the aquifer as well as 
mounding (injection wells), or 
drawdown (extraction wells). 

Injection and Extraction Water Pressure transducer readings of water Daily Field book Water levels can also indicate 
Levels levels and wellhead pressure. clogging in the filter pack and 

screened zone. 
Injection and Extraction Flow- Automatic flow readings collected at Daily Field book Lower flow rates may indicate 
rates system control panel. clogging or biofouling. 
Inorganic and Organic Analyses Laboratory data analyses of 

physicochemical and biological 
assay components of injection and 
extraction system water. The results 
indicate the correct treatment of the 
well during rehabilitation (i.e. 
chemical treatments). 

Quarterly Lab report Physicochemical analyses indicate 
corrosion or encrustation potential 
(long-term tracking can show 
increases and decreases over time) 
and biological assay indicates 
biofouling, the types of organisms 
present, and long-term monitoring 
shows increases and decreases in 
biofouling. 

Electrical System and motor electrical testing 
(circuit voltage [V], motor amperage 
[A], phase [Φ], and resistance ohms 
[Ω]). 

Daily readings Field book Detect problems within the electrical 
system and prevent excessive motor 
aging, poor performance, and 
maintaining motor and system 
efficiency. 
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Table 4. Definitions of Poor Well Performance and Causes 

Problems Causes 
Sand/Silt Pumping: Pump and equipment wear and plugging. Inadequate screen and filter-pack selection or installation, 

incomplete development, screen corrosion, collapse of filter 
pack due to washout resulting from excessive vertical 
velocity in the filter pack, presence of sand or silt in fractures 
intercepted by a well completed “open-hole,” incomplete 
casing bottom seat (casing-screen break) or casing-screen 
break due to settlement, ground movement, or poor 
installation.  Pumping in excess of gravel pack and system 
capacity (oversized pump, pipe breakage lowering pumping 
head, etc.). 

Silt/Clay Infiltration: Filter clogging, sample turbidity. Inadequate well casing seals, infiltration through filter pack, 
or “mud seams” in rock, inadequate development, or casing-
screen break due to settlement, ground movement, or poor 
installation.  Formation material may be so fine that 
engineered solutions are inadequate. 

Pumping Water Level Decline: Reduced yields, increased 
oxidation, well interference, impaired pump performance. 

Area or regional water-level declines, pumping in excess of 
sustainable well capacity, well interference, or well plugging 
or encrustation.  Sometimes a regional decline will be 
exaggerated at a well due to plugging. 

Injection water level rise and reduced acceptance rate or 
increased injection system head. 

Area or regional water-level rise; injection in excess of 
sustainable well capacity; well plugging or encrustation; 
encrustation, plugging, or corrosion, and perforation of 
discharge lines; increased total dynamic head (TDH) in water 
delivery system. 

Lower (or Insufficient) Yield: Unsatisfactory system Dewatering or caving in of a major water-bearing zone, pump 
performance. wear or malfunction, encrustation, plugging, or corrosion and 

perforation of discharge lines, increased TDH in water 
delivery or treatment system. 

Complete Loss of Production: Failure of system. Most typically pump failure.  Also loss of well production 
due to dewatering, plugging, or collapse. 

Chemical Encrustation: Increased drawdown, reduced output Deposition of saturated dissolved solids, usually high Ca, 
or reduced injection acceptance rate. Mg, carbonate, and sulfate salts or iron oxides, or FeII 

sulfides.  May occur at chemical feed points, e.g., feeding 
caustic soda to raise pH into a Ca-rich water. 

Biofouling Plugging: Increased drawdown, reduced output or 
reduced injection acceptance rate, alteration of samples, 
clogging of filters and lines. 

Microbial oxidation and prescription of Fe, Mn, and S 
(sometimes other redox-changing metals that are low 
solubility when oxidized) with associated growth and slime 
production.  Often associated with simultaneous chemical 
encrustation and corrosion.  Associated with simultaneous 
chemical encrustation and corrosion.  Associated problem: 
well “filter effect”: samples and pumped water are not 
necessarily representative of the aquifer.  Often works 
simultaneously with other problems such as silting. 

Pump/Well Corrosion: Loss of performance, sanding, or Natural aggressive water quality, including H2S, NaCl-type 
turbidity. waters, biofouling electrolysis due to stray currents.  

Aggravated by poor engineered material selection. 
Well Structural Failure: Well loss and abandonment. Tectonic ground shifting, ground subsidence, failure of 

unsupported casing in caves or unstable rock due to poor 
grout support, casing or screen corrosion and collapse, casing 
insufficient, local site operations. 

U.S. Army Corps of Engineers, 2000 
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3.0 WELL REHABILITATION


When the performance monitoring data suggests decreases in injection or extraction well efficiency below 
the levels required to operate the OU-1 system, the well will require rehabilitation by chemical and/or 
mechanical means to return it to optimal flow rates.  A brief summary of the steps involved during well 
rehabilitation are included in Table 5.  The following sections provide descriptions and methods of well 
rehabilitation. 

3.1 Equipment Removal and Inspection 

The injection or extraction well should be shut-down a minimum of 24 hours prior to the removal of 
equipment in order to allow the well to return to a static condition.  Power to the pumps should be secured 
using lock-out and tag-out procedure to prevent shock or electrocution.  Injection well valves should be 
turned off to prevent water from leaking into the well vault.  The electrical wires connecting the 
transducer or pump should be disconnected.  The well head equipment will need to be disconnected from 
the well casing.  Once completed, this equipment will be hoisted from the well using the development rig.  
Following removal, the field crew will document any discoloration on the piping, biological deposition or 
encrustation (i.e. slime), mineral growth and/or deterioration to the downwell equipment in the field 
notebook and take pictures as necessary.  The removed equipment will be staged near the well site on 
plastic sheeting to minimize the potential for surface contamination. 

3.2 Video Survey 

A video log will be taken in order to determine the well condition.  The extent of biofouling, sedi
mentation and encrustation will be documented.  Notes will be taken including the depth to water, 
percentage of screen blockage (include depths, color and type of material), overall water quality, and 
damage to casing or screen.  Section 2.4 provides a detailed description of the video survey process.     

3.3 Inorganic and Organic Analysis 

After the completion of the video log, physicochemical and biological assay data analyses will be 
collected. The results of these analyses will be compared to the baseline data that was collected during 
initial development of the well, and used to determine the nature of the problems and the counter
measures. Based on these data, rehabilitation and maintenance measures can be fine-tuned based on 
observed changes. Analytical methods used for these analyses are provided in Section 2.3. 

The physicochemical (inorganic) data analyses include Phenolphthalein Alkalinity, pH, Chlorides, TDS, 
Total Hardness, Carbonate Hardness, Non-carbonate Hardness, Calcium, Magnesium, Phosphate, Iron, 
Copper, Nitrate, Tannin/Lignin, Sulfate, Silica as SiO2, Manganese, Saturation Index, and Redox 
Potential. The Iron, Manganese, and Sulfur (total, Fe2+/Fe3+, Fe minerals and complexes, total, Mn4+/Mn2+, 
minerals and complexes, and total, S2-/S0/SO4

2-, S minerals and complexes) are analyzed in order to predict 
the clogging potential, presence of biofouling, and redox potential shifts (Eh shifts).  The analyses of pH 
indicate acidity or basicity which predicts corrosion or encrustation.  In addition, pH is combined with Eh 
to determine the likely metallic mineral states present.  Conductivity is used to indicate the total dissolved 
solids content and is a component of the corrosivity assessment.   

The biological assay is used to determine the presence of biofouling, the types of organisms that are 
present, and if the well has increased or decreased in biofouling over time (based on long-term 
monitoring).  
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The biological assay analyses will include assessment of the total bacterial count per milliliter, the 
anaerobic bacterial load on the system, the presence of sulfur reducing bacteria, the presence of iron 
oxidizing bacteria, branching or filamentous bacteria, protozoans, and the identification of the two largest 
populations of bacteria present. 

Groundwater samples will be collected from the injection water stream, screened zone (aquifer), and the 
extraction water stream prior to rehabilitation.  The injection and extraction samples should be collected 
from the sampling ports, and the aquifer sample should be collected using a submersible pump.  
Biological assay samples do not require refrigeration if they are received by the laboratory within 
24 hours of sampling.  In addition, no preservatives are to be used in the sampling bottles. 

3.4 Bailing 

During this process, a suction bailer is lowered into the well until it fills with water and sediment.  It is 
then pulled to the surface and emptied.  Water from the aquifer will then flow towards the well and bring 
in more drilling fluid.  The bailer’s up and down motion causes a surging action which initiates 
development in the area around the screen. 

Prior to initiating the bailing procedure, the water level, and total depth of well will be measured to the 
nearest 0.01 ft, noting the amount of sediment in the well (as compared to the total depth in the “as
built”). Next, the sediment will be removed from the bottom of the well using the suction bailer and the 
contents will be emptied into a 55 gallon drum.  The color, clarity and smell of the water will be noted in 
the field notebook.  After the sediment has been removed from the bottom of the well, the total well depth 
will be measured again. Throughout this process, purge water present in the 55-gallon drum will be 
decanted to a water storage container and the amount of material (i.e. sand/silt, etc.) present in the bottom 
of the drum will be noted (i.e., the amount of sediment removed from the well).  The amount of 
accumulated sediment in the well should progressively decline following successive rehabilitation events.  
If similar increased sediment volumes are noted in a well during successive rehabilitation events, the OU
1 treatment system will be evaluated for debris discharge and/or more aggressive development methods 
will be considered. 

3.5 Brushing 

Brushing simply involves running a hard bristle brush up and down the length of the well screen to 
remove sediment encrusted on the well casing and screen.  Similar to bailing, the up and down movement 
of the brush produces a surging effect, continuing the development process.  Section 2.1.2 includes a 
detailed description of the brushing process. 

3.6 Biofouling Treatment 

Following the completion of brushing and bailing, a chemical solution is applied to the well to facilitate 
the breakdown of biofilm, and to disperse mineral salts that are present in the well screen and the filter 
pack. The chemical treatment will be applied following the manufacturer’s recommendations.  

To ensure the proper distribution of the chemical treatment in the screened zone, the treatment mixture 
will be tremied into the upper, middle, and bottom third of the well screen.  To improve the effectiveness 
of the chemical treatment, the well will be swabbed every two hours.  The agitation caused by swabbing 
ensures the distribution of the chemical treatment through the screened zone and filter-pack.  The solution 
should remain in the well between 18 to 48 hours depending on the severity of the biofouling and/or 
encrustation. In addition, it’s important that the pH of the treatment solution stay below 2.0.  If the 
chemical mixture is left in the well overnight, a water and acid mixture should be added to the well to 
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ensure that the pH remains below 2.0.  The following morning, the pH should be tested and, if it is greater 
than 2.0, it should be lowered with the acid and water mixture.  After this has been completed, the well 
should be swabbed for at least one hour.      

Next, an airlift pump system will be lowered into the bottom of the well to remove the chemicals, biofilm 
and mineral salts.  During the airlift pumping process, the pH of the discharge water will be monitored, 
and the airlifting will continue until the pH of the discharge water is >5. 

Upon completion of the airlifting, a second chemical treatment will be performed, as described in the 
section above. 

3.7 Mud Dispersant 

In contrast to initial well development, during well rehabilitation only one mud dispersant treatment will 
be performed (however, in some cases [e.g., excessive drilling mud present in the well] a second 
treatment will be necessary).  In theory, the mud dispersant treatment will follow the completion of the 
initial rehabilitation steps of brushing, sediment removal, and biofouling treatment.  In order for the mud 
dispersant to penetrate into the filter pack and beyond, fouling materials (i.e. biological growth, mineral 
encrustations, etc.) need to be removed and the available flow paths restored. 

Section 2.1.4 provides a detailed discussion regarding the mud dispersant application and removal 
process. 

3.8 Dual-Swab Airlift 

During well rehabilitation, dual-swab airlifting will be utilized after the mud dispersant treatment 
application to remove accumulated sediment and groundwater containing the treatment chemicals.  
Groundwater containing the treatment chemicals will be removed to the extent practical to minimize 
potential impacts to the treatment system (e.g., downgradient extraction). 

Initially, the dual-swab tool will be inserted into the well and set at the top 10 feet of the screened zone 
(i.e., 215 – 225 ft bgs). Airlift pumping will occur at the maximum rate possible for a period of 
approximately 40 minutes or until the turbidity of the purge water is less than ≤ 5 NTU. Due to the 
turbidity of the airlifted water, the initial water will be pumped into a settlement tank before being 
transferred to a containment tank. The dual-swab airlift equipment will be raised and lowered throughout 
the entire screened zone. During the airlift pumping, the air supply will be periodically shut off allowing 
the water column to flow back through the screen.  The combination of swabbing, pumping and surging 
enhances the removal of trapped material in the screened zone and filter-pack.  

Upon completion of dual-swab airlifting, a second mud dispersant treatment/dual-swab airlifting process 
may follow.  Section 2.1.5 provides a detailed description of the equipment used during the dual-swab 
airlifting process.  

3.9 Conventional Surge Pumping 

This stage of rehabilitation involves pumping and surging the wells at a variety of rates until no further 
sand, turbidity, and drawdown declines are observed.  Section 2.1.6 provides a detailed description of 
conventional pump development. 
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3.10 Equipment Re-installation 

Using the development rig, the PVC casing (injection well) and steel casing and pump (extraction well) 
will be reset into the well.  Once the equipment is lowered into place, the well head flange plates will be 
bolted, and associated piping reconnected to the injection or extraction line.  The electrical wires 
connecting the transducer or pump should be re-connected, and tested.  Finally the equipment should be 
leak tested and injection and extraction rates tested. 

3.11 Waste (Rehabilitation Water and Sediment) 

Purge water that is generated during the rehabilitation process will be highly turbid, and in some cases 
may contain acid or mud dispersant chemicals.  Without treatment, water that has been treated with acid 
to remove biofouling and/or scaling is not compatible with the fluidized bed reactor water treatment 
system at OU-1.  Therefore, prior to processing this water through the OU-1 treatment plant, the purge 
water will be stored in appropriate containers, sediment will be allowed to settle out, and the water will be 
neutralized (i.e., pH = 7). After the water is neutralized, it will process through the OU-1 treatment 
system and be reinjected into the aquifer. 

Section 2.1.8 describes the procedure for dealing with the solid and liquid waste that is generated during 
the well development and well rehabilitation process.  

3.12 Injection Testing 

At the completion of the well rehabilitation, the injection well will be tested to determine the success of 
the rehabilitation procedure. Data collected during this test will be used to measure the hydraulic 
response to injection cycles.  A detailed description of the procedure is described in Section 2.2.  
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Table 5. Well Rehabilitation 
Task Description Time 

Well Shutdown Turn off well and associated valves 24 hours prior to equipment removal. 24 hours in advance. 
Equipment Removal and 
Evaluation 

Disconnect electrical equipment, disconnect well head plumbing, remove 
injection well piping or extraction well piping, and pull equipment from 
well.  Note any discoloration, fouling, encrustation, and overall condition 
of equipment removed from the well. 

½ day (4 hours) 

Inorganic and Organic Analyses Collection of water samples for inorganic and organic laboratory analyses. 2-3 hours 
Video Log Video log of well casing and screen to determine well conditions.  Note 2-3 hours 

clarity of water column, biofouling, encrustation, and percentage of screen 
clogging. 

Bailing Bail solids from bottom of well with suction bailer. 2-3 hours 
Brushing Brush well from top to bottom in 20 foot intervals for 20 minutes each. 100 foot screen should be brushed for 100 minutes. 
Bailing Bail solids from bottom of well with suction bailer. 2-3 hours 

Biofouling Chemical Treatment Bioacid dispersant and acid treatment introduced to well screen and 18 – 48 hours 
agitated. 

Airlifting Swabbing, surging, and airlifting (75-175 gpm) near bottom of screened Pumping will occur at the bottom of the screened zone until the pH of the 
zone (e.g. 305’ btoc) . discharge water is ≥ 5. 

Biofouling Chemical Treatment Second bioacid dispersant and acid treatment introduced to well screen 18 – 48 hours 
and agitated. 

Airlifting Swabbing, surging, and airlifting (75-175 gpm) near bottom of screened Pumping will occur at the bottom of the screened zone until the pH of the 
zone (e.g. 305’ btoc). discharge water is ≥ 5. 

Bailing Bail solids from bottom of well with suction bailer. 2-3 hours 
Mud Dispersant Mud dispersant treatment added to well.  Surge tool raised and lowered in 2 hours adding treatment to well. Well swabbed every two hours up to 24 hours; 

well to agitate and mix dispersant distributing treatment into filter pack followed by removal. 
and borehole. 

Dual-Swab Airlifting Swabbing, surging, and airlifting (75-175 gpm) of screened zone at select 
10 foot intervals. 

Pumping will occur at top of screened zone for 40 minutes (or until turbidity is ≤ 5 
NTU) at a maximum pumping rate (between 75 – 175 gpm).  The dual-swab airlift 
equipment will be raised and lowered throughout the screened zone.  During 
airlifting the air supply will be shut off to surge the screen. 

Bailing Bail solids from bottom of well with suction bailer. 2-3 hours 
Mud Dispersant and Dual-Swab Repeat two above steps (if necessary) Same as above. 
Airlifting 
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Table 5. Well Rehabilitation (continued) 
Task Description Time 

Conventional Pumping Submersible pump is lowered into well and saturated zone is overpumped Pump set at 300’ and pump at max. rate achieved during airlift (i.e. 175 gpm) for 
and surged. 45 minutes 

Surge three times 
Pumping at 300’; pumping rate increased by 50 gpm to 225 gpm for 45 minutes 
Surge three times 
Pumping at 300’; pumping rate increased by 50 gpm to 275 gpm for 45 minutes 
Surge three times 
Pumping at 300’; pumping rate increased by 25 gpm to 300 gpm for 45 minutes 
Surge three times 

Equipment Re-installation Equipment is re-installed into well, and well is performance tested. 4 – 6 hours 
Injection Testing Step injection test; water is pumped into the aquifer for up to 10 hours, and 

water levels are monitored in injection and nearby wells.  The pumping 
Injection at 75 gpm 

rate is tested at 75 gpm, 150 gpm, and the maximum injection rate, Injection at 150 gpm 
respectively, until the water level change is less than ± 1.0 feet or ± 2.31 
psi.     Injection at maximum injection rate 
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PERFORMANCE LOG 
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JPL 

Source Area Demonstration Study Well 


Performance Log 


1. Electrical 

Date: Time: Comments 

Circuit Voltage (V): Phase (Φ): 

Amperage (A): Resistance Ohms (Ω): 

2. Injection and Extraction Water Levels 

IW-1 IW-2 IW-3 Comments 

Time: Time: Time: 

DTW: DTW: DTW: 

EW-1 EW-2 EW-3 Comments 

Time: Time: Time: 

DTW: DTW: DTW: 

3. Injection and Extraction Flow Rates 

IW-1 IW-2 IW-3 Comments 

Time: Time: Time: 

Flow Rate: Flow Rate: Flow Rate: 

EW-1 EW-2 EW-3 

Time: Time: Time: 

Flow Rate: Flow Rate: Flow Rate: 

Field Team Leader Signature_____________________________________________ 
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1.0 PROJECT MANAGEMENT


This Sampling and Analysis Plan (SAP) has been provided as Appendix C in the OU1 Remedial Design 
(RD)/Remedial Action (RA) Work Plan for the NASA JPL facility.  The SAP serves two functions:  (1) 
identifying the data to be collected and the methods of sample collection and analysis; and, (2) 
documenting how quality assurance (QA) and quality control (QC) activities will be implemented during 
the life cycle of the project to ensure that data are of sufficient quality for their intended purpose (i.e., to 
support decision making regarding remediation of the groundwater beneath NASA JPL).  The SAP was 
prepared according to United States Environmental Protection Agency (U.S. EPA) Guidance (EPA 
QA/R-5; U.S. EPA, 2001) on preparation of Quality Assurance Project Plans (QAPPs); according to the 
U.S. EPA guidance, QAPPs are designed to be stand-alone documents that describe both field sampling 
activities as well as quality assurance/quality control (QA/QC) activities.   

The information presented in this SAP is organized into four groups according to their function as 
follows: 

A.	 Project Management – this group is divided into elements that describe general areas of 
project management, project history and objectives, and roles and responsibilities of the 
participants. 

B.	 Data Generation and Acquisition – this group is divided into elements that describe the 
existing (Demonstration System) and proposed (Expanded Demonstration System) 
design, sampling and analytical methods, sample handling, and QC requirements. 

C.	 Assessment and Oversight – this group is divided into elements that describe activities 
for assessing the effectiveness of sample collection and analysis and associated QA/QC 
requirements. 

D.	 Data Validation and Usability – this group is divided into elements that describe QA 
activities that occur after the data generation and acquisition phase of the project has been 
completed to ensure that data conform to the specified criteria and thus are useful for 
their intended purpose. 

1.1 Title and Approval Page (A1) 

The NASA JPL SAP Project Title and Approval sheet is provided as page ii of the SAP. 

1.2 Table of Contents (A2) 

The NASA JPL SAP Table of Contents is presented beginning on page iv of the SAP. 

1.3 Distribution List (A3) 

The NASA JPL SAP Distribution List is presented on page iii of the SAP. 

1.4 Project Organization and Responsibilities (A4)  

Figure B-1 provides a project organization chart for RD/RA at the NASA JPL facility.  Key personnel 
shown in the chart include the NASA Remedial Project Manager (RPM), NAVFAC Coordinator, JPL 
Point of Contact, Battelle Project Manager, Battelle Quality Assurance Officer (QAO), and the Battelle 
Project Team.  Key subcontracted services are anticipated to include the following: analytical laboratories 
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1.5 

for analysis of soil and water samples; driller for installation of wells and collection of soil samples; and 
surveyors for site layout.  Key roles and responsibilities for technical staff associated with the work 
outlined in this SAP are presented in the Distribution List, which includes contact e-mail addresses and 
telephone numbers for staff members. 

Letici

l

i ields 
(614)

l
(760)

i
(614)

i
(614)

i l ies 
•Driller 

•El i l 
ing 

ie 
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Ke th F
 424-7723 

Battelle Project Team 
Dave C exton 
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Ben Head ngton 

 424-5489 
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•Analyt ca  Laborator
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•Trench

Battelle QA Officer 
Betsy Cut

(614) 424-4899 

FIGURE B-1. PROJECT ORGANIZATION CHART FOR EXPANDED DEMONSTRATION SYSTEM INTERIM 
ACTION AT THE NASA JPL FACILITY 

Problem Definition/Background (A5)  

-Perchlorate (ClO4 ) and carbon tetrachloride (CCl4), which are believed to be associated with historic 
waste management practices at NASA JPL, have been detected in water supply wells located 

-downgradient of the NASA JPL facility.  Significant dissolved phase concentrations of ClO4  and CCl4 
(greater than 100 times California Action Level [AL] and Maximum Contaminant Level [MCL], 
respectively) are located on the NASA JPL facility and likely serve as a continuing source.  The presence 
of a continuing source is supported by elevated concentrations in the suspected release area over 40 years 

-after the discharge(s) occurred.  The highest dissolved phase concentrations of ClO4 and CCl4 are 
collocated in the uppermost hydrostratigraphic layer near MW-7, MW-16, and MW-24.   

The Expanded Demonstration System, interim action will extend the effectiveness of the expanded 
treatability study (Demonstration System) by broadening the treatment area in a westerly direction to 
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further target the suspected source area, which has been defined as an 8-acre by 100-ft-thick portion of the 
site, located in the north-central section of the NASA JPL facility.  This source area is located entirely 
within the OU-1 boundaries and is estimated to contain over 68% of the dissolved phase perchlorate mass 
in groundwater at the site.  The removal of perchlorate from groundwater beneath the facility will 
decrease the up-gradient source term and potentially reduce the duration of the proposed removal action 
of wellhead treatment for Operable Unit 3 (OU-3). 

1.6 Project/Task Description (A6) 

The Expanded Demonstration System remedial approaches identified for implementation include the 
addition of an extraction well and pump and an injection well, which will be merged with the existing 
Demonstration System treatment system.  Expanded Demonstration System will increase the 
effectiveness of the Demonstration System system by increasing the groundwater treatment flow rate 
from 150 gpm to a maximum flow rate of 350 gpm, thereby increasing the treatment area.  Expanded 
Demonstration System will utilize the Demonstration System groundwater treatment system, which 
includes aboveground granular activated carbon (GAC) adsorption, fluidized bed reactor (FBR) 
treatment, trimite filtration, and groundwater reinjection.  The project objectives are as follows: 

• Extend the overall effectiveness of the OU-1 treatment system. 

• Expedite chemical mass reduction in the OU-1 area. 

• Design a flexible system design that will be the final remedial action for OU-1. 

1.7 Quality Objectives and Criteria for Measurement Data (A7)  

This section presents the quality objectives for the project and the performance criteria necessary to meet 
these objectives. Included are discussions of the project data quality objectives (DQOs), the quantitative 
DQOs (precision, accuracy, and completeness), and the qualitative DQOs (comparability and 
representativeness).  The overall QA objective is to generate data that are of known, documented, and 
defensible quality. 

1.7.1 Data Quality Objectives 

DQOs are statements that specify the quantity and quality of the data required to support project 
decisions. DQOs for this project were developed using the seven-step process Guidance for the Data 
Quality Objectives Process (U.S. EPA, 2000).  The DQOs are presented in Table B-1.  The QA 
procedures as well as the associated field sampling procedures contained in this SAP are focused on 
achieving these DQOs in a timely, cost-effective, and safe manner.  Deviations from these objectives will 
require defining the cause or causes for noncompliance and will initiate the process of determining 
whether additional sampling and analyses will be required to attain project goals.   

1.7.2 Quantitative Objectives: Precision, Accuracy, and Completeness 

Precision quantifies the repeatability of a given measurement.  Precision is estimated by calculating the 
relative percent difference (RPD) of laboratory and field duplicates, as shown in Equation (B-1). 

Original − Duplicate
% RPD (B-1)( ) = (Original + Duplicate) / 2 

×100 
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Table B-1. Data Quality Objective Steps for Assessment of Contaminated Soil and Groundwater 

STEP 2 STEP 3 STEP 4 STEP 5 STEP 6 STEP 7 
STEP 1 Identify the Identify the Inputs to Define Study Develop Decision Specify Tolerable Optimize Sampling 

State the Problem Decision(s) the Decisions Boundaries Rules Limits on Errors Design 
The groundwater 
beneath NASA JPL has 

Reduce contribution to 
off-facility groundwater 

The primary type of 
information that needs to be 

An 8-acre by 100-feet-thick 
portion of the site, identified 

Provide evidence that 
chemical concentrations 

Statistical performance 
parameters have not been 

The proposed sampling 
locations are based upon 

been found to contain by reducing chemical obtained in order to resolve as the target treatment zone, and aerial extent of determined because limits those presented in the 
elevated concentrations 
of perchlorate, carbon 

concentrations in on-
facility groundwater. 

the decision statement is 
laboratory analyses of 

contains over 68% of the 
dissolved ClO4 

- mass.  This 
perchlorate and carbon 
tetrachloride in 

on decision error will not be 
considered. 

Work Plan. 

tetrachloride, and other groundwater and soil represents less than 3% of groundwater within the 
VOCs.  Based on these 
elevated concentrations, 

samples collected from 
wells set in drilled 

the volume of groundwater 
with ClO4 

- concentrations 
uppermost water-
bearing zone are 

Data validation will be 
performed by an in-house 

an on-facility target 
treatment zone has been 
identified. 

boreholes. Groundwater and 
soil samples will be 
analyzed for perchlorate, 

greater than 10 μg/L. There 
are no temporal boundaries 
for the OU-1 source area 

decreasing.  In addition, 
provide evidence that 
the groundwater 

review.  

carbon tetrachloride,and 
several other VOCs.   

treatment system. sampling produces 
representative data that 
achieves monitoring 
objectives and supports 
project management 
decisions. 
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The laboratory will review the QC samples to ensure that internal QC data lies within the limits of 
acceptability.  Any suspect trends will be investigated and corrective actions taken.  The analytical 
precision acceptability limits for this project will be: 

• Water: 20% for all analyses 

• Vapor: 20% 

• Soil: 30%. 

Laboratory accuracy refers to the percentage of a known amount of analyte recovered from a given 
matrix. Percent recoveries for groundwater and soil samples are estimated by Equation (B-2). 

( ) =
( Sample Spiked ) − ( Sample Original )

×100 (B-2)% ery cov Re ( Added Spike of Amount ) 

The recovery of most spiked organic compounds is expected to fall within a range of 70 to 130%.  The 
recovery of spiked metals should be between 75 and 125%.  

Completeness refers to the percentage of valid data received from actual testing done in the 
laboratory.  Completeness is calculated as shown in Equation (B-3).  The target completeness goal for all 
compounds is 90%. 

ssCompletene =
Valid Judged tsMeasuremen of Number 

×100 (B-3)
tsMeasuremen of Number Total 

1.7.3 Qualitative Objectives: Comparability and Representativeness 

Comparability is the degree to which one data set can be compared to another. To ensure comparability, 
samples will be collected at specified intervals and in a similar manner, and will be analyzed within the 
required holding times by accepted methods.  All data and units used in reporting this project will be 
consistent with accepted conventions for groundwater and soil analyses.  This approach will ensure direct 
comparability between the results from this effort and the results from other projects using the methods 
presented in this SAP. 

Representativeness is the degree to which a sample or group of samples is indicative of the population 
being studied. Over the course of this effort, samples will be collected in a manner such that they are 
representative of both the chemical composition and the physical state of the sample at the time of 
sampling. 

1.8 Special Training/Certification (A8) 

All personnel performing fieldwork must comply with Occupational Safety and Health Administration 
(OSHA) requirements as specified in 29 CFR 1910. Personnel will have current records of Hazardous 
Waste Operations and Emergency Response (HAZWOPER) training and subsequent 8-hour refresher 
training. At least one person on the field team will be trained in first aid and certified in cardiopulmonary 
resuscitation (CPR). 
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1.9 

Field team members will be adequately trained in field methods and sampling procedures outlined in this 
plan. Specifically, field team members will have training in the following field activities: drilling and 
well installation; well inspection; groundwater sampling; use of water-level indicators, peristaltic and 
submersible pumps, and related field equipment; sample handling, packaging, and shipping; and handling 
of investigation-derived waste (IDW).  The Project Manager will maintain training records for all field 
personnel as part of the project file.  Training records demonstrating compliance with OSHA 
requirements as specified above will be kept on site at all times.  

Documentation and Records (A9) 

The following general types of documents and records will be maintained for this project: 

• SAP 

• Well construction diagrams 

• Project logbooks 

• Sample chain-of-custody forms 

• General project correspondence 

• Laboratory data reports 

• Sampling and analysis reports. 

The Project Manager is responsible for maintaining the above records to meet the requirements of this 
SAP. This requirement includes the maintenance of all records and data necessary for QA reports to 
management, corrective actions, and other associated documentation.  Project documentation will be 
maintained for a minimum of five years following completion of the project.   
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2.0 FIELD SAMPLING PLAN (DATA GENERATION AND ACQUISITION) 

The following sections describe the field activities that will be performed as part of the Expanded 
Demonstration System interim action at NASA JPL. These activities include surveying to mark the 
proposed extraction well and injection well locations and the underground piping route.  In addition, all 
well locations and elevations will be resurveyed after installation in order to assist in the determination of 
the water table elevations within the target treatment area.  Subsequent activities will then include 
collection of groundwater-level elevations and groundwater and soil samples.  Collection of these samples 
is necessary to evaluate the soil and groundwater source zone and the impact the remedial activities have 
on the concentrations and extent of perchlorate and carbon tetrachloride in groundwater.  For the 
operation and maintenance (O&M) of the Source Area Treatment System, collection of water samples for 
field and laboratory analysis is necessary for system performance and compliance monitoring and system 
optimization. 

2.1 Sampling Process Design (Experimental Design) (B1) 

The proposed field activities and the rationale for their design are discussed in detail in the Work Plan. 

2.2 Sampling and Analytical Requirements (B2)  

The SAP has been prepared to ensure that the DQOs specified for this project are met; the field sampling 
protocols are implemented, documented, and reviewed in a consistent manner; and the data collected are 
scientifically valid and defensible.  This section addresses the sampling and analytical requirements. 

2.2.1 Extraction and Injection Well Installation 

The extraction well (EW-03) and injection well (IW-03) will each consist of a 6-inch diameter low carbon 
steel casing spanning from 0 ft to 215 ft bgs with a 100 ft screened interval that spans from 215 to 315 ft 
bgs, as described in Section 4.0 of the Work Plan.  The depth to the water table is approximately 210 ft 
below ground surface (bgs) in the target area.  However, it can vary by up to 60 ft due to seasonal 
variations. The wells will be screened entirely in the upper 100 ft of the saturated zone, which extends to 
approximately 900 ft above mean sea level (amsl).  Groundwater samples will be collected from 
groundwater extracted from EW-03 and from groundwater reinjected into IW-03. 

2.2.2 Groundwater Sampling Procedures 

Groundwater sampling and analysis will be conducted for existing wells (i.e., MW-7, MW-8, MW-11, 
MW-13, MW-16, and MW-24) comprising the groundwater monitoring network (refer to Section 4.4 of 
the Work Plan), injection wells, and the extraction wells in accordance with the protocol described in this 
SAP. Groundwater chemical analyses will be performed by a California Department of Health Services 
(DHS)-certified laboratory using approved methods.  Ambient air quality will be monitored and noted 
throughout field activities, including groundwater sampling. 
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2.2.2.1 Groundwater-Level Measurement Procedures 

Groundwater-level measurements will be taken from each well before purging and just prior to sampling.  
The following procedure will be used to obtain groundwater-level measurements: 

•	 The water-level probe will be decontaminated as described in Section 2.2.4. 

•	 The probe will be lowered slowly until the instrument alarm and light response 
indicate that the water surface has been encountered. The measurement will be 
taken from the surveyed point on the well’s protective enclosure.  A straight-edge 
bar will be placed across the scribed marks on the protector, and the water level 
will be measured to the bottom of the bar from a point directly in the center of 
the well casing or the access tube. 

•	 The measurement will be checked by slowly raising and lowering the tape and 
watching the instrument response. The measurement will be recorded in the field 
logbook. 

2.2.2.2 Well Purging and Sampling Procedures  

As the well cover is removed, the air in the breathing zone will be monitored with a flame ionization 
detector (FID), or equivalent, to ensure that escaping volatile organic compounds (VOCs) do not pose an 
adverse health effect to the field sampling team.  The instrument will be calibrated in accordance with the 
manufacturer’s requirements.  Calibration data will be recorded in the instrument use log. 

2.2.2.2.1 Traditional Purging and Sampling 

A peristaltic or submersible pump will be used to purge the well.  Teflon™-lined polyethylene tubing that 
has been decontaminated in accordance with Section 2.2.5 of this SAP will be used to purge and sample 
each well. The intake will be raised and lowered through the water column to remove stagnant water.  
The outlet of the well will be routed to a flow through cell to measure field parameters.  The effluent 
groundwater will be transferred into a container of known volume to monitor the amount of water purged 
from the well.  The water level in the well will be observed with the water-level indicator and recorded on 
the purge log. 

Well purging to “dryness” will be avoided if possible.  The well purging procedure for fast recharging 
wells (recovery 80% or more of static condition within 2 hours) is as follows (San Diego County 
Department of Environmental Health [DEH], 2002): 

1.	 Remove one borehole volume of water.  A borehole volume will be calculated using 
Equation (B-4): 

⎛ 7.48π ⎞ 2 ( 2BV = ⎜ ⎟[CD + BD P 2 − CD )](WD − GW) (B-4)
⎝ 4 ⎠ 

where BV = borehole volume (gallons) 
CD = casing diameter (feet) 
P = porosity (0.30) 
BD = borehole diameter (feet) 
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WD = well depth (feet) 

GW = depth to groundwater (feet). 


2.	 Conduct field water quality measurements (temperature, pH, salinity, conductivity, 
dissolved oxygen (DO), and oxidation-reduction potential [ORP]).  The handheld meters 
used to collect these measurements will be cleaned and calibrated in accordance with the 
operation manual.  Standard Methods for the Examination of Water and Wastewater and 
U.S. EPA Methods will be used to supplement operation manuals when making these 
measurements. Calibration data will be recorded daily. 

3.	 Remove an additional one-half borehole volume of water.  Conduct field water quality 
measurements again. If the first and second measurements of temperature, pH, and 
conductivity vary by less than 10 percent, purging is considered to be adequate and 
proceed to Step 5. 

4.	 Repeat Step 3 until the measurements for temperature, pH, and conductivity vary by less 
than 10% or until three borehole volumes of water have been removed.  When these 
criteria are met, a statement will be made in the logbook documenting that the criteria 
have been satisfied. 

5.	 Allow well to recover to 80% of its static condition prior to collecting the sample. 

If purging to “dryness” is unavoidable, the purging procedure for slow recharging (recovery of 80% of the 
static condition is not achieved within two hours) wells will be used.  The slow recharge purging 
procedure is as follows (San Diego County DEH, 2002): 

1.	 Remove one borehole volume of water. 

2.	 Collect a sample no later than two hours after purging, or as soon as enough water is 
present to sample.  Note that if the well recovers to greater than 80% in less than two 
hours, use the procedure above. 

All purge water and water used to decontaminate the field equipment will be contained in 55-gallon 
drums or polyethylene tanks.  The water will be relocated to an appropriate storage area.  

2.2.2.2.2 Micropurging and Sampling 

When appropriate, wells will be micropurged, which involves pumping at much lower rates than 
traditional purging methods.  The objective of micropurging is to minimize stress to the groundwater 
system by decreasing drawdown caused by pumping.  Pumping at a low flowrate effectively isolates the 
screened interval from the overlying (stagnant) casing water, thereby sampling water from the screened 
interval only.  Typically, flowrates on the order of 0.1 to 0.5 L/min are used during micropurging.  

Water will be purged from the well until field measurements of pH, temperature, DO, ORP, specific 
conductivity, and turbidity stabilize.  Purge procedures and stabilization guidelines are covered in Low-
Flow (Minimal Drawdown) Ground-Water Sampling Procedures (Puls and Barcelona, 1996). A 
peristaltic or submersible pump will be used to purge each monitoring well.  Teflon™ fluorinated 
ethylene polymer (FEP) or similar tubing will be decontaminated in accordance with Section 2.2.6 and 
used for purging each well. Dedicated tubing will not require decontamination prior to use.  The outflow 
of the well pump tubing will be routed to a flowthrough cell to measure field parameters.  The effluent 
groundwater will then be transferred into a container of known volume to monitor the amount of water 
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purged from the well.  The water level in the well will be observed during the purging process (if 
possible) with the water-level indicator. 

2.2.2.3 Procedures for Sampling Wells Using a Peristaltic Pump   

After the criteria for well purging have been met, the well can be sampled using a peristaltic pump, as 
outlined below: 

• Sampling personnel will put on a new pair of disposable, powder-free, nitrile 
surgical gloves immediately before collecting samples at each location. 

•	 To obtain a groundwater sample, the Teflon™-lined polyethylene tubing outlet 
will be disconnected from the flow through cell, and the corresponding sample 
containers will be carefully filled. 

•	 The volatile organic analysis (VOA) vials will be filled through the sampling 
tube, taking care to reduce the flow until a meniscus is formed at the top of the 
vial. Each vial then will be preserved with two drops of hydrochloric acid (HCl), 
provided by the analytical laboratory, to reduce the pH to less than 2.  The vial 
then will be capped and turned upside down to check for bubbles.  If bubbles are 
present, the sample will be discarded and another vial will be filled, preserved, 
and checked for bubbles. 

•	 Samples will be placed in ice chests or a refrigerator and maintained at 
approximately 4°C until shipment for analyses. 

2.2.2.4 Procedures for Sampling Wells Using a Bailer 

After the criteria for well purging have been met, the well can be sampled using a disposable Teflon™ 
bailer, as outlined below: 

1.	 Sampling personnel will put on a new pair of disposable, powder-free, nitrile surgical 
gloves immediately before collecting samples at each location. 

2.	 To obtain a groundwater sample, a disposable Teflon™ bailer will be lowered into 
the water slowly to prevent aeration.  VOA containers will be filled first.  After the 
bailer is retrieved from the well, a disposable Teflon™ sampling tube will be inserted 
in the top end of the bailer.  Approximately 50 mL of water will be allowed to run 
through the tube before the VOA vials are filled.  The VOA vials will be filled 
through the sampling tube, taking care to reduce the flow until a meniscus is formed 
at the top of the vial.  Each vial then will be preserved with two drops of HCl, pro
vided by the analytical laboratory, to reduce the pH to less than 2. The vial then will 
be capped and turned upside down to check for bubbles.  If bubbles are present, the 
sample will be discarded; another vial will be filled, preserved, and checked for 
bubbles. 

3.	 Samples will be placed in ice chests or a refrigerator and maintained at approximately 
4°C until shipment for analyses. 
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2.2.2.5 Groundwater Samples for Field Measurement of Water Quality Parameters 

Field measurements of water quality parameters will be measured. They include: 

• pH 

• DO 

• Temperature 

• Conductivity 

• ORP 

• Perchlorate (optional) 

• Nitrate (optional) 

• Sulfide (optional) 

• Total organic carbon (optional). 

2.2.2.6 Groundwater Samples for Laboratory Analysis 

The groundwater will be analyzed for: 

• Perchlorate 

• Inorganic ions 

• Sulfide 

• Nitrogen 

• VOCs 

• Metals 

• Alkalinity 

• Total dissolved solids 

• Total suspended solids 

• Turbidity 

• Biochemical oxygen demand 

• Chemical oxygen demand. 

2.2.3 Soil Sampling Procedures 

A few select soil samples will be collected and then analyzed for perchlorate according to EPA 
Method 314.0.  This analytical method provides a method detection limit (MDL) of 11 μg/kg and a 
practical quantitation limit of 50 μg/kg.  Soil samples will be collected at depths where no prior soil 
samples have been collected during previous site assessment investigations. 
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Soil samples will be collected from the vadose zone and/or capillary fringe during well installation 
activities at selected depths and locations.  Soil sampling will be conducted as follows: 

1.	 The split-spoon sampler, continuous core barrel, and all associated sampling 
equipment will be decontaminated using the decontamination procedures for field 
equipment described in Section 2.2.4. 

2.	 After reaching the desired depth, a 2.6-inch-I.D., 18-inch-long split-spoon sampler 
containing stainless steel sleeves will be driven into the soil. 

3.	 The sampler will be retrieved from the borehole, and one-half of the split-spoon will 
be removed so that the soil recovered in the sleeves rests in the remaining half of the 
barrel. 

4.	 The sleeve to be used for laboratory analysis will be removed from the lower end of 
the split-spoon sampler.  Each end of the sleeve will be capped with a Teflon™ sheet, 
sealed with a polyethylene lid, and labeled. 

5.	 All soil samples will be immediately sealed in a plastic bag and placed in an ice chest 
or a refrigerator, where they will be maintained at approximately 4°C until shipment 
for analyses. 

6.	 All remaining soil samples will be disposed of with the soil cuttings. 

2.2.4 System Monitoring   

This section presents the sampling and analysis requirements for the various components of the 
remediation system. The number of samples and types of field and laboratory analyses for system 
monitoring are summarized in Table B-2. Groundwater samples will be collected at three points along the 
GAC portion of the system.  Samples will be collected at the inlet, the midpoint, and the outlet sections of 
the GAC. Similarly, the inlet and the outlet of the FBR will be sampled.  One sample will be collected 
from the multimedia filter outlet.  Table B-3 provides the reporting limits for the analytical methods used 
for groundwater. 

2.2.5 Decontamination Procedures 

All nondisposable field equipment will be decontaminated as described below before each use to avoid 
cross-contamination between samples and to ensure the health and safety of the field crews 

Commercially available distilled (DI) water and reagent-grade methanol will be used as intermediate 
rinses. The final rinse will use high-performance liquid chromatography (HPLC)-grade water (or 
equivalent). The following sequence will be used to clean all field equipment and sampling devices: 

•	 Wash the samplers with Liquinox™ detergent and DI water and clean them with 
a stiff-bristle brush. 

•	 Rinse with DI water. 

•	 Rinse with methanol. 

•	 Rinse with HPLC-grade water (or equivalent). 

•	 Place the sampling equipment on a clean surface and air dry. 
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2.2.6 Disposal of Contaminated Materials 

Several waste streams will result from the execution of this SAP.  Wastes will be periodically sampled 
and analyzed for the organic and inorganic constituents noted in Table B-2 so that the ultimate disposal 
method for the wastes can be identified.  NASA will be responsible for the ultimate disposal of both 
hazardous and non-hazardous wastes. A description of each waste stream is presented below. 

Table B-2. Summary of Monitoring Parameters and Analytical Method 

Constituent Units 
Analytical 

Method Method Number 

Method 
Detection 

Limit 
Reporting 

Limit 
Soil 

Perchlorate μg/g IC 314.0 11 50 
Groundwater 

Perchlorate μg/L IC 314.0 1 2 
Chlorate mg/L IC 300.0 0.05 0.1 
Chloride  mg/L IC 300.0 0.01 0.2 
Bromide mg/L IC 300.0 0.2 0.5 
Nitrate-Nitrogen (NO3-N) mg/L IC 300.0 0.01 0.1 
Nitrite-Nitrogen (NO2-N) mg/L IC 300.0 0.01 0.1 
Orthophosphate mg/L IC 300.0 0.02 0.5 
Sulfate mg/L IC 300.0 0.07 0.5 
Sulfide mg/L Titrimetric 376.1 0.4 1 
Nitrogen mg/L Colorimetric 351.2 0.2 1 
Carbon tetrachloride μg/L GC/MS 8260B 0.2 1 
1,1-Dichloroethene μg/L GC/MS 8260B 0.2 1 
1,2-Dichloroethane μg/L GC/MS 8260B 0.2 1 
Tetrachloroethene μg/L GC/MS 8260B 0.2 1 
Trichloroethene μg/L GC/MS 8260B 0.2 1 
1,4-Dioxane μg/L MS (SIM) 8270C Mod  0.5 2 
Arsenic μg/L ICP 6010B 0.037 0.1 
Trivalent chromium μg/L ICP 6010B 0.006 0.02 
Hexavalent chromium μg/L IC 7199 0.1 0.2 
Alkalinity mg/L Titrimetric 310.1 0.1 1 
Total dissolved solids  mg/L NA 160.1 4 10 
Total suspended solids mg/L NA 160.2 4 10 
Turbidity NTU Nephelometric 180.1 NA 10 
Biochemical oxygen demand mg/L NA 405.1 1 2 
Chemical oxygen demand mg/L Colorimetric 410.4 5 10 
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Table B-3. Sampling and Analytical Requirements for Investigation Derived Waste (a) 

Waste Type Sampling/Analysis Frequency Analysis 
Drill cuttings As containers are filled Perchlorate, organics and metals 

listed in Table B-2, pesticides, and 
PCBs. 

Purge water from wells As containers are filled Perchlorate, organics, and metals 
listed in Table B-2. 

(a) All analyses to be performed at an off-site laboratory. 

2.2.6.1 Soils 

Soils associated with sampling operations have the potential of containing some level of perchlorate.  Soil 
cuttings and any residual materials associated with sampling activities will be stored temporarily in 
approved containers, prior to transportation and disposal at an off-site licensed facility.  Analytical results 
characterizing the contents of each storage container will be obtained to determine whether the materials 
will require disposal in either a hazardous or non-hazardous facility.  Copies of the manifests for all con
tainers of soil removed from the project site will be retained in the project files. 

2.2.6.2 Groundwater and Decontamination Wastewater 

Groundwater from well purging activities and any decontamination water generated during field sampling 
efforts will be stored temporarily in approved containers.  Analytical results from the streams that 
constituted the wastewater will be obtained prior to transportation of the water off-site. 

2.2.6.3 Used Personal Protective Equipment   

The field activities will be performed in Level D personal protective equipment (PPE) and/or modified 
Level D PPE. Used PPE (if applicable) will be stored temporarily in 55-gallon drums prior to 
transportation and disposal at an off-site licensed facility. 

2.2.6.4 Waste Transport, Disposal, and/or Treatment   

Loading and transporting soil, groundwater/decontamination water, and used PPE (if applicable) will be 
coordinated with a specified NASA representative.  Original copies of the manifest and disposal 
notification forms will be provided to the transporter for shipment.  Copies of waste manifests and 
receipts for the disposal of wastes will be retained. 

2.3 Sample Handling and Custody (B3) 

This section presents sample handling and custody procedures for the remediation activities.  These 
procedures will ensure proper handling, custody, and documentation of the samples from field collection 
through laboratory analyses. 
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2.3.1 	Sample Handling 

Groundwater samples are to be collected and containerized in order of decreasing volatility of parameters.  
The preferred collection order for groundwater samples is: 

1.	 VOCs 

2.	 perchlorate, nitrates, etc. 

3.	 metals. 

Additional sample collection and handling considerations associated with the fieldwork for this project 
include: 

•	 Measurements of temperature, pH, specific conductivity, DO, salinity, and ORP 
will be made in the field prior to groundwater sample collection. 

•	 A sufficient sample volume will be collected from each location sampled to serve  
the needs of all analyses (including matrix spikes, matrix spike duplicates, and 
field duplicates). 

•	 All samples to be analyzed for volatile compounds will be collected and capped 
with zero headspace. Sample containers will have a special cap fitted with a 
Teflon™-lined septum, and will be filled to full and securely capped.  The sample 
containers will be inverted, shaken, tapped, and visually inspected for air bubbles 
by the sample team prior to leaving the sample site.  If air bubbles are observed, 
the entire sample collection process will be repeated. 

•	 Sample containers for water samples will be filled to approximately 90% 
capacity, except for sample containers that will be analyzed for volatile 
compounds. 

2.3.2 	 Sample Containers, Holding Times, and Preservation and Turnaround 
Times 

Table B-4 presents sample container, holding time, and preservation requirements for the listed analytical 
parameters based on U.S. EPA SW-846 requirements.  New, pre-cleaned sample containers will be used.  
The laboratory selected to receive the samples will supply containers.   

Once collected, each containerized sample will be labeled and placed into a matrix-specific sample 
cooler. The sample cooler will serve as the shipping container and will be provided by the laboratory 
with the sample containers. The sample cooler will be packed with ice to cool samples to 4°C during 
shipment. Samples are to be transported to the laboratory promptly in order to provide ample time for 
analyses to be conducted within the established maximum holding times.  The maximum interval between 
sample collection and shipment is to be one business day. 

The Project Manager or designee is responsible for coordinating with the laboratory for sample shipment 
via laboratory pick-up or overnight delivery service.  U.S. Department of Transportation (DOT) 
regulations concerning the shipment of environmental samples to a laboratory for analysis will be 
followed. 
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2.3.3 Sample Packaging and Shipping 

Immediately after samples are collected and labeled for off-site laboratory analysis, they will be placed in 
a matrix-specific ice chest or cooler.  The samples will be packed with shock-absorbent materials, such as 
bubble wrap, to prevent movement or breakage of the sample jars during transport.  The ice chest will be 
filled with wet ice in order to meet the 4°C preservative requirement.  A temperature blank will 
accompany each cooler. 

The chain-of-custody will be placed in a zip-lock bag and taped to the inside of the cooler.  The ice chest 
will be banded with packaging tape and custody seals will be placed along the ice chest lid in order to 
prevent or indicate tampering.  The cooler containing the environmental samples will be picked up by the 
laboratory or arrangements can be made to have the cooler delivered to the laboratory by an overnight 
delivery service such as Federal Express.  If an overnight delivery service is used, the package must be 
scheduled for priority overnight service so that the temperature preservative requirement is not exceeded. 
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Table B-4. Sample Containers, Holding Times, and Preservation Methods for Soil and Groundwater Samples 
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Constituent 
Method 
Number Sample Container Preservation Method 

Max. Holding 
Times 

Soil 
Perchlorate 314.0  4 oz Cool, 4°C 28 days 

Groundwater 
Perchlorate 314.0 125-mL amber or plastic Cool, 4°C 28 days 
Chlorate 300 50-mL poly Cool, 4°C 28 days 
Chloride 300 50-mL poly Cool, 4°C 28 days 
Bromide 300 50-mL poly Cool, 4°C 28 days 
Nitrate 300 50-mL poly Cool, 4°C 48 hours 
Nitrite 300 50-mL poly Cool, 4°C 48 hours 
Orthophosphate 300 100-mL poly Cool, 4°C 48 hours 
Sulfate 300 50-mL poly Cool, 4°C 28 days 
Sulfide 376.1 500-mL glass Cool, 4°C, ZnAc, NaOH, pH>9 7 days 
Nitrogen 351.2 500-mL poly Cool, 4°C, H2SO4, pH<2 28 days 
VOCs 8260B 3 x 40-mL glass Cool, 4°C, No headspace, pH<2 HCl 14 days 
1,4-Dioxane 8270C Mod 1,000-mL amber glass Cool, 4°C 7 days 
Total metals 6010B 250-mL poly Cool, 4°C 180 days 
Hexavalent chromium 7199 100-mL poly Cool, 4°C 24 hours 
Alkalinity 310.1 200-mL poly Cool, 4°C 14 days 
Total dissolved solids 160.1 500-mL poly Cool, 4°C 7 days 
Total suspended solids 160.2 500-mL poly Cool, 4°C 7 days 
Turbidity 180.1 100-mL poly Cool, 4°C 48 hours 
Biochemical oxygen demand 405.1 1,000-mL Cool, 4°C 48 hours 
Chemical oxygen demand 410.4 100-mL plastic Cool, 4°C, H2SO4, pH<2 28 days 



2.3.4 Sample Documentation 

Sample documentation includes sample designation, sample labeling, field notes, and chain-of-custody 
forms. Sample designation provides that each sample will be uniquely identified, labeled, and 
documented in the field at the time of collection.  Each sample container will have a sample label affixed 
to the outside of the container in an obvious location.  Example labels are presented in Figures B-2 and 
B-3. Information will be recorded on the label with water-resistant ink.  The sample label will specify: 

• Sample identification number 

• Date and time of sample 

• Preservation used 

• Analytical methods 

• Project name. 

Client/Project Name: ____________________________________________________ 

Sample ID: _____________________________________________________________ 

Date/Time: _____________________________________________________________ 

Analysis:_______________________________________________________________ 

Preservative: ____________________________________________________________ 

Samplers Name: _________________________________________________________ 

Figure B-2. Sample Label for Water Samples 

Client Name: ___________________________________________________________ 

Sample ID: _____________________________________________________________ 

Date/Time: _____________________________________________________________ 

Analysis: _______________________________________________________________ 

Samplers Name: _________________________________________________________ 

Sample Type: Grab  Composite Other 

Figure B-3. Sample Label for Soil Samples 
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The field notebook will be used to provide daily records of significant events, observations, and 
measurements during field investigations.  The field logbook also will be used to document all sampling 
activities. All notebook entries will be made with indelible ink to provide a permanent record.  Logbooks 
will be kept in the possession of the field technician during the on-site work and all members of the field 
team will have access to the notebook.  These notebooks will be maintained as permanent records. 

The field notebooks are intended to provide sufficient data and observations to reconstruct events that 
occurred during installation and sampling.  All notebooks will be given a unique label and multiple 
notebooks will be assigned serial numbers.  The following items will be recorded in the field logbook. 

•	 Name, date, and time of entry 

•	 Names and responsibilities of field crew members 

•	 Name and titles of any site visitors 

•	 Descriptions of drilling and sampling procedures, and problems encountered 

•	 Number and amount of samples taken at each location 

•	 Details of sampling location 

•	 Identification numbers of all samples collected 

•	 Date and time of collection 

•	 Sample collection method 

•	 Decontamination procedures 

•	 Field measurements (e.g., DO, ORP, temperature, pH, and conductivity) and 
general observations. 

Each sample container is to be logged using a chain-of-custody form prior to shipment or pickup by the 
laboratory.  The chain-of-custody form will be signed by the individual responsible for custody of the 
sample containers and will accompany the samples to the laboratory.  A sample chain-of-custody form is 
presented in Figure B-4. Information to be recorded on the chain-of-custody form should include: 

•	 Sample matrix 

•	 Sample collector’s name 

•	 Dates/times of sample collection 

•	 Sample identification numbers 

•	 Number and type of containers for each sample aliquot 

•	 Type of preservation 

•	 QC sample designation 

•	 Analysis method 

•	 Special handling instructions 

•	 Destination of samples 

•	 Name, date, time, and signature of each individual releasing the shipping 
container. 
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Figure B-4. Sample Chain of Custody for Water and Soil Samples 



The laboratory will designate a sample custodian.  This individual is responsible for inspecting and 
verifying the correctness of the chain-of-custody records upon sample receipt.  The sample custodian will 
accept the samples by signing the chain-of-custody form and noting the condition of the samples in 
writing on the chain-of-custody or other receipt form.  The sample custodian will notify the Project Team 
Leader of any discrepancies. 

Samples received by the laboratory will be entered into a sample management system, which must 
include: 

• Laboratory sample number 

• Field sample designation 

• Analytical batch numbers 

• List of analyses requested for each sample container. 

Immediately after receipt, the samples will be stored in an appropriate secure storage area.  The analytical 
laboratory will maintain written records showing the chronology of sample handling during the analysis 
process by various individuals at the laboratory. 

2.4 Analytical Methods (B4) 

This section presents minimum criteria for laboratory selection and discusses methods to be used for 
analyses of soil, groundwater, and investigation-derived waste samples. 

2.4.1 Laboratory Selection 

An analytical laboratory that has successfully completed the Navy evaluation process through the Naval 
Facilities Engineering Service Center (NFESC) will perform all analyses, unless otherwise specified by 
NASA. Aqueous and soil samples for this task order will be analyzed by a California-certified laboratory. 

Battelle’s Project Manager will communicate sampling and analysis schedules to the laboratory with 
sufficient lead-time to meet contractual agreements with the laboratory. 

2.4.2 Laboratory Analytical Methods 

Laboratory analytical methods were selected based on the project DQOs and in consideration of the 
method detection limits achievable for each parameter.  Each laboratory analytical method was chosen to 
address the intended use of the sampling data.  Table B-2 shows the laboratory analytical methods that are 
to be used during the field activities.   

2.4.3 Quantitative Reporting Limits 

Factors that influence the quantitative reporting limits of analytical methods include the analytical method 
itself, sample matrix interference, and high concentrations of the target analyte.  Actual reporting limits 
may vary from sample to sample in accordance with standard laboratory practices.  Table B-2 provides 
the reporting limits for the analytical methods used for the soil and groundwater. 
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2.5 Quality Control Requirements (B5) 

QA can be described as an integrated system of activities in the area of quality planning, assessment, and 
improvement to provide the project with a measurable assurance that the established standards of quality 
are met.  QC checks, including both field and laboratory, are the specific operational techniques and 
activities used to fulfill the QA requirements. 

2.5.1 Field Quality Control Checks 

Proper sample acquisition and handling procedures are necessary to ensure the integrity of the analytical 
results. All procedures will be followed in both the field and the laboratory.  The collection frequency for 
each QC sample is listed in Table B-5. The field QC samples will be assigned unique sample numbers 
and submitted to the analytical laboratory.  If abnormalities are detected in field QC checks, the data 
associated with the QC checks will be flagged and appropriate actions will be taken to rectify issues. 

Table B-5. QC Sampling Collection Frequency 

Field Duplicates 
(a) 

Field Blank 
(b) 5% 

Type of Sample Number of Samples 

Equipment Rinsate
Trip Blank 

Laboratory Quality Assurance

10%; if <10 per day, one sample will be collected 
1 per day 

1 per cooler 
1 per day 

(a) Required to verify decontamination between samples where non-dedicated equipment is used.  
(b) For MS/MSD analyses. 

2.5.1.1 Field Duplicate Samples  

Field duplicate samples will be collected at a rate of 10% of the total number of samples during a 
sampling event.  If fewer than 10 samples are collected, one duplicate sample will be collected.  For all 
water samples, duplicate samples will be collected by retaining consecutive samples from the sample 
pump.  

2.5.1.2 Equipment Rinsate Blanks  

Equipment rinsate blanks will be collected daily to ensure that non-dedicated sampling devices (i.e., 
Teflon™-lined polyethylene tubing) have been decontaminated effectively.  Equipment rinsate blanks 
will consist of the final HPLC-grade (or equivalent) rinsewater used in the final step of the sampling 
equipment decontamination procedure.  Rinsate samples will be collected at a frequency of one per day 
during sampling events.  The rinsate QA samples for the split-spoon samplers used to collect soil samples 
will be obtained prior to collection of the samples by rinsing through the decontaminated split-spoon 
sampler containing sleeves with HPLC-grade water (or equivalent).  The water will be collected in a 
40-mL VOA vial and returned to the laboratory for analysis.  A peristaltic or submersible pump with 
Teflon™-lined polyethylene tubing will be used to collect the groundwater samples.  The rinsate samples 
will be collected following decontamination of the tubing and prior to collection of the groundwater 
samples.  The rinsate blanks will be collected by rinsing through the decontaminated tubing with HPLC-
grade water. The water will be collected in 40-mL VOA vials and returned to the laboratory for analysis.  
Equipment rinsate blanks will be analyzed for VOCs only. 
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2.5.1.3 Trip Blanks 

Trip blank samples will accompany each cooler that contains samples being submitted for volatile 
parameter analysis.  Trip blanks will be prepared at the laboratory by filling 40-mL VOA vials with 
HPLC-grade water.  Trip blanks are not to be opened in the field. 

2.5.1.4 Field Blanks 

Field blanks for groundwater sampling will be collected daily and will consist of three 40-mL VOA vials.  
The vials will be filled with HPLC-grade water prior to collection of a groundwater sample, and the 
uncapped vials will be placed upwind of the well during collection of the groundwater sample.  Following 
groundwater sample collection, the vials will be acidified, capped, labeled, and recorded in the field 
logbook.  The purpose of this type of blank is to detect possible contamination of the sample from 
airborne hydrocarbons during sample collection.   

2.5.2 Laboratory Quality Control Checks 

Laboratory QC is addressed through the analysis of laboratory QC samples, documented internal and 
external laboratory QC practices, and laboratory audits.  Three types of laboratory QC samples will be 
used in this project: laboratory blank samples, MS/MSD samples, and laboratory control spikes (LCSs).  
Definitions of each type of laboratory QC sample are listed below.  Analytical results for these samples 
will become the quantitative focus of the laboratory QC activities.  For laboratory measurements, if any of 
the QC checks are outside the acceptance criteria, corrective actions will be taken.  The laboratory QC 
checks, acceptance criteria, and corrective actions are listed in Table B-6. 

Table B-6. Quality Control, Acceptance Criteria, and Corrective Action 

QC Sample Type Acceptance Criteria Corrective Action 
Procedural blank <5 × MDL Results examined by analyst. 

Corrective action (re-extraction, 
reanalysis) or justification 
document. 

Blank spike 80-120% 

Calibration 5-point calibration curve (RSD≤ ± 
20%); mid-range NIST standard 
solution (RSD≤ ± 20%) (Battelle SOP, 
Appendix H) 

Investigate the problem, resolve the 
problem, and recalibrate. 

Calibration check Mid-range calibration solution (RSD≤ 
± 30%) (every 10 samples) 

Investigate the problem, resolve the 
problem, recalibrate, and re-analyze 
affected samples. 

MDL = Minimum detection limit is estimated from the lowest calibration standard solution. Samples below the 
MDL will be reported as not detected (ND). 

RSD = relative standard deviation. 

Laboratory blank samples are designed to detect contamination of routine samples that occurs in the 
laboratory.  Laboratory blanks verify that method interference caused by contaminants in solvents, 
reagents, glassware, and other sample processing hardware are known and minimized.  Laboratory blanks 
are deionized water for aqueous samples.  A minimum of one laboratory blank will be analyzed each day 
that routine samples are analyzed.  The concentration of the target compounds in the laboratory blank 
sample must be less than or equal to the reporting limit.  If the blank is not under the specified limit, the 
source contamination is to be identified and corrective actions taken. 
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2.6  

MS and MSD samples are designed to check the precision and accuracy of the analytical methods 
through the analysis of a normal sample with a known amount of analyte added.  Additional sample 
volume for MS and MSD samples will be collected in the field in the same manner as field duplicate 
samples.  In the laboratory, two portions of the sample are spiked with a standard solution of target 
analytes.  MS and MSD samples will be analyzed for the same parameters as the routine samples, and 
analytical results will be evaluated for precision and accuracy of the analytical method and effects of the 
sample matrix.  The MS and MSD samples will be collected from 5% of all routine samples. 

Laboratory control samples include blank spikes and blank spike duplicates.  Blank spike samples are 
designed to check the accuracy of the analytical method by measuring a known concentration of an 
analyte in the blank spike samples.  Blank spike duplicate samples are designed to check the accuracy and 
precision of the analytical method by measuring a known concentration of an analyte in the blank spike 
duplicate sample. Blank spike and blank spike duplicate samples are prepared by the laboratory using 
clean laboratory matrices spiked with the same spiking compounds used for matrix spikes at levels 
approximately 10 times greater than the method detection limit. 

Instrument/Equipment Testing, Inspection, and Maintenance (B6) 

Various field instruments will be used during the field activities.  Such instrumentation may include a 
water quality meter for measuring pH, DO, specific conductivity, ORP, and temperature; water level 
indicator for measuring water levels in wells; and an FID for measuring VOCs in breathing zones.  A list 
of field instruments that will be used for during the remediation activities at NASA JPL is provided in 
Table B-7. 

Table B-7. Field Meters 

Matrix Parameter Instrument 
Groundwater  Water quality parameters 

(DO/ORP/temperature/conductivity/ pH) 
Horiba U-22/Horiba U-10 

Groundwater  Groundwater-level Electric water level indicator or 
oil/water interface probe 

Groundwater Various (perchlorate, nitrate, sulfide, TOC) Ion selective electrodes 
Soil/Breathing Zone Organic vapors Photovac FID or equivalent 

Field instrument maintenance will be documented in the field logbook for each field instrument used 
during field activities. Field equipment will be maintained when routine inspections indicate the need for 
maintenance.  In the event that a piece of equipment needs repair, a list of the field equipment 
manufacturers’ addresses, telephone numbers, and points of contact will be maintained on site during 
field activities. Field equipment routine maintenance may include the following: 

• Calibrating equipment according to manufacturer directions  
• Removing surface dirt and debris 
• Replacing/cleaning filters when needed 
• Ensuring proper storage of equipment 
• Inspecting instruments prior to use 
• Charging battery packs when not in use 
• Maintaining spare and replacement parts in field to minimize downtime. 
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Laboratory instrument maintenance, including standard preventive maintenance procedures and 
schedules, will be performed in accordance with the method documentation. 

2.7 	 Instrument/Equipment Calibration and Frequency (B7) 

Methods for calibrating field instruments will follow the specific instrument manufacturers’ recom
mendations. All field instruments will be calibrated before each day of use; and a calibration check at the 
end of the day will be performed to verify that the instrument remained in good working condition 
throughout the day.  If the calibration check at the end of the day does not meet acceptance criteria, then 
that day’s data will be flagged and the instrument calibration checks will increase to the operator’s 
satisfaction that the instrument remains true to the initial calibration.   

Laboratory instrument calibration will be performed as specified in the method documentation.  Specific 
laboratory calibration techniques are established for the U.S. EPA methods to demonstrate that the 
analytical instrument is operating within the design specifications and that the quality of the data 
generated can be replicated. 

2.8 	 Inspection/Acceptance Requirements for Supplies and Consumables
(B8) 

Any supplies and consumables used in the sample collection process or instrument calibration, such as 
sample bottles, pump tubing, deionized water, calibration gases, etc., will be inspected upon receipt and 
prior to use.  The sample tubing should also come with a certificate of acceptance.  At a minimum, the 
Project Manager or a field team member will inspect the tubing upon receipt for damage or broken seals. 

2.9 	 Non-direct Measurements/Data Acquisition Requirements (B9) 

Non-direct measurement data are not anticipated as part of the field implementation or field decision-
making aspects of this project.   

2.10 	 Data Management (B10) 

The purpose of the data management section of this SAP is to briefly describe the procedures that will be 
used to maintain data quality throughout the project. These operations include, but may not be limited to, 
data recording, data reduction, and data reporting. 

2.10.1 	Data Recording 

All field observations and laboratory results will be linked to a unique sample location through the use of 
the sample identification system.  Field observations and measurement data will be recorded on the field 
forms and in a field notebook to provide a permanent record of field activities.  All data that are hand-
entered will be subjected to a review by a second person to minimize data entry errors.  A check for 
completeness of field records (logbooks, field forms, databases, electronic spreadsheets) will ensure that 
all requirements for field activities have been fulfilled, complete records exist for each activity, and the 
procedures specified in this SAP have been implemented.  Field documentation will ensure sample 
integrity and provide sufficient technical information to recreate each field event. 
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2.10.2 Data Reduction 

The data will be reviewed by the contractor to determine if the qualitative parameters of representa
tiveness and comparability have been achieved.  In general, the review will be accomplished by 
comparing the chain-of-custody and field notebook entries with the data for the sample.  If the reported 
concentrations of a field sample from a specific location do not reflect historical data, then efforts will be 
made to determine if the data reflect an actual change in environmental conditions at that sampling point, 
or if the integrity of the sample was compromised during collection, preservation, shipping, or analysis.  
Conversely, if some level of analyte historically present in samples from a specific location is no longer 
present, then similar efforts will be made to confirm that change in concentration.  QA/QC requirements 
that bracket questionable data again will be reviewed to confirm the performance of instrumentation 
during the time when questionable data were generated.  Any deviations will be documented, and 
corrective actions will be taken to determine if the data meet project goals.  If the data do not meet project 
goals, then the need for additional sampling and analysis will be determined. 

2.10.3 Data Reporting 

Following the data review process, the sample results will be entered into an electronic database.  This 
electronic database will be submitted to NASA in a format compatible with the Naval Electronic Data 
Deliverable (NEDD). Data will be compiled with spatial and temporal qualifiers so that it will be 
possible to rapidly plot or review changes in the concentrations of target analytes at each sampling point 
over time.  Hard copies of the data reports received from the laboratories will be filed chronologically in 
three-ringed binders and will be stored separately from the electronic files.  Hard copies of data signed by 
a representative of the analytical laboratory will be compared to any electronic versions of the data to 
confirm that the conversion process has not modified the reported results.  Any additional reporting 
formats will be completed, and electronic and hard copies will be stored in different locations at the 
contractor’s facilities. 
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3.0 ASSESSMENT AND OVERSIGHT


This section describes the activities for assessing the effectiveness of project implementation and 
associated QA and QC activities.  The purpose of assessment is to ensure that the SAP is implemented, as 
prescribed. 

3.1 Assessment and Response Actions (C1) 

Assessments that may be performed during continued site assessment activities at NASA JPL include, but 
are not limited to, the following: technical system audits, audits of data quality, and data quality 
assessments. 

3.1.1 Performance and System Audits 

Technical systems audits and audits of data quality may be conducted periodically during site assessment 
activities by the Battelle QAO at the request of the Battelle Project Manager.  In addition, the Battelle 
Project Manager/QAO will conduct regular audits of the field and laboratory data as they are generated as 
well as data/sample collection procedures.  This schedule of QA checks will require the cooperation of 
the laboratory regarding timely delivery of reports.  However, it will ensure that data quality issues are 
identified early, rather than at the end of the investigation. 

If significant variances are found during the audit, the Battelle QAO may,conduct additional audits.  
Additional audits may include a visit to the field and to the laboratory, if required and if determined to be 
necessary by the Battelle Project Manager.  The Battelle QAO will review the SAP. 

For those audits resulting in variances, the Project Team Leader or the laboratory coordinator will submit 
a response in writing to the Battelle QAO.  Reports will be submitted to NASA through the RPM.  

3.1.2 Corrective Action 

Corrective actions may be initiated by any of the participants of the data generation (field technician or 
laboratory analyst), reporting (laboratory director or field team leader), and validation process (Battelle 
Project Manager or QAO).  Note that it is important to generate corrective actions early in the process so 
that the problem has a greater chance of being resolved in a timely and cost-effective manner.  An 
example Corrective Action Report is presented in Figure B-5. 

For field measurements, if the final calibration check is outside acceptable limits, then the associated data 
collected that day will be flagged.  On the following day, a single point continuing calibration check will 
be run after every five wells monitored (or samples analyzed) to determine how long the initial calibration 
holds. Calibration frequencies will be adjusted accordingly. 

For laboratory measurements, if any of the QC checks (MS, MSD, laboratory control samples, or 
laboratory blank) are outside the acceptance criteria (for accuracy, precision, and cross-contamination), 
the laboratory will follow the corrective actions that are outlined in the Laboratory Quality Assurance 
Plan (LQAP). 
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3.2 Reports to Management (C2) 

Project reports prepared by Battelle will be submitted to NASA through the RPM.  The schedule and 
additional recipient list for submission of these reports following completion of remedial activities will be 
decided accordingly. 

CORRECTIVE ACTION REPORT 
SECTION A: STATEMENT OF PROBLEM (TO BE COMPLETED BY INITIATOR) 
(a) Item of nonconformance: (b) Number: 

(c) Location of nonconforming item: (d) Date: 

(e) Name, organization, and telephone number of 
person initiating NCR 

(f) Date nonconformance found: 

(g) Individual/organization responsible for the resolution of the nonconformance: 

(h) Reference: 

(i) Description of nonconformance: (1) identification of nonconforming item or service;  (2) 
requirements, including the specific reference documented by title, revision, and its unique 
identification number; and  (3) as found conditions: 

(j) Signature of initiator: Date: 

(k) QA Manager concurrence: Date: 

(l) STOP WORK order required YES NO 

Figure B-5. Sample Corrective Action Report 
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SECTION B: PROBLEM RESOLUTION (TO BE COMPLETED BY THE RESPONSIBLE 
INDIVIDUAL/ORGANIZATION) 

(a) Responsible individual/organization: 

(b) Proposed resolution: 

(c) Root cause: 

(d) Actions taken to prevent recurrence: 

Responsible individual: Date: 

Figure B-5. Sample Corrective Action Report (continued) 
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4.0 DATA VALIDATION AND USABILITY


This section is divided into three elements that describe the QA activities that occur after the data 
collection phase of the project has been completed to ensure that data conform to the specified criteria and 
thus satisfy monitoring objectives. 

4.1 Data Review and Verification (D1) 

The data generated for this project will be reviewed by the Battelle QAO and verified by either an 
independent outside review or in-house review.   

4.2 Verification Methods (D2) 

The data verification and reporting process for the field data involves ensuring that calibration of 
instruments, field blanks, and field duplicates are within the acceptance criteria.  The verification process 
for the laboratory data involves ensuring that hold times, precision, accuracy, laboratory blanks, and 
detection limits are within the acceptance criteria outlined in this SAP.   

The field and laboratory personnel will provide the Battelle Project Manager with all the data.  The 
Battelle Project Manager or designee then will send the laboratory data either to an outside independent 
review company or to in-house review for data verification.  The Battelle QAO will be responsible for 
overall review of the data verification results, for compliance with the specified DQOs.  After this QA 
procedure is complete, the Battelle Project Manager will incorporate the verified data into final reports. 

4.3 Reconciliation With Data Quality Objectives (D3) 

Data collected during the field efforts will be reconciled with the DQOs by preparing summary tables, 
charts, figures, or performing other types of data analyses that facilitate direct comparison of data 
collected during the baseline through the entire extent of the project.  Comparisons will be made on a 
parameter-specific basis, concentrating on the contaminants of concern.  Comparisons also will facilitate 
an analysis of contaminant concentration trends through time and space. 
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1.0 ADMINISTRATIVE INFORMATION


This Site Health and Safety Plan (SHSP) is written for work performed by Battelle at the National 
Aeronautics and Space Administration (NASA) Jet Propulsion Laboratory (JPL), Pasadena, California.  
This SHSP is intended to meet the requirements of: 

•	 United States Army Corp of Engineering (USACE) Safety and Health Manual, 
EM 385-1-1 (USACE, 2003) 

•	 Title 29, Code of Federal Regulations (CFR) 1910 and 29 CFR 1926 

•	 U.S. Environmental Protection Agency (EPA) Standard Operating Safety 
Guidelines for Hazardous Waste Operations (U.S. EPA, 1992) 

•	 Navy/Marine Corps Installation Restoration (IR) Manual  
(U.S. Navy, 2001) 

•	 California Code of Regulations, Title 8 Section 5192 

1.1 Scope of Site Health and Safety Plan 

This SHSP has been prepared for use by Battelle project personnel and their subcontractors for work at 
NASA JPL. The plan is written for the specific site conditions, purposes, tasks, dates and personnel 
specified. If these conditions change, this plan will be amended and reviewed by those named in 
Section 1.2.   

All site activities will be performed in accordance with the documents listed above, especially 29 CFR 
1910.120. All Battelle employees involved in fieldwork at NASA JPL will have completed the required 
training programs and maintained qualification through annual refresher training.  They are under a 
program of medical surveillance and are certified to wear respiratory protection as specified in 29 CFR 
part 1910.134. Full details of the Battelle safety training, Respiratory Protection, and Medical 
surveillance Programs are given in the Battelle Environment, Safety, Health and Quality (ESH&Q) 
Training Program (Battelle, 2005a), Respiratory Protection Program (Battelle, 2005b), and the Chemical 
Safety Information Program - Medical Consultation (Battelle, 2005c), respectively. 

This SHSP was prepared from the best available information concerning site conditions at the time.  The 
health and safety specifications in this SHSP are based on reasonable knowledge that chemicals, such as 
volatile organic chemicals, including carbon tetrachloride and trichloroethene (TCE), perchlorate, and 
1,4-dioxane, are present in soil and groundwater.   

1.2 Key Personnel and Responsibilities 

Key Battelle personnel for this project include: 

•	 Project Manager – Keith Fields 

•	 Project Engineers – Ben Headington, Shane Williams 

•	 Certified Industrial Hygienist (CIH) – Bernard Himmelsbach 

•	 Health and Safety Officer (HSO) – Linc Remmert 

•	 Site Health and Safety Officer (SHSO) – Dave Clexton or delegates thereof 
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All project field staff have completed comprehensive health and safety training, which meets the 
requirement of Title 29 Code of Federal Regulations – Part 1910.120 (29 CFR 1910.120).  The SHSO or 
the alternate SHSO will have: 

•	 Completed the required training for this project assignment  

•	 The responsibility for completing the required field forms and reports 

•	 The authority to modify and stop work, or remove personnel from the site if 
working conditions may affect on-site and off-site health and safety 

•	 First Aid and cardiopulmonary resuscitation (CPR) certifications and be trained 
in blood borne pathogens control. 

Specific project safety responsibilities for these key personnel are detailed below.  

1.2.1 Project Manager Responsibilities 

As the Project Manager, Mr. Keith Fields is responsible for generating, organizing, and compiling the 
SHSP, which describes planned field activities and potential hazards that may be encountered at the site.  
Mr. Fields also is responsible for ensuring that adequate training and site safety briefing(s), including the 
provision of safety equipment, are provided to the project field staff.  Mr. Fields will provide a copy of 
this SHSP to each member of the project field staff and one copy to each subcontractor prior to the 
initiation of field activities.  Associated health and safety responsibilities will include: 

•	 Coordinating the activities of all field personnel, including their signed 
acknowledgement of the SHSP. 

•	 Selecting a SHSO and field personnel for the work to be undertaken on-site. 

•	 Ensuring that the assigned tasks are being completed as specified by this SHSP. 

•	 Providing authority and resources to ensure that the SHSO is able to implement 
and manage safety procedures. 

•	 Preparing reports and recommendations regarding project to safety the client and 
concerned personnel. 

•	 Ensuring that the SHSO is aware of all provisions of this SHSP and that all on-
site personnel are instructed about safety practices and emergency procedures as 
defined in this SHSP. 

•	 Ensuring that the SHSO is monitoring site safety. 

1.2.2 HSO/CIH Responsibilities 

The HSO, Mr. Linc Remmert, and/or CIH, Mr. Bernard Himmelsbach, are responsible for developing and 
coordinating the health and safety program outlined in this SHSP.  They are also responsible for 
reviewing and approving the SHSP for accuracy and incorporating any new information or guidelines that 
aid the Project Manager and SHSO in further definition and control of the potential health and safety 
hazards associated with this project.  Mr. Remmert/Mr. Himmelsbach also have the authority to suspend 
or modify work practices for safety reasons and to dismiss individuals whose site conduct endangers the 
health and safety of others. 
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1.2.3 SHSO Responsibilities 

The SHSO, Mr. Dave Clexton, has a direct line of authority from the HSO to implement specific health 
and safety requirements for specific site activities, and for ensuring that all team members, including 
subcontractors, comply with the SHSP.  It is Mr. Clexton’s responsibility to inform the subcontractors 
and other field personnel of chemical and physical hazards as he becomes aware of them.  Mr. Clexton 
has the authority to suspend work if he feels the operations threaten the health and safety of the field team 
or the surrounding population and to dismiss individuals whose site conduct endangers the health and 
safety of others. 
  Mr. Clexton or his designee is responsible for completing and submitting the following forms 
(Attachment 1): 

•	 Safety Compliance Agreement Form 

•	 Tailgate Safety Meeting Form 

•	 Air Monitoring Data Sheet  

•	 Accident/Incident Analysis Form 

Additional SHSO responsibilities include, but are not limited to, the following: 

•	 Evaluating weather conditions and chemical hazard information and making 
recommendations to the Project Manager about any modification to this SHSP or 
personal protective equipment (PPE) requirements to maintain personnel safety. 

•	 Approving all field personnel working on-site, taking into consideration their 
level of training, physical capacity and their eligibility to wear protective 
equipment necessary for the assigned tasks. 

•	 Monitoring the compliance of field personnel for the routine and proper use of 
protective equipment that has been required for each task. 

•	 Enforcing the “buddy system” as appropriate for site activities. 

•	 Posting the location and route to the nearest medical facility and arranging for 
emergency transportation to the nearest medical facility. 

•	 Posting the telephone numbers of local public emergency services. 

•	 Entering the exclusion zone, for rescue of personnel only, after emergency 
services have been notified and appropriate precautions taken.  Response effort 
must be within the level of training of the SHSO and appropriate equipment must 
be available. 

•	 Observing field team members for signs of exposure, stress, or other conditions 
related to pre-existing physical conditions or site work activities. 

1.2.4 Project Field Staff Responsibilities 

The project field staff is responsible for ensuring that activities are performed in accordance with the 
approved SHSP, and that deviations from the SHSP are based upon encountered field conditions that are 
well documented in field notes and approved by the SHSO.  The project field staffs’ health and safety 
responsibilities include: 

•	 Following the SHSP and the direction of the SHSO. 

C-3 



•	 Reporting any unsafe conditions or practices to the SHSO. 

•	 Reporting all facts pertaining to incidents that result in injury or exposure to toxic 
materials to the Project Manager and SHSO. 

•	 Reporting any equipment malfunctions or deficiencies to the Project Manager. 

•	 Reviewing the SHSP as necessary. 

It is the responsibility of individual organizations involved in field activities to ensure understanding of 
and compliance to the SHSP by its on-site employees or representatives working in controlled areas.  
Failure by any person to adhere to this SHSP may result in their removal from the site. 

1.2.5 Subcontractor Responsibilities 

Battelle is the lead and prime contractor for the activities associated with this project and, therefore, is 
responsible for subcontractor health and safety while under contract with Battelle and engaged in work at 
NASA JPL. Battelle will inform subcontractors of the site emergency response procedures, and any 
potential fire, explosion, health, safety, or other hazard by making this SHSP and site information 
available on-site. All Battelle subcontractors are responsible for:  

•	 Attending the health and safety briefing given by the SHSO covering the 
requirements of this SHSP 

•	 Providing their own, company provided, PPE 

•	 Providing documentation that their employees have been trained in health and 
safety in accordance with applicable federal, state, and local laws and regulations 

•	 Providing evidence of medical surveillance and medical approvals for their 
employees 

•	 Designating their own Site Safety Officer (SSO) responsible for ensuring that 
their employees comply with their own Health and Safety Plan (HASP) and 
taking any other additional measures required by their site activities 

•	 Signing the Safety Compliance Agreement Form (Attachment 1) as a part of 
standard safety protocol.  All field personnel performing on-site work will sign 
the Safety Compliance Agreement Form.  Individuals who refuse to sign this 
agreement will be prohibited from working on this project. 

1.2.6 Site-Specific Safety Briefing 

A site-specific safety/pre-entry briefing will be held daily prior to the start of any site activities at NASA 
JPL, and at other times as necessary to ensure that all field personnel and visitors are aware of the health 
and safety hazards at the site. 
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2.0 PROJECT TASKS


The major Battelle tasks associated with this contract include the following: 

• Mobilization 

• System installation 

• System start-up, operation, and maintenance 

• Investigation-derived waste (IDW) disposal 

• Demobilization 

Subcontractors are required to prepare their own HASP for drilling and well installation activities.  The 
Battelle HSO will review the subcontractors HASP to ensure the HASP covers all aspects of the 
subcontractors’ responsibilities for this project.  The hazard risk assessment provided in the following 
section is for risks Battelle field personnel might encounter while working on-site during the drilling and 
well installation activities.  Subcontractors are expected to follow their individual HASPs as well as 
guidelines included in the SHSP. 
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3.0 HAZARD/RISK ASSESSMENT 

This section discusses chemical, physical, and environmental hazards to workers on the site.  Section 3.1 
discusses hazards associated with the project tasks listed in Section 2.0.  Table 1 lists major hazards 
associated with these tasks and methods to mitigate the hazards.  Section 3.2 discusses the chemicals of 
interest at JPL and includes information such as exposure limits and signs and symptoms of exposure.  
Table 2 lists the primary health hazards and exposure limits for chemicals covered in Section 3.2. 
Material Safety Data Sheets (MSDS) information for compounds listed in Table 2 is provided in 
Attachment 2.  Permissible Exposure Levels (PELs) are Occupational Safety and Health Administration 
(OSHA) permissible exposure limits for airborne concentrations of toxic substances measured as an 
8-hour Time-Weighted Average (TWA).  The OSHA PELs are the recognized levels to which the site 
monitoring will adhere.  Short-Term Exposure Limits (STELs) are OSHA short-term limits measured as a 
15-minute TWA.  OSHA requires that controls be implemented when employee exposure exceeds these 
limits.  The Threshold Limit Values (TLVs) are health and safety guidelines recommended by the 
American Conference of Governmental Industrial Hygienists (ACGIH).  If contaminant levels exceed 
50% of the TLV or PEL and persist for greater than 10 minutes, engineering and/or administrative control 
measures will be implemented.  During groundwater monitoring, field personnel have the potential to be 
exposed to both contaminated groundwater and contaminants in the vapor phase.  Risk of contamination 
from the operation and maintenance (O&M) of the groundwater treatment system and site assessment 
activities comes mainly from contaminants in the vapor phase.   

Section 3.3 discusses physical hazards identified with this site including those associated with fire, use of 
heavy equipment, slip/trip/fall, lifting, tool and equipment, and heat stress.  Section 3.4 discusses 
biological hazards associated with the physical location of the site including contact with flora/fauna. 

Daily tailgate safety meetings will be held at the start of each workday to discuss potential chemical, 
physical and environmental hazards and preventative safety measures.  Attendance will be mandatory for 
all employees and a Tailgate Safety Meeting Form (Attachment 1) will be completed.  Task Hazard 
Analyses have been developed for each major field activity/work phase and are presented in Table 1.  The 
following sections describe the specific hazards anticipated in more detail, and the control measures to be 
implemented to minimize or eliminate each hazard.  This information will be used to augment daily safety 
meetings intended to heighten safety and hazard awareness on the job. 

3.1 Hazards Associated with Tasks 

Due to the geographic location of JPL, heat stress may be a potential hazard to workers performing work 
associated with all tasks in the summer months.  Heat stress hazards will be assessed in detail in 
Section 3.4.7. Other hazards associated with Battelle tasks are analyzed as follows: 

3.1.1 Hazards Associated with Mobilization and Demobilization 

The main hazards associated with mobilization and demobilization of field personnel and equipment are 
electrical shock from system setup, objects striking the heads of field personnel, and general site hazards 
such as heat and biological hazards.  Methods of mitigating these hazards are listed in Table 1. 
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Table 1. Hazard Sources and Mitigation During Field Activities at JPL 

Hazard Project Tasks Mitigation Methods 
Slip/trip/ fall All tasks Maintain good housekeeping.  Limit work area with boundary marking 

tape and signs. 

Slip/trip/fall hazards will be addressed through an ongoing proactive 
housekeeping program that eliminates elements in the work area that have 
potential for causing loss of footing. 

Electrical shock Mobilization, installation of All major electrical work (wiring, control panel construction, etc.) will be 
wells, O&M of remediation subcontracted to a qualified electrical contractor.  GFCI will be used 
system, and demobilization where appropriate. Care will be taken to de-energize and ground any 

electrical equipment prior to any necessary repair work.  Before 
undertaking any repair work, the energy source will be either permanently 
disconnected or temporarily tagged and kept locked to prevent the 
equipment from accidentally energizing.  Personnel performing repair 
work shall have been trained on LO/TO and will be responsible for 
complying with all applicable LO/TO procedures. 

Flying particulate Installation of extraction and All site personnel will wear hard hats and safety glasses with side shields 
injection wells during drilling. 

Objects striking head Mobilization, installation of Hard hats will be worn in the vicinity of overhead hazards (e.g., in the 
wells, and demobilization drilling rig area). 

Explosion/Fire All tasks Open-flame ignition sources will be restricted from the work area 
(smoking, etc.).  No smoking is permitted in the work zones. 

Any free-phase petroleum or gasoline will be stored in appropriate 
containers. Signs indicating flammable liquids will be posted where 
appropriate. 

Appropriate fire extinguishers will be available to site personnel during 
field activities. 

Inhalation and contact of 
organic vapors 

Installation of extraction and 
injection wells; sampling of 
wells and system ports 

If conditions require upgrading to air-purifying respirations (Level C 
PPE), an addendum to this SHSP will be submitted for review and 
approval. 

Remain upwind whenever possible. 

Wear disposable gloves and safety glasses with side shields when 
handling soil and sampling waters. 

Contact with detergent, 
samples, or solvent 

Decontaminating sampling 
equipment 

Level D PPE is typically adequate. 

Wear coveralls and gloves. 

Wear safety goggles when preparing and using decontamination solutions. 

Maintain good housekeeping. 

No eating, smoking, or drinking on-site. 
Weather extremes All tasks Use dress consistent with conditions. 

Implement worker rotation and rest period schedules.  Adjust work day to 
take advantage of the cooler parts of the day. 

Maintain periodic telephone communication between on-site and off-site 
personnel to ensure good physical condition of on-site personnel. 

Frequently consume water or an electrolytic beverage to prevent 
dehydration. 

LO/TO = lockout/tagout. 
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3.1.2 Hazards Associated with Remediation System 

The O&M of the remediation system has several associated hazards that will be mitigated using the 
following precautions: 

•	 Electrical shock – All major electrical work (wiring, control panel maintenance, 
etc.) will be subcontracted to a qualified electrical contractor.  GFCIs will be 
used where appropriate, e.g., in wet locations.  Care will be taken to de-energize 
and ground any electrical equipment prior to any necessary repair work.  Before 
undertaking any repair work, the energy source will be either permanently 
disconnected or temporarily tagged and kept locked to prevent the equipment 
from accidentally energizing. Personnel performing repair work shall have been 
trained on Lock Out/Tag Out (LO/TO) procedures as specified in the OSHA 
citation 29 CFR 1910.333 and will be responsible for complying with all 
applicable LO/TO procedures. 

•	 Moving Parts – Before equipment is used, it will be inspected and tested and 
certified to be in safe working condition.  All moving parts of the equipment will 
be guarded when exposed to contact by field personnel or when the equipment 
poses a hazard. 

•	 Pressurized Lines – All pressurized equipment and systems will be maintained 
and operated in accordance with EM 385-1-1 Section 20 (USACE, 2003). 

•	 Hot Surfaces – All field personnel will be advised of the potential for moving 
parts on the system which become hot during operation.  Easily accessible 
surfaces will be labeled with a sign reading “Caution Hot Surface”. 

3.1.3 Hazards Associated with IDW Disposal 

The main hazards associated with IDW disposal include contact with contaminated wastewater, 
detergents, and solvents. Disposal of potentially contaminated soil from drilling and well installation 
activities will be completed as described in the Sampling and Analysis Plan (SAP; Appendix C).  During 
soil disposal activities, field personnel will wear proper Level D PPE.  Any IDW and wastewater created 
under this effort will be disposed of off-site.  During this process Level D PPE will be worn by field 
personnel to protect against contact with contaminated wastewater.  All hazardous waste collected under 
this Task Order will be disposed of off-site in accordance with all applicable Federal, State and local 
regulations. 

3.1.4 Hazards Associated with Well Installation   

The main hazards associated with soil boring and groundwater monitoring well installation are listed in 
Table 1 and include electrical shock, flying particulates, objects striking head, and inhalation and contact 
of organic vapors. 

Drilling equipment will be operated, inspected, and maintained according to manufacturers’ operating 
manuals. Battelle will subcontract the drilling and installation of all wells at JPL.  Battelle field personnel 
will be present during these activities to supervise and monitor the health and safety of field personnel. 

Prior to the start of any drilling activities, a survey of the site will be completed.  This survey will include 
all overhead hazards and any underground utilities or hazards.  The survey results and maps will be used 
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to determine any previously unknown hazards; this information will be discussed in the Tailgate Meeting 
and will determine the location of extraction and injection wells. 

Hazards Associated with Chemicals Substances at JPL  

A list of the chemicals identified to be in the groundwater and their associated exposure limits are 
presented in Table 2. Table 2 lists the primary health hazards associated with each of these chemicals. 

Table 2. Primary Health Hazards and Exposure Limits for Chemical Substances at JPL 

Compound 
(CAS #) 

PEL-
TWA(a) 

PEL-
STEL(a) 

TLV 
TWA(b) 

TLV 
STEL(b) Primary Health Hazard 

Carbon 
tetrachloride 
(56-23-5) 

10 
ppm 

25 
ppm 

5 
ppm 

10 
ppm 

Liver; cancer 

1,1-
Dichloroethylene 
(75-35-4) 

5 
ppm 

Harmful if ingested, inhaled or absorbed through the 
skin; Reproductive; cancer 

1,2-Dichloroethane 
(107-06-2) 

50 
ppm 

100 
ppm 

10 
ppm 

Skin irritant; liver; cancer 

Tetrachloroethene; 
PCE (127-18-4) 

100 
ppm 

200 
ppm 

25 
ppm 

100 
ppm 

Irritation; CNS 

Trichloroethene 100 200 50 100 CNS; headache; liver 
(79-01-6) ppm ppm ppm ppm 
Perchlorates NA NA NA NA Skin irritant; respiratory 
Chromium Respiratory, lung and stomach cancer. 
(hexavalent) 
All forms all 

0.005 
mg/ m3 --

compounds 
Chromium 
(hexavalent) 
Inorganic, soluble 
compounds 

0.05 
 mg/ m3 

Respiratory, lung and stomach cancer. 

Chromium 
(hexavalent) 
Inorganic, 
insoluble 
compouunds 

0.01 
 mg/ m3 

Respiratory, lung and stomach cancer. 

Chromium (III) 
(7440-47-3) 

0.5 
mg/m3 

0.5 
mg/ m3 

Irritation; dermatitis; liver; kidney; respiratory; 

1,4-Dioxane 
(123-91-1) 100 20 

ppm 
Irritation; liver; kidney 

PEL = permissible exposure limit 
TWA = time-weighted average 
STEL = short-term exposure limit 
(a) 29 CFR 1910.1000 Table Z (OSHA Z Table). 
(b) TLVs and BEIs (ACGIH, 2006). 
NA = Not applicable. 

3.2.1 Carbon Tetrachloride 

Carbon tetrachloride (CCl4) is a colorless liquid with a melting point of -23°C and a boiling point of 77 
°C. Its vapor pressure is 91 mmHg at 20 °C. Carbon tetrachloride is classified as B2, a probable human 
carcinogen. Inhalation and ingestion of CCl4 can be fatal. It is an irritant that could lead to dermatitis if 
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contacted with the skin.  Kidney or liver damage may result from long-term use of carbon tetrachloride.  
It can also affect the central nervous system (CNS) and cause damage or cancer to the eyes, skin, and 
lungs. CCl4 is incompatible with alkali metals, chemically active metals, strong oxidizing agents, allyl 
alcohol, fluorine, and strong bases.  It should be kept away from heat and possible sources of ignnition 
due to potentially toxic decomposition products. 

3.2.2 1,1-Dichloroethylene (1,1-DCE) 

1,1-DCE is a colorless liquid at room temperature with a mild, sweet odor.  Its boiling and melting points 
are 31.7 °C and –122.5°C, respectively. It has a vapor pressure of 591 mmHg at 25°C and density of 
1.213 g/cm3 at 20°C. The main use of 1,1-DCE is to produce copolymers such as polyvinylidene 
chloride, acrylonitrile, vinyl chloride, and methyacrylonitrile.  The copolymers are used in flexible films, 
such as SARAN and VELON, and as a flame retardant for fiber, carpet backing and piping. They are also 
used in flexible packaging materials and as an adhesive.   

1,1-DCE is classified as a group C carcinogen meaning it is a possible human carcinogen (Faust, 1993). 
Inhalation of 1,1-DCE at low levels over a long period of time can cause damage to the CNS, liver and 
lungs. High-level exposure health effects include loss of breath and fainting, effects on the CNS and 
death from hepatotoxicity and nephrotoxicity. 

3.2.3 1,2-Dichloroethane (1,2-DCA) 

1,2-DCA is a colorless, heavy and flammable liquid which evaporates quickly at room temperature and 
has a sweet odor and taste. Its vapor pressure at 25°C is 79.1 mmHg and density is 1.23 g/cm3 at 20°C. 
Its melting and boiling points are –35.5°C and 83.5°C, respectively. 

1,2-Dichloroethane is classified as group B2, which means it is a probable human carcinogen through the 
oral and inhalation routes (Opresko, 1994).  The routes of exposure to humans are absorption through the 
lungs, gastrointestinal system and skin.  It is distributed throughout the body, but concentrates in the 
adipose tissue and is generally excreted with soluble urinary metabolites.  Some health effects caused by 
exposure to 1,2-DCA are bronchitis, central nervous system depression, dizziness, vomiting, partial 
paralysis, liver and kidney damage, hemorrhages throughout the body, and death (Opresko, 1994). 

1,2-DCA is mainly used in the manufacturing of vinyl chloride and other compounds including PCE, 
TCE, and 1,1,1-trichloroethane. Other uses are as a solvent to degrease metals, as well as a fumigant and 
lead-scavenging agent in gasoline.  It is also used in paints, coatings, adhesives, varnishes, finish 
removers, soaps, and scouring agents (Opresko, 1994). 

3.2.4 Tetrachoroethene (PCE) 

PCE is a nonflammable, colorless liquid at room temperature with a sweet odor.  Its vapor pressure at 
25°C is 18.47 mmHg and density is 1.6227 g/ml.  Its melting and boiling points are –19°C and 121°C, 
respectively (ATSDR, 1997b).  PCE is used as a solvent in dry-cleaning operations and for degreasing 
metals (ATSDR, 1997a).  It is also used to dissolve greases, fats, waxes and oils without harming fibers. 
It is a chemical intermediate and has also been used to treat hookworm and some nematode infestations 
(ATSDR, 1997b). 

Tetrachloroethene has been classified as group B2 to C, which means it is a possible to probable human 
carcinogen. PCE enters the body through the lungs and digestive tract, but not through the skin.  Oral and 
inhalation exposure to PCE target the liver and kidney and the central nervous system is also affected by 
inhalation of PCE.  Exposure to high concentrations can cause headache, nausea, sleepiness, difficulty 
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speaking and walking, dizziness, confusion, unconsciousness, and death.  Some women have also 
experienced menstrual problems and spontaneous abortion when exposed to PCE (Daugherty, 1993).   

3.2.5 Trichloroethene (TCE) 

TCE is a nonflammable, colorless liquid at room temperature which has a sweet odor and evaporates 
easily.  Its vapor pressure at 25°C is 74 mmHg and density at 20°C is 1.465 g/ml.  Its melting and boiling 
points are –87.1°C and 86.7°C, respectively.  Currently, TCE is primarily used as a solvent to degrease 
metals and for fats, waxes, resins and oils (Faust, 1993).  It is used in the manufacturing of other 
chemicals.  It can also be found in paint removers, spot removers, adhesives, and typewriter correction 
fluid. It was once used as an anesthetic, fumigant, disinfectant and to extract caffeine from coffee (Faust, 
1993).  Production of TCE naturally occurs from marine macroalgae and microalgae. 

TCE is classified in group 2A, which means it is a probable human carcinogen.  Humans are exposed to 
TCE through oral, inhalation and dermal routes.  The primary target organs are the liver, kidney, central 
nervous system, cardiovascular system, hematopoietic system, and reproduction. Some health effects of 
TCE include headaches, dizziness, poor concentration, impaired heart function, unconsciousness, nerve, 
kidney and liver damage, and death (Faust, 1993).   

3.2.6 Perchlorate 

-Perchlorate (ClO4 ) is the most oxygenated member in a series of four anions made up of chlorine and 
oxygen (OEHHA, 2002).  The anion has a charge of negative one, and can form an acid or salt in 
combination with H+ or another cation such as sodium, potassium, or ammonium ion (OEHHA, 2002).  
Perchlorate salts dissociate completely in water.  Ammonium perchlorate (NH4ClO4) is a white, 
crystalline solid used as an oxidizer in rocket propellant fuel.  Perchlorate salts are also used in 
explosives, pyrotechnics and flares, in tanning and finishing leather, as a mordant for fabrics and dyes, 
and in electroplating, aluminum refining, rubber manufacture, and the production of paints and enamels 
(Hazardous Substances Database [HSDB], 2002; OEHHA, 2002). 

Potassium perchlorate was used in the late 1950s and 1960s as an antithyroid agent in the treatment of 
hyperthyroidism (i.e., Graves’ disease) until reports of severe hematological effects occurred.  European 
physicians began using it again in the 1980s as long as the dose remained below 1,000 mg/day.  A serious 
human health effect is the disruption of thyroid hormone production because perchlorate blocks the 
transport of iodine to the thyroid gland.  Two hormones, triiodothyronine (T3), and thyroxine (T4), help 
regulate the body’s metabolism and physical growth. When blockage occurs, the thyroid’s iodide 
reserves are reduced, thus decreasing production of T3 and T4.  When levels of T3 and T4 decrease, the 
pituitary gland and the hypothalamus gland, which regulate thyroid hormones, increase their own 
hormone production to compensate for the low levels of T3 and T4.  Too much or too little thyroid 
hormone can lead to disease (OEHHA, 2002).  Perchlorate can cross the placenta, thus affecting a 
developing fetus.  For children in utero and up to three years of age, thyroid hormone is critical to normal 
brain and physical development. 

3.2.7 Hexavalent Chromium 

The properties of hexavalent chromium vary with the different compounds.  It is a solid at room 
temperature and is typically orange, red or yellow in color.  Hexavalent chromium is generally soluble in 
water; however, the degree of solubility is dependent on the compound.  For example, the solubility of 
lead chromate is 5.8 μg/L and sodium dichromate has a solubility of 230 g/100 cc at 0°C. Zinc chromate, 
on the other hand, is insoluble in water.  Melting and boiling points also vary widely among the 
compounds.  Some compounds decompose at temperatures between 170°C and 500°C (ASTDR, 2000). 

C-11




The use of hexavalent chromium can be found in many industries including chrome plating, 
electroplating, stainless steel welding, leather tanning, wood preserving and chemical manufacturing 
(ATSDR, 2000). It is used to make stainless and heat resisting steel, astringents and antiseptics, dyes and 
pigments, batteries, candles, paints, rubber and cement and for corrosion resistance, high temperature 
research, and industrial water treatment (USDHH, 2001; ASTDR, 2000). 

Hexavalent chromium enters the body through inhalation, ingestion and dermal contact.  Exposure to 
chromium can cause nosebleeds, ulcers and holes in the nasal septum, upset stomach, ulcers, kidney, liver 
and lower respiratory tract damage, gastrointestinal irritation, dizziness, headaches, burns on the skin, 
blisters, skin ulcers, labored breathing, cancer and death (ATSDR, 2000).  Chromium (VI) is classified in 
group A, which means it is a known human carcinogen.  Exposure to hexavalent chromium usually causes 
respiratory system, lung or stomach cancer (ATSDR, 2000). 

3.2.8 Trivalent Chromium 

The properties of trivalent chromium vary among the different chromium compounds.  The color varies 
from blue-green to purple to brown or black.  It is a solid at room temperature with a melting point 
between 60°C (for chromium (III) nitrate) and 2,266°C (chromium (III) oxide).  At high temperatures, 
chromium compounds decompose (e.g. chromium (III) nitrate at 100°C), sublime (e.g. chromium (III) 
chloride at 1300°C), or boil (e.g. chromium (III) oxide at 4,000°C).  Trivalent chromium compounds are 
primarily insoluble, but some compounds are soluble or slightly soluble (ATSDR, 2000). 

Trivalent chromium is used in the production of metals and alloys, as brick lining for high-temperature 
furnaces, in manufacturing chemicals, for chrome plating, leather tanning, wood preserving, and in dyes 
and pigments (ATSDR, 2000).  It generally enters the atmosphere through emissions from coal and oil 
burning or steel production (ATSDR, 2000).  Atmospheric fallout and precipitation are the primary means 
of removing trivalent chromium from the atmosphere. In water, trivalent chromium is precipitated and 
then buried in sediment.  In soil, it is transported by runoff or as dust (U.S. EPA, 1998). 

Trivalent chromium is classified in group D which means it is not classified as a human carcinogen (U.S. 
EPA, 1998). Trivalent chromium can enter the body through inhalation, ingestion and dermal contact.  
The body does not generally absorb large amounts of trivalent chromium (Daughtery, 1992).  Health 
effects caused by exposure to trivalent chromium include coughing, wheezing, asthma, and inhibits DNA 
replication. 

3.2.9 1,4-Dioxane 

1,4-Dioxane is a colorless, flammable liquid at room temperature and has a pleasant odor.  It has boiling 
and melting points of 101.5°C and 11.8°C, respectively (OEHHA, 2002)  Its vapor pressure is 30 mmHg 
at 20°C (U.S. EPA, 2002).  1,4-Dioxane is miscible with water, aromatic solvents and oils (OEHHA, 
2002). 

Uses of 1,4-Dioxane include a degreasing agent, a component of paint and varnish removers, and a 
wetting and dispersion agent in the textile industry.  It is also used as a solvent in chemical synthesis, a 
fluid for scintillation counting, and a dehydrating agent in the preparation of tissue sections of histology 
(OEHHA, 2002). It is a solvent for cellulose acetate, ethyl cellulose, benzyl cellulose, resins, oils, waxes, 
dyes, and other organic and inorganic compounds (U.S. EPA, 2002).  It is also a solvent for specific 
applications in biological procedures and a stabilizer for chlorinated solvents such as 1,1,1-
trichloroethane. It is a reagent for laboratory research and testing.  In the past it was used as a solvent in 
coatings, sealants, adhesives, cosmetics and pharmaceuticals (USDHH, 2001). 
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1,4-Dioxane is classified as group B2 which means it is a probable human carcinogen. Exposure to 1,4-
Dioxane is generally from inhalation, ingestion or dermal contact.  It is very mobile in the environment 
due to its volatility and solubility in water.  1,4-Dioxane may cause drowsiness, vertigo, headache, 
irritation of the eyes, nose, throat, lungs and skin, nausea, vomiting, hepatic and renal lesions, coma, or 
death (U.S. EPA, 2002).  The target organs used to determine the hazard index are the alimentary system, 
kidney, and circulatory system (OEHHA, 2002).   

3.3 Physical Hazards 

3.3.1 Flammability/Explosive Nature 

It is unlikely that explosive atmospheres will be encountered during remedial activities.  However, the 
following standard safety procedures will be implemented: 

•	 All field vehicles and heavy equipment will be equipped with type-ABC fire 
extinguishers.  Fire extinguishers will be mounted on vehicles where field 
personnel can easily access them.  A fire extinguisher check, including inspecting 
gauges, hoses, and tanks, must be completed monthly to verify proper condition 
of the equipment. An annual maintenance check on each fire extinguisher must 
be conducted and documented. 

•	 When necessary, a fire watch and fire extinguisher or other fire-fighting 
equipment should be made available. 

•	 Open fires and burning are prohibited.  Smoking will be prohibited in all areas 
where flammable, combustible, or oxidizing materials are stored or in use. 

The following procedures should be implemented for refueling of vehicles: 

•	 Refuel only in pre-designated outdoor areas. 

•	 Shut off vehicle engines when not in use. 

•	 No smoking is allowed. 

•	 Do not over-fill fuel tanks. 

The following apply to the storage and dispensing of flammable materials: 

•	 All tanks containing flammables should be labeled with the contents in 4-inch-
high letters. 

•	 All flammable chemicals should be stored in flammable-chemical storage 
cabinets. 

•	 Oxygen should be stored at least 25 feet from combustible liquids, flammable 
materials, heat sources, or in an area with a fire barrier having a ½ hour rating. 

•	 Oxygen storage areas should be vented. 
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3.3.2 Hazards Associated with Heavy Equipment 

The hazards associated with the operation of heavy equipment can be effectively managed through 
adequate training and constant awareness.  Consistent visual or verbal contact with the equipment 
operator will facilitate such awareness.  All mobile equipment operators will have had the required 
training and should demonstrate the necessary skills to operate heavy equipment.  Mobile equipment will 
not obstruct roadways, walkways, electrical lines, etc.  Proper distance from overhead power lines should 
be observed. All personnel working around heavy equipment will wear hard hats, safety-toed boots, and 
orange vests. 

3.3.3 Slip/Trip/Fall Hazards 

While it is difficult to prevent slip/trip/fall hazards, these hazards can be minimized through use of 
appropriate footwear, good housekeeping, proper site control measures and keeping the work area free of 
obstructions.  Personnel will be required to perform fieldwork in pairs (buddy system) so that immediate 
assistance will be available should a slip/trip/fall occur.  Slip/trip/fall hazards will be addressed through 
an ongoing proactive housekeeping program that eliminates elements in the work area that have potential 
for causing substantial loss of footing. 

3.3.4 Lifting Hazards 

Field operations often require that physical labor tasks be performed.  All employees should employ 
proper lifting procedures.  Additionally, employees should not attempt to lift bulky or heavy objects (over 
40 pounds) without assistance. 

3.3.5 Tool and Equipment Hazards 

Hazards present while using tools and equipment are generally associated with improper tool handling 
and inadequate maintenance.  Management of these hazards requires a rigorous maintenance of tools and 
equipment and effective training of employees in the proper use of these tools.  Electrically powered tools 
have inherent physical hazards.  Hand-held power tools, including jackhammers, should be held firmly.  
This equipment will create vibrations during operation.  Proper safety procedures will be implemented 
during their operation. 

Electrical cords should have unbroken insulation and should not be exposed to water or other liquids.  A 
ground fault circuit interrupter (GFCI) outlet or cord must be used in any area where water may be 
present. Large power tools and equipment should be lifted properly to prevent back injuries. 

Safety glasses with side shields, ear protection, and safety-toed boots will be worn while operating 
powered tools or equipment. 

3.3.6 Heat Stress Hazards 

Work under this project may be required in hot environments depending on the time of year.  During hot 
or humid days, or during the performance of strenuous work, extra precautions will be necessary to 
reduce the potential for heat stress. Implementation of worker rotation and rest period schedules and 
adjustment of the workday to take advantage of the cooler parts of the day may be used to prevent 
exposure to heat stress hazards. Whenever possible, shade will be utilized or provided to field personnel 
to help mitigate heat stress hazards.  Any adjustments to workday schedules that deviate from normal 
business hours will be cleared with the appropriate personnel.  Also, frequent consumption of water or an 
electrolytic beverage is necessary to prevent dehydration (drink about 16 ounces before starting work, and 
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5 to 7 ounces every 15 to 20 minutes while working). The levels of heat stress are characterized in Table 
3. 

Factors which increase the risk of heat induced problems: 

• High physical exertion. 

• Being unaccustomed to working in heat. 

• Wearing protective clothing that traps body heat. 

• Age (older people may have less body water and lower sweat gland efficiency). 

• Being overweight, which makes the body work harder to perform tasks. 

• Medications that can interfere with normal body reactions to heat. 

Table 3. Signs and Symptoms of Heat Related Illnesses and Treatments 

Heat Induced Problems 
Problem Body Response Signs and Symptoms Treatment 

Heat Cramps • The body loses too 
much salt from heavy 
exertion in heat.   

• Painful spasms of 
muscles used during 
work. 

• Increase fluid intake 
with electrolytes 
(Unless otherwise 
indicated by a doctor). 

• Take frequent breaks, 
preferably in a cool 
area. 

Heat Exhaustion • The body can’t 
replace fluids and/or 
salt lost in sweating. 

• Perspiration in heat is 
important because it 
cools the body as it 
evaporates. 

• Weakness, dizziness, 
nausea. 

• Pale or flushed 
appearance. 

• Sweating, moist and 
clammy skin. 

• Move to a cool place. 
• Loosen clothes and 

apply cool 
compresses. 

• Drink water slowly. 
• Elevate feet 8-12 

inches. 
Heat Stroke • The body no longer 

sweats and holds so 
much heat that body 
temperature reaches 
dangerous levels. 

• Heat stroke is a 
medical 
EMERGENCY and 
can lead to delirium, 
convulsions, 
unconsciousness, or 
death. 

• DRY, hot reddish 
skin, and LACK OF 
SWEATING! 

• High body 
temperature and 
strong, rapid pulse. 

• Chills 
• Confusion 

• Treat as a 
MEDICAL 
EMERGENCY! 

• Call for EMS or a 
doctor immediately! 

• Move to a cool area 
immediately. 

• Use cool water to soak 
person’s clothes and 
body. 

• Fan the body. 
• Don’t give fluids if 

victim is unconscious. 
EMS = Emergency Medical Services 
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3.3.7 General Site Safety 

The following PPE and clothing will be used during field sampling activities: 

• Safety-toed boots. 

• Goggles or safety glasses with side shields. 

• Standard work clothing or chemical resistant Tyvek® coveralls. 

• Nitrile or equivalent laboratory/exam gloves. 

• Hearing protection. 

Hard hats, hearing protection, and other PPEs listed above are required during drilling operations at JPL.   

3.4 Biological Hazards 

There are several biological hazards to which personnel may be exposed while performing work at the 
NASA JPL site.  These hazards may include snake bites (a variety of snakes are present at JPL, but not all 
are poisonous), insect bites (i.e., mosquitoes, deer flies, chiggers, and ticks) and stings (i.e., bees, wasps) 
and exposure to pathogenic (disease producing) microorganisms.  Animal and bird droppings often 
contain mold, fungus, bacteria or viruses that represent a significant respiratory hazard.  If encountered, 
personnel will be instructed to avoid touching droppings. 

Paramedics will be summoned for serious injuries.  First aid procedures for biological hazards will follow 
the program set up by the American Red Cross. 
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4.0 SITE CONTROL


4.1 Work Area Control   

Proximity to field activities will be limited to reduce the probability of occurrence of physical injury and 
chemical exposure of field personnel, visitors, and the public. 

Work area control will be achieved through the use of zones (exclusion zone, contamination reduction 
zone, and support zone). All three zones will be established for drilling and well installation activities, 
but for the O&M of the remediation system, there will only be a designated exclusion zone which will be 
surrounded by a locked, fenced area.  The area outside of the exclusion zone will be considered the 
support zone.  Access to the remediation system will be limited to authorized personnel only. No 
contamination reduction zone is required because no hazardous chemicals will be used during O&M. 

During field activities, the equipment will be oriented to minimize impact to surrounding vehicles, 
buildings, and military operations.  The area surrounding each extraction and injection well and recovery 
equipment will be the exclusion zone.  Non-project personnel will be directed away from the immediate 
area of the drill rig. The area outside of the exclusion/contaminant reduction zone will be considered the 
support zone.  The first aid kit will be kept in the support zone. 

The three work area control zones for the construction of new wells and soil boring will be similar to the 
control zones used at the remediation system.  The area immediately surrounding the hollow-stem auger 
(HSA) drill rig will be designated the exclusion zone.  The exclusion zone and contamination reduction 
zone will be designated with traffic cones and/or caution tape.  Soil samples collected during drilling will 
be processed in the exclusion zone.  The decontamination of drilling equipment using a portable 
decontamination trailer will be performed in the contamination reduction zone.  

4.2 Decontamination Control 

All nondisposable field equipment will be decontaminated before each use and between samples to avoid 
cross-contamination between samples and to ensure the health and safety of the field crews.  The 
decontamination procedure for each task will be specified in the SAP.  Areas for decontamination will be 
coordinated with the appropriate NASA JPL personnel before sample collections begin.  Drilling 
equipment will be decontaminated by hot pressure washing.  Decontamination of drilling equipment will 
be performed in a portable decontamination trailer.  All other nondisposable sampling equipment and PPE 
will be decontaminated by washing with a phosphate-free detergent solution or by steam cleaning.  All 
decontamination water will be collected in approved 55-gallon drums or a poly-tank and will be 
transported off-site for disposal within 90 days. 

In general, the following decontamination procedure will be used for nondisposable sampling equipment 
and PPE: 

1.	 Set up a sampling equipment decontamination/wash area.  Fill three containers (e.g., 5
gallon buckets) with tap water and one container with deionized water.  Add LiquinoxTM 

or an equivalent phosphate-free detergent to one of the tap water containers according to 
the manufacturer’s directions. Align the containers in the following manner:  Tap water, 
detergent solution, tap water, deionized water. 
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2.	 In the first container of tap water, rinse the item to remove as much soil, water, 
contamination, etc., as possible.  Change this water frequently. 

3.	 In the second container of detergent solution, wash the item using a scrub brush or other 
suitable cleaning tool.  Discard this wash water and create a new detergent solution when 
necessary. 

4.	 In the third tap water container, rinse the item to remove any traces of detergent.  Change 
this water frequently. 

5.	 Rinse the item in the container with deionized water to remove any remaining traces of 
detergent or tap water. 

Decontamination procedures for groundwater sampling are described in the SAP. 
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5.0 PERSONNEL PROTECTION


The possibility of exposure to chemicals in soil and groundwater presents a minimal potential health risk 
to site workers and proximate base personnel.  Installation and O&M of the remediation system present a 
minimal opportunity to contact contaminants of concern in high concentrations.  The primary personal 
protective clothing used will be disposable nitrile gloves and safety glasses with ridgid side sheilds.  If 
necessary, based on the exposure limits listed in Table 2, respiratory protection and engineering or work-
practice controls will be used to minimize exposure and to protect workers and JPL personnel.  The level 
of protection to be utilized throughout the duration of this Task Order will be EPA Level D, as based on 
known contaminant levels and previous work performed at the JPL.  It is the responsibility of the field 
personnel to inspect all PPE prior to use.  Evaluation of the effectiveness of the Battelle PPE program will 
be examined by the SHSO following the guidelines established in the Battelle PPE Program Manual 
(Battelle, 2004). 

5.1 EPA Levels of Protection   

There are four levels of EPA-mandated personnel protection: Levels A, B, C and D.  Levels A, B, and C 
are not anticipated for this task order.  If site conditions change and a higher degree of protection is 
required, the SHSO will consult the HSO/CIH and the required changes in PPE with be made.  A change 
in the level of PPE will result in this SHSP being amended and reviewed by the HSO/CIH.  

Level D protection will consist of the basic work clothing, plus the following depending on activities to 
be performed: 

•	 Hard hat 

•	 Coveralls/standard work clothing 

•	 Safety glasses with protective side shields 

•	 Safety-toed boots 

•	 Nitrile gloves (or equivalent) 

•	 Available hearing protection 

•	 Available protection against ultraviolet (UV) rays (i.e. sun block, hats, or long 
sleeves). 

•	 For emergency purposes or in the event of PPE upgrade, an available half-face or 
full-face, air purifying respirator with National Institute for Occupational Safety 
and Health (NIOSH) approved combination organic vapor/acid gases/P-100 
cartridges (yellow/magenta)* 

*All personnel who may be required to wear a respirator will be enrolled in an employer medical 
surveillance and respiratory protection program and have their assigned respirator fit-tested before 
wearing it on the project.  

5.2 Air Monitoring Procedures   

Screening for the presence of volatile organic compounds (VOCs) while conducting fieldwork is 
generally done with a handheld photoionization detector (PID) or flame ionization detector (FID).  During 
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drilling, breathing zone readings will be taken periodically (approximately every 15 minutes), unless the 
SHSO determines that more frequent monitoring is required.  Field personnel will perform a daily 
calibration of the PID/FID and operate the instrument according to the manufacturer’s instructions.  Air 
monitoring results will be compared to the action levels identified in Table 2.  The appropriate PPE will 
be selected based on the contaminant concentrations encountered during air monitoring. The daily air 
monitoring results and calibration information will be recorded on the Air Monitoring Data Sheet 
(Attachment 1).  Air monitoring will accomplish the following tasks: 

1.	 Ensure that proper PPE, work practices, and engineering controls are being used at the 
site; 

2.	 Ensure that site personnel are not exposed to concentrations of hydrocarbon compounds 
exceeding the PELs; and 

3.	 Quantify the concentrations of ionizable hydrocarbon compounds at the wellhead and the 
workers’ breathing zone. 
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6.0 GENERAL SAFETY RULES


6.1 Recommended Equipment Safety Guidelines 

Equipment maintenance and safety is the responsibility of the operator.  The following information is 
provided as general guidelines for safe site practices: 

•	 Inspect the route of travel before moving equipment off-road.  Note rocks, trees, 
erosion, and uneven surfaces. 

•	 Approach changes in grade squarely to avoid shifting loads or unexpected 
unweighting. 

•	 Use a spotter (person at grade) to provide guidance when vertical and lateral 
clearance is questionable. 

•	 Locate overhead and buried utilities prior to removal operations.  Treat overhead 
electrical lines as if they were energized. 

•	 Contact the appropriate utility agencies to deactivate overhead or underground 
services that may interfere with sampling operations.  Only authorized and 
trained personnel should attempt to handle utilities. 

•	 Note wind speed and direction to prevent unshielded overhead utility lines from 
contacting equipment. 

•	 Allow at least 20 feet of clearance from overhead utility lines. 

•	 Contact appropriate utility agencies to survey, mark, and flag locations of buried 
utility lines. 

•	 Maintain orderly housekeeping of the remediation system. 

•	 Store tools, materials, and supplies properly and in a secure area. 

•	 Maintain working surfaces free of obstructions or potentially hazardous 
substances. 

•	 Store gasoline in approved safety containers only. 

6.2 General Safety During System Installation 

Personnel must wear prescribed PPE, as appropriate, during recovery activities.  Contamination 
avoidance should be practiced at all times.  Personnel must employ the "buddy system" at all times and 
maintain communication with each other.  In some situations, such as work in isolated locations, 
additional monitoring may be needed to establish the proper level of protection before the sampling team 
can proceed. Personnel responsible for operating the remediation system will wear Level D PPE 
protection. 

6.3 General Safety During System O&M   

O&M of the groundwater remediation system will only be conducted by fully trained/qualified field 
personnel. Any mechanical hazards will be identified at initial start up and measures will be taken to 
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6.4  

mitigate the hazards. Remaining hazards will be clearly marked and all field personnel will be notified of 
safety precautions to use while the systems are in operation. 

Decontamination Safety 

Decontamination procedures can pose hazards under certain circumstances, particularly when chemical 
decontamination solutions are used.  Most of the equipment used on-site will be decontaminated by 
washing, or a series of washings, followed by a series of rinses using generous amounts of deionized (DI) 
water (see Section 4.2).  Exposure to hazardous materials and decontamination solutions will be 
controlled by the use of appropriate personal protective clothing and accessories, which includes safety 
glasses, faceshields (during power washing or steam cleaning), nitrile gloves, and safety-toed boots.  
MSDS information for methanol (methyl alcohol) and Liquinox™ are provided in Attachment 2.  
Decontamination of equipment by steam cleaning will be done away from general personnel. 
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7.0 EMERGENCY PROCEDURES


7.1 Communication 

A communication program will be implemented during the project.  Workers are to use the buddy system 
at all times and be cognizant of the reduction of communication abilities in high-noise areas.  The specific 
hand signals to be used during the project will be discussed in the tailgate safety meeting and will include, 
but are not limited to, the following: 

• Closed fist – Stop work 

• Hand crossed above head  – Personal injury 

• Hand gripping throat  – Cannot talk; Having difficulty breathing 

• Grip partner’s wrist – Cannot talk; Leave area immediately 

• Hands on top of head  – Need assistance 

• Thumbs up – OK, I am all right, I understand 

• Thumbs down  – No, negative 

7.2 Site Evacuation Procedures 

In case of an emergency, an air horn, or an equivalent device that can generate at least 80 dBA of noise, 
will be used as the evacuation warning. One long blast from the horn will be understood to mean 
immediate evacuation from the exclusion zone.  Personnel working on the site will immediately make 
their way to the designated gathering point for a “head count”.  The gathering point will be site and 
activity dependent and therefore will vary.  The SHSO will determine the gathering point and notify all 
site personnel at the daily tailgate meeting. 

In the event that an emergency requires the evacuation from the JPL, the parking lot of the Huntington 
Memorial Hospital will be the designated emergency gathering location.  The route to the hospital is 
presented in Figure 1. Driving distance is approximately 2.4 miles with an approximate travel time of six 
minutes. The emergency evacuation plan will be discussed in the first pre-entry tailgate meeting and as 
necessary when new personnel arrive on-site. 

7.3 First Aid 

A fire extinguisher and a first aid kit, containing the American Red Cross first aid manual, will be 
stationed in each field vehicle. A blood-borne pathogen clean-up kit will also be available.  This kit will 
consist of, as a minimum, household bleach, empty spray bottle, disposable gloves, disposable towels, red 
biohazard disposal bags. The following personnel are trained in first aid, CPR, and blood borne 
pathogens: 

• Dave Clexton, SHSO 

• Ben Headington, SHSO 

• Linc Remmert, HSO 
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7.4 

JPL’s Medical/Fire Service Station is located on-site and can be reached by dialing 3-3333 from any on-
site telephone. 

If an injured individual requires further attention, the individual will be immediately transported to the 
nearest hospital. A map illustrating the route to the off-base emergency medical facility is presented in 
Figure 1. If necessary, the victim will be decontaminated prior to transport to the facility; if the injury is 
serious, decontamination is of secondary importance.  A copy of this SHSP will accompany the injured 
workers to the medical facility.  All accidents, without regard to severity, will be documented by the 
SHSO on the Accident/Incident Analysis Form (Attachment 1).  The Accident/ Incident Form will be 
forwarded to the HSO and Project Manager within 24 hours.  An analysis of the accident will be 
conducted by the HSO/CIH following the guidelines in the Battelle Safety and Industrial Hygiene Manual 
(Battelle, 2005d). 

General first aid procedures are outlined below: 

•	 Skin Contact: Use copious amounts of soap and water.  Wash/rinse affected area 
thoroughly, then provide appropriate medical attention.  An eyewash station and 
an emergency shower or drench system will be located in the contamination 
reduction zone and/or support zone as appropriate.  Eyes should be rinsed for 15 
minutes upon chemical contact. 

•	 Inhalation: Move to fresh air and, if necessary, decontaminate and transport to 
hospital. Any loss of consciousness or exposure to airborne toxic substances, 
even if the individual appears to have fully recovered, will require immediate 
treatment by a qualified physician. 

•	 Ingestion: Notify Poison Control Center and emergency medical facility and 
transport to nearest emergency medical facility immediately. 

•	 Puncture Wound or Laceration: Decontaminate and transport to emergency 
medical facility.  Apply direct compression to stop or slow the flow of blood. 

•	 Biological Hazard: Identify the specific animal responsible for the injury (if 
possible), notify the nearest emergency medical facility and transport the affected 
worker immediately. 

Decontamination During Medical Emergencies 

If emergency first aid and/or medical treatment are required, decontamination procedures may be limited 
or omitted.  If the contamination does not present a hazard to the rescue personnel, life-saving care may 
be instituted immediately. If contamination will present a risk to rescue personnel, minimal 
decontamination should be performed to allow initiation of aid.  If contamination presents a significant 
risk to rescue personnel, then decontamination will need to be performed until the contamination no 
longer poses a risk. 

Medical personnel should be notified prior to transporting the victim if the victim may be contaminated.  
Assurance must be made that the medical personnel at the receiving area are able and willing to handle a 
victim who is contaminated.  Site personnel will accompany contaminated victims to the medical facility 
to advise on matters involving decontamination.  A copy of this SHSP including applicable MSDSs will 
be brought along with the victim. 
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Figure 1. Hospital Location Map and Site Evacuation Route 
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7.5  

Heat-related illnesses range from heat fatigue to heat stroke.  Heat stroke requires prompt treatment to 
prevent irreversible damage or death.  Protective clothing must be promptly removed.  Less serious forms 
of heat stress also require prompt attention.  Hazards associated with cold stress are not anticipated due to 
the project’s geographic location. 

Decontamination may be omitted or minimized and treatment begun immediately, unless the victim is 
obviously grossly contaminated.  Only a qualified physician is allowed to treat inhalation exposure cases.  
If the contaminant has entered through the skin or the eyes, an emergency shower will be used for at least 
15 minutes to rinse the affected area with water. 

Emergency Assistance   

The name, telephone number, and location of police, fire, and other emergency response agencies will be 
posted in the support zone.  If emergency personnel are called to the site, efforts will be made to 
accommodate their safety operations. 

Emergency Services 
Ambulance 
Fire Department 
Highway Patrol 
Police 
Poison Control Center  
Dept. of Environmental Health Services 
National Response Center, Toxic Chemicals and Oil Spills  
NASA-JPL Security Fire/Medical Service 
NASA Security and Safety Officer 

Medical Centers 
Huntington Memorial Hospital 
100 W California Blvd. 
Pasadena, CA 91105-3010 

Verdugo Hills Hospital 
1812 Verdugo Blvd 
Glendale, CA 91208-1407 

Battelle Personnel 

Keith Fields, Project Manager 

Bernard Himmelsbach, CIH 

Linc Remmert, HSO 

Dave Clexton, SHSO 

NASA JPL Field Office: 

911 
911 
911 
911 
(800) 222-1222 

    (800) 258-6942 
(800) 424-8802 
3-3333 (on-site telephones only) 

    (818) 354-6053 

     (626) 397-5000 

      (818) 790-7100 

Office: (614) 424-7723 
       Mobile: (614) 778-2618 

Office: (614) 424-4302 
 Mobile (614) 348-3408 

      Office: (614) 424-3678 

      Office: (760) 476-9144 
       Mobile: (760) 427-8013 

Phone: (626) 345-0598 
Fax: (626) 345-0698 

C-26




8.0 SPILL AND DISCHARGE CONTROL


Spill and Discharge Control has been developed to prevent the contamination of soils, water, 
uncontaminated areas/surfaces, equipment or material by the unauthorized release of a hazardous 
substance or material. The California EPA Office of Emergency Services will be notified immediately of 
any spills or releases at (800) 260-3972. 

The following spill control equipment will be made available at all times: 

• Clay, kitty litter, or other appropriate spill absorbent material. 

• 55-gallon drums. 

• Shovels. 

• Decontamination supplies and protective clothing. 

• Eyewash station. 

Regardless of the type of spill (liquid or solid), the following measures will be taken to isolate the spilled 
material(s): 

• Isolate and contain the hazardous spill area. 

• Restrict access of unauthorized personnel. 

• Prevent contact with the spilled material. 

• Relocate upwind and upgradient of the spilled material. 
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9.0 MEDICAL SURVEILLANCE


Battelle’s Medical Surveillance Program is based on the requirements outlined in 29 CFR 1910.120 and 
1910.1030. 

9.1 Contents of Medical Examination   

All Battelle and subcontractor project personnel working on-site will have undergone either a baseline or 
annual medical monitoring examination within 12 months prior to participation in fieldwork. 

Medical screening is conducted prior to employment and annually thereafter, and consists of the 
following: 

•	 Medical and occupational history 

•	 Physical examination, with particular attention to the cardiopulmonary system, 
general physical fitness, skin, blood forming, hepatic, renal, and nervous 
systems: 

�	 Urinalysis 

�	 Blood analysis 

�	 Pulmonary function test. 

•	 Additional tests, including: 

�	 Audiometric test 

�	 Vision test. 

Medical approval is required for personnel who need to wear respiratory protection equipment.  During 
the annual physical, the medical evaluator will determine an individual’s physical fitness for respirator 
usage. Based on this examination, the physician will certify in writing whether the individual is capable 
of full participation in the program, or whether that person must work within certain restrictions.  
Personnel may be excluded from this project for medical reasons.  Any person suffering a lost-time injury 
or illness must have medical approval prior to returning to work. 

9.2 Record Keeping  

All medical records must be maintained by the employer for a period of at least 30 years after the 
employee's termination of employment, in accordance with OSHA regulations on confidentially and 
record keeping. 

Prior to the initiation of work, subcontractors will submit to Battelle HSO/CIH copies of medical fitness 
certifications for each employee to be assigned to the site.  The certifications will state that the employee 
has received a medical examination within the previous 12 months and has been determined fit to perform 
on-site work. 
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10.0 TRAINING


As required by OSHA regulations (29 CFR 1910.120), all Battelle and subcontractor personnel involved 
in hazardous waste site operations are required to receive an initial 40 hours of health and safety training 
and receive refresher training annually.  All site personnel will complete this general (not site-specific) 
training before assignment to the project.  Battelle is responsible and accountable for ensuring that 
Battelle staff are trained and qualified to carry out their assigned responsibilities on this project.  

In addition, the on-site management, supervisors and the SHSO will receive additional specialized 
hazardous waste operations management training. This training will include, but shall not be limited to, 
the following: 

•	 The employer's Health and Safety program. 

•	 Hazard Communication Program. 

•	 Associated employee-training program. 

•	 PPE program. 

•	 Spill containment program. 

•	 Health hazard monitoring procedures and techniques. 

•	 CPR/First Aid Training and blood borne pathogens control. 

•	 Fire Extinguisher Training. 

The HSO or the SHSO will keep copies of the certification for the completion of all training for all site 
workers on-site in a file. Workers without such certification will not be allowed to work at the site.  Prior 
to commencement of field operations at the project site, personnel will receive site-specific training 
(briefed in the tailgate safety meeting), this training will include a review of all information contained in 
this SHSP with particular emphasis on the following: 

•	 Types and anticipated levels of hazardous substances known to be present on-
site, their PELs, health effects, and exposure routes. 

•	 The need for PPE. 

•	 The importance of maintenance and attention to proper fit of PPE. 

•	 Prescribed decontamination procedures. 

•	 Safe work practices, such as proper site entry and egress, and proper hygiene 
during meal and rest breaks. 

•	 Recognition, in oneself and others, of physical conditions requiring immediate 
medical attention, especially heat stress, and simple first aid application 
measures. 

•	 Procedures to be followed in case of emergencies. 

In addition to the 40-hour training, Battelle personnel involved in the field operations will have had at 
least three (3) days of supervised field experience, on similar kinds of projects. 
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11.0 ADVERSE WEATHER CONDITIONS


In case of adverse weather conditions, the Project Manager or SHSO will determine if work can continue 
without endangering the health and safety of the field workers.  The SHSO will monitor the weather 
during the morning and afternoon hours and will document it in the field logbook.  A battery-operated 
weather radio will be kept on-site. 

Some of the items to be considered prior to determining the continuance of work are: 

•	 Potential for heat/cold stress and heat/cold-related injuries. 

•	 Dangerous weather-related working conditions (high winds, dust storms). 

•	 Limited visibility. 

•	 Potential for electrical storms/thunder lightening.  No outdoor activities will be 
permitted during electrical storms. 
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ATTACHMENT 1 


HEALTH AND SAFETY FORMS
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SAFETY COMPLIANCE AGREEMENT FORM 

Site: 

Contract No. 

Project No. 

SHSO: 

I acknowledge that I have read the information in this Health and Safety Plan.  I understand the site 
hazards as described and agree to comply with the contents of the plan. 

Signature & Printed Name Company Date 
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TAILGATE SAFETY MEETING FORM 

Date: Time: Job Number: 

Client: Address: 

Site Location: 

Scope of Work: 

Site Safety Officer: Construction Manager: 

Safety Topics Presented 

Protective Clothing/Equipment: 

Chemical Hazards: 

Physical Hazards: 

Special Equipment: 

Emergency Procedures/Designated Gathering Location: 

Hospital: Phone:  Ambulance Phone: 

Hospital Address: Hospital Route: 

Attendees 
Name Printed: Signature: 

Meeting Conducted By: Signed By: 
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AIR MONITORING DATA SHEET


DATE TIME LOCATION INSTRUMENT 
READING COMMENTS 

Site Safety Officer: Date:  
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ATTACHMENT 2 


MATERIAL SAFETY DATA SHEETS 
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APPENDIX D 

Los Angeles County Sanitation District (LACSD) Permit 7024R-2 
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