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r 1.0 INTRODUCTION 

1.1 Purpose 

This Design Verification Study Report presents the field activities and evaluates the 

performance of the Ruff Road Fire Traimng Area Treatment System Demonstration This 

soil vapor extraction (SVE) system was implemented by the DOWL/Ogden Joint Venture 

(DOWL/Ogden SV) in the summer of 1998 at the Ruff Road Fire Training Area located at 

Fort Richardson, Alaska as shown in Figure 1. The installation, operation, and monitoring of 

: the treatment system demonstration was iptended as a treatabihty study for the removal of 
volatile fhel and organic compounds from the soil at the former fire trainmg area. This report 

provides system monitormg information and evaluation for the two penods of operation, 

specifically, September 15 through November 3, 1998 and May 3 through October 26, 1999. 

1.2 Authorization and Objective 

All work performed under this contract complies with the Comprehensive Environmental 

r Response, Compensation, and Liability Act (CERCLA) and the Federal Facility Agreement 

U (FFA) entered into in 1994 by the U.S. Department of the Army, the U.S. Environmental 

Protection Agency (EPA), the Alaska Department of Environmental Conservation (ADEC), 

n' 

and the U.S. Department of Defense (DoD). This report was prepared for the US. Army 
Corps of Engineers, Pacific Ocean Division, Alaska District (Alaska District) as authorized 
under Contract Number DACA85-95-D-0008, Delivery Order No. 0026. 

The objective of the treatability study was to assess the effectiveness of the prescribed SVE 
system in reducing volatile organic compounds (VOCs) and semi-volatile organic 
compounds (SVOCs) by enhancing both the volatilization rate and biological degradation of 
the compounds in the treatment area. The desìre was to determine whether short-term, 
enhanced biodegradation at this demonstration project could achieve final soil cleanup goals 
or whether long-term, natural attenuation or other processes might be necessary. 

Page 1 

+ 



Final Design Verification Study Report Contract No. DACA85-95-D-0008 
Ruff Road Delivery Order No 0026 
Fort Richardson, Alaska 

i. 

1.3 Scope 

The scope of work (SOW) for the project is described in the Final Work Plan, Record of 

Decision, Remedial Action Design Study, Operable Unit 4 (OU-4), Fort Richardson, Alaska, 

prepared by.DOWL/Ogden W and dated March 1998. 

Tasks completed to date include the design, installation, startup, testing, operation, 

maintenance, and fir st (1998) and second (1999) season monitoring of the prescribed 

treatment system at the Ruff Road Fire Training Area. This report summarizes findings to 

date, verifies the system design installed, and evaluates effectiveness of the treaLability study 

conducted at the Ruff Road site. 

1.4 Deviations from Work Plan 

Minor changes to the Final Work Plan were made during the field phase of this project. 

Specific deviations are as follows: 

A 30-mil geomembrane was used to cap the treatment area rather than the 20-mil liner 

proposed in the Work Plan. 

Monitoring points and exhaust ports were monitored for °2 and volatiles by 

photoionization detector (PD); hovever, CO2 concentration was not consistently 

recorded at these points and therefore not presented in the reports. 

Although the system was designed to pulse air, experimentation with operation 

regimes early in the 1998 season proved a continuous vacuum was more effective. 

Thus, the blower was operated continually for the portion of the 1998 season during 

which average daytime temperatures remained above freezing and the entire 1999 

season of operation. 

The work plan proposed a four-month season as the target duration of operation and 

monitoring. Due to delay in getting government-furnished power to the site, 

operation in 1998 did not begin until September 15. Despite the late start, the 

Department of Public Works (DPW) requested DOWLtOgden IV to initiate the first 
t- 
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season of operation. The first season was curtailed after two months of operation due 

to the onset of average daytime temperatures below freezing. The 1999 monitoring 

season began May 3 and extended to October 26. 

2.0 BACKGROUND 

2.1 Historical Use 

Military fire response personnel trained at the Ruff Road Fire Training Arca from the i 940s 

until 1980. Training exercises involved pouring combustible liquids into an unlined, water- 

saturated earthen pit and igniting them Products burned included jet ftiel, waste oil, diesel, 

brake fluid, and solvents Residue from such activities contaminated near surface soil with 

flammable liquid rntenxiedianes Contaminants of concern (CoC) previously reported at the 

RuffRoad Fire Training area include diesel range orgames (DRO), frichloroethylene (TCE), 

toluene, benzene, and gasoline range orgamcs (GRO) The total volume of wastes burned 

and disposed of on site was previously approximated at 85,000 gallons Charred debns was 

removed from the site in 1991 Tn 1994, the Fife Training Area was covered with 

approximately I 8 mches of fill material and re-waded to provide a parking area for Alaska 

National Guard vehicles durmg the winter of i 994 The training area is located on the west 

side ofRuffRoad as shown in Figure 2. - 

2.2 Geology 

Fort Richardson lies within the upper Cook Inlet region, an area influenced by tectonic and 

glacial activity Glacial events and corresponding sea level changes m the Pleistocene 

produced a large-scale inter-fingering of glacial deposits, marine, and alluvial sediments. 

Together, these deposits form a 300 to 400-foot layer over bedrock consisting of densely 

consolidated siltstone, sandstone, coal, and shale. 

The Fire Training Area is near the southern margin of the terminal Ehnendorf Moraine 

running northeast to southwest across the Base. This feature consists of unconsolidatèd 

glacial till with poorly sorted boulders, gravel, sand, and silt Southeast of the morame are 

alluvial and glacial deposits of the Naptowne outwash plam Generalized geologic 
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descriptions of the site indicate that the soil consists of dry, massive, well-graded gravel with 

minor silt and clay. However, geological descriptions specific to the site soil frequently 

estimate silt contents at 10 percent to 30 percent. 

23 Surface and Groundwater 

The north central section of Fort Richardson, where the site is located, features flat to gently 

rolling, wooded terrain. Numerous- streams drain from the Chugach Mountains westward 

across the base into the Knik Ann of Cook Inlet. A former gravel pit is located 

approximately 0 6 mile south and hydraulically upgrathent of the site The pit has filled with 

water since abandonment. There is a small pond approximately 600 feet from the southwest 

comer of the former Fire Trainina Area. Groundwater occurs fröm 140 to 153 feet below C- 
ground surface (bgs) within an unconfined sandy gravel aquifer and flows westward at 

honzontal hydraulic gradient ranging from O 018 to O 023 

2 4 Contaminant Migration Pathways 

Previous investigations detected contaminants in surface and subsurface soil. Off-site 

contaminant transport via surface runoff, and windblown particulate is possible but is not 

expected to iransport a significant amount of contaminant from the site. The absence of site- 

related contaminants in the surface water and sediment samples collected at the nearby pond 

substantiates the conclusion that surface water runoff and particulate transport are not 

migration nathwavs of concern at the Fire Training Area The Remedial Investigation (RD ----o ----------------------------------------------- ---o ----o '--J 

included transport modeling of petroleum constituents in the subsurface soil. The model 

predicted that petroleum contaminants will migrate approximately 10 feet vertically from 

their present location over a 90-year period and that groundwater would not likely be 

impacted. Based on this result and the absence of contaminants in groundwater samples 

collected at the sate, groundwater is not considered a transport medium 

3.0 REMEDIATION PROCESSES - r-- ... 

- Reduction of contaminants at the Ruff Road site is achieved through two dominant reactions. 

r- Concentrations of VOCs and SVOCs are reduced wa volatilization and removal, whereas 

r" Page4 
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non-volatile, organic contaminants are ultimately transformed to carbon dioxide and water 

via biodegradation. 

Volatilization is the transfer of chemicals in vadose zone soil or soil water from solids or 

liquids to the gaseous phase and is a function of the contaminant's vapor pressure. Vapor 

pressure is a compound-specific characteristic that directly relates to temperature. Thus, the 

volatilization rate of a treatment system increases with rising temperature. Evacuation rate, of 

the resultant yolatilized compounds from the subsurface increases with increasing airflow. 

r Biodegradation occurs when microorganisms use contaminants as a carbon and energy source 
l_ for growth, motility, and reproduction A fraction of the total carbon is mcorporated as new 

r 
cellular matenal, and the balance of the total carbon is oxithzed to CO2 Microorganisms 

U gain energy by' catalyzing energy-producing 'chemical reactions that involve breaking 

__ chemical bonds and transferring electrons away from the contaminant. Aerobic metabolism 

is expected to be the primary metabolic biodegradation pathway of organic contaminants 

r such as those at the Ruff Road site Under aerobic conditions, bactena and/or fingi effect 

electron transfer from the hydrocarbon contaminant to the oxygen molecule 02. While other 

r1 molecules such as nitrate (NO3), sulfate (S042);or iron (Fe3) can take the place of oxygen as 

an electron acceptor in the bacterial metabolism, the greatest capture of energy is through 

aerobic metabolism with 02 as the electron acceptor. 

The rate of aerobic respiration and resulting contaminant biodegradation is dependent on 

many variables including the availability of the contaminant, appropriate transforming 

species, oxygen, and appropriate ranges of temperature, soil moisture, pH and nutrients. For 

the Ruff Road system, we assume contaminants are available. That is, they are not sorbed 

onto organic carbon or present in the non-aqueous liquid phase. Also assumed is the 

presence of appropriate transforming species, nutrients, and pH range. Based on these 

assumptions, variables such as temperature, soil moisture content, and percent oxygen may 

be manipulated to optimize system performance. 

Increasing temperature results in a higher rate of biodegradation due to a reduction in 

activation energy required to mineralize a given contaminant (mineralization refers to the 
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transformation of a contaminant into the ideal end-points of carbon dioxide and water). 

: Limited provisions were made for momtonng and manipulating soil temperatures at this site 

In flow and out flow exhaust temperatures were measured inline before entenng and after 

: exiting the blower. Results of these measurements are presented in Tables 10 and I i and 
. 

were utilized to determine when conditions warranted modification of the systems operation 
- 

schedule or shutdown and winterization. For example, the system was reprogrammed to go 

off-line during nighttimô hours to avoid circulating cold aft which might have frozen the 

Li 
subsurface soil prematurely and was winterized when daytime subfreezing conditions 

prevailed The system is also insulated and isolated by the geomembrane and overlymg soil 

In 
Sufficient water is vital to the life and productivity of the variety of nueroorgamsms effecting 

Tbiodegradation in a given system Seven soil moisture indicators were installed ni treatment 
J 

area soils to track subsurface water availability. The four infiltration galleries allowed 

additional water to counteract any drying effects typical of S'VE systems. 
L 

The SVE system at Ruff Road was designed to increase biological activity in the soil by 
L.J increasing the amount of oxygen available to resident bacteria or fimgi. When bacterial or 

n flingicidal populations in soil or groundwater grow in response to the presence of 

contaminants, they can deplete the oxygen level in the viciñity of the contamination below 

r. atmospheric levels. When there is no air recharge in the soil, reduced oxygen levels limit 
L aerobic respiration thereby shifting the balance towards anaerobic respiration which is 

characterized by slower metabolisms and lower population levels. The Ruff Road system 

placed air infiltration galleries adjacent to the horizontal wells to enhance movement o fresh 

ET 
air through the soil. Increased airflow through the subsurface simultaneously introduced 

atmospheric air with a high concentration of elemental oxygen while flushing volatile-laden 

stagnant air. 

r 
L 

L 

Lowered levels of oxygen in subsurface air are good indicators both of the presence of 
contaminants and of healthy biological action. When the percent 02 in subsurface air is 

measured during respirometry testing, the reduction in °2 levels is referred to as oxygen 

demand. Elevated oxygen demand results from elevated biological activity, which can be 
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indicative of higher levels of contaminants. Thus, a net decrease in oxygen demand over the 

flduration of system operation indicates a reduction of soil contaminant levels. 

r It is anticipated that even aller system shutdown and site decommission, natural attenuation 

processes will continue to reduce site contaMinant levels. Due to the predominance of 

organic contaminants at the Ruff Road site, natural attenuation processes will likely 

approximate those typical of enhanced aerobic metabolism. However, decreased airflow and 

oxygen availability will slow the comparative rate ofbiodegradation. 

4.0 SYSTEM INSTALLATION, OflRATION AND MONITORING 

4 1 Treatment System Installation and Configuration 

The Ruff Road treatment system had the unique goal of facilitating natural attenuation 

processes rather than the direct remediation of contaminants Three horizontal wells typical 

of standard SVE systems were installed at a depth of about five feet bgs and spaced 50 feet 

on center as shown on Figure 2. Additionall', to encourage natural attenuation processes, 

four passive air infiltration galleries were installed coplanar with, parallel to, and flanking the 

horizontal wells These air mfiltration galleries augmented the system by mtroducrng a 

greater volume of air to the subsurface and by rncreasmg the wells zone of influence Also 

urnque to the Ruff Road treatment system was the installation of a 30-mil geomembrane over 

the 175 by 190 feet (approximately 3/4 acre) site. The geomembrane prevented airflow 

decrease by infiltration of surface air. The geomembrane was covered by one foot of silty 

sand for protection purposes. Similar to other SVE systems, seven moisture sensors and 40 

monitoring points are installed at the treatment area. The monitoring points are located at 

depths of two and one-half feet and five feet bgs in 20 separate locations. 

Airflow to the system was provided by a Gardner Denver Sutorbuilt Legend blower, powered 

by a US Motors brand, 15 HP 3-phase electric motor. All machinery was located in the 

equipment enclosure. Blower operation following a pulsing regime was experimented with 

in the early stages of the 1998. Flow in each of the horizontal wells and dilution air for the 

system exhaust could be adjusted manually The operation of the system could be 

- programmed to run hourly, daily, or weekly with umque settings for each mdividual 

t 
r Page7 



t 

Fïna]t Design Verification Study Report 
Ruff Road 
Fort Richardson. Alaska 

Contract No. DACA85-954)-0008 
Delivery Order No. 0026 

horizontal well. However, the blower appeared to be more effective when operated on a 

continuous basis. Thus, the blower applied continuous vacuum to all monitoring wells for 

the remamder of the 1998 season and the entire 1999 season Blower action induced a 

vacuum in the three horizontal wells, which displaced accumulated volatile orgamcs from the 

treatment area by pulling fresh air through the four passive air infiltration galleries. The 

contaminants removed by the vapor extraction portion of the system were discharged into the 

atmosphere at the site. 

4.2 Operation 

The system was completed on June 26, 1998 and tested September 11 immediately following 

installation of overhead power to the site by the DPW The system was put mto service on 

September 15, 1998. During the startup phase, vacuum in the three wells was equalized and 

the system was programmed for 24-hour operation After a one month stabilization period, 

the system was shutdown by DOWL/Ogden W personnel on October 14, 1998 to perform a 

respirometry test The system was ofíhne until October 15, 1998, a period of one day On 

September 30, 1998, the system was reprogrammed to run from 9:00 am. to 7:00 p.m. daily. 

Nighttime closures were begun to prevent the, subsurface from freezing prematurely due to 

the introduction of cold air into the treatment area soil As the average daily temperature 

approached freezmg, a decision was made to take the system offline, and on November 3, 

1998, the system was winterized and shutdown for the season Total operational time for 

r l998was49days. . 

- 
Minor mechanical adjustments and corrections were required from the equipment supplier 

- dunng system startup Some of the flow and vacuum meters originally installed were out of 

- the operational range and were replaced. Subsequent system monitoring indicated the system 

b was functioning as designed. 

The following year's system startup was performed on May 3,. 1999. The system was offline 

twice during the 1999 season of operation The system was first shut down on May 18 for 

respirometry testing The second shutdown occuned on October 8 and lasted for 12 days 

until the system was restarted on October 20 This shutdown occurred automatically as a 

i 
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result of a false positive lower explosive limit (LEL) warning. A flashing amber Iiht on the 

exterior of the enclosure signaled the shutdown condition. After the alarm condition was 

noted by DOWL/Ogden TV personnel during an unscheduled site inspection, the LEL 

detector was reset. and the system restarted. Down time for the system in 1999 totaled 13 

days. Duration of operation for the system was 176 days; however, total operating time was 

limited to 163 days. The system operated until October 26, 1999 at which time the system 

was taken offline for the season and winterized. 

4.3 Monitoring 

Monitoring data was collected according to the Final Work Plan, Treatment System 

Demonstration and Design Verification Study, Ruff and Roosevelt Road, Fort Richardson, 

Alaska and is tabulated in Tables i through 11. 

Individual system momtonng episodes varied slightly from case-to-case Monitoring 

activities and data and samples collected during each monitoring episode included the 

following: 

Air samples were collected at the Sample Port (SP) in the equipment enclosure. This 

is the only air SP in the system and is located in-line before the vapor exhaust is 

discharged into the air Air samples were collected into a clean sunima camster, 

placed in a specialty container for shipment, and analyzed at the project laboratory 

using EPA Method TO-i4. Table i, provided at the end of this repon, lists the 

reportedanalytes for EPA Method TO-l4 and Tables 2 and 3 provide summaries of 

the analytical results of the sampling. 

Gauges in the equipment enclosure measured the airflow and vacuum of each 

horizontal well. Airflow data and vacuum data are presented in Tables 10 and il - 

H The vacuum, percent oxygen and PIT) readings within the treatment system were 

measured at the 20 monitoring points at depths of 2.5 and 5 feet bgs. Photoionization 

u detection, percent oxygen and vacuum field data for the 1998 and 1999 seasons are 

provided m Tables 2, 3, 4, 5, 6, and 7, respectively 

Page 9 
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H 

LEL readings within the equipment enclosure and the exhaust air stream were 
r, 
f recorded while the system was operating. LEL readings are mcluded in Tables 10 

and 11. 

Temperature of the air flowing through the system was measured in-line before 

entering and after exiting the blower within the equipment enclosure. Temperature 

data is provided in Tables 10 and il. 

o Soil moisture was measured at each of the seven moisture sensors H-1 through H-7 

prior to system startup to document natural moisture levels within the ti eatment area 

Additional soil moisture monitoring was conducted at each sampling episode 

throughout the 1998 and 1999 operating seasons Soil moisture data is provided m 

Tables8and9. 

5.0 HELD INVESTIGATION ACTIVITIES 

The 1998 and 1999 monitoring of the treatment system consisted of monitoring episodes and 

exhaust air sampling at four and eight hours after startup and during Days 1, 2, and 5; Weeks 

2 and 3 and Months I and 2 of operation. 1999 monitoring included these same dates but 

also continued through the third, fourth, and fifth Months of operation. Monitoring of the 

system occurred September 15 through November 3, 1998 and May 3 through October 26, 

1999. 

Monitoring activities included recording vacuum and flow readings at each horizontal well, 

as well as recording temperature, PID, and LEL readings. During all monitoring episodes, 

Pli) readings recorded within the equipment enclosure and outdoors within the treatment area 

were non-detect. LEL readings in the enclosure were one percent or less of the LEL during 

all monitoring events. System monitoring and analytical air sample data are tabulated in 

Tables I through li and Appendix A provided at the end of this report. 

In 1998, the vapor extraction system was operated at a calculated total airflow of about 300 

scthi of which an estimated 85 percent was extracted from the ground and 15 percent from 

ambient air. 

Page 10 
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The combined airflow from . the three SVE wells in I 999 was 252 scfln. This value 

: represents the total airflow out of the ground Because the SP is located after the three 

extraction wells have joined and after the addition of dilution air, the airflow at the sample 

: port is necessarily greater than 252 scfhi However, the range of the current airflow meter at 

the SP only extends to 225 scthi Installation of a higher range meter at the SP is needed to 

accurately estimate contammant removal of the system The airflow at the sampling point is 

therefore an estimated value An addition of 20 percent dilution air was approximated by 

closing off the dilution air valve, reading the airflow in the extraction wells, and then opemng 

the dilution valve until the airflow in the extraction wells dropped by 20 percent The total 

Li airflow at the sampling pomt is estimated by this method at a minimum value of 315 scflui 

r 
Flow and vacuum readings from the three soil vapor extraction wells were collected during Jeach mònitoring episode. 

T 6.0 SU1VThIARY OF RESULTS 

r 61 Flow Rate and Vacuum 

Flow rates measured during each monitoring episode at each horizontal well, averaged 

approximately 85 scflui in 1998 and 84 scfmn in 1999. Vacuum, also measured during each 

monitoring episode at each honzontal well, averaged approximately two inches of water 

vacuum per well in 1998 and 1999 The average vacuum at the monitoring points within the 

treatment system area was 0 10 inches of water in 1998 and O il inches of water in 1999 

The vacuum at different locations within the treatment system area varied from 0 00 to 0 27 

inches of water in 1998 as shown in Table 6 and from 0.00 to 0.53 inches of water in 1999 as 

shown in Table 7. 

6.2 Respirometry Test 

The respirometiy tests conducted on October 14 and 15, 1998, May 18 and 19, and October 

26 and 27, 1999 showed a rapid depletion of oxygen over a large part of the treatment system 

area. For both of the fall respirometry tests, the affected area showed a strong correlation 

with PD readings Figures 3 and 5 show the average of the ND and percent oxygen results 

m 1998, respectively Likewise, Figures 4 and 6 show the avenge of the PD and percent 
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a 
Final Design Verification Study Report Contract No. DACA85-95-D-0008 
Ruff Raad Delivery Order No. 0026 
Fort Richardson, Alaska 

: oxygen results in 1999, respectively The decrease of oxygen from the beginning of 

respirometry to the 24-hour measurement indicates a high level of biological activity and 

likely biological degradation of contaminants. 

6.3 Mass Removal Rate 

Removal rate oftotal VOC mass peaked at 0.235 pounds per day (lbs./thy) after two days of 

operation in 1998 and at 0.095 lbs.Iday after 35 days ofoperation in 1999 as shown in Figuré 

12. Because most of the contaminants, such as DRO and GRO, either have low volatility 

rates or are highly weathered, the total mass removal rate exinbited by the SVE system was 

low. After peaking, the mass removal rate decreased at a fairly constant rate in 1998 but 

fluctuated widely during the 1999 season of operation Much of the decrease of the removal 

rate in October and November 1998 was due to the system operating only ten hours per day. 

Figure 7 presents the estimated total YOd concentration in air extracted from the system 

during the 1998 and 1999 seasons of operation, respectively Figures 8 and 9 present the 

sampled benzene, toluene, ethylbenzene, and xylene (BTEX) concentration versus time for 

the 1998 and 1999 seasons, respectively Figures lO and 11 present the BTEX and total 

VOC mass removal rates for 1998 and 1999, respectively Figure 13 presents the estimated 

cumulative total mass removal over time for both operating seasons. 

6.4 Temperature 

TIn 1998, the average temperature of air flowing into the blower was 54 degrees Fahrenheit 

(W); the avenge temperature of air flowing out of the blower was 75°F. In 1999, the average 

T temperature of in-flowing air was 47°F; the average tempórature of out-flowing air was 72°F. 

Temperature data is present in Tables 10 and li. 

Li 

6.5 Soil Moisture 

L Average percent soil moisture saturation gradually decreased from 96.3 percent to 94.5 

percent over the 1998 monitoring season. During the 1999 monitoring, the average percent 

soil moisture saturation gradually increased from 94.1 percent to a peak of 96.2 percent in 

i 

I 
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month two and decreased to 93.6 percent at season end. Soil moisture data is presented in 

Tables 8 and 9. 

7.0 DISCUSSION OF RESULTS 

Results are based on the summation of data collected during the 1998 and 1999 monitoring 

and sampling episodòs. Results for parameters monitored over the system's operational 

lifetime are discussed below. 

7.1 Flow Rate 

The flow rate in the three honzontal wells was constant during system operation and from 

year to year Average flow rates during the 1998 and 1999 treatment penods were nearly 

identical at about 84 scfin and 85 scfin per well, respectively At these flow rates, a complete 

air exchange withm the treatment area is effected approximately every four to five hours, 

ensuring ample oxygen to maintain a high level ofbiological activity in the treatment. area. 

7.2 Vacuum Rate 

The vacuum throughout the treatment area measured in inches of water was low indicating 

good soil permeability, which is affirmed by the above-discussed high flow rate. Vacuum 

potential at different monitoring points showed minimal variation and decreased with : 
increasing thstance from the horizontal wells Vacuum m Line 3 was typically three times the 

amount of vacuum in Lines 1 and 2 Higher vacuum in Lme 3 may relate to its position in 

the zone of highest contamination Due to their occupancy of pore space, contaminants 

reduce permeability, which necessitates greater vacuum to move air through the zone of 
contamination. Permeability is enhanced by the presence of four air infiltration galleries 

placed between and flanking the three horizontal wells. 

7.3 Respirometry Test Results 

The respirometry tests performed over the 24-hour periods in 1998 and 1999 showed very 

good results. For each year, oxygen demand directly correlated with PID readings indicating. 

healthy biological activity in the areas of highest contamination At the east center of the 
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treatment area, percent oxygen decreased to 0.0 percent 16 hours after the 1998 year-end. 

shutdown and decreased to 10.4 percent 24 hours after 1999 year-end shutdown. The percent 

oxygen decrease exhibited on both occasions indicates high oxygen demand at the east center 

treatment area. Conversely, oxygen demand was limited to nonexistent each year towards 

the north, west, and south borders of the treatment area, indicating little or no contamination 

Uor biological activity in these areas. The reduced oxygen demand in the fall 1999 

resphometry test compared to the 1998 test suggests a substantial reduçtion in site 
r 

contamination. 

7.4 Mass Removal Rate 

The initial mass removal rate of total VOCs in 1998, as shown in Figure lO, was 0.17 

lbs./day, peaking on day 2 at 0.24 lbs./da)i and declining quickly to a steady rate of 
approximately 0.018 lbs./day over the last month of opération. The initial mass removal rate 

of totél VOCs during the system start up in 1999, as shown in Figure 11, was 0.0069 lbs./day 

and fluctuated hetween 0.0073 and 0.095 lbs.!day for the remainder of the season of 
operation. Low daily recoveries may be attrjbuted to the lack of volatile constituents in 

DRO, which is.the primary CoC at the treatment area. lt is likely that a large fraction of the 

most volatile compounds was removed during the 1998 operating season, and that during the 

r 1999 season, the grèatest reduction in contamination is achieved through enhanced 

biodegradation of the less volatile compounds. As shown in Figure 13, approximately 3.8 

n pounds of organic compounds were volatilized and purged during the 49 days of treatment 

system operation in 1998, equivalent to a removal rate of .078 pounds per day of system 

operation. Approximately seven pounds of organic compounds were'volatilized and purged 

during the 163 days of operation in 1999, equivalent to a removal rate of .043 lbs./day of 

fl s'stem operation. A total 10.8 pounds of organic compounds were, purged over 212 days, 

which averages to .05 pounds of organic compounds purged per day of system operation. 

Total VOC concentrations recorded during the 1999 monitoring are often greater than the last 

VOC concentration recorded in 1998. This may be attributable to interim volatilization and 

pore recharge of volatile components which are purged during the initial flushing phases of' 
n the succeeding year of system operation. This "stockpiling" of volatiles and their subsequent 
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removal would result in elevated VOC concentrations Additional factors which could 

: augment initial i 999 biodegradation and volatilization rates compared to the imtial I 998 

season are a larger population of the appropriate bacteria andlor fithgi, greater oxygen 

availability, higher temperatures, sufficient soil moisture, correct pH, and nutnent 

availability. 

75 Temperature 

L Temperatures of air entermg and exitmg the blower were monitored to ensure circulating air 

r 
was not below freezing AU temperatures recorded during each monitonng season were 

Li above 32°F. 

7 6 Soil Moisture 

- Average soil moisture content remained above the maximum moisture content at which 

irrigation is needed for coarse soil, or 90 percent saturation, throughout the 1998 and 1999 

seasons Thus, no water was mj ected into the air infiltration galleries It appears that 

- sufficient moisture was introduced into the system due to natural infiltration events 

8.0 RECOMMIENDATWNS 

During the operation and maintenance of the system, air sampling was conducted to monitor 

the level of contaminants removed by the SVE system. However, soil sampling is necessary 

to confirm the decrease of contaminant levels resulting from both vapor extraction and 

enhanced biological activity Soil sampling was not included in the SOW but was performed 

by the government after the fall 1999 shutdown. The results of the fall 1999 soil sampling 

have been made available to the DOWL/Ogden SV and are summarized in the following text. 

The U S Army CUE collected and screened soil samples from twenty locations within the 

T treatment area at the surface and depths of five and ten feet bgs. Sample collection 

methodology consisted of piercing the geomembrane and extracting the soil with a mobile 

dnll ng Soil samples were analyzed for, GRO, DRO, residual range orgamcs (RRO), and 

BTEX Samples exhibiting signs of contamination were also tested for polyaromatic 

hydrocarbons (PAH) 
L 
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Assuming migration to groundwater is not a pathway to any potential receptor, IS AAC 

0 75.341 Method 2 cleanup standards for inhalation and ingestion pathways may serve as 

regulatory limits for all detected compounds. On this basis, the site is eligible for closure as 

no contaminants detected at the project site currently exceed ingestion and inhalation, cleanup 

standards. The expedient remediation of the site to accepted contaminant levels indicates that 

L the treatment system selected was well suited to the site. 

8.1 Recommended Changes to System and Monitoring Protocol 

Overall, the' treatment system's performance wp.s satisfactory. Operation was as anticipated 

and momtonng activities were consistent in methodology and results The followmg are 

suggestionsfor future use of this and/or other SVE systems. 

DPW representative, Kevin Gardner, recommended that for future projects the 

provision of electrical service to the system be the sole responsibility of the contractor 

rather than government-provided. Belated installation of the electrical service 

substantially delayed system startup in 1998 

Installation of a higher range meter at the SP is necessary to accurately estimate 

contaminant removal of the system. 

Spring soil sampling is recommended to illustrate any change in contaminant 

concentrations during system down time and to provide a more accurate correlation 

between monitoring episodes. 

9.0 DECOMMISSIONING 

Decommissioning is limited to removal from the site of the aboveground portion of the - 
system. Exposed pipes will be capped as appropriate and the subsurface portions will be 

Tabandoned in place according to contract negotiations. The SOW does not include well 

closure; however, wells will be marked per DPW request. 
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Table 1: EPA Method TO-14 Analytes 

1,1,1 -Trichloroethane 

1,1 ,2,2-Tetrachloroethane 

1,1 ,2-Trichloroethane 

i ,1-Dich!oroethane 

1,1 -Dichloroethene 

i ,2,4-Trichlorobenzene 

1,2 ,4-Trimethylbenzene 

1 ,2-Dichlorobenzene 

i ,2-Dichloroethane 

i ,2-Dichloropropane 

i ,3,5-Trimethylbenzene 

i ,3-Butadiene 

i ,3-Dichlorobenzene 

1 ,4-Dichlorobenzene 

i ,4-Dioxane 

2-Butanone (Methyl Ethyl Ketone) 

2-Hexanone 

2-Propanol 

4-Ethyltoluene 

4-Methy!-2-pentanone 

Acetone 

Benzene 

Bromemethane 

Bromodichioromethane 

Bromoform 

Carbon Disulfide 

Carbón Tetrachioride 

r Chlorobenzene 
L: Chioroethane 

Chloroform r, 
t Chtoromethane 

r 
L .. .. ... 

Chloroprene 

Chlorotoluene 

cts-i ,2-Dichloroethene 

ois-1 ,3-Dtchloropropene 

Cyclohexane 

Dibromochiorornetha ne 

Ethanol 

Ethlyene Dibromide 

Ethyl Benzene 

Freon ii 
Freon ii3 
Freon 114 

Freon 12 

Heptane 

Hexachlorobutadierte 

Hexane 

mp-Xylene 
Methyl tert-Butyl Ether 

Methylene Chloride 

o-Xylene 

Propylene 

Styrene 

Tetrachloroethene 

Tetrahydrofuran 

Toi uene 

trans-i ,2-Dichlorethene 

trans-I ,3-Dichloropropenie 

Trichloroethene 

Vinyl Acetate 

Vinyl Chloride 
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Table 4: 1998 Percent Oxygen Monitoring Field Data 

Measurements taken at 2.5 feet bgs Measurements taken at 5 feet4bgs 

Monitoriñg Week 3 Monthl Month 2 Monitoring Week 3 Monthi Month 2 
fl Point 10/5/98 10114198 11/3198 Point 10/5/98 10/14/98 11/3198 

MP - 1. 20.9 20.9 20.9 
MP-2 20.8 

¡ 

20.9 209 
MP -3 20.7 20.5 20.9 
MP-4 20.7 20.8 209 
MP - 5 20.7 20.9 20 9 
MP-6 20.7 20.3 20.9 
MP -7 20.7 20.4 20.9 
MP -8 20.5 20.2 20.9 
MP- 9 20.7 20.4 20S 

MP -10 20.7 20.4 .20.9 
MP-lI 17.3 17.5 .20.9 
MP-12 14.6 15.3 17.1 
MP-lS 20.8 20.4. 20.9 
MP -14 20.8 20.5 20.9 
MP -15 20.8 20.4 20.9 
MP - 16 20.9 20.5 20.9 
MP-li 20.9 20.5 20.9 
MP - 18 20.7 20.4 20.9 
MP -19 20.8 20A 20.9 
MP-20 20.8 205 209 

MP - 1 20.8 ¡ 20.91 20.9 
MP -2 20.8: :20.9 20.9 
MP -3 20.7 

. 20.71 20.9 
MP.4 20.6 20.8 20.9 
MP-5 20.7 

¡ 20.4 20.9 
MP -6 20.7 20.3 20.9 
MP-7 20.7 20.41 20.9 
MP8 20.7 20.3 20.9 
MP-9 20.8 20.4 

. 20.9 
MP- 10 20.7 20.4 20.9 
MP-li 20.1 19.8 20.9 
MP -12 16.6 16.4 19.2 
MP- 13 20.8 20.4 20.9 
MP - 14 20.8 . 2DA_ 20.9 
MP-lS 20.6 

. 
2114 20.9 

MP - 16 20.8 20.5 20.9 
MP -17 20.3 20.4 20.9 
MP - 18 20.7 20.4 20.9 
MP - 19 20.5 20.21 20.9 
MP-20 208 205 209 



y 

Tab'e 5:1999 Percent Oxygen Monitoring Field Data 

Measurements taken at 2.5 feet bgs 

Monitoring Hour 4 DayS Week 2 Week 3 Monthi Month 2 Month 3 Month:4 Month 5 
Point 513199 518199 5118199 5/28199 8/7/99 7/12/99 8111/99 8/31/99 10126199 
MP - I 20.9 20.4 20.9 20.9 20.9 20.7 10.8 20.9 20.9 
MP 2 20.9 20.4 20.2 20.9 20.9 20.2 20.7 20.9 

! 20.9 
MP -. 3 20.9 20.4 20.9 20M 20.9 2OE9 20.9 20.9 20.9 
MP 4 F 20.5 20.9 20.9 2OE9 20.9 2OE9 20.9 F 
MP S F 20.5 20.8 20.9 20.9 20.9 20.9 20.9 20.9 
MP-6 F 205 206 209 209 209 207 209 

! 

209 
MP-Y 208 205 207 209 209 209 209 209 F 
MP - 8 19.5 20.5 20.9 20.9 20.9 20.9 20.9 20.9 20.8 
MP - 9 20.8 20.2 20.9 20.9 20 20.8 2OE9 20.9 20.5 

MP 10 17.7 20.2 20.9 20.9 20.7 20.7 2OE9 20.8 F 
MP - 11 16.6 19.8 20.2 19.8 19.6 195 20.3 20.2 20.9 
MP-12 137 187 183 184 185 187 181 187 197 
MP -13 20.5 20.5 20.9 20.9 20.5 20.1 20.9 20.9 20.9 
MP -14 20.9 20.4 20.9 20.9 20.9 20.9 20.9 20.9 20.9 MP-lS 20.7 20.3 20.9 20.8 20.8 20.8 2OE9 20.8 20.8 
MP -16 20.3 20.2 20.9 20.9 20.9 20.9 20.9 20.9 20.9 
MP -17 F 20.2 20.9 2OE9 .20.9 20.9 . 20.9 20.9 . 20.9 
MP -18 18.4 20.2 20.9 20.9 20.9 20.9 20.9 20.9 20.9 
MP _ 19 20.2 20.1 20.9 20.9 20.9 20.9 20.9 20.9 2 
MP-20 17.7 20.2 20.9 20.9 20.9 20.9 20.9 20.9 20.9 

Measurements taken at 5 feet bgs 

Monitoring Hour 4 DayS Week 2 Week 3 Monthl Month 2 Month 3 Month 4 MonthS 
Point 5/3/99 518199 5118/99 5L26199 6/7/99 7/12/99 8/11/99 8/31/99 10/26/99 
MP - 1 20.9 20.5 20.9 20.9 20.5 20.5 20.8 20.9 20.9 MP-2 20.9 20.4 19.9 20.9 20.1 20.0 20.5 20.9 

: _ 29 
MP - 3 20.8 20.4 20.9 20.9 20.9 20.9 20.9 20.9 20.9 
MP-4 20.9 205 20.9 20.9 20.9 20.9 20.9 20.9 20.9 
MP - 5 20.9 20.5 20.8 20.9 20.9 20.9 20.9 20.9 20.9 
MP - 6 20.9 20.5 20.6 20.9 20.8 20.8 20.4 20.9 20.9 

. MP-7 20.8 20.5 20.6 20.9 20.9 20.9 20.8 20.9 F 
MP - 8 20.3 20.5 20.7 20.9 20.9 20.9 20.9 20.9 20.9 
MP - 9 20.8 20.2 20.9 20.9 20.9 20.9 20.9 20.9 F. MP- 10 20 20.3 20.9 20.9 20.8 20.8 20.9 20.9 F 

MP 11 20.5 20.4 20.9 20.8 20.7 20.6 20.9 20.8 20.9 
MP - 12 11.7 19.4 19.8 18.9 18.3 18.3 19.3 19 19.8 
MP - 13 19.7 20.4 20.9 20.9 20.8 20.8 20.8 20.7 20.9 
MP - 14 20.9 20.4 20.9 20.9- 20.9 20.9 20.9 20.9 209 
MP - 15 20.7 20.3 20.9 20.9 20.8 20.8 20.9 20.9 F 
MP - 16 20.5 20.2 20.9 20.9 20.9 20.9 20.9 20.9 20.9 
MP - 17 F 19.9 19.8 20.5 20.9 20.9 20.9 20.8 

: _ 
20.9 

MP 18 F 2.2 20.9 20.9 20.9 20.9 20.9 20.9 20.9 
MP - 19 17.1 19.9 20.9 20.9 20.9 20.9 20.9 20.9 

: _ 
20.9 

MP-20 F F 209 20.9 20.9 20.9 20.9 20.9 209 

- F Frozen Monitoring Point 

a 

- .. .. ... .. 

t- 



Table 6: 1998 Vacuum Monitoring Field Data r 
Measurements taken at 2.5 feet bgs 

L Values measured in inches of water 

«a Monitoring Hour 4 Day i Dafl DayS Week 2 Week 3 Monthl Month2 Normai 

L 
Point 9/15/98 9/1 6198 9117/98 9/21/98 9/28/98 10/5/98 1:0,14,98 11/3/98 Average 

r 
ç. 
r 

MP i 0.35 0.06 0.09 0.09 0.05 0.06. 0.06 0.04 0.07 
MP-2 0.00 021 0.18 0.00 1123 0.23 O.fl 0.25 0.18 
MP-3 000 000 000 001 012 021 011 OIS 006 
MP-4 083 009 000 000 020 013 020 021 014 
MP-5 0.00 0.11 0.14 0.12 O.1 0.12 0.12 T3 0.12 
MP 6 0.23 021 024 0.26 . 0.25 0.25 0.25 0.26 0.25 f4p.7 &40 0.00 0.00 0.11 0.10 0.10 0.09 0.11. 0.09 
MP-S 0.41 0.09 . 0.04 0.24 

. 0.19 0.20 0.19 0.20 0.19 
MP 9 015 002 000 005 003 003 003 003 003 MP-lo 033 000 000 013 012 012 000 014 009 MP-li 000 004 000 005 000 007 000 000 002 

MP-12 000 000 012 010 010 010 009 Th10 007 
MP _ 13 010 009 012 009 OtO Oli 009 Oit 010 
MP - 14 0.05 0.02 0.04 0.02 0.02 0.03 0.02 0.04 0.03 
MP-lS 000 004 010 000 004 005 003 00 003 
MP-16 004 003 005 004 005 005 005 006 005 
MP 17 024 000 000 002 000 000 011 012 004 
MP-iB 000 003 003 000 000 003 002 00 002 
MP-19 002 004 008 002 002 003 003 004 003 
MP -20 0.00 0.00 0.00 OE00 0.00 000 0.03 0.00 0.00 

Average 0.31 0.05 0.06 0.07 0.09 0.10 0.09 0.10 0.10 

Measurements taken at 5 feet bgs 
Values measured in inches of water 

r Monitoring Hour 4 Day I Day2 DayS Week 2 Week 3 Monthl Month 2 NormaI 
b point 9/15/98 9/16/98 9/17/98 9121/98 9/28/98 10/5/98 10/14/98 11/3/98 Averas t 

r' 

r 

r 

MP- i 1.40 0.00 001 0.00 000 0.08 000 .0.01 0.02 
MP - 2 0.20 020 020 0.23 0.21 0.21 0.21 0.23 0.25 
MP - 3 0.15 0.13 0.18 0A5 0.14 0.19 0.13 0la 0.18 
MP -4 0.21 0.18 0.17 0.00 0.20 0.14 0.20 021 0.22 
MP-5 011 0.11 0.12 0.12 0.12 0.00 0.12 O.1Q 0.14 
MP - 6 0.21 021 0.22 0.24 0.23 0.23 0.23 0.24 0.27 
MP-7 011 010 0.11 0.10 0.10 0.10 0.10 0.11 0.12 MP-8 0.03 0.00 0.00 0.00 0.00 0.00 0.19 0.20 0.04 
MP - 9 0.00 0.04 0.03 0.00 000 0.00 0.00 0.00 0.01 
MP- 10. 0.11 011 0.10 cios 0.05 0.06 0.00 0.00 0.08 
MP - li 0.04 0.04 0.08 0.05 0.05 0.09 005 0.06 0.07 
MP-12 Oil 0.10 012 0.10 0.10 0.10 0.10 0.11 0.12 
MP- 13 0.10 000 009 0.09 0.10 0.11 0.04 Oli 0.11 
MP - 14 0.05 0.00 0.04 

. 004 0.03 0.04 0.03 0.05 0.05 MP-l5 000 004 000 003 000 000 000 004 001 
MP - 16 0.18 0.00 0.00 0.00 0.00 0.06 0.04 0.00 0.02 
MP - 17 011 0.04 0.11 alo üoo ali ou OE12 0.12 
MP - 18 0.02 0.04 aOl 0.02 0.02 0.02 0.02 0.04 0.03 MP- 19 0.03 0.05 0.11 0.02 0.02 0.06 0.03 0.04 0.05 MP-20 009 003 000- 000 000 004 003 007 003 

Average 0.16 0.07 0.09 0.07 0.07 0.08 0.08 0.10 ojo 
d 

. 

r- 



U Table 7: 1999 Vacuum Monitoring Field Data 

r. Measurements taken at 2.5 feet bgs 
UValues measured in inches of water 

Monitoring Hour 4 Day5 Week 2 Week 3 Monthi Month 2 Month 3 Month 4 Month 5 
C' Point 513199 518199 5118/99 5126199 617/99 7112/99 8111199 8131199 11)/26/99 Average 

MP- i 0.10 0.09 0.11 009 0.09 0.09 0.08 0.11 10.09 OO9 MP-2 0.10 026 O.3Q 0.22 0.21 0.24 0.22 0.25 0.23 0.23 
MP -3. 0.14 0.14 0.17 O16 0.15 0.14 0.14 0.13 0.14 MF-4 F 022 024 023 022 020 020 021 

_O.11 
021 MP-5 F OEQO 000 000 0.12 0.15 0.16 0.00 

_019 
0.10 0.06 MP-6 F 028 028 031 030 028 026 053 026 029 MP-7 0.00 0.00 0.14 000 0.00 0.00 0.11 0.10. F 0.04, 

MP - 8 022 0.21 0.22 0.23 0.21 0.21 020 0.22 021 
MP 9 0.00 0.01 0.00 0.00 0.02 0.07 0.06 0.00 

_OE21 
004 0.02 

MP _ 10 015 000 020 018 016 015 013 016 F 016 
MP - 11 0.02 0.01 0.06 0.00 0.00 0.08 0.00 0MO 0.00 0.01 MP- 12 0.00 0.12 014 0.11 0.11 0.12 0.11 0.11. 011 0.11 
MP 13 0.10 0.1 1 OEl4 0.12 0.1 1 012 OElO 0.03 1 0.11 
MP 14 0.05 0.07 0.05 0.06 0.07 0.06 OE05 003 

_O.l 
0.06 

MP - 15 0.07 0.06 OEle 007 0.07 0.00 0.07. 0.00 
_O.06 

0.06 MP-l6 008 009 010 009 008 008 007 007 
_O.08 

008 008 
MP - 17 F 0.02 018 0.15 0.15 0.14 0.13 _ . 0.14 0.14 0.14 
MP _ 18 0.06 005 alO 008 0M7' 0.05 0.06 0.00 0.06 MP- 19 0.06 0.00 0.05 0.07 0.07 0.07 0.05 0.05 

_O.06 
0.06 0.06 

MP -20 0.08 0.08 0.00 0.00 0.05 0.08 0.07 0.07 0.06 0.06 Average 0.08 0.09 0.13 0.11 0.11 0.12 0.11 0.11 0.11 0.11 

Measurements taken at 2.5 feet bgs 
Values measured in inches of water 

r Monitoring Hour 4 DayS Week 2 Week 3 Monthl Month 2 Month 3 Month 4 Month S Point 5/3/99 5/8199 5/1 8/99_ 5126/99 6/7/99 7/12/99 8111/99 8/31/99 10126/99 Average MP- 1 0.02 0.09 0.11 0.10 0.10 0.09 0.07 0.10 Th).09 0.09 MP-2 0.00 0.24 0.25 0.21 0.23 0.22 0.21 0.06 0.11 0.18 MP 3 0.14 0.16 0.17 ais 0.16 0.15 ai@ 0.15 0.10 0.15 MP - 4 0.00 0.21 0.32 0.29 0.22 0:20 0.00 0.21 0.00 0.16 MP-5 0.00 0.00 0.00 0.00 0.00 0.00 0.14 0.00 0.10 0.01 MP-6 0.00 0.26 0.28 0.29 0.24 0.25 0.24 0.25 0.17 0.24 MP -7 0.00 0.00 0.00 0.14 0.12 0.13 0.12 0.10 F DM8 MP - 8 0.24 0.21 0.22 0.21 0.21 0.21 0.20 0.22 (L20 0.21 MP - 9 0.00 0.00 0.00 0.00 OE04 0.06 0.06 0.00 0.01 0.02 MP - 10 0.30 0.14 0.06 0.08 0.12 0.15 0.13 0.17 F 1113 MP - I 1 0.00 0.01 0.02 0.09 0.09 0.08 0.00 0.00 0.00 . 0.03 MP - 12 0.12 0.1 1 0.03 0.1 1 OlI 0.12 0.1 1 0.10 0.10 0.11 MP- 13 0.10 0.11 0.13 0.11 0.12 0.11 Oil Oil Ciii 0.11 MP - 14 0.06 0.06 0.09 0.08 0.06 0.07 0.06 0.05 0.07 0.07 MP . 15 0.00 0.06 0.14 0.07 0.07 0.07 0.06 0.05 F 0.06 MP - 16 0.07 0.08 0.10 0.10 0.09 0.07 0.07 0.00 ö.o& 0.08 MP - 17 0.00 0.91 0.34 0.13 0.13 0.13 0.12 0.14 0.17 0.17 MP- 18 0.00 0.09 0.09 0.09 0.05 0.06 0.06 0.00 0.06 0.06 MP-19 006 000 007 010 009 007 005 007 Th5f 007 MP-20 0.00 0.00 0.12 Oli 0.11 0.08 0.07 0.07 0.07 0.07 Average 0.06 0.14 0.13 0.12 0.12 0.12 0.10 0.08 0.09 0.11 

k* F = Frozen or Faulty Monitonng Point 

t- 

r .: ... 
: 
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Table 8 1998 Soil Moisture Monitoring Field Data 

Moisture Pce Start Hour 4 Day I bay2 Days Week 2 Week 3 Monthl Month 2 
Sensor 9/11/98 9/15/98 9/1 6198 9/17/98 9/21/98 9/28/98 10-5-98 10/14/98 11/3/98 

u________ 

Hl (°k) 96.2 95.5 95.5 95.5 95.4 95.2 95.1 94.6. 94.6 
H2 (%) 96.6 95.7 95.7 95.8 95.6 95.3 95.2 94.7 94.4 
H3 (%) 96.2 95.8 95.8 95.8 95.4 . 95.4 95.3 94.8 .94.6. 
H4(%) 964 960 960 960 954 955 954 948 946 
H5(%) 962 956 956 954 951 951 950 94' 943 
H6(%) 964 961 961 960 956 954 954 948 946 
H7 (%) 96.2 95.8 95.8 95.6 95.2 95.1 95.1 94.6 

Average 96.3 95.8 95.8 95.7 95.4 95.3 95.2 94.7_ .945 

r Soil Gradation Moisture content at which irrigation is needed (% Saturation). 
Fine Soil 60-BO 

Medium Soil 70-88 
Coarse SòiI 80-90 

u 

u 

n 



j 

Table 9 1999 Soil Moisture Monitoring Field Data 

T' Moisture Hour 4 Dayl DayS Week 2 Week 3 Monthl Month 2 Month 3 Month 4 Month 5 
Sensor 513199 5/4/99 5/8199 5/18/99 5/2fi/99 sn/qq 7/19/QQ a;itiaa p:,iioe 4flflctno 

___________ ___ 

H1(%) 
_________ 

93.0 
_________ 

.32 93.7 94.1 94.3 95.6 F F F 
l,ssuIJo 

F 
H2(%) F F F F F F F F F F 
H3 (%) 942 94.2 93.9 94.5 94.7 95.5 96.1 95.8 95.5 93.4 
H4(°h) 94.0 94.1 93.9 93:9 F F F F F F 
H5 (%) 93.9 93.9 94.2 94.6 94.8 95.6 96.1 95.8 95.6 93.6 
H6(%) 952 952 948 952 952 960 965 963 959 938 
H7(%) F F F F F F F F F F 

Average - 94.1 94.1 94.1 94.5 94.8 95.7 96.2 96.0 95.7 93.6 

- F = Frozen or Faulty Moisture Indicator 

r' Sod Gradation Moisture content at which irrigation is needed (% Saturation) 
Ia Fine Soil 60-80 

Medium Soil 70-88 
Coarse Soil 80-90 

j 

r-' 
Average Soil Moisture % Saturation in the Treatment Area 

965O 

i! 9300 
92.50-- 

,9200 
I 

I 
i 

I 

LO° NO) C)O) r NO) no W,O' 
.00' -CO cO .c0 n-2 rQ? 

- o 
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APPENDIX A 

U.S. ARMY CORPS OF ENGINEERS REPORT ON THE RUFF ROÄ 
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rThis report presents the chemical resulis obtained during the subsurface chemical investigation 
_j for the Ruff Road fire traimug area The mvestigation was requested by Programs and Project 
44 Management Division, Military Branch ofthe Alaska District, U S Army Corps of Engineers 

(USACE), and performed in November 1999, by the Engrneenng Services Branch ofthe Alaska 
-& District, USACE. 

îTTwenty borings were drilled, in a grid pattern covering the Ruffkoad fire training arça J bioremediation site, to a depth of approximately i O feet Soil samples were collected and 
r' screened for fuel contaminants near the soil surface, at approximately 5 feet, and approximately 

F I O feet All samples collected at the site were submitted for laboratory analysis and tested for J gasoline range orgamcs (GRO), diesel range organics (DRO), residual range orgamcs (RRO), r benzene, toluene, ethylbenzene, xylenes (BTEX) All samples were field screened with a 
photoiomzation detector (PID) and visual/olfactory inspection ofthe sample Samples that 
exhibited signs ofcontamrnation were also tested for polyaromatic hydrocarbons (PAlis) 

E At the time this report was drafted, a decision had not been made as to what cleanup levels will 
be used for the site Since the cleanup levels are not known, this report compared the chemical 
results ofthe sampling event to the most conservative i S AAC 75 regulations considered to 

F 

apply, whwh were ADEC Method One (Category B), and Method Two (Migration to 
Groundwater m the Under 40 Inch Zone) GRO, DRO, and berizene were detected at the project 
site at concentrations exceeding these cleanup levels Jfthese cleanup levels are used for this 

I 

L 
project, a large volume of soil will require additional treatment Alternatively, ifit is determined Lr 
that migration to groundwater is not a complete pathway to any potential receptors, Method Two, 
Migration to Groundwater cleanup levels may not be applied to the site If it is determined that 

I Method Two, Migration to Groundwater does not apply, and Method Two, Inhalation or 
Ingestion cleanup levels are used, the site would be eligible for closure, as no contaminant 
concentrations reported durmg this mvestigation exceeded Inhalation or Ingestion dc anup levels 

f- 
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E 
The purpose of the chemical investigation was to determine the current extent of petroleum, oil, : Tand lubncant (POL) cantammation at the Ruifkoad fire trmmng area bioremediatioia project 

-t The mformation is to be used to determme whether the bioremediation project has rc duced POL 

e- 
contammation at the site to the point that the site can be closed If there is still contamination 

I above regulatory limits, then these chemical results will be used to determine whethcr the 
bioremechation system should be operated for another season, or if some other action should be 

r- 
taken, such as excavation and thermal treatment ofthe remaining contaminated soil At the time 

t 

: this report was drafted, a decision had not been made as to what the cleanup levels should be 
t-y used Since the cleanup levels are not known, this report will compare the chemical results of 

r the sampling event to the most conservative I 8 AAC 75 regulations that could apply 
- -. r "-' '-- r-'- r-< --',v, _ßckgro4 t*ja fltLjt. hJLS g_t'J 

CLocation 

M- The project area is on Fort Richardson, Alaska Fort Richardson encompasses approximately 
60,000 acres (94 square miles) It is in south-central Alaska, Northeast ofAnchorage The post 

-4 
Is bounded on the east by the Chugach Mountams (Chugach State Park), on the north by the 

rA Kmk Arm ofCook Inlet, on the west by ElmendorfAir Force Base and the city of Anchorage, 
and on the south by pnvately owned lands The RuifRoad fife traimng area (REFTA) is located 

'-J east ofBryant Airfield near the Glenn Highway (see Figures 1 and 2) 

: 32 Site History 

The site consists ofan area used for fire fighting exercises from the l94OEs to 1980. The 
T exercises involved applying fhels and other waste combustible liquids to an unlined arthen pit, 
-t' igmtmg the thels, and extinguishing the resulting fires with water The fire traimng area began - operations during initial establishment of the Post approximately 1 940, and it was used until 

I 980 to conduct exercises for framing fife department and rescue crews The fire traiirnng 
exercises were conducted by saturating imlmed excavations with water, pumprng fuel mto the 

r' excavation, and igniting the fuel. Petroleum fuel products burned during the fire training 
exercises included jet fuel, waste oil, diesel, brake fluid, and solvents Based on the assumption 
that i 500 to 2,300 gallons of combustible material were burned annually at this site, 

r approximately 85,500 gallons of wastes were burned and disposed of at the fire tnining area. 
: The former fire traming area has been estimated to be an area ofpetroleum-stamed soil '- approxmiately 50 feet in diameter In 1991, the orignal road in the area was demolithed and the 

present RuffRoad was constructed The charred clebns associated with the fire training area was 
removed at that time. In 1994, the fire training area was filled with approximately i S inches of - soil and regraded. During the winter of 1 994, the National Guard parked vehicles at the present r site No visual evidence ofthe fire training area remained at that time 

¿_ 
The treatment system demonstration project was implemented in the early summer of 1998 Its 

r, 
purpose was to remove volatile fuel and organic compounds through enhanced biological 

L 
* 
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: degradation wink extracting air from the near suthce soils ofthe treatment area. The treatment 
area covers a rectau1ar area of I 75 by I 90 feet (approxmntely 3/4 acre) Three horizontal 

r wells were installed to a depth of about 5 feet below ground surface (bgs) The 3 wells are 
L spaced at about 50 feet on center Four passive air infiltration galleries run parallel to and on 

both sides ofthe 3 horizontal wells In addition, 7 moisture sensors and 40 momtonng points 
r were installed in the treatment area After the installaüon ofthe horizontal wells, au rnfiltration 
L galleries, moisture sensors, and monitoring points, the area was covered by a 3 O-mil 

geomembrane, which was overlain by I foot of silty sand to protect the liner. This was done to 
T prevent disnption ofthe system by uncontrolled air mfiltration from the surface Figure 2 shows 
:. some ofthese various components at the project site System startup was performed on 3 May 

i 999 The system operated continuously until 26 October 1999, at which time the system was 

i: 
shut down for the season and winterized 

EGeneral Geology 

r- Fort Richardson hes within the upper Cook Inlet region, an area influenced by intense, ongomg 
i tectonic activity , and by the mterplay of glacial events and sea level changes during the 

Pleistocene In general, the geology at Fort Iùchadson consists primarily of glacial deposits r complicated by marine and alhwial sediments Together, these deposits form a 300 to 400-foot 
Li layer over bedrock consisting of densel5ï consolidated siltstone, sandstone, coal, and shale. 

rThe project site is near the southern margin of the Elmendorf Moraine, a terminal moraine 
'r running northeast to southwest across the base This feature consists of unconsolidated glacial till 
-a 

with poorly sorted boulders, gravel, sand and silt South of the morame are alluvial and glacial 
deposits of the outwash plain 

'- 
3.4 Sudate and Ground Water . 

- 

:ad The pnmary surface drainage features of Fort Richardson are Eagle River and Slnp ('reek, which - originate in the Chugach Mountams and flow westerly across the installation mto Kink Arm of 
Cook Inlet The project site is in an area used for gravel excavation, and is surrounded by 
relatively undisturbed forested areas There is a small pond approximately 600 feet from the 
southwest comer of the former fire training area. Ground water occurs from 140 to 153 feet bgs 
and within the unconfined sandy gravel aquifer and flows m a westerly direction 

s- 

s- 
r 

7 



L 

IT' Twenty borings were drilled to a depth ofapproximately 10 feet. These borings are arranged in a - grid pattern that covers the project area (Figure 3) The drillmg was done with a mobile dull ng, 
r mounted on an all-terram vehicle Hollow stem augers (8 inch), A-rod, 300 pound slide hammer 

and a 3 mcli by 2 foot steel split spoon were used for collecting soil Samples near the surface ' 
were sampied directly from the sidewalls of the borings at a pomt below the existing - geomembrane (approximately 2 feet) Subsurface sampling was performed using hollow stem 
augers and a split spoon. Subsurface soil samples were collected with a split spoon at 
approxmmtely 5 and 10 feet bgs Upon retneval from the boring, a preliminary PII) readmg was - taken from the end of the split spoon All samples collected at the site were submitted for 

L laboratory analysis and tested for gasolme range organics (GRO), diesel range orgamcs (DRO), 
residual range orgamcs (RRO), benzene, toluene, ethylbenzene, and xylenes (BTEX) Samples 
that exhibited signs of contamination were also tested for polyaromatic hydrocarbons (PAHs) 
Samples were analyzed by the following methods 

GRO by State of Alaska Method AK1O1 
DRO by State of Alaska Method AK1O2 
RRO by State of Alaska Method AlCI 03 
BTEX by EPA Method 8021B (Modified) 

i PAHs by EPA Method 8270C 

Soil samples were collected immediately after opening the split spoon A stainless sleel spoon 
T was used to transfer soil from the spht spoon mto the appropnate containers provided by the 

laboratory. A new, clean, spoon was used for each sample. The samples were collected in the 
following order: GROIBTEX, PAlis, DRO, RRO. 

Field notes and observations are summarized in the field-log summary contained in Appendix A 
to this report. Additional infonnation and observations associated with the borings is provided in 
the boring logs contained in Appendix B. 

5 :a]!1caFuItsJ 
Primary samples were packaged and shipped to Sound Analytical Services (SAS) in Tacoma 
Washington for chemical analyses Quality assurance duplicate samples were sent to Columbia 
Analytical Services (CAS) and analyzed by their Anchorage (Alaska) and Kelso (Washington) 
laboratories Complete data packages are on file at the Alaska District U S Army Corps of 
Engineers. 



-I 5.1 Chemical Results 

The ADEC regulatory cleanup levels that will be used for siteclosure have not yet been 
determined. This report will compare the chemical results of this project against the: most 
conservative ADEC 18 AAC 75 regulatory limits that are thought might realistically apply to the 
site For GRO, DRO, and RRO, the results are compared agamst 18 AAC 75 Method One, 
Category B regulatory limits For BTEX and PAHs, the results are compared against 18 AAC 75 
Method Two, Soil Cleanup Levels Table EMigration to Groundwater in the Under 40 Inch Zone). 
Table 1 summarizes the Maximum Contaminant Level (MCL) that was used for each analyte and 
the regulation that was used to derive that value. 

TABLE 1: APPLICABLE MCLs 
Maximum. L 

ii -: 
' 

Contamiñant Contaminant 
of Concern Level Refereñce. 
GRO 100 mg/kg 18 MC 75 Method One - Petroleum Hydrocarbon 

Soil Levels in Non-Arctic Zones (Category B) DRO 200 mg/kg 
RRO 2000 mg/kg 

See Table in 18 AAC 75 Method Two - Soil Cleanup Levels 
PAHs Regulations for Table (Migration to Groundwaterin the IJnder 40 

Individual Values 

Benzene 0.02 mg/kg 
Toluene 5.4 mg/kg 
Ethylbenzene 5.5 mg/kg 
Total Xylenes 78 mg/kg 

Contaminants exceeding MCLs are identified m the following sections and included in Appendix r 
D In addition, Figure 4 shows the GRO, DRO, RRO, and BTEX sampling results in relation to 
where the samples were collected at the project site Values that exceed MCLs are identified in 
bold type in the figure 

- 511 GRO 

GRO was detected in 5 1 of 59 samples analyzed (60 samples were collected, but one sample 
container broke before shipment). However, GRO results for thirteen samples (99RRFSO2SL 
through 99RRFS15SL) are attributed to method blank contamination, and should not be 
considered present in the sample GRO exceeding the regulatory level of i 00 mg/kg was 
detected in 2 samples from AP-.4076, at approximately 370 mg/kg and 1500 mg/kg GRO was 
detected below the regulatory level in 49 samples, at estimated concentrations ranging from O 7 
mg/kg to 60 mg/kg. Method reporting limits (MRLs) for GRO are all well below the ADEC 
regulatory level used in this report. The majority of the GRO data for this project has been 
qualified as estimated by the chemical data quality review, but is considered usable för this 
report Section 5 2 explains in further detail why the data was qualified 

r- 
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5.1.2 DRO 

DRO was detected in 25 of6Q samples. DRO exceeding the regulatory level of200 mg/kg was 
detected m 7 samples from 4 boreholes (AP-4066, AP-4076, AP-4077, AP-4078), al estimated 
concentrations of260 mg/kg to 61 00 mg/kg DRO was detected below the regulatory level in iS 
samples, at estimated concentrations rangmg from 2 mg/kg to 140 mg/kg MRLs for DRO are 
all well below the ADEC regulatory level used m this report The majority ofthe data has been 
qualified as estimated by the chemical data quality review, but is considered usable for the 
purpose ofthis report Section 5 2 explains m further detail why the data was qualified 

5.1.3 RRO . 

RRO was detected in 29 of 60 samples Concentrations ranged from an estimated 20 mgfkg to 
ari estimated 720 mg/kg All samples are well below the regulatory level of2000 mg/kg MRLs 
for RRO are all well below the ADEC regulatory level used m this report The majonty of the 
data has been qualified as estimated by the chemical data quality review, but is considered usable 
for the purpose ofthis report Section 5 2 explains m further detail why the data was qualified 

5.1.4 BTEX : 

Benzene was detected in 6 of 59 samples (60 samples were collected, but one sample container 
broke before shipment) Of these 6 detected, 5 exceeded the regulatory level of O 02 mg/kg, with 
concentrations ranging from an estimated 0.037 mgllcg to an estimated 1.4 mg/kg. MRLs for 55 
of 59 benzene samples were higher than the regulatory level used in this report, ho ever, method 
detection limits (MDL) were typically tenfold lower than the regulatory level If benzene was 
detected below the MRL aiid above the MDL, it would have been reported by the lab as an 
estimated value Toluene, ethylbenzene, and/or xylenes were detected ni 24 of 59 samples, but 
all were at concentrations lower than regulatory levels MRLs for toluene, ethylbenzene, and 
xylenes were all well below the regulatory level used in this report. All BTEX data has been 
qualified as estimated by the chemical data quality review, but is considered usable [br the 
purpose of this report Section 5 2 explams in further detail why the data was qualified 

5.1.5 PAHs 

Soil samples that exhibited the greatest signs of contamination (during collection of the samples) 
were tested for PAHs. Low levels of various PAHs were detected in 3 samples from 2 boreholes 
(AP-4076 and AP-4077). All PAlis were well below regulatory levels used for this project. The 
highest detected values were 6.9 mg/kg for 2-methylnaphthalene and 3.2 mg/kg for naphthalene 
(both from AP-4076, 9.5 feet bgs). MRLs for all PAHs are all well below the ADEC regulatory 
levels used in this report. All PAH data has been qualified as estimated by the chemical data 
quality review, but is considered usable for the purpose of this report Section 5 2 explains ni 
further detail why the data was qualified. Complete qualified PAH results are provided in 
Appendix D. 

li 
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L 5.2 Quality Assurance and Qualìty.Control 

6.2.1 Data Quality Review 

LabOratory results were sent to Ethix, in Modesto California, for independent chemìcal data 
quality review. The review included evaluation of sample collection, holding times, field, 
laboratory, and method blanks (to assess cross-contamination), sample duplicates (to assess 
precision), laboratory control samples (to assess accuracy) and matrix spike/matrix spike 
duplicate and surrogate recoveries (to assess matrix effect). The Chemical Data Quality Revie'v 
Report is summarized in Section 52, and included as Appendix C to this r port. The complete 
set of reviewed analytical results is included as Appendix D to this report. 

52.1.1 Overall Assessment of GRO Data 

Due to no surrogate recovery, the gasoline range organics result for sample 99RRFS57SL was 
rej ected Due to poor laboratory control sample accuracy, the gasoline range organu s result for 
sample 99RRFSOI SL was rejected Rejected data are unusable for any purpose Due to method 
blank contammation, gasoline range organics results for thirteen samples were qualified as 
nondetected Due to temperature exceedance, GRO results for sixty-eight samples were 
qualified as estimated State of Alaska GRO soil method states that the sample temperature 
should be kept below 25°C (not 4°C +/-2°C) and therefore should not have been flagged by the 
data reviewer Due to poor surrogate recovery, gasolme range orgamcs results for ten samples 
were qualified as estimated Due to poor laboratory control sample accuracy, results for thirteen 
samples were qualified as estimated Due to calibration range exceedance, the gasoline range 
orgamcs result for one sample was qualified as estimated Estimated data are useable for limited 
purposes. Sample 99RRFS6I SL was reanalyzed at a dilution, due to calibration range 
exceedance Results from the diluted analysis should be used as the final validated result 

5.2.1 .2 Overall Assessment of DRO Data 
. 

!_' 
.. ........ 

Js Due to temperature exceedance, diesel range organics results for sixty-six samples iere qualified 
as estimated. Estimated data are useable for project purposes. 

r_ 

-v 
2 1 3 Overall Assessment of RRO Data 

p- Due to temperature exceedance, residual range orgamcs results for sixty-six samples were 
qualified as estimated. Due to no surrogate recovery, detected results for two samples were - 
qualified as estimated. Estimated data are useable for project purposes. 

: 2 1 4 Overall Assessment of ETEX Data 

-, Due to no surrogate recovery, BTEX results for sample 99RRFS6OSL were rejected Rejected 
: data are unusable for any purpose. Due to temperature exceedance, BTEX results fo:r sixty-eight - samples were qualified as estimated. Due to holding time exceeclance, BTEX results! for forty- 

r! six samples were qualified as estimated. Ofthese 46 samples, 43 exceeded the holding time by 
r I one day, and 3 exceeded the holding time by 3 days These samples should be considered biased '- 

low, but usable for the purposes oftius report Due to poor MS/ÌVISD precision, toluene for one 
r- sample was qualified as estimated Samples 99RRFS61SL and 99RRFS62SL were reanalyzed at 

12 
r' 
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a dilution due to o-xylene exceeding the calibration range. Results for all other compounds 
should be used from the original and the diluted analysis shoùld be used as the final validated 
results for o-xylene. 

5.2.1.5 Overall Assessment of PAHs Data 

Due to method blank contamination, the dibenzo(a,h)anthracene result for one sample was 
qualified as nondetected Due to temperature exceedance, semivolatiles organics results for nine 
samples were qualified as estimated Esümated data are useable for limited purpose' 

5 2 1 6 Overall Assessment of Cooler Temperatures 

Samples 99RRFSQI through 99RRFS25 to SAS (primary laboratory) were flagged a estimated 
due to temperature blanks arnving at their lab at 0°C The cooler temperature was measured to 
be 4°C Data flagged by data quality review as estimated due to temperature range eceedance 
should be considered usable for this report, as the cooler temperature was within the acceptable 
temperature range of 4°C±2°C 

Samples 99RRFS26 through 99RRFS37 to SAS were flagged as estimated due to temperature 
blanks arrivmg at their lab at 0°C The cooler temperature was measured to be 2°C Data 
flagged by data quality review as estimated due to temperature range exceedance should be 
considered usable for this report, as the cooler temperature was within the acceptable 
temperature range of 4°C±2°C 

Samples 99RRF538 through 99RRFS56 to SAS were flagged as estimated due to temperature 
blanks amving at their lab at 1°C The cooler temperature was measured to be 2°C Data 
flagged by data quality review as estu-nated due to temperature range exceedance should be 
considered usable for this report, as the cooler temperature was svithin the acceptable 
temperature range of 4°C±2°C 

Samples 99RRF557 through 99RRF573 to SAS were flagged as estimated due to temperature 
blanks arriving at their lab at 1°C. The cooler temperature was measured to be 1°C. Although 
the cooler temperature is slightly below the acceptable temperature range of 4°C±2°C, rione öf 
the samples was noted to be frozen, therefore data flagged by data quality review as estimated 
due to temperature range exceedance will be considered usable for this report. 

5.2.2 Duplicate Samples 

Duplicate samples submitted for analysis by the Quality Assurance (QA) laboratoiy and blind 
duplicate samples submitted to the primary laboratoiy were collected for 6 of the 60 primary 
samples analyzed The mira and inter laboratory data for a sample must be within a factor of 
five for results to be considered in agreement. The primary and QA laboratories MDIL/MRL 
must be within a factor of 10 to be considered comparable. Results reported by the p:rimary and 
referee laboratories were in agreement except the following The pnmary/QC/QA duplicate 
samples for RRO at AP-4072 (4 5 feet bgs) differed by over a factor of 5, and are considered in 
maj or disagreement The primary/QC/QA duplicate samples for DRO at AP-4074 (9 5 feet bgs) 
differed by over a factor of 10, and are considered in major disagreement The primary/QC/QA 

13 
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duplicate samples for the polyaromatic hydrocarbon anthracene at APAO76 (4.5 feet: bgs) 
differed by over a factor of 5, and are considered in major disagreement The pnmary/QC/QA 
duplicate samples for benzene at AP-4076 (9.5 feet bgs) differed by over a factor of 1 0, and are 

L considered in major disagreement. 

: 
In order to approximate the extents of the current contamination at the proj ect site, an estimate 

r' needs to be made as to how far away from a contaminated borehole should the soils still be 
L assumed contaminated We can reasonably assume that the srnl surrounding a POL 

contaminated borehole will have similar POL concentrations to the samples collected from the ,- .. . . . . 
I I ! t 

i boreholes,and likewise, the soil surrounding a clean borehole should also be clean . Figures - containing isopack lines have been generated to illustrate the probable areas of contammation 
These rough estimates ofthe contamination exceeding ADEC Method One, Categoiy B (for 

r' GRO ath DRO), and ADEC Method Two, Migration to Groundwater in the Under 40 Inch Zone 
'-m (for benzene), , have been plotted on Figures 5 14 Ifthese cleanup levels are used for this 

project, then there is a large volume of soil that would still need to be treated Another option 
Twould be to demonstrate that migration to groundwater is not a pathway to any potential 
4- receptor, and therefore not be required to use Method Two, Migration to Groundwater cleanup 

-, levels In DowWOgden's Final Work Plan, they state 

Contaminants were detected in surface and subsurface soil Off-site contaminant 
transport through surface runoff and windblown particulates is possible, but not 

rexpected to contribute significantly to contaimnant transport from the site The - absence of site-related contaminants in the surface water and sediment samples 
collected at the nearby ponds substantiates the conclusion that surface water runoff nand particulate transport are not migration pathways of concern at the Fire Training - Area The RI conducted transport modeling of petroleum constituents in the 

-, subsurface soil The model predicted that petroleum contaminants will migrate 
approximately 1 0 feet vertically from their present location over a 90-year period 

) and that groundwater would not likely be impacted. Based on this result and the 

r- 
absence of contaminants in groundwater samples collected at the site, groundwater is 
not a contaminant migration pathway" 

-. If it is agreed that Method Two, Migration to Groundwater does not apply, and Method Two, 
Inhalation or Ingestion cleanup levels were to be used instead, then the site would be eligible for - closure, as no contaminants detected at the project site exceeded these cleanup levels. n.. ..: : . . ... 

: 
...:.: :. 
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DoD ..................................................... Department of Defense 
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USDOA .......................................................................... United States Department of the Army 
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1.0 INTRODUCTION 

1.1 Authorization and Objective 

This Work Plan describes the activities to be performed during two separate treatment system 

dethonstrations and design verific4ion studies to be performed at the Ruff Road Fire 

Training Area (RRFTA) and Roosevelt Road Transmitter Site Leachfield (RRTSL) at Fort - 

Richardson, Alaska The studies consist of design, installation, operation, and monitoring of 
a three-fourth acre bio-venting system at the Ruff Road site and the plugging of buried lines 

and solidification of cesspool contents at the Roosevelt Road site 

Tlns Work Plan was prepared as authorized under Contract No DACA85 95-D-0008, 

Delivery Order No 0026 and addresses work required to design, install, operate, and monitor 

the bio-ventmg system at RRFTA and plug the buried Imes and sohdi' cesspoo contents at 

RRTSL This work is further described in the Scope of Work which is included as Appendix 

D and the design drawings which are included as Appendix A 

All work under this contract shall comply with the Comprehensive Environmenta i Response, 

Compensation and Liability Act (CERCLA) and the Federal Facility Agreement (FFA) 

entered into in December of 1994 by the Army, the United States Environmental Protection 
Agency (EPA), and the Alaska Department of Environmental Conservation(ADEC) 

1.2 Location 

Fort Richardson, established in 1940 as a military staging and supply center dunng World 
War II, occupies approximately 56,000 acres north of the City of Anchorage The Fort is 

bounded to the west by Elmendorf Air Force Base, to the east by Chugach State Park, and to 
the north and south by the Municipality of Anchorage. 
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Ruff Road Fire TmininQ Area (RRFTA) 

RRFTA is located east of Bryant Airfield near the Glenn Highway. (See Appendix A. Sheet 

C-l) The site consists of an area used for fire fighting exercises from the 1940's to 1980. 

The exercises involved applying fuels and other waste combustible liquids to an unlined 
earthen pit, igniting the fuels, and extinguishing the resulting fires with water. 

The Fire Training Area began operations durmg the initial establishment of the Post in 
approximately I 940, and it was used until I 980 to conduct exercises for ttaining fire 

department and rescue crews The fire training exercises were conducted by saturating 
unlined excavations with water, pumping fuel into the excavation, and ignitrng the fuel 

Petroleum fuel. products burned during the fire training exercises included jet fuel, waste oil, 

diesel, brake fluid, and solvents Based on the assumption that 1,500 to 2,300 gallons of 
combustible material were burned annually at this site, approximately 85,500 gallons of 
wastes were burned and disposed of at the Fire Training Area. 

The former Fire Training Area has been estimated to be an area of petroleum-stained soil 

approximately 50 feet in diameter. In 1991, the original road in the area was demolished arid 

the present Ruff Road was constructed. The charred debris associated with the fire training. 
area was removed at that time. In 1994, the Fire Training Area was filled with approximately 
18 inches of soil and regraded During the winter of 1994, the National Guard parked 
vehicles at the present site At present, no visual evidence of the fire trainmg area remains 

Roosevelt Road Transmitter Site Leach Field (RRTSL 

RRTSL is located north of the main Fort area near Otter Lake. (See Appendix A, Sheet C-I) 
The site mcludes an underground eonmrnrncations bunker used during the 1950's and 1960's 
The sanitary facilities within the hunker are connected to a septic leachfield. 

The Transmitter Site was utilized from World War II through the end of the Korean War as 
part of the Alaska communications system, established to provide command and control 
commumcations in the event of enemy attacks on Anchorage or Fort Richardson The 
leachfeld was associated with the samtary system facilities at the underground bunker Two 
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sewer lines originate from the west side of the bunker and extend westward, eventually 

connecting to a septic tank and a concrete cesspool that is the nucleus of the leachfield. The 

quantity of sewage disposed of though the septic system is unknown. Additionally, at least 

two other sewage disposal facilities were present at the Transmitter Site. 

In approximately 1978, dielectric oils containing polychiorinated biphenlys (PCBs) leaked 

from several transformers stored 'iii the former transmitter annex building, which was located 

on the concrete foundation of the building. The spill was later remediated by washing the 
concrete foundation of the transmitter annex building with diesel fuel In 1988, an Army 

contractor excavated 150 tons of PCB-contammated soil surrounding the concrete pad 

Another clean-up effort was conducted in 1992 when at least 600 tons of PCB- ontammated 
soil was removed 

Three separate investigations that included geophysical surveys, surface and subsurface soil, 

ground water, and sludge sampling, were conducted to charactenze the nature and extent of 
PCB contamination in surface and subsurface soil adjacent to the transmitter annex 
foundation, arid to determine whether PCB-containing wastes were released inside the 
underground bunker Analytical results of the samples indicated the presence of volatile 
organic compounds (VOCs), BNAS, PCBs, and heavy metals in both the sludge and soil 
within the cesspool. Fuels were not analyzed for during these investigations 

1.3 Summary of Site Characteristics 

The northern and central section of Fort Richardson, where these two sites are located, 
feature fiat to gently rolling, wooded terrain, including ponds and numerous streams leading 
from the mountains and uplands westward to Cook Inlet. Drainages flow .prirnarily west- 
northwest into Knik Arm However, streams in the southernmost portion of the Fort, 
including Ship Creek, flow through Anchorage before entermg Kink Am 
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: The Fire Training Area is located near the southern margin of the Elmendorf M orarne on the 
Naptowne outwash deposits. Generalized geologic descriptions of the site indicate that the 

: soil consists of dry, massive, well graded gravel, with minor silt and clay. However. often 
the geologist's description ofthe soil targeted for treatment mclude esnmated silt contents of r 

t- 
lo percent to 30 percent 

T' The Fire Training Areas is located within an area used for gravel excavation, and it is 

surrounded by relatively undisturbed forested areas A small pond is located approximately 
600 feet from the southwest comer of the former fire training area A former gravel pit is 
located approximately 0 6 mile south and hydraulically upgradient of the site The pit has 
filled with water. 

-s 

Ground water occurs from 140 to 153 feet BGS (approximately 236-250 feet AMSL) and 
within the unconfined sandy gravel to gravelly sand aquifier Ground water flows westward 
and has an average horizontal hydraulic gradient from 0 018 to 0023 

Contaminants were detected in surface and subsurface soil Off-site contaminant transport 
through surface runoff and windblown particulates is possible, but not expected to contribute 
significantly to contaminant transpon from the site. The absence of site-related contaminants 
in the surface water arid sediment samples collected at the nearby pond substantiates the 
conclusion that-surface water runoff and particulate transport are not migration pathways of 
concern at the Fire Training Area. The RI conducted transport modeling of petroleum 
constituents in the subsurface soil The model predicted that petroleum contaminants will 
migrate approximately 10 feet vertically from their present location over a 90-year period and 
that ground water would not likely be impacted Based on this result and the absence of 
contaminants in ground water samples collected at the site, ground water is not a contaminant 
migration pathway 
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! 
RRTSL 

n, 
]The Transmitter Site is located near the northern margin of the Elmendorf Moraine on the 

-s 
Naptowne outwash deposits. Site soil boring logs indicatelthat the soil consists of dry. very 
dense, gravel and sand, with silt and clay 

r' The Transmitter Site is located in an undeveloped portion of Fort Richardson The site is 
- surrounded by forests Wetlands are located within one-half mile ofthe site to the southwest 

nsoutheast, and northeast. 

Ground water at the Transmitter Site occurs at depths from 88 to 99 feet BGS (approximately 
i 76- 1 78 feet AMSL) within a sandy gravel deposit of the Naptowne outwash formation 

n- Ground water generally flows southwest with an estimated gradient of O O I This ground 
L water flow direction is not consistent with the regional west-northwest ground water flow 

Lt Because the contaminant source is in the subsurface, the most likely contaminant migration 

- pathway at the Transmitter Site is lateral and vertical transport through subsurface soil 
& Ground water is not a contaminant migration pathway as indicated by the absence of 

r contaminants in the samples collected at the site 

r... 
......, .... 
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2.0 BACKGROUND 

2 1 Summary of Previous Site Investigations 

L RRFTA 

LPrevious investigations were conducted at the Ruff Road Fire Training Area in i 986, 1 989, 

' andfroml99ltol992: 

: In 1986, AEHA drilled three soil borings and collected 20 subsurface soil samples at the site 

e- 
Eight samples were analyzed for VOCs, but VOCs were not detected at concentrations 
exceeding detection limits 

: 
1989, pa of the Inst&lation Restoration Progr, 15 soil-gas probes wen installed in rthe area to a depth of nine feet Benzene, toluene, and xylene were identified in the soil-gas L 

. samples with maximum concentrations of250 parts per imilion (ppm), 2,500 ppm, and 1,200 ø_ 

uppm, respectively. 
: 

r In 1991, E & E collected surface and subsurface soil samples at the site A composite surface 
soil sample was collected in triplicate from stained soil near the center of the fire training 

r: area. The sample contained lead (80.8 ppm to 543 ppm), diesel and other ftiels (10,000- 
20,000 ppm), pyrene (750 ug/kg), PCE (48-485 uglkg), toluene (732 ug!kg), xylene (1116 
ug/kg), bis(2-dibylhexyl) phthalate (4100 ug/kg), and dioxins (0 0022 ugikg toxicity 
equivalent factor [TEF]). Subsurface soil samples were also collected during the 1991 effort. : The highest VOC concentrations detected in these samples were acetone (a83 uglkg), 
trichioroethene (TCE, 46 ug/kg), toluene (56 ag/kg), and xylene (42 ag/kg) In 1992 
analytical results confirmed the presence of petroleum contammation in soil 

The RI field investigation was conducted in 1995 to investigate surface and subsurface soil, 
ground water, and surface water/sediment. The results confirmed the presence of petroleum r 
hydrocarbons and dioxins in the surface and subsurface soil This contammation is a result of 
the historical application of the fuels and other combustible materials used during training 
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activities at the site. The lateral extent of surface soil contamination was estimated based on 

the findings of the Rl and previous site investigations, and by applying ADEC's Interim 

Guidance for Non-UST Contaminated Soil Cleanup Levels for petroleum hydrocarbons. 
Contamination above the acceptable cleanup level was estimated to be confined to an area 

175 feet by 190 feet to a depth of five feet. Using these boundaries, the estimated volume of 
contaminated soil is 6,200 cubic yards.. 

RRTSL 

In 1990, a limited characterization of the RRTSL septic system was performed. A cesspool 
sample was obtained from a layer of sludge and detritus on the bottom of the concrete-lined 
cesspool while soil samples were obtained from sloughed material in the cesspool. 

Analytical results indicated the presence of VOCs, base/neutral and acid-extractable organic 

compounds (BNAs), PCBs (up to 5,600 ug/kg), and heavy metals including copper (up to. 
1,100 ug/kg) and lead (up to 1,200 mg/kg) Analysis for fiel was not performed 

The OU-A RI for RRTSL conducted in 1995 The principal objectives of the RI were to 

conduct a geophysical survey and investigate the cesspool, subsurface soil, and ground water 
The results of the Rl indicated that soil in isolated locations within the leachfleld have been 
impacted by petroleum contamination. Low levels of heavy metals and PCBs. were 
encountered The levels do not pose an unacceptable risk to human health of the 
environment The presence of DRO in subsurface soil indicates that these contaminants have 
dispersed from the leachfieid and associated plumbing and have migrated to a depth of 15 

feet BGS. The lateral extent of DRO contamination appears to be limited to an area 
extending northwest from the buried sewer line, which connects the transmitter building and 
the cesspool, to a portion ofthe leachfield. The presence of PCBs near the bunker at a depth 
of five feet BGS suggests that either contaminatéd soil was reworked during remedial 
activities or limited migration through subsurface soil has occurred. These concentrations 
probably represent residual, contamination remaining from remedial activities conducted 
between 1988 and 1992 at the transmitter annex foundation It is unlikely that this 
contamination is related to discharges from the leachfield or its associated plumbing, because 
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: the leach field is located at a depth of six to seven feet below ground surfice and PCB 

- sampling at the leach field did not find contamination 

- 
Sloughing soil within the cesspool contamed petroleum hydrocarbons, PCB Aroclor I 260 

: cyanide, and heavy metals including banmu, cadmium, lead, and mercury Petroleum 

hydrocarbons were detected up to a maximum concentration of 23,000 mg/kg. Cyanide was 
\ 

detected at a concentration of i 2 mg/kg 

t- No site-related contaminants were detected at concentrations exceeding screemng criteria in 
-s 

the Transmitter Site ground water samples 
- 
.- 

2 2 Treatment Systems Demonstration Study 

- 2 2 1 Key Design Criteria 

-t The RRFTA treatment systems designed by DOWL/Ogden JY (design documents are 
- mcluded in Appendix A) are intended to achieve the cleanup obj ectives mside the treatment 
'- areas utilizing volatilization, biodegradation, aiid containment The RRFTA system is 

t,- 
designed for operation in non-winter conditions Remedial Investigation (RI), and Feasibility 

- Study (FS) the soil targeted for treatment are within a defined area 1 90 feet by E 75 feet to a 
r- depth of five feet In accordanìce to the SOW arid PS, soil vapor extraction was to be - considered using three horizontal wells I 60 feet long beneath a geomembi ane Each 

r- horizontal well was to draw I O I SCFM from the vadose zone In accordance with the design 

: meeting of November 1 8, 1 997, the scope was modified to utilize bio-venting tecimology, 
and to pulse air flow through the soil targeted for treatment Accordingly, the system was 
designed to thaw I 00 SCFM from each of the horizontal wells on a timed sequential basIs 
with rest periods 

RRTSL 

The RRTSL system is designed for a one-time consolidation and contamment of the 
contaminants m a permanent concrete matrix 
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L 2 2 2 Compliance with Alaska Department ofEnvironmental Conservation Regulations 

T The information below is provided to document compliance with State ofAlaska Regulations L 
.. :. I 8AAC78.3 12 Soil Remediation Requirements. 

L . This Work Plan including the design drawings contained in Appendix A, details the 

: specifications for the bio-venting system ( 1 8AAC7S 3 1 2(a)(l)) 

- . The anticipated schedule for 1998 and 1999 is presented in Section 3 2 of this Plan 

L (18AAC7S 312(a)(3)) 

: only ambient air is to be added to the subsurface for the RRFTA treatment system The 

expected effects resulting from addition of oxygen include production of carbon dioxide 

L and water vapor and reduction of the petroleum hydrocarbon to a fatty acid that will be 

A 
further reduced to carbon dioxide and water vapor (I 8AAC7S 3 12(a)(4)) 

.- 
The plan does not include installation of additional site controls beyond those already in : place by Fort Richardson All metering equipment and air handling equipment is to be 
located in locked enclosures ( 1 8AAC78.3 I 2(a)(5)). 

No discharge of regulated wastewater is anticipated to require a permit 

T- (I8AAC78 3l2(a)(6)) 

. Air flows to the system are to be regulated so that most volatile petroleum hydrocarbons 
are biodegradcd prior to escape at the ground surface. Ambient air monitoring is to be 
conducted to verify vapors do not exceed relevant air quality standards 
(1SAAC7S.3l2(a)(7)). 

Non-domestic wastewater discharge is not anticipated (I8AAC7S 312(a)(9)) 

Existing monitonng well locations are shown on the design drawings presented in 
Appendix A (18AAC78.3l2(e)(l)). 

r 
..... 
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: . 
A summary hydrogeologic description of the site is presented in this plan Detailed 

- hy drologic information is provided in the document entitled Remedial Jnvestigation 

- Report, Operable Unit A, Fort Richardson, Alaska, November 1 996, Ecology and 
Environmental, Inc (1 8AAC78 3 12(e)(2)) 

L 

-r 
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3.0 SCOPE OF WORK - 
L- This section summarizes the scope of work to be conducted in order to install, operate, and 

Tmonitor the designed bio-ventrng system at the foimer Ruff Road Fire Training Area -, 
(RRFTA) at Fort Richardson, Alaska It also summarizes the scope of work to solidify 

: sediments and grout pipes at the Roosevelt Road Transmitter Site Leacbíield (RIRTSL) at 
Fort Richardson, Alaska 

.- 
- 

3.1 Summary of Project Methodology (RRFTA) 

- The treatment system will be installed at the RRFTA 'n accordance with the design 

T documents (plans) presented in Appendix A, to be modified by approved subcontractor 
L submittais and comments by the ADCOE. 
- 

The Subcontractor will mobilize personnel, equipment and materials to the RRFTA site to 
perform all trenchmg, grading and other earthwork, piping installation and hneJ installation 

- under the direct supervision ofDOWL/Ogden IV 

: The RRFTA treatment area will be cleared of all vegetation All sharp objects and organic 
debris will be removed from the surface The surface of the treatment area will be graded to r 

. 

H: ., : H. 
L! drain. Trenchesfor the air infiltration galleries and the horizontal wells will be excavated to Ha depth of five feet with any excess trench spoil spread evenly over the treatment area. Six 
L inches of "Pea Gravel" will be placed in the bottom of the trenches. The length of Advanced 

í_ Drainage System (ADS) factory slotted Corrugated Plastic Tubing (CPT) covered with a 
, fabric "sock" will be installed as shown on the plans The CPT will then be covered with -' "Pea Gravel" so that the CPT is covered with eight inches and completely bedded in the "Pea - Gravel" The trenches will be backfilled as shown on the plans with either native soil or 

Gravel with Sand (GW) containing no more than three percent material fmer than the No - 200 screen (silt). 

.. . 

..... 

PageI 



b FINAL DACASS-95-D-0008, D.0M026 
Work Plan Treatment Systems Demonstrations & Desi2n Verification Study 

L The trenches for the horizontal wells will be continued to the equipment enclosure as shown 
on the plans.. The piping will be transitioned from CPT to High Density Polyethylene 

L(HDFE). The trenches will be baekfihled with compacted native soil over ard around the 
HDPE pipe. 

-i 
The surface of the treatment area will be covered with a layer of fine sandy silt bedding and a 

: 20 mil HDPE liner The thickness ofthe bedding will be determined in the field as sufficient 
to protect the HDPE liner from punctures The liner will be installed in accordance with the : manufacturer's recommendations and covered with a mimmum of I 2 inches of Gravel with 

- Sand (OW) or Sand with Gravel (SW). The equipment working over the liner will be limited 

Li to protect the liner from punctures. 

: The subcontractor will install pressure/soil gas momtormg points m the locations shown on 
the plans The monitoring points will be six-inch screens installed in sand pac ks placed at 

: various depths m borings augered in the treatment area The screens will be connected to the 

subsurface with one-fourth Inch PE tubing terminating m a one-fourth turn ball valve and : one-fourth mch hose nipple The ball valve and hose nipple shall be protected within a 

- monitoring well manhole installed above the HDPE liner 

] 

The subcontractor will install soil moisture sensors as shown on the plans using an auger and 
backfilhng the auger hole with the native soil after the installation of the soil moisture sensor 
Samples of the soil at the depth of sensor placement will be tested for wate r content to 
calibrate the moisture meter 

T: DOWL/Ogden JV will fabricate the equipment enclosure containing the blower, valves and 
electncal controls off-site, and mobilize the equipment enclosure to the sil e after the 

I 

completion of the earthwork DOWL/Ogden JV will connect the equipment enclosure to the 
horizontal wells with "TigerFlex" suction hose, and insulate the connection in place 

Prior to mobilizing the equipment enclosure, the Fort Richardson Directorate of Public 
Works (DPW) will have caused three phase power to be brought to the site terminating at 
three, pole mounted, 25 KVA transformers installed in the location shown on the plans ................................................ 
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electrical subcontractor will provide electhcal hookup to the treaent system equipment 

enclosures The electrical subcontractor will coordinate the hookup with Fort Richardson 
(DPW) 

After the installation of the system components, but prior to starting the system, all 

monitoring points will be monitored for pressure using the magnehelic pressure gage set; 

concentration of carbon dioxide, CO2, and concentration of oxygen, 02, using the GasTech 
model 32520X analyzer, and concentration of volatile hydrocarbons using the GasTech 

TractTechtorTM These will be referred to as the baseline parameters Belot atmospheric O, 
measurements and elevated CO, measurements may intheate aerobic reduction of the 

L' petroleum hydrocarbon may be occurring intrinsically. A low flow extraction pump will be 

p-, used to extract soil vapor from the monitoring point until the baseline parameters stabilize or Lpeak Cure will be taken to avoid breakthrough of atmospheric air clunng these 

r measurements. 

: After this baseline data is obtained, the system will be started with soils vapor drawn from 
the center horizontal well unless the baseline measurements indicate a higher intrinsic aerobic 

-a reduction elsewhere in the treatment area The response to the induced partial vacuum will 

- be measured in all momtoring pomts with all baseline parameters measured The system will 

r' 
be operated in this manner until the measurements of all baselme parameters stabilize The 
pressure response in the monitoring points will be measured to provide data regarding the - radius of influence The measurements will be plotted as a function of the log of the distance 
from the horizontal well to obtain assurance that the radius of influence of the we li intercepts 

r the air infiltration galleries Changes in the 0, concentration will indicate adequate 
ventilation of the vadose zone. 

If funding for in-situ respirometry is provided, the system will be shut down after 
stabilization and the baseline parameters will be measured at 2, 4, 6, and 8 hours and then 
every 4 to 12 hours, depending on the rate at which the oxygen is utilized. The in-situ r respiromefly test will be terminated when the 02 level is five percent or after live days of 
sampling 
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: From these data. the timing of the pulsed vapor extractIon 'cviii be computed to optimize the 

- supply of °2 to the mdigenous xrncroorgamsms and programmed into the logic controller 

L provided by the manufacturer of the equipment The mmnnum air required to supply the 

- imcroorganisms with sufficient 02 would be targeted as optimal to avoid unnecessary drying 
L of the soils. All O, reduction will be attributed to respirometry, .and no account for diffusion 

r vill be made unless the calculated air flow is unreasonably high If tn-situ respirometr is 
L not budgeted, then the system will be programmed to draw vapor from each well for 24 

f- hours, once a week This default operation will be intended to provide one pore ' olume 

exchange m the soils targeted for treatment every 24 hours as suggested in the EPA 

T; 
publication "How to Evaluate Alternative Cleanup Technologies for Underground Storage - 
Tank Sites" (1994) 

: DO/Ogden JV will stan the system with subcontractor representatives Present An - operating and maintenance manual consistmg of a compilation of equipment documentation 
L provided by the manufacturer will be prepared by DOWLIOgden JV and available on-site 

T dunng system start-up 

- All treatment system installation activities will be observed and documented in accordance 
L; with Section 4.0, Treatment System Installation Plan, of this Work Plan by a DOWL/Ogden 

' Jv field representative After completing the installation activities, DOWL/Ogden IV will 
L provide ADCOE with a copy of the field notes documenting the field installation efforts at 

r both RRFTA and RRTSL 
_; 

... : . - The system at RRFTA will be operated and monitored for a period of two summer seasons. 
U A total of four quarterly reports will be prepared for RRFTA to present the methodology and 

r results of the treatment system monitoring, including field notes and tabülated data and 
L measurements. Monitoring will include two events of in-situ respirometry. 

r 
DOWL/Ogden JY will prepare a Treatment System Report after two seasons of system 
operation that includes a copy of the fmal Work Plan, summary of the treatment system 
implementation activities and results, and a summary of the findings of the treatment system 
monitoring program Tn the report, DOWL/Ogden JV will provide conclusions and 
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LrecommentIons regarding continued operation of the Ueatment system arid system 

r' 
modifications 

- 
- 3.2 Summary ofProject Mèthodology (RRTSL) 

4 

The clean up work at RRTSL will be performed in accordance with the design documents 

: presented in Appendix A to be modified by approved subcontractor submittals and comments 
. 

by the ADCOR 
fl: 

.. 
.. 

The subcontractor will mobilize personnel, equipment, and material to the RRTSL site to r perform excavation, grouting, soil - concrete mixing, backffllrng, forming and placing 
concrete for slab over cesspool arid grading under the supervision ofDOWL/Ogden JV 

: The area around the cesspool will be excavated to two feet below the boftom of the cesspool 

r' All pipes (I I) connected to the cesspool will be cut and pressure-grouted with bentomte until 
refusal The area around the cesspool will then be backfihlecl and compacted in c'ne-foot lifts nAll debns and soil within the cesspool will then be removed, mixed with cement, and - backfilled into the cesspool A 10 bag cement mix will be used for the soil cement mix The 

r-, remainder of the cesspool will be filled and compacted with clean soil to the top The - 
cesspool will then be capped with a four to six-inch thick reinforced concrete slab 

At the location of the subsurface bunker the contractor will excavate along the west side wall 
- 

r_ to a depth of about 10 feet. All piping found (two assumed) will be cut and grouted till 
- refusal The excavation will then be backfilled and compacted 

L1 All activities performed at the RRTSL will be monitored and observed by a qualified 
DOWL!Ogden 3V field representative After completing the work DOWLiOgden SV will 
provide ADCOE with a copy of the field notes documenting the field activities 

n 
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3.3 Project Scheduling 

A summary of the 1998 and 1999 schedule is shown below: 

CUE Approval of Final Work Pian ................................................................ February 20, 1998 

Notice to Proceed to the Subcontractor (Estimated) ...................................... February 20,. 1998 

Fabrication of System Enclosures ............................................. March 1, 1998 to May 15, 1998. 

DPW Provide 3-Phase Power to REFTA ............................................................... May 1, 1998 

Field Mobilization ................................................................................................... May I, 1998 

Installation of Treatment Systems (RRFTA and RRTSL) ........... May 1, 1998 to June 15, 1998 

System Startup (RRFTA) ...................................................................................... June 15,1998 

1998 System Operation arid Monitoring (RR.FTA) ............. June 30, 1998 to October 31, Ï998 

1999 System Operation and Monitoring (RRFTA) ............. May .15, 1999 to October 31, 1999 

Final Design Verification Study Report (RRFTA and RRTSL) .................. December 29,1999 

The schedule is subject to modifications if needed to facilitate plan review and unforeseen 
circumstances. 

3.4 Permits 

The subcontractor will arrange utility locates and obtain Excavation Permits from the Fort 
Richardson DPW prior to field implementation. 

9 

t- 
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n. 

4.0 TREATMENT SYSTEM INSTALLATION PLAN 

DOWL/Ogden SV will inspect and document the solidification of sediments and pipe 

grouting at RRTSL and the installation of the designed bio-venting system at RRFTA to be 

installed by the subcontractor to veri& the system is installed in accordance with the design 
drawings presented in Appendix A as modified by Alaska District comments. DOWL/Ogden 
JV personnel will fabricate, or cause to be fabricated, the e4uipment enclosute, provide 
inspection of field activities and provide field screening, field sampling, and field testing as 

described in this section. 

4.1 Mobilization/Demobilization 

LUpon receipt of approval of this work plan and the design drawings in Appendix A, 

EDOWL/Ogden SV will begin fabrication of the equipment enclosures. An engineer from 

DOWL/Ogden TV will direct the fabrication of the enclosures prior to shipment to the site. 

Prior to installation of any portion of the system at either site, the Subcontractor will arrange 
utility locates and obtain an excavation permit from Fort Richardson DPW. Field equipment 
checklists for DOWL!Ogden JV personnel are included in Appendix C. 

4.2 Excavation and Placement of Piping, Enclosures, Grouting, and Consolidation of 
Sediments 

n DOWL/Ogden JV will observe and document the trenching; placement of Advanced 
L Drainage System Corrugated Plastic Tubing (ADSCPT), sealed cleanouts, and vents; 

n placement and butt welding of the HDPE pipe; placement of backfill; and i1aee:ment of the 
L liner and cover. Excavated soil will be field sareened with a photoionization detector (ND) 
r- in accordance with the relevant SOP and the Quality Assurance Project Plan to detect 

contamination, if encountered. Any contaminated soil encountered during trenching will be 
documented. Contaminated soil encountered in the treatment areas will be spread over the 
treatment area beneath the liner, or returned to the trench as backfill. DOWL/Ogden JV will 
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Everit3r pipe installation is in accordance with the manufacturer s recommendations and the 

design drawings presented in Appendix A. 

Upon completion of the installation, DOWLIOgden JV will participate in the initial start-up 

of the systems with the subcontractor DOWL/Ogden SV will provide a manual that includes 

the manufacturer's opérating literature for all the installed equipment, including all relevant 

Joperating and mainteñance ptocedures provided by the manufacturer to be available on-site 

during operation. 

4.3 Field Documentation 

4.3.1 Field Logbooks 

Field records will be sufficiently maintained to recreate field installation and testing activities 
in a permanently bound or "rite-in-the-rain" type notebook with consecutively numbered 

pages and on project field forms. Field records will be written in permanent ink and erasures 
will not be allowed. 

A copy of the field notes will be submitted to the Alaska District at the conclusion of 
installation. The original documents will be provided to the ADCOE at the conclusion of the 
project. 

Field memos to the subcontractor will be made on Advisory/Non-Compliance Forms 
(Appendix C). 

4.3.2 Project Field Forms 

[ The information contained and entered into the Field Logbooks will be summarized on L 

inspection reports prepared for each day the inspection occurred. The inspection reports will 

L document the work performed during the day, the results of field testing and field screening, 
any contaminated soil encountered and the disposition of these soil, and any sampling 

Lì performed and the results of field testing of the samples. The inspection repúrts will also 
document weather conditions the Subcontractor's work force, the equipment in use or idle, 

. 
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Eand other items that may be impont to docent the qua1i' of subcontractor work or 

p.. affect claims issues Color photographs of the site arid specific installation activities will be 

L taken to document the progress of the work Records of the photographs will be kept in the 

field book and transcribed to a photo log. Copies of the standard inspection report and photo 
L log fonts are presented in Appendix C. 

fl. ... .. 

L r.. 
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5.0 SAMPLING AND ANALYSIS PLAN 

The objective of the Sampling and Analysis Plan is to describe field measurements and 

sampling that will be conducted to document that the treatment system installation, operation. 

and monitoring are conducted in accordance with standard and accepted procedures and the 

requirements of the Alaska District. Sampling will be conducted as required to. perform field 

screening and testing during installation, treatment system monitoring in accordance with this 
Work Plan, the relevant Standard Operating Procedures (SOPs) presented in Appendix B, 

and the relevant portions of the Quality Assurance Project Plan. 

In accordance with the statement of work (SOW), this Sampling and Analysis Plan (SAP) 

will serve to delineate the methods which will be used to assure accurate, precise, 

representative, and comparable data. 

n, 

The SAP is organized in the following manner: Section 5.1 is the Field Sampling Plan (PSP) 

r which outlines the treatment system monitoring programs. The PSP describes monitoring 
and sampling methodologies, parameters, locations, and frequency. Section 5.2 is the 
Quality Assurance Project Plan (QAPP) which discusses quality control(QC)/quality. 
assurance(QA) procedures followed by . the Dowl/Ogden JV personnel and labòratory 

i 

i 

personnel to ensure reproducible and comparable analytical data. 

5.1 Field Sthnpling Plan 

This PSP presents the treatment system monitoring and ground water sampling program 
technical approach and is divided into four subsections: 1) Summary of Project Monitoring, 
2) Bio-venting Monitoring and Sampling Program, 3) Reporting, and 4) Momtoring, 
Sampling, and Analytical Methodologies. 
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L5.1.1 Summary of Project Monitoring 

T' 
5.1.1.1 Objective 

- The project scope of work includes monitoring the performance of the treatment system to 
L verif5r that it is operàting within the design parameters. This monitoring summary outlines 

p activities to be conducted to monitor the performance of the treatment system in accordance 

with the SOW. 

L The objective of the proposed monitoring program is to verif5ì compliance With established 

system performance standards The program in not designed, or intended, to monItor the 
L progress of site remediation. 

r 
L 5.1.1.2 Monitoring Schedule 

Treatment system operation and monitoring will be conducted for two summer seasons 
following system startup. System operation and monitoring will be conducted from system 

E: 

startup until seasonal system shut down in late October. The system will not be operated or 

monitored during the winter. 

Treatment system monitoring will be conducted as close as is feasible to the following times 
after system start-up. 

4 hours; 

8 hours; 

Iday; 

5 days; 

2 weeks; 

5.1.1.3 Personnel 

3 weeks; 

4 weeks; 

2 months; 

3 months; and 

4 months. 

T All monitoring will be performed by technical or professional personnel employed by the 
DOWL/Ogden JV. They will be selected by the Principal Site Investigator, based on their 

r' . Page5-2 

... J,- C-;' '-J - ... . J ..... 



b . FINAL DACASS.95-D-IDOOS, no.0026 
Work P1ai Treatment Systems Demonstration& & Design Verification Stud 

Lfamiliarity with the site and with the performance ofthe specified monitoring procedures. At 

r a minimum, the selected personnel will meet requirements for Field Technicians established 

b in the Quality Assurance Project Plan (QAPP). 

T 5.1.1.4 PID Monitoring 

p: Ambient air will be monitored for volatile organics at selected locations in and around the 

treatment area during the sáheduled events. Actual locations will be selected by the field 

P: technician, based upon perceived system performance at the time of monitoring. PfD 
L 

readmgs will be taken at waist-level at a minimum of six locations around the treatment area 

with a Microtip HL-2000 photoionization detector or equivalent equipment The resulting 

information will be recorded on the project field form (Appendix C). Measurin.g equipment 

will be calibrated to read in benzene equivalent according to procedures and schedules 

designated for the specific instruments using isobutylene at loo parts per million. 
r1 

Calibration activities will be documented on the field form. 

5.1.1.5 Bio-venting System Monitoring. 

The following measurements and tasks will be performed to monitôr the bio-ventíng system 

during each event. 

Air flow and induced partial vacuum will be recorded for each horizontal well at the 

equipment enclosure. 

Partial vacuums at each sealed clean out on the horizontal wells. 

Induced partial vacuum will be measured and recorded at all monitoring points. 

H . The moisture content of the soil will be measured at each of the locations of the soil 

moisture sensor. 

Concentration of 02, CO2 and petroleum hydrocarbons will be measured at each 

monitoring point and the exhaust gas. 

P- 
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An air sample will be collected from the exhaust gas and analyzed for \OCs b EPA 

r Method TO-14 during the first day of operation and the monitonng events thereafter if 

significant petroleum hydrocarbon is detected in the exhaust gas 

s PID readings will be recorded at the sampling points located inside thc equipment 

enclosures. 

5.1.1.6 System Equipment Monitoring 

Equipment controls will be monitored at the scheduled times. Equipment meters will be read 

for temperature, vacuum, and pressure and recorded on the project field form (Appendix C). 

The field technician will visually observe conditions at the equipment control sites. and note t 

those conditions on the same form. System adjustments and items in need of repair or 

maintenance will be recorded and corrections made as required. 

5.1.2 Bio-venting MonitorìnQ an Sampling Program 

The goal of the monitoring and sampling program is to collect sufficient data to evaluate 

treatment system performance In general, this program is designed according to the 

perfonnance of the treatment system and has to maintain a certam level of flexibility so that it 

may be modified and adjusted over time based. on various system operational results. The 

anticipated performance of this bio-venting system is described below. In this discussion the 

terms "monitoring" and "sampling" are used to describe two different data collection 

activities. "Monitoring" refers to the use of gauges or hand-held measuring instruments that 

provide a real time indication of site and treatment system conditions. "Sampling" refers to 

the collection of soil gas samples which are submitted to an off-site laboratory for chemical 

analysis. 

The goals of the monitoring program in the design application employed on this project from 

L a systems operation perspective are three fold. First, to monitor the exhaust gases to veri& 

that any volatilization of the contaminants attendant with the bio-ventrng process are 
L insufficient to adversely affect the air quality, second, to vene' that adequate air fi ow is being 
r 
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-T 

achieved through the soil to be treated; and third, to verily the soil are not being overly dried 

by the introduction of atmospheric air. From a treatment perspective, the uptake of the 
oxygen in the vadose zone and the generation of carbon dioxide are indicators of 
respirometry required in aerobic biological digestion of the hydrocarbons. 

TO evaluate the systems operation, the concentration ofhydrocarbons will be sampled and the 
flow rates monitored in order to calculate the contaminants exhausted into the atinosíhere. 
Also the pressure response and concentrations of oxygen m the vadose zone adjacent to the 
horizontal wells will be monitored to verily that adequate oxygen is being forced through the 
soil targeted for treatment. If significant concentrations of hydrocarbons exist in the exhaust 
gas, the flow rates will be decreased to only that level required to provide o cygen to the 
microbes. Alternatively, the air quality impact will be modeled using EPA "Screen 87"to 
evaluate the impact on potential receptors. If insufficient oxygen is available to the microbes, 

r the pressure gradient across the soil to be treated will be increased to promote greater airflow. 
L 

The soil moisture sensors will be monitored. If the targeted soil appear to be drying due to 
the forced air flow, water will be added at the infiltration galleries to humidily the forced air. 

Because the system is designed to pulse the air flow through the targeted soil by intermittent 
operation of the blower and sequenced extraction from the three horizontal wells, the 
pressure and composition of the soil gas in the soil targeted for treatment can be monitored. 
To evaluate the treatment, the uptake of oxygen and generation of carbon dioxide in the areas 
not being ventilated can be monitored. A decrease in oxygen and increase in carbon dioxide 
would be. indicative of aerobic biological activity. 

Initially, the vadose zone will be flushed by the air forced through it. Initial concentration of 
volatile constituents of the contamination will be expected to be higher in the exhaust gas 
than later during the treatment procèss. As the process continues the volatile components 
will go through a phase controlled by the evaporation of the constituents from either the 
separate phase hydrocarbons or hydrocarbons absorbed by the soil particles. The evaporative 

L rate is generally less than required to reach saturation in the vadose zone when air is being 
forced through the vadose zone, so concentrations due to evaporation are typicalLy less than 
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Eduring flushing After evaporation has occurred in the predominant flow paths then the 

n volatiles diffuse from the less permeable soil deposits to the more permeable soil deposits 
L Diffusion occurs at a rate slower than evaporation Separately, as the microorganisms in the 

I"_ 

vadose zone respond to the mereased oxygen supply, more of the hydrocarbons will be 
L reduced biologically until equilibrium with the oxygen, food supply and nutrients is 

: achieved When the more volatile components of the contaminant are exhausted from either - biological reduction or volatilization, the less volatile components will continue to be 
r- reduced biologically 

r Because the concentration of petroleum hydrocarbons in the exhaust are likely to be greatest 
in the mitial phases of the operation and dimimsh rapidly during operation by the 

-' physicaL/chemical process associated with volatilization and biological reduction, the 
t_ monitormg will be performed more frequently during the first days of operatEon and less 

r-' 
frequently thereafter This momtonng is consistent with good practice during the startup of - new equipment and processes where frequent momtoring of the equipment perfonnance and 

rresponse of the vadose zone dunng the initial phases of operation allows for timely - 
modification during startup Lastly, because little design data was provided by the 

rin'estigations to date regarding response of the vadose zone to impressed pressu] e gradients h- 
the response of the vadose system to the treatment systems will allow modific ation if the 

Cdesign assumptions are not confirmed by the design verification study 

r 5 1 2 1 Monitoring and Sampling Locations 

n The following locations have been identified for the monitoring and sampling program. 
-L These locations include : I ) the metering for each horizontal extraction welihead and 

metering inside the equipment enclosure, 2) monitoring points, 3) soil moisture seasor 

5 1 2 2 Bio-venting Horizontal Wellhead and Metering 

- The airflow and vacuum will be recorded for each horizontal well These measur( ments will 
be taken at the metering in the equipment enclosure 

r. 
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TNumerous monitormg pomts will be installed at the site depending in part on the locations of - 
observed contamination during trenching The design drawings detail the monitoring points. 

Cincluding the depths of the screened intervals Induced vacuum will be measured at these 
. 

monitoring points. h. 
. 

.... 

.: 

.M; This will provide an indication of the pressure gradient mduced across the soil to be treated 
,Th and will indicate whether air is being moved through the targeted soil t- 
- The concentration of oxygen and carbon dioxide will be measured in the field at each 
L monitoring point In areas being pulsed with air this will indicate the adequacy of the air 

flow to provide oxygen to the microorganisms In areas restmg between pulsing, this will 
provide an indication of the uptake of oxygen by the indigenous nncroorgamsms reducing the 
contammants This will provide venfication that biological reduction of the contaminants is 
taking place 

L The moiswre of the soil ll be measured by the soil moisthre sensor Trends will be noted 
If a drying trend is detected then water will be added at the air infiltration gallenes to 

L humidify the air being forced through the soil targeted for treatment 

5 1 24 Bio-venting Exhaust Gas Concentrations t- 

Offgas will norbe treated. RID readings will be taken at these sampling ports during each 
monitonng event An analytical air sample will be collected to determ ne analyte 

Lconcentrations being removed from the ground 

5.1.2.5 Bio-venting Monitoring Program Parameters 

Table 5-1 presents the monitoring program for physical and chemical parameters The 
momtonng program will help to optimize system operation 

i. 
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TABLE 5-1 

BlO-VENTING SYSTEM MONITORING AND SAMPLING 

PROGRAM PARAMETERS 

Monitoring/Sampling Air Flow Vacuum VOC Petroleum Laboratory 
Location Rate (inches Concentration Hydrocarbon, Analysis (1) 

(SCFM) of 1120) by PID 02, CO2 (ug(L) 
(ppmv) concentrations Equipment Enclosure, (vapor * * S S * stream before the blower) 

Monitoring Points S S 
Sealed Cleanouts in each 5 5 s 
Horizontal Well (at metering 
enclosure) 
(1) Notes: 
VOCs by EPA Method T0-14 

5.1.2.6 Sampling Program Parameters 

flSamples for chemical analysis will only be collected from the ìnlluent sampling port inside 
the equipment enclosure. Sumnia® canisters are initially received from the laboratory with 
sufficient vacuum to overcome the vacuum generated by the treatment systeir i This will 
facilitate collecting the samples directly into the Summa® canisters without having to shut rl 

p off the system The gas samples collected during each sampling event will be analyzed for 
VOCs using EPA Methòd TO-N. 

5.1.2.7 Field QualityControl Samples 

No field quality control samples will be collected as part of the bio-venting system 
moñitoring. 

5.1.2.8 Monitoring and Sampling Stages 

For the purposes of the monitoring and sampling program, four stages have been developed 
for system operation. These stages are defined in Table 5-2. 
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5.1.2.8.1 Baseline Monitoring Stage 

Immediately priör to initiating remediation, it is necessary to determine the soil gas 

concentrations in the treatment area. Establishing a baseline field condition at system startup 
allows for better evaluation of system performance and progress of remediation by 
comparing changes in soil gas concentrations resulting from the system operation relative to 
undisturbed condìtions. 

TABLE 5-2 

MONITORING AND SAMPLING STAGES 

Baseline Stage Represents the period immediately prior to system startup. 
Start-Up Stage Represents the first five days of system operation during which 

monitoring nd siampling occur on an hourly to daily basis. 
Weekly Stage Represents the first month of system operation during which 

weekly monitoriñg and sampling occur. 
Monthly Stage Represents system operations after the first three monitoring 

stages are complete, during which monthly morutoring and 
sampling occur 

5.1.2.8.2 Stan-Up Monitoring, and Sampling Stage 

The start-up stage begins once the system is turned on and operating During the flushing 
phase, it is expected that the highest volatile contaminant concentrations will be observed in 
the extracted vapor Therefore, it is important to closely monitor the performance of the 
system during tart-up. During the start-upstage, monitoring will occur on a frequent basis 
to collect sufficient data for rapid evaluation, of system performance, and sampling will occur 
when the monitoring indicates the concentrations of petroleum hydrocarbons has peaked in 
the exhaust gas. 

- 

The duration of the system stan-up depends on both proper installation and operation of the 
system as well as on sòil and contaminant characteristics. Tt may take only a few hours or 
several days for the system to reach a steady-state flow condition depending on soil/air 
permeability and heterogeneity. For the purposes of this monitoring and sampling program, 
it is assumed that after one week of continuous operation, a near-steady-state regime will be 
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achieved in the subsurface formation. The scope of start-up monitoring and sampling will be 

limited to the first five days of bio-venting system operation. 

Monitoring will occur four times during the start-up stage. Physical and chemical parameters 
will be monitored at four hours, one day, and five days after bio-venting system start-up. 

5.1.2.8.3 Weekly Monitoring and Sampling Stage 

Following the first five days of system operation, the frequency of monitoring and sampling 
will be decreased to once a week for a period of three weeks. It is assumed that steady state 
will be achieved after the first week and contaminant concentrations, in the extracted vapor 
will begin to decrease. 

5 1 2 8 4 Monthly Monitormg and Sampling Stage 

Following the first month of system operation, the frequency of monitoring and sampling 
will be reduced to a monthly schedule Monthly monitoring and sampling will continue at 
the specified locations for the remainder of the first season of system operation. 

5.1.3 Reporting 

Quarterly progress reports will be prepared during system operation which summarize 
operational status of the system and present monitoring and laboratory analytical results. 
Additionally, the amount of time the system has been in operation, the amount of liquid 
collected in the moisture separator, and any problems encountered during operaticrn shall also 
be reported. The monitoring report will include a section on conclusions and 
recommendations for further mOnitoring. After two seasons of system operat:ion, a final 
report will be prepared evaluating system effectiveness and summarizing all the work done 
and data collected from the site. Recommendations for any necessary modifications to the 
monitoring and sampling program or bio-venting system operation will also be provided in 
the report. 
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5. 1 .4 Monitoring. Sampling, and Aziiflica1 Methodologies 

This section describes the monitoring, sampling, and analytical methodologies associated 
with performance evaluation of the treatment system. Whenever applicable, detailed 
operating procedures are provided in appendices. The procedures followed in this project 
will incorporate procedures detailed in the U S Army Corps of Engineers guidance document 
Engineering and Design, Chemical Data Quality Management for Hazardous Waste 
Remedial Activities, dated October 1 , I 990 

s i 4 i Monitoring Methodology 

System performance will be evaluated using real-time momtoring data obtained with direct- 
reading hand-held instruments and pennanently-installed system gauges System monitoring 
data will be recorded in a project dedicated field book 

Several thfferent types of direct-reading instruments are generally available for each type of 
measurement However, to promote standardization between each of the monitoring events, 
the same instrument or same brand of instrument will be used to take readings whenever 
possible Field instruments will be calibrated and maintained according to instructions 
supplied by the manufacturer Instruments are anticipated to be calibrated at a minimum of 
once each day that they are used at the site 

-\ The system will have permanently installed gauges to measure air flow rate, 

L vacuumlpressure, and temperature The gauges will be designed for use in a potentially 
explosive environment and will be selected so that system measurements are made near the 
midpoint of their ranges. 

5 1 4 2 Samplmg Methodology 

fl Soil vapor samples will be collected from the extraction welihead with Summa® canisters. 
Procedures for collecting Summa® canister samples will be in accordance with specific 
gmdehnes provided by the laboratory that supplies the canisters General samph collection 
methodology is described below 
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5.1.42.1 Sample Collection 

'fl The six-liter Summa® canisters will be supplied by the laboratory under a partial vacuum. 
The air inlet for the Summa canister will be connected to the extraction wellhead sampling 
port with polyethylene or tygon tubing Summa® canisters are initially received from the 
laboratory with sufficient vacuum to overcome the vacuum generated by the treatment 
system. This will facilitaite the collecting of samples directly into the Sumina® canisters 
without having to shut off the system Samples will be collected by opemng the sampling 
port valve and the inlet valve to the Summa' canister. Vapor from the welihead will then 
flow into the partially evacuated Summ? canister and the operator will close the valve when 
the pressure inside the canister reaches the level specified by the laboratory. 

r 

r 

r- 

r 

5.1.4.2.2 Sample Labeling an4 Record Keeping 

Sample labeling, which encompasses sample identification numbering, record keeping, and 
chain-of-custody procedures, will follow the guidelines presented in the QAPP 

5.1.4.2.3 Sample Handling 

Sample handling encompasses sample storage and shipping methodologies. Guidelines 
provided by the laboratory supplying the Sununa® canisters will be followed during the 
project. Soil vapor samples collected in Sumina canisters will not be placed on ice during 
transport to avoid condensation inside the sample container The samples will be handled 
and maintained under strict chain-of-custody during collection, transport, and laboratory 
analysis. An example of the chain-of-custody form that will be used during the project is 
provided in Appendix C. 

5.1.4.3 Analytical Methodologies 

BTEX, GRO, DRO, and other petroleum hydrocarbons have been identified as contaminants 
at the site. The analytical program for the system sampling plan has been developed to detect 
these contaminants in extracted vapor samples. 
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Air samples collected from the SVE system will be analyzed for VOCs using EPA Method 
TO-14. 

5.2 Quality Assurance Project Plan 

5.2.1 Project Overview 

The purpose of this Quality Assurance Project Plan .(QAPP) is to outline procedures the 
DOWL/Ogden JV iill use throughout work on the subject delivery order. 

This QAPP has been designed to meet the guidelines of the ADEC m accordance with I 8 

AAC 60 310 and 18 AAC 60 410 The QAPP was prepared using the ADEC guidance 
entitled Guidelines for Preparing Quality Assürance Project Plans with reference to the 
DRAFT Guidance Manualfor Underground Storage Tank Regulations 18 MC 78 Januaty 
1993 and Chapter 2 of the Underground Storage Tank Procedures Manual, September 22 
I 995 

The purpose of this QAPP is to outline laboratory methodologies and procedures specific 
compounds to be analyzed for, detection limits, quality assurance and quality control 
(QA/QC) entena, and assessment of data quality objectives (DQOs) The qualily assurance 
(QA) and quahty control (QC) measures utilized are to ensure that the chemical and field data 
on the samples collected are accurate, precise, and complete as defined by established 
criteria The procedures are the basis for achieving the goal of quality collection, analysis, 
and review of the Fort Richardson samples The DQOs assessment is designed as a guide for 
system operational changes and modifications based on the monitoring and sample analytical 
results The data will be evaluated to determine if further actions are warranted 

The QAPP is intended to address the sampling and testing to be performed dunng treatment 
system installation and monitoring. 
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L 5 2 2 Program Anproach 

rThe primary objective of this QAPP is to provide a methodology for air sampling of the 
. system to be installed at the RRFTA. The treatment system to be installed and operated as 

Lpart of this scope of work is designed to volatilize and biodegrade contaminatio in treatment 
. areas. 

EReference is made to Section 2 of this Work Plan to specific mfoation i egarthng site 

Cç 

hiStory including existing documents for historical information and available data. Specific 
reference is made to the design documents in Appendix A for the selected treatment areas 

f- identified as contaminated 
ç 

r In order to meet the proj ect obj ective stated above, this QAPP outlines a systematic approach 
_J to sample (data) collection, handling, preparation, and analysis The QAPP Wi] 1 address the 

r procedures concerning persoimel, data quality objectives, sampling procedures, sample 

: transfer log, equipment maintenance, equipment calibration, laboratory QAPP, precision, 
accuracy, and completeness of assessment 

',- 
¿- 

5 2 3 Protect Organization and Responsibilities 

5 2 3 1 Organization Chart 

The organization of the project team is outlined below 

r. .. 

r .: 
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Ruff Road Fire Training Area and Roosevelt Road Transmitter Site Leachileld 
Operable Unit A, Fort Richardson, Alaska 

Project Organization Chart 

I 
t 

Engineer Manager 
Corps of Et$neers. Masks District 

TRW Contract DACA8S-95-D-000Z 

r 

t 
L 

r 

r 
L 

Delivery Order Manager 
DOWlJOgden Joint Venture 

QAJQC Officer Laboratory Manager Site Safety Officer Pnncrpl lnvesti2ator DOWtJOgden Joint Venture Multichern Analytical Services DOWIJOgden Joint Venture DOWL'Ogden Joint Venture 
(MAS) 

Laboratory Technicians -. 
Multichem Analyticài Services 

(MAS) 

5.23.2 Key Persoemel Responsibilities 

Field Teehntctans 
DOWUOden Joint Venture 

The key personnel positions responsible for ensuring that the RRFTA project activities are 
conducted m accordance with standard and accepted operating procedures, includ ing QA/QC 
entena, are shown in the project organization chart shown above The duties ofeach position 
are described in the following text All DOWL/Ogden W personnel filling the,e positions 
shall be listed on the Qualified Personnel Form for DOWL and Ogden on file with ADEC. 

Engineer Manager: The Alaska District project director responsible for guiding the overall 
direction of the program. This individual shall be responsible for the final review and 
approval of all sampling procedures, reports, and field data. 

Delivery Order Manager: The individual acting as the lead person for DOWL/Ogden JV 
during the Fort Richardson project. This individual shall be responsible for ensuring that the 
outlined tasks and objectives of the QAPP are completed The accurate completion of the 
Fort Richardson field implementation includes ensuring that all samplmg protocol and 
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I 

:.;.:. . \ quality control measures outlined in this QAP? are met, proper field documentation is being 
performed, instrument calibrations are being performed correctly, and that the final reports 

U logically convey data necessary to ifilfill the sampling program objectives 

i: OA/OC Officer The individual responsible for review of any data for samples collected and 
verification of the accuracy and reliability of that data. The QAIQC officer is responsible for : ongoing review, monitoring, and evaluation of the field activities The QAIQC officer will 

r determine if data are acceptable for use in interpretations and will validate or supen ise 

-,w' 
validation of all data reports This mdividual will have a strong analytical chemistry 

- background, as well as experience in completing analytical data reviews 

L 
, . . ... : Principal Site Investigator(s) The individual responsible for conducting the sampling, -t' 

including all field QC, instrument cahbratipns, arid field documentation. These individuals 
will be experienced in the collection of soil and water samples arid shall be knowledgeable of : the sampling protocols outlined in this QAPP They will have knowledge of standards and 

r 
regulations applying to the sampling of soil and water, and meet the criteria de Finition of a 

J "qualified person" as stated in 1 8 AAC 78 995 

CField Technicians The field technicians are responsible for providing support in the field to 
the Principal Site Investigator These individuals will be assigned field work activities by the 

',- 
Principal Site Investigator, which may include implementation inspections, and monitoring 
activities, and will comply with procedures outlined in the sampling and analysis plan, work r 

-4 
plan, and this QAPP 

r' Laboratory Manager: This individual works for Multichem Analytical Services (MAS) This %I 
individual shall be responsible for ensuring that all the required laboratory QAIQC measures 

L 
are completed from the time that samples are received at their laboratory until th analytical 
results arrive at the DOWL/Ogden SV office This person will work closely with the 
DOWL/Ogden JV project manager to assure that the sample delivery is completsd efficiently 
and will help troubleshoot any potential problems encountered during sampling. Directing 
the lab assistants in completing the sample analysis shall be a primary duty of the MAS Lab 
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Manager This person is responsible for the review and validation of the analytical data 
before it is submitted in final form to the DOWL/Ogden W 

Laboratory Technicians: The laboratory technicians are responsible for completing. the 
laboratory's outlined internal quality assurance procedures. These individuals will follow 
these procedures and will work closely with the Lab Manager to meet the strict laboratory 
QA/QC criteria necessary to meet ADEC approval of analytical laboratories. 

. 

5.2.33 Changes to Organization or Key Personnel Responsibilities 

Any changes to either the described orgamzation, personnel, or responsibilities from the 
information provided in this document, will be reported directly to the Alaska District The 
changes will be transmitted as amendments to the QAPP Any amendments must be received 
by the Alaska District prior to or concurrently with any site-specific project activities or site 
assessment reports that are submitted subsequent to the changes 

5 2 3 4 Health and Safety Training 

All DOWL/Ogden W personnel working in the field during an environmental investigation 
in which contaminated materials may be encountered shall meet the requirements of 29 CFR 
1910 120 and shall have successfully completed 40 hours of health and safety training In 
addition, DOWL/Ogden W environmental personnel shall have successfully completed an 
eight-hour refresher course addressing health and safety issues within the 12 months pnor to 
participating in the field portion of any investigation Field personnel will have first aid and 
CPR trainìng. 

5.2.4 Quality Assurance Obi ectives for Measurement of Data 

5.2.4.1 Definitions 

In general, QA objectives are quantitative and qualitative goals needed to meet specific 
regulatory requirements. The QA objectives show the total acceptable error due to sample 
collection, handling, preparation, and analysis 
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The quantitative QA objectives deal with the.precision, accuracy, and completeness of the 
sampling process. 

Precision is defined as the measure of the variability or random error in sampling, sample 
handling, preservation, and laboratory analysis For purposes of this pian, precision is 
indicated by the relative percent difference in concentrations between duplicate samples. 

Accuracy is defined as a measure of the closeness of the individual measurement or average 
of a number of measurements to the true value. For purposes of this plan, accuracy is 
indicated by matrix analyte or surrogate spiked samples. 

Completeness is a measure of the amount of valid data obtained compared to the amount 
expected. For purposes of this plan, cori pleteness is calculated as the number of valid 
samples divided by the minimum number of required samples (expressed as a percentage). 

The qualitative QA objectives are representativeness and comparability of the sampling 
results Representativeness describes the degree to which the data charactenzc s the actual 
conditions on site Comparability expresses the level of confidence with which one data set 
may be compared with another. Standard operating procedures will be used for the 
collection, preservation, and analysis of the samples. Data will be reported in the same units 
of quantification and in accordance with ADEC reporting requirements 

5.2.4.2 Data Quality Objectives 

The objective for the monitoring and sampling to be conducted during this project is to 
document the installation and operation of the treatment system to be installed at the site. 

The pnmary data quality objective for monitoring of treatment system installation is to 
document the proper installation of the system, and identify locations of contamination if 
encountered. The primary data quality objective for monitoring the operation of the system 
is to verifij and document contaminant concentration in the bio-venting exhaust; verify and 
document degradation of the targeted contamination; and veriù, document and evaluate 
oxygen uptake 
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UContaminant mass removal rates can be used to evaluate the impact of the remediation 
system and are calculated using measured extracted vapor flow rates and concentration 
results gathered during the sampling program. Contaminant concentrations in the extracted 
vapor will typically rapidly decrease over time. The rate at which contaminant 

L concentrations in the extracted vapor decrease depends on the nature and extent of 
contamination, the response of the indigenous microbes, and site soil characteristics. For 
example, a rapid decrease in the contaminant concentrations in the extracted vapor could be 
due to low air permeability of soil or relatively low contaminant vapor pressure and Henry' s 
Law Constant (two parameters used to determine whether a compound will volatilize from an 
aqueous phase and exist in the soil gas) 

ri Pressure measurements at the monitoring points will ven a pressure gradient has been jinduced on the contaminated soil targeted for remethanon The establishment of a gradient 
J_' will infer the forced introduction ofoxygen to the targeted soil 

r-, 
Momtoring the concentrations of oxygen and carbon dioxide at the monitonng points will 

._) allow the evaluate of the presence of biological activity assumed to be reducing the 

r hydrocarbon contamination If biological activity is occumng in the targeted soil, then the 
L baseline line oxygen readings should be depressed and the carbon dioxide readings elevated 
#- As air is forced through the targeted soil, the oxygen level should increase and concentration 
L of carbon dioxide should decrease As the area rests between pulsed introduction of air, the 

oxygen level should decrease and the carbon dioxide level increase as tliLe microbes 
aerobically degrade the petroleum hydrocarbons 

's, Momtoring the moisture content of the soil targeted for treatment will assure that moisture - conditions in the soil remain suitable to support biological activity 

Based on these evaluation criteria, three cases have been developed to evaluate system 

- performance following the start-up monitoring and sampling stage 

1 

r-. b.. 
. .. 
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52421 Casel 

Case i refers to a situation where the baseline oxygen and carbon dioxide levels are nearly 
atmospheric and little response m concentration of these analytes is noted with time even 
with the presence of a measurable induced gradient, and no significarn difference in 
concentration of oxygen carbon dioxide or hydrocarbons from atmosphenc exists in the bio- 
venting exhaust nor is any uptake of oxygen measured between forced air pudses Case I 

conditions would indicate that the system is operating as designed, but not effective in 
treatment. The lack ofmeasurable gradient would indicate that the system is noi successfull) 
forcing oxygen through the soil targeted for clean up, a condition needing correction prior to 
evaluating the adequacy of bio-venting to this remediation If soil conditions are dry , then 
moisture should be added to condition of soil to a state more hospitable to mi roorgamsms 
before evaluating the adequacy of bio-ventmg 

52422 CaseIl 

Case H refers to a situation where the baseline level of oxygen is below atmospheric and the 
baseline concentration of carbon dioxide is equal to or greater than atmospheric; a 
measurable pressure response, increase in oxygen and reduction in carbon dioxide is noted 
while the horizontal well in the area is extracting vapor, and the oxygen level decreases and 
carbon dioxide level increases in the same area between pulses Case II conditions indicate 
that the system is operating as designed and the conditions are supporting biological 
reduction of the contaminants If the concentration of hydrocarbons in the exhaust is high, 
then soil vapor extraction is also taking place and the airflow rate could probably be reduced 
If the concentrations of hydrocarbons in the exhaust are small, then most of the remediation 
is being accomplished by biodegradation If the concentrations m the exhaust are 
nondetectable, then oxygen supply may be limiting the biological reduction of the 
hydrocarbons and the amount of air could be increased 
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)2.4L5 Case 111 

Case III refers to a situation where initially the conditions were as in Case II, but the oxygen 
uptake is decreasing, the carbon dioxide production is decreasing, the moisture conditions are 
adequate and the induced pressure gradient remains acceptable. Case III would indicate that 
the hydrocarbons used as a food source are being consumed and are limiting the biological 
activity Variation of water content in the soil or air supply could also limit the biological 
activity, consequently if the soil moisture sensor or pressure measuremeni s indicate a 
variation, it must be corrected to evaluate Case III 

TABLE 5-3 

DATA QUALITY OBJECTIVES 

Parameter Matrix Method Limit Precision Accuracy Completeness 
7 (ppbv) (%) (%) () 

Volatile 
Organics Air EPA TO-14 0.5-2 30 70-130 N/A 

(a) These methods refer to those described in Test Method for the Evaluation of Solid 
Waste Physical/Chemical Method, SW-846, 1 986, Environmental Monitoring and 
Support Laboratory, Cincinnati, OH 45268 The modified ADEC methods are 
available from ADEC Laboratory, 10107 Brentwood Place, Juneau 99801, (907) 
790-2169 

5.2.5 Quality Control Samples 

For samples that will be field tested and screened, no quality control samples will be 
collected No quality control samples will be collected as part of the gas sampling to be 
conducted during monitonug of the system 

5.2.6 Laboratory Quality Control for Air Sampling, S'VE System 

- Air samples collected during monitoring ofthe system will be analyzed for VOCs using EPA 
Method TO-14 

e- 
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Target detection limits for Method TO.-14 are provided in Table 5-3 

Laboratory holding times are 14 days for EPA Methods TO-14. 

5.2.6.1 Laboratory Calibration Procedures 

The project laboratory calibration procedures are specified in the appropriate analytical 
methods. 

: 

Calibration check standards will be analyzed before and after each batch of samples If the 
recovery for the standard is not within established method-specific acceptance critena, then 
corrective measures will be taken to remedy the situation This may involve the re-analysis 
ofthe samples 

5 2 6 2 Data QualiÍ'ing and Corrective Actions 

Analytical data generated with laboratory control samples (LCS) which fait within the 
established control limits will be judged to be in control Data generated with LCS that do 
not fall within control limits will be considered suspect, and the analysis will bt repeated or 
the results will be reported with appropriate qualifiers if re-analysis is not possible or 
necessary 

Corrective actions will be necessary if any of the following occurs 

QC data ai outside the warning or acceptable windows for precision and accuracy 
established for laboratory control samples; 

* Blanks containing contaminants at concentrations above the levels specified in the 
Laboratory Quality Management Plan for any target compound, 

e Undesirable trends are detected in matrix spike recoveries or relative percent difference 
(RPD) between matrix spike duplicates; 

Unusual changes in detection limits are observed; and 
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Deficiencies are detected by the laboratory QA director during internal and external 
audits, or from the results of performance evaluation samples. 

Corrective actions Will be handled initially at the bench level by the analyst, who will review 
the preparation or extraction procedure for possible errors, check the instrument calibration. 
spike and calibration mixtures, and the instrument sensitivity The analyst will immediately 
notify his/her süpervisor of the identified problem and what actions have bèen undertaken. If 
the problem persists or cannot be identified, the matter will be referred to the laboratory 
supervisor and the laborator) QA director for further mvestigation Once resolved full 
documentation of the corrective action procedure will be filed by the QA director, and if the 
data are affected, a corrective action memorandum will be prepared for the projec t file 

Examples of corrective actions may include, but are not limited to 

Reanalyzing suspect samples; 

Re-sampling and analyzing new samples; 

Evaluation and amending sampling and/or analytical procedures; 

Accepting data with an acknowledged level of uncertainty; 

Re-calibrating analytical instruments, and/or 

Rejecting the data. 

T, 5.2.6.3 Instrument Maintenance 

-, Preventive maintenance in the laboratory will be the responsibility of the laboratory 
personnel This maintenance includes routine care and cleanmg of instruments, as well as 
inspection and monitonng of camer gases, solvents, and glassware Details of the 
maintenance procedures are addresses in the respective laboratory's Standard Operating 
Procedures and Methods manuals. 

. ... 

r 
.. 

.. 
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Precision and accuracy data will be examined to determine if there is evidence of instrument 
malfunction. Maintenance will be performed when an instrument begins to change as 
indicated by the degradation of peak resolution shifts m retention times, a decrease in 
sensitivity, or a failure to meet method-specific quality control cntena 

5.2.6.4 QualityControl 

Surrogate spikes, method blanks, duplicates, and laboratory control samples, and laboratory 
duplicates will be analyzed by the laboratory. Matrix spikes and matrix spike duplicates are 
not applicable to the analytical methods being used for this project 

5 2 6 4 1 Surrogates/Surrogate Spike 

A surrogate is a compound added to every blank, sample and standard, as sp cified in the 
analytical methodology Following analysis, the surrogate recovery results will be analyzed 
to evaluate the accuracy of the analytical measurement on a sample-specific basis Results 
are expressed in terms of percent recovery of the surrogate spike amount 

Surrogates have only been established for EPA Method 10-14; these are listed in Table 5-4. 

TABLE 5-4 

SURROGATES 

- Surrogate 
Accuracy 

(% Recovery) 
Precision 
(%RIPD) 

Octafluorotolijene 70-130 ± 30 
Toluene-d8 70-130 ± 30 
4-Bromofluorobenzene 70-130 ± 30 

5.2.6.4.2 Method Blanks 

For this project, a method blank will consist of air that has, been certified analyte-free. The 
method blank will be carried through each step of the analytical method. The method blank 
data will be used to assess the presence of laboratory contamination during the analysis. 
Method blanks will be used for all three analytical methods. Method blanks willbe used at a 
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Cfrequency ofone per batch ofsamples (up to a maximinn of2O sanp1es per batch) Accuracy 
,- and precision criteria used by the laboratory for blanks are 70- 1 30 percent and ± 3 0 percent 
:_ respectively 

: 5 2 6 4 3 Laboratory Control Samples 

Laboratory control samples (LCS) are well-characterized, laboratory-generated samples used 
to momtor the laboratory's day-to-day performance of routine analytical methods Accuracy 
and precision criteria used by the laboratory for LCSs are 70-130 percent and ±30 percent 
respectively. The purpose of the LCS is to monitor the precision and accuracy of the 
analytical process, independent of matrix effects 

r The results of the LCS are compared to well-defined laboratory acceptance criteria to 
determine whether the laboratory system is "in control" The LCS offers the advantage of 
being able to differentiate low recoveries due to procedural errors from those due to matrix 
effects 

r! 

LCS will be used only for EPA Method TO-14 All target analytes will be spiked in the LCS 
r.'.' sample(s) LCS will be used at a frequency of one per batch of samples (up to a maximum 

of 20 samples per batch) 

H 5.2.6.4.4 Laboratory Duplicates 

Laboratory duplicates are used to assess the reproducibility of the analytical results 
Laboratory duplicates will be used for the analytical method, at. a frequency of one per batch r 
of samples (up to a maximum of 20 samples per batch). 

n 5 2 6 5 Data Validation 

r Since the primary purpose of the sample collection effort is to assess the thnctioning of the 
L SVE system and monitor the mass removal rate of contaminants, formal validation of the - analytical data is not warranted In addition, there are no procedures for validating air and 

soil gas sample analyses 

r 
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5 2 6 6 Laboratory Quality Control Document 

The project laboratory QC Document Provides information on typical laboratory calibration 
procedures and standards to be used during the sample analysis, additional information on 
laboratory QC samples, and information on the reduction of analytical data. 

5.2.7 Field Procedures . 

5.2.7.1 Field Measurements 
. 

A variety of saniplrng and field analytical equipment will be used during implementation of 
the treatment system Proper calibration, maintenance, and use of instruments i required to 
ensure the quality of all data collected An Equipment Calibration Log Sheet will be kept in 
the project dedicated field book for each instrument that has been affecied by use 
Equipment calibration log include 

Date of calibration, 

All data pertaining to the calibration procedures, 

Initials of analyst performing calibration, 

Adjustments made and the accuracy of the equipment prior to and following 
calibration, and 

Record of equipment failure or inability to meet specifications. 

The field equipment and calibration procedures for each instrument that will be used are 
described below 

Photoionizor Detector: A photoionizer detector will be used for on-site detection of organic 
vapors and gases from excavated soil and potentially contaminated equipment. The PID 
should be calibrated twice a day using a two-point standardization procedure. Compressed 
isobutylene gas will be used to calibrate the instrument over the O-200 ppm operating range 

r 
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Temperature Probe: The digital-readout temperature probe will be used to determine water 
temperature of samples during field testing. The temperature probe is calibrated by 

comparing five points on the scale to a factory-calibrated mercury thermometer once every - 

six months. 

Vacuum Gages: A set of three Dyer Magnehehc® will be connected in series and zeroed in 
the position that measurethents will be obtained. The ranges of the gages shall be O to 1 Inch 
of water, O to 10 mehes of water, and O to 100 inches of water to measure pressure response 
at the -monitoring points. An additional Magnehelic® gage will be used on site to measure 
the vacuum -in the horizontal well. The range of this gage shall be O to 15 psi. 

GasTech Model 32520X: The GasTech Model 325200X will be used to measure oxygen 
and carbon dioxide levels at the monitoring points and in the vapor extracted from the 
horizontal wells. The battery level will be cheçked prior to use to ensure prop-er operation. 
The air filters will be checked and cleaned or replaced, as necessary, prior to use. The 
instrument will be turned on and equilibrated for at least 30 minutes prior to calibration of 
obtaining measurements. The sampling -pump will be checked. The meter will be. calibrated 
each day prior to use against purchased O?cygen and carbon Dioxide calibration standards. 
The Carbon Dioxide calibration will be performed against atmospheric (0 05 percent) and a 
five percent standard. The Oxygen will be calibrated against atmospheric (20.9 percent) and 
a five percent standard and a zero percent standard in accordance with the manufacturer' s 

recommendations. 

GasTech Trace TechtorîM: The Trace TechtortM meter will be used to measure the 
concentration of hydrocarbons at the momtoring points and in the exhaust gas Prior to use 
the instrument will be checked and equilibrated and calibrated against two he5cane calibration 
standards (500 ppm and 4400 ppm) in accordance with the manufacturers recommendations. 

Other equipment that might be required during the field work will be calibrated according to 
the manufacturer's recommendations and/or generally accepted practice. 

- 
t 
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Moisture Meter:- The Delmhorst KS-Dl Digital Soil Moisture Tester will be used to observe 
variations in water content. Model GB-1 Gypum Block sensors will be installed in angered 
holes and bedded in silica flour. During installation, a sample of the soil at the level of 
installation will be obtained and tested for water content. Meter readings will be correlated to 
the soil sample results and to calibration curves found in the meters operating instructions. 

5.2.7.2 Exhaust Gas Sampling Methodology 

Soil vapor samples will be collected form the exhaust gas with Summ? canisters. 
Procedures for collecting Summa® canisters samples will be in accordance with specific 
guidelines provided by the laboratory that supplies the canisters General sample colleetton 
methodology is descnbed below Detailed procedures for sample labeling and handling are 
provided in appendices. 

5.2.7.2.1 Sample Collection 

The six-liter Summa® camster will be supplied by the laboratory under a partial vacuum The 
air inlet for the Summa® canister will be connected to the exhaust gas sampling port with 
polyethylene or tygon tubing The sampling port will be one-fourth inch steel pipe tapped 
mto the exhaust pipe and fitting with a quarter turn ball valve A one-fourth inch hose 
middle will be attached to the ball valve Samples will then be collected by opening the 
sample port valve and the inlet valve to the Summa canister Vapor from the t xhaust will 
then flow into the partially evacuated Summa® canister and the operator will close the valve 
when the pressure inside the canister reaches the level specified by the laboratory The QC 
duplicate (replicate) samples will be collected every three months by immediately attaching 
and filling a second canister after the pnmary sample is collected 

5.23.3 Field Record Keeping 

The record keeping tasks described below will be performed to provide documentation of the 
field activities that are traceable and defensible. 
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A bound project dedication field book will be maintained for all activities conducted at the 
site Notes on activities will be recorded with ball point pen, in the field book on a daily 

basis. Pencil will be used only if wet conditions prevent use of a pen- Entries will include at 
a minimum the following information: 

Date, beginning, and ending times of field work; 

Names of field team members; 

Names of persons contacted at the site or any visitors to the site; 

Conditions of the site and observations; 

Samples collected, time collected, and their location; 

Observations ofthe soil, surface watet and ground water, if encountered, 

Equipment used on-site, calibnton methods, and information gathered, 

Other operations performed, and 

Any other pertinent site activity information 

Each day's entry will begin on a new page and blank lines on the final page for each day will 
be crossed out to the bottom Daily entries will be signed by the person making the entry into 
the field book Any corrections to the log will be made by crossing out the errors with one 
line, initialing the deletion, dating the deletion, entering the correction, initialing the 
correction and dating the correction. 

If sampling is conducted dunng a day's field activity, the information about the samples and 
observations described above will be entered into the field book 
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5 2 8 Sample Collection and Management 

E5 2 8 1 Sample Designation 

T 
Each sample will be identified by a coded 10 to 13 digit sample number The sample 
identification number is composed of the year, week site number, location number, sample 

T depth, sample number, and sample matrix as shown below 

. 97 30 FR 01 05 1 AI 

L Year______ _____Sample Matrm 

r Week J 

Sample Number - 
Ft Richardson _____Sample Depth (as applicable) rt 

. 
;;.. 

i Location Number 
.. 

.: .::: .1 r Three designations will be used for the sample number, one represents a primary sample, two 

Lrepresents a duphcate sample (QC) for the proj ect laboratory, and three represeni s a triplicate 

r sample (QA) for the QA Iaboratoiy The sample matrix is identified by the following 
L abbreviations 

s SLforsoil, 

SD for sediment, 

Y.:H 

DR for drummed liquid/waste, 

MI for miscellaneous, 

L 
ST for stockpiledlcontarnenzed soil, 

r 
L WA for water, 

TKfortank and 

T Alforair. 
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5.2.8.2 Sample Containers 

Sample containers Used dat-ing environmental investigations conducted by the DOWL/Ogden 
JV will be new, pre-cleaned,. analytical grade containers. Table 5-5 presents the sample 
containers for use on this project 

TABLE 5-5 

SAMPLE CONTAINERS, PRESERVATION, AND HOLDING TIME 

Sample AIR 
PARAMETER . METHOD Holding Number and size of 

Time Sample Containers 
(Days) and Preservative 

[.1- 6 Liter 
Volatile Organics TO-14 jSumnia Canister 

s 2 8 3 Sample Handling and Storage 

Protocols for handling and storing samples once they are collected are intended to maintain 
sample integrity Sample handlmg and storage procedures for ground water samples shall be 
conducted following the guidelines set forth in the ("Management Plan for Operable Alaska" 
as applicable. 

Sample handlers will use clean, analyte-free, supplies and equipment wink collecting 
transferring, and packaging all sample materials Samplers will wear new nitrile gloves 
while handling any sample material These gloves are to be discarded after each sample is 
completed. Contact between the sample material and the samplers gloved hands will be 
minimal. 

For samples that are to be retained, sample containers will be labeled immediately following 
collection of the sample material Each sample will be identified by a self-adhesive sample 
label The sample identification number, the date and time the sample was collected, the 
material identification or sample type, the analysis to be performed, and the initials or 
signature of the person collecting the sample will be written in indelible ink on c ach sample 
label. 
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: 
: - Air samples will be stored in a cooler Ice will not be used 

EDelivery ofthe samples to the laboratory will be prompt to ensure that holding times are met - 

n 5.2.8.4 Sample Custody 
-. 

A chain-of-custody form will be completed for each sample cooler delivered to the 
. : laboratory Every sample that is submitted for analysis will be listed on a chain-of-custody 

. 

form The chain-of-custody foim will fünction as the chain-of-custody record for the sample 
b- aiid as the receipt-for-sample record for the laboratory The forms will be m triplicate using 
- carbonless paper and the original will always remain with the samples An example of the 
L_ chain-of-custody form is found in Appendix C 

: The Principal Site investigator will be responsible for ensuring that the samples are properly 

r- labeled packaged, and delivered to the contract laboratory with a chain-of-c ustody form 
L which has been completed, dated, and signed When ttnsfemng custody of the samples, the 

r' 
custodian will sign and record the date axid time on the chain-of-custody forni Each person 

, who acquires custody of the samples will be required to sign and date the appropriate section 
Ç-, OU the chain-of-custody form 

- If possible, samples will be delivered to the contract laboratory at the end ai each day's 

- sampling operatons If samples require shippmg, they will be shipped via air express in a 

r cooler with thecompleted chain-of-custody form taped to the underside of the cooler lid, the 
b cooler securely sealed with tape, and custody seals in place During the time between 
r collection and shipping, the samples will remain in the possession of the DOWL/Ogden iV 
-) Principal Site Investigator The air shippers bill of lading or airwaybill will be retained as r part of the chain-of-custody record for that period of time that the sample is in route to the 

laboratory from the Principal Site Investigator. 

Upon delivery of the samples to the contract laboratory, an inspection will be made of the 
containers to confirm that the containers integrity have not been compromised during 
shipment If any of the sample container seals appear to have been broken or are loose, the r.. .. ... .... .. .. 
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samples will be considered suspect and the collection of new environnental samples may be 

required. 

5.2.9 DataReporting 

DOWL!Ogden JV has contracted a project laboratory for the analytical testing for this 
project The Quality Control Document for this laboratory shall remain on file at the 
DOWL!Ogden JV office and will be provided to both the Alaska District and the ADEC at 
their request 

It is the responsibility of the project laboratory to perform all laboratory calibration 
procedures and maintain all approved standards according to accepted laboratory and EPA 
approved practices In addition, the project laboratory will perform and certifs' all QA/QC 
procedures, performance audits, and data validation and reduction computations, and will 
provide the DOWL/Ogden SV with the required Data Deliverable package necessary for the 
DOWL/Ogden SV personnel to review and validate the analytical results 

LaboTatorv data will be submitted to the DOWL/Ogden JV by the project laboratory no later 
than 30 days after the laboratory receives the samples The Alaska Distnct will be 
responsible for transfer of any pertinent information or report copies to the ADEC 
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6.0 WASTE MANAGEMENT 

The OW plan outlined herein establishes an approach to the handling, transport, and storage 
of the 113W. Handling of 113W will be in accordance with EPA document 540/0-911009 
"Management of Investigation-Derived Wastes." 

6.1 Miscellaneous Decontamination Trash 

All miscellaneous trash will be segregated from other 10W and collected in plastic bags upon . 

generation and marked with a Non-Regulated Waste Label with 

s Firm Name 

. Date 

. Location 

. Contents 

Miscellaneous decontamination trash will be collected in plastic garbage bags and disposed 
of at an acceptable solid waste disposal facility 

6 2 Other Wastes 

An element in the design of this remediation system was the minimization of waste 

Field screening of the soil excavated at RRFTA during the shallow trenching may identify 
near surface contamination As the shallow trenching will be inside the treatment areas any 
identified contaminated soil will be returned to the trenches as backfill to be addre ,sed as part 
of the remediation program. 

The location of any identified contaminated soil will be documented in the field logs, 
inspection reports, and the letter report 

Page 6 - I 



J FAL . 
. DACA85-5-D-OOO8. 

Work Plan Treannent Systems Demonstrations & Design Verification Study 
t" 

7.0 REFERENCES 
H. 

- Alaska Department of Environmental Conservation (ADEC) (1995) Underground Storage 

Tanks, Title 18, Alaska Administrative Code, Chapter 78, as amended through 

November 3, 1995. 

Alaska Department of Environmental Conservation (ADEC) (1994) Dnnking Water Title 
- 18, Alaska Administrative Code, Chapter 80, as amended through November 10, 
k... 1994 

JAlaska Department of Environmental Conservation (ADEC) (1990) Interim Guidance For 
Surface and Groundwater Cleanup Levels, September 26, 1990 

Decision Summary, Record of Decision for Operable Units A and B, Fort Richardson, 

EAnchorage, Alaska, January 1997, Working Draft No 1 

Ecology and Environment Site Investigation Report and Fire Training Pits at Fort Richardson 
and Fort Greely, Alaska, September 1993 

EEcology and Environment Final Feasibility Study, Operable Unit A, Ruff Road Fire Training 

Area, Fort Richardson, Alaska, Contract No DACA8S-93-D-0009, DO No 38, 
L 

. November 1996. 

r- .. 
: . 

: 

L Kenneth W Simpson Mauer General, USA Commanding Decision Doc ument for 

r Environmental Cleanup Action, Ruff Road Fire Training Area, Fort Richardson, 
Alaska 

E Meeting November 18, 1997 DOWL - Fort Richardson 

Page7-1 



H 
L: 

(H 

L 

L 

r APPENDIX A 
L 

DESIGN DRAWINGS 

Note: The design drawings presented in this Appendix have been 
r reduced to 11" x 17 from a 24" by 36" format. This results in 
I scales not as indicated on the drawings. L 
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STANDARD OPERATING PROCEDURE 201 

FIELD SCREENING OF HAND-AUGERED AND GRAB SAMPLES 

LO OBJECTIVE 

The objective of this procedure is to define the requirements and methods for field screening hand- augered and gräb samples. 

2.0 BACKGROUND 

The use of field screening samples for either hand-augered or grab samples allows field teams to develop a general understanding of contaminant profiles with the objective of optimizing confirmation sampling activities. Consistent sampling procedurés help to ensure uniformity of results and to reduce either false positives or negatives. Field-screening analysis of surficial grab samples or surficialThhailow subsurface hand-augered samples permits (1) a more informed selection of samples to be analyzed for contamination at an off-site laboratory, or (2) a preliminary/cursory investigation of shallow soils contamination by on-site analytical equipment 

3.0 RESPONSIBILITIES 

Site Manager: The Site Manager, or Field Team Leader, is responsible for ensuring that field activities are completed to meet the project objectives, are conducted iii accordance with thé project plans and requirements, and that all activities are performed according to the respective procedures. The Site Manager is responsible for ensuring that all site personnel are trained in the procedures, that the procedures are adhered to, and that all activities are documented. 

Field Team All members ofthe field team (samplers, technicians, field geologists, engineers, etc ) are responsible for understanding and implementing this field procedure as well as ensurìrg that all of the team members also perform in accordance wrth this procedure 

It is the responsibility of all field personnel to identify, document, and submit recommendations to improve the quality, usability, and implementability of this procedure. 

4.0 REQUIRED EQUIPMENT 

The equipment for sampling and transporting soils to the on-site analytical laboratory for screening analyses is as follows: 

certified clean sample containers of the appropriate size and material for specific analysis, 
latex gloves, 

. clean stainless steel spoon or :spaa, 
e labels; 

r' 
L 

: 

--,--- =- = , 
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..... 

:_ 
H 

. coolers and ice, 

. chain-of-custody (COC) forms, 
U 

. portable organic vapor detector [i e , flame iomzation detector (FID) or photoionization detector 
ifvoaii1e organic compounds (VOCs) are expected to be present, and q 

e field logbook 
.. .. .. ... .. 

If surficial or relatively shallow subsurface soil contamination (especially VOCs) is to be investigated at 
çC 

the site by screethng analyses, the following equipment will be ñeeded: : ... . 

t certified clean glass sample containers or zip-top type bags, j 
. aluminum foil, . 

. latex gloves, 3 

. cleai stainless steel spoon or spatula, : 

. labels, J 

.. portable organic vapor detector (i e., FTD or PID), änd 
J 

. field logbook 

5.0 PROCEDURES ii 
The procedures for collecting field-screening samples for on-site screening analyses/analysis are 

i Screen the sample with an organic vapor detector Using gloved haiids and the spatulalspoori, 
LI 

remove the soils from the bucket auger or collect the grab sample directly from the sampling device 
and place the reqmred sample volume mto the coitainer(s) designated for on-site analysis/analyses I 11 

If the sample is to be sent for off-site analyses, the remainder of the sample will be placed in the 
appropnate laboratory-provided containers Excegs sampled soils will be disposed ofas stated in the 
project Work Plan Sleeved VOC samples that will be held for potential off-site laboratory analysis 
will not be disturbed by screening sample collectióh but will be cappéd and properly stored 

2. Complete and affix a label onto the sample coniain . . . 

9 
3 The sample will be transported directly to the on-site laboratory, or several samples may be retained r 

and placed in a coler with ice imtil thé batch is tränsorted to the laboratciry. . 

11 

4 A completed COC form will accompany each sdmple or batch of samples to the on-site laboratory 
and will be signedand dated by the appropriate parties when receiving or relinquishing the samples. 

Soil contamination can be csonly investigated by field screening analysis at the site by the following J 
procedures: 

I. Determine and stake the sample-collection locaiions and collect the hand-augere or grab samples. j 
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2 Using gloved hands and spanila/spoon, fill either a clean container or zip-top type bag approximately one-half to two-thirds full with soil and tightly seal the zip-top type bag or tightly cap the clean fl container with a piece of aluminum foil. 

3. Properly identify the sample. 

4. Allow the sample to set for approximately 30 min lita warm environment (e.g., the sun br a heated 'S car). 

5. Pierbe the aluminum foil or the zip-top type bag with the sample probe of the organic vapor détector ç,.. and record the highest initial reading from the container's headspace in a field book. 

6. Dispose of the soils and containers as stated in the project Work Plan. 

r 
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STANDARD OPERATING PROCEDURE - 329 

FIELD MEASUREMENT OF SUBSURFACE 
GASEOUS ANALYTE CONCENTRATIONS 

1.0 OBJECTIVE 

The objective of this procedure is to define the requirements for field measùrements of subsurface gaseous analyte concentrations. 

2 0 BACKGROUND 

Field measurement of gaseous concentrations of oxygen, carbon dioxide and hydrocarbon is often conducted for evaluation of bioventing biosparging and testing to verify the radius of influence for these technologies. 

3.0 RESPONSIBILITIES 

Site Manager: The Site Manager, or Field Team Leader, is responsible for ensuring that field activities are completed to meet the project objectives, are condùcted in accordance with the project plans and rquìrements, and that all activities are performed according to the respective procedures. The Site Manager is responsible for ensuring that all site pçrsonnel are trained in-the procedures, that the procedures are adhered to, and that all activities are documented. 

Field Team: All members of the field team (samplers, technicians, field geologists, engineers, etc.) arc responsible for understanding and implçmenting this field procedure as well as ensuring thüt all of the team members also perform in accordance with this procedure 

It is the responsibility of all fi&d personnel to identify, document, and submicrecomrnendations to improve the quality, usability, and implementab-ility of this procedure. 

4.0 REQUIRED EQUIPMENT 

Vacuum-pump. 

Gas tech Model 32520X CO2/02 analyzer or equal. 

Photoionization detector. 

Calibration equipment. 
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Magnehehc gage set 

5.0 PROCEDURE 

5.. i Field Measurement 

'j9. 

y 
- ]:ì 

- 

-:-:.-:..:i 

Prior to sampling, the sampling point will be pured as required for gaseous concentration to stabthze j without drawing atmospheric air 

) i; 

5.2 Carbon Dioxide/Oxygen Concentatiops ! J 
Gaseous concentrations of carbon dioxide (CO2) and oxygen (02) will be analyzed using a Gas lech 
Model 35240X CO2/02 analyzer or equivalent The batteiy charge level will be checked to ensure proper 
operation The air filters will be checked and if necessary cleaned or replaced before each d lys field 
measurements The instrument will be turned on and equilibrated for at least 30 minutes before conducting 
calibration or obtaining measurements The sampling pump of the instrument will be checked to ensure 
that it is functioning Low flow of the sampling pump can indicate that the battery level is low or that 
sediment is trapped in the pump of tubing 

Meters will be calibrated each day prior to use agairt ürèhased CO2 and02 calibration standards. These 
standards vill be selected to be in the concentration range of the soil gas to be sampled The CO2 
calibration will be perfonned against atmospheric CO2 (O 05 percent) and a five percent standard The 02 
sviti -bé calibrated using aürtospheric02 (209 pêrcent) and against a five percent and zero percent 
standard For each calibration point a one liter Tediar bag will be filled with the calibration gas The 
instrument is then calibrated against the standard gas in accordance with the manufacturer's instructions 

5.3 -Hydrocarbon Concentrations 
- 

Gaseous concentrations of organic vapors ill be nalyzed using a Photoionizer Detector (PJD) The PfD 
should be calibrated twice per day using a two-poidt sahdardization procedure. Compressed isobutylene 
gas will be used to calibrate-the instrument over the 0-2Q0 ppm operating range. 

5.4 Pressure Monitoring 

Wells and monitoring points will be fittèd with caps that are tapped for quarter inch pipe thread Quartr 
turn bail valves will be installed in the tap The ball valve will terminate in a 3/16-inch hose nipple The 
bali valve will remain closed beteen monitoring events Prior to opening the well or monitoring point for 
field monitoring sampling, a magnehe-iie gage set will be connected to the hose nipple the valve opened 
and the static pressure in the well or monitoring point will be recorded The magnehelic gage set will 
consist of three gages with one gagc in each of the following ranges (in inches of water) zero to one-inch 
zero to iOinches, and zero-to 100 inches. 

i jHS 
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STANDARD OPERATING PROCEDURE - 601 

FIELD EQUIPMENT DECONTAMINATION 

L 
1.0 OBJECTIVE 

» 

V> 

LThe objective of this procedure is to describe the proper procedures for decontaminating sampling equipment used to perform field investigations. 

L 2.0 BACKGROUND 

Decontamination of field equipment is necessary to ensure that chemical analyses reflect actual 
concentrations at sampling locations by maintaining the quality of samples and preventing cross- 
contamination. Further, decontamination reduces the health hazards to field personnel and prevents the spread of contaminants off-site. : 

3.0 RESPONSIBILITIES 

rSite Manager: The Site Manager, or Field Team Leader, is responsible for çnsuring that field activities 
rI are. completed to meet the project objectives, are conducted :th accordance with the project plans and requirements, and that ali activities are performed according to the respective procedures The Site 

r' Manager is responsible for ensuring that all site personnel are trained in the procedures, that the 
L procedures are adhered to, and that all activities are documented 

- Field Team All members ofthe field team (samplers, technicians, field geologists, engineers, etc ) are responsible for understanding and implementing this field procedure as well as ensuring that all of the -J team members also perform in accordance with this procedure. 
r' the responsibility of all field personnel to identify, document, and submit recDmmendations to 
te-? improve the quality, usability, and implementability ofthis procedure. 

4.0 REQUIRED EQUIPMENT 
- 

4.1 Definition And Equipment 

Sampling equipment includes split spoons, liners, hand augers, bauers, bowls, knives, scoops, water samplers, nondisposable filtration equipment, or any equipment that directly contacts samples Equipment necessary to complete decontamination procedures includes: 

5-gal or larger plastic buckets andlor troughs, 

laboratory-grade detergent phosphate free); 

stiff-bristle brushes capable of cleaning the inside and outside of equipment: 
Teflon sprayers or wash bottles, or 2- to 5-QaLmanualpump sprayer (pump sprayer material must be compatible with the solution used): 
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plastic sheeting; 

disposable wipes; 

aluminumfoil; 

potable water; 

deionized, organic-free water [American Society for Testing and Materials (ASTM) Type II or 
equivalent] [high-pressure liquid chromatography (HPLC)-produced water is not acceptable] (Note 
the equivalent of ASTM Type :11 Mater can be processed on-site by using a mobile 
deioniza.tionlorganic filtration system), 

gloves, goggles, and other protective clothing as: specified in the site-pecific Health and Safety Plan; 
and 

. ., steam cleaner 

5.0 PROCEDURES 
: 

5 1 General Procedure 
: i 

- - l__s-f 
Before samples are collected, the equipment used to côllect water, soil, sediment, and other samples will 
be decontaminated by the following method . . S ' 

! . 

.. .. . ± : t'.1i/. .: 

i Set up a decontamination line ori plasticsheetingr on a table covered by aluminum fO il(shiny side 
away from equipment) The decontamination area should progress from ttdirty" to "clean" and end 
with an area for diymg equipment At a minimum, clean plastic sheeting must be used to cover the 
ground, and plastic sheeting or aluminum- fo1l must cover tables or other surfaces where 
decontaminated: equipment is to be placed t 

2 Dislodge as much loose dirt as possible from equipment before beginning the decontamination 
process Wash the item thoroughly in a bucket or trough of soapy water Use a stiff-bristle brush to 
dislodge any clinging dirt. Disassemble ah itéms that might trap contaminants intérnally before 
washing. 

3. Rinse in second bucket or trough cohtarning ia water Panse water should be replaced as necessary 
(generally when water is cloudy) 

4. Repeat step 3 in a separate bucket or trôugh(Oj3tibriäl) 

5. Using a handsprayer, rinse the item with ASTM T'pe TI r eqùivalent water over a ep&ate bucket. 

6 Ifthe equipment will have time to fully air dry before its next use, allow to air dry lithe equipment 
will not be allowed to filly air dry, repeat step 5 before reassembling or using any equipment. 

7. If equipment will not be used immediately aike drying, wrdp in aluminum foil (shiny side out) for 
storage and transport 

t 

8 Record decontamination protocol, equipment types, and date in the appropriate logbook at each 
occurrence. . 

Ti 
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9. After decontamination: activities are çomplte, collect all contaminated waters, solvents, plastic sheeting, aluminum foil, disposable gloves, boots, and clothing Place contaminated items in properly labeled containers for disposal. Liquids and solids must be drummed separately. 

5.2 Downhole And Heavy Equipment 

Downhole equipment òonsists of nonsanipling tools such as hollow-stem augers, drill pipe, bits, casing, and screen. Drill rigs, backhoes, and other heavy machinery are also included. Equipment necessary to complete decontamination procedures includes 

plastic sheeting; 

metal, wooden, or plastic sawhorses or other stands; 

laboratory-grade detergent @hosphate free); 

steam cleaner; 

stiff-bristle brushes; 

. 2- to 5-gal manual pump sprayer (pump sprayer nust be compatible with the solution used); 

deionized, organic-free water (ASTM Type II or equivalent) (HPLC-produced water is not acceptable); and . » : 

. gloves, goggles, boots, and other protective clothiris as specified in the site-specific Work Plan 

Before drilling, sampling, excavating leaving the site, and in between each locaiton, all drilling equipment used iii field sampling activities must be decontaminated. All downhole augering, drilling, and sampling equipment shall be sandblasted (off-site) if it is new, painted equipment (such as split spoons or auger flights) or exhibits build-up of rust or caked material. Heavy equipment not directly used for sampling will be decontaminated at a designated area designed to contain decontamination wastes and waters. The following steps must be taken when decontaminating this equipment: 

1. Set up a decontamination pad that is large enough to fully contain the equipment i.o be cleaned. 1f practical, a centralized decontamination area should be established. This area should be set up to contain contaminated rinse waters and may be constructed using one or more layers of heavy plastic sheeting with bermed sides, a lined excavatéd pit, or a bermed concrete or asphalt pad. The decontamination area must be constructed so that fluids can be easily pumped from the area to holding containers. 

2. Set up a "clean" area upwind of the decontamination area to receive cleaned equipment for air drying. At a minimum, clean plastic sheeting must be used to cover surfaces on which decontaminated equipment is to be placed. 

3. Don personal protective equipment as specified in the site-specific Health and Safety Plan before beainning cleaning activities. 

4. For heavy equipment, spray areas exposed to contaminated soil using steam-spray unit. Be sure to spray down all surfaces, including the undercarriage. lt is also good practice to clean the motor, hydraulic lift, oil fill. and the! tank area to avoid introducing contadiination at the work site. 

:... ... ..:: . 
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It 

UI 

5 For smaller equipment such as augers, place the ôbjcts to b cleaned on metal or plastic-covered 
wooden sawhorses or supports Using the steam-spray unit, spray the contaminated equipment Be 
sute to spray insidecorners and gaps especiallywell üsing a brush, ifnecessary, to dislodge dirt. 

6 For steps 4 and 5, aim the sprayer downward as much as possible to avoid spraying outside the 
decontamination area 

7 Ifthe condition of downhole or heavy equipment warrants using hot soapy water in the steam-spray 
unit, rinse the equipmetit with clean, clear tap watçr following the steSi spray. If using steam; the 
rinse is not tiecessary ifthe steam does not contàin â detergent. 

8 Remove the equipment from the decontamination rea to the "clean' area to dry 

9 Record decontamination protocol, equipment types, and date in the appropriate logbook 

10 After decontamination procedures are complete, or any time the decontamination fluids fill the 
bermed or contained area, collect all decontamination fluids and transfer them to appropriate 
containers Place all plastic and personal protective equipment into appropriate containers All 
containers must be labeled properly for disposal. Liquids and solids must be stored separately. 

5.3 Pumps And Pump Assemblies , 

f'... 

j ti 
J 

9:. 

Any pump in which potentially contaminated fluids come into contact with any part of the pump 
equipment requires decontamination This requirement does not include penstaltic pumps Dedicated J 
tubing should be used for penstaltic pumps so decontamination will not be needed Ifilie tubing is to be 
reused, it must be properly decontaminated Equipment neëessary to complete decontamination r) 
procedures includes. b 
. ASTMTypeTlwater, " 

. plastic sheeting, 

. sûfficient containers, two for decontamination procedure and one for waste water; 
I 

. laboratory-grade detergent (phosphate free), and 

. gloves, goggles, boots, and other protective clothing as specified in the site-specific Work Plan. U 
Following The use of a pump for development, pürging, andlor sampling, the pump should be 
decontaminated by the following method. . 

J 
1 . Set up-containrs in a line on the plastic 

: ». : H 

2. Add potable water with detergent to the first container, add potable water alone to the second J 
container There should be sufficient water to accomplish the decontamination procedure in each 
container (Note before using pumps, check state and regional guidance on the use of a 
detergent rinse. Detergent rinse of pumps is not allowed in all areas.) U 

3. Place one container close enough to the decontamination area to collect the spent decontamination 
fluids. 

J 

ï' 
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4. Piace the pump in the first container, and pump enough water through it to eqùal at least three pump- 
and-pump-hose volumes Pump the water into the waste drum Move the pump to the second 
container and repeat. Rinse out and fill the second container with ASTM Type II wäter and repeat 
again. 

. . , 
: 

s Record decontamination protocol, equipment types, and date in the appropnate logbook 

6 After decontamination activities are complete, collect all contaminated water solvents, plastic 
sheeting; aluminum foil; and disposable gloves, boots, and clothing. Place contaminated iteri-is in 
properly labeled drums fordisposal. Liquids and solids must be drummedseparately. 

6 0 RESTRICTIONS AND LIMITATIONS 

Filtering ofsamples, when required, should be done in the field as quickly as possthle The sample shall 
be preserved immediately after filtration Three basic filter systems are typically used an in-line 
disposable filter, an inert gas over-pressure filtration system, and the vacuum filtration system For systems where disposable filters are used, decontamination is not required The filters should be 
discarded after the desired sample is obtained For reusable systems, decontamination procedures for 
sampling equipment are fouzid in Section 4 0 

ASTM Type II water can be produced on-site with a mobile filtration system If field-produced ASTM- type water is used, blank samples should be taken and analyzed to ensure the purity of the water 

H 

. 
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5&3 Post-Perrnabiiiw Test Soil baMonitonng 

Immediately after comp1euoof the paiiwabiliry st. sod gas rnp1es wfl bc 
collected from the vent weil the backúnd w11, and all momranng points. and analyzed for 
02. CO andhydrocarbons. Ifiht O côncâraûou in the vent well has incrtased by 59'o or 
more 02 CO wil.1 be monitored in tIe YCU well in a manner similar to that dcscnbcd 
for the monhtûflflg points w the in sim rsp1rflDOn test. (Initial monitoring may be less 
frequènL) The monitoring will provide .äddiûonal in sim respinxion dan for the site. 

.. :. 
... :.: ... 

5 7 111 Situ Respuanon Test - 

The in situ respiration test will be conducted using four screened intervals of the 
monitoring points and a backpound welU The rtsuks from this test will deztmint if in situ 
microbial activity is occurring and ¡fit i&C)-limited.. 

r 
5.7.1 Test Implementation 

-r 

Air with I to 2% helium will-be injected into the monitoring points and back- 
gound well Following injection the chanie of O, CO,. total hydrocarbon. and helium in 
the soil gas will be meurcd over urne Helium will be used as an men utter gas to assess 
the extent of diffusion of soil gases within üe aerated zane If the background well is 
screened over an interval of greater than IO IL the required iir injecdon rate may be too high 
to allow helium injecuvn The background monitonng point will be used to monitor natural 
degadaúon of. organic mauer in the soiL k sc1iemanc of the epparatus to be used in the in 
situ respiration test is presented in flgur 2-9 

: . 
The Q. CO. and total hythocúrbon levas will be measured at the monitoring 

: points belote air injection. Normally. air ,will be injected into the ground for t least 20 hours 
at rates ranging from i O to I 7 cftn (60 to IOU ciii) Blowers ro be used will be diaphragm 
compressors Model 4Z024 trorn Grainger (or equtv.ilent) with a nominal capacity of I 7 dm 
(100 cth) at 10 psi The helium used as a tracer will be 99% or zrtner purity which is 
available from most welding supply stores Th& flow raze of helium will be adjusted to 0 6 to 
I O cth to obtain about 1% in the final air micture which will be injected into the contxninat- 
ed area Helium in the soil gas will be measured with a Marks Helium Detector Model 9821 
(or equivalent) with a minimum sensitivitS' of 001%. - 

t 
After air and helium injection is completed the soil ps will be measured for Q 

co2 helium and tout hydrocarbon Soil ga will be ectracted troni the contaminated area 
with .i soil gafls sampling pump svtein similar to that shown in Fi2ure 5- 1 Typically 
measurement ot the soil gas wtll be conducted at 4 6 and 8 hours and then every 4 to 12 
hours depending on the rate at whiLh the oiygen is utilized It oxyien uptake is rapid more 
frequent monitoring will be required. lt itis slower. less frequent readin wjll be acceptable. 
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. 

&t shallow monitoñng points. that is a risk of puffing in au-ncisphac air in the process of purging and sampling. Excessive purpug and saitphng may msult in cnoncous rtathngs. There LS flO benefit in over mphng. and when sampling shallow pomts cart will be taken to mmxinize the volume of air exuagnon. In the ases. a low-flow extacnon pump öl about 0.03 to 0.07 tIm (iO ro tO cíE) will be used. FIeld judgment will be rtquxrtd at each site in determining the wi1mg ñtuency Table 5- pmvxdcs a summary of the VZI1OUS p3ramtterS whjth will be measured and thor frequency 
The in smi respiranon test will be ennmawd when the oxygen level is about 5% or after 5 days of sampling The tempcnrue of the soil before air mjecuor arid after the in smi repiraon test will be recordet 

5.7.2 Dan Interprttarior, 

Data from the ¿ri situ rrsptrauon and atr permezbthty tests will be sumrnanzc& and their 02 uülizztion ntes. air permeability. and. R will be compuzccL Further dctails on dan interpretanon arc presented in Secuons S 7.11 and 5.722 
5.7.11 Oxygen Ufihinñon 

: 

Oxygen uulizznon ntcs will be determined from the da obtasned during the bioventing ttsts The ntes will be czicubttd as the percent change in O ova urne. Table 5-2 conu.rns the two sers of sample thn whtch are tlltisrat in Fiatre 5-2 The O, unlizauon rute ts dctcrmrned as the slope of the (1% vs. urne line. A zero-orda ttspirauon rate as seen in the Failori NAS data is typical of most suez however, a fairly rapid change in oxygen levels may be seen as in the data from. Kenai, Alaska. In the later, the oxygen uuùzanon nte was obtained from the xnival linear pomon of the respiration curve 
To estimate biodeadation rates of hydrocarbon from the oxygen utilization nies. n stolchiorneu-ic relationship for the oxidation of the hydiocarbon will be used.. Hexane will be used as the representative hydrocarbon. and the stoichiomen-ic relationship used to determine degradation nies will be: 

+ 9.5 0 óc2 + 71-LO 

Based on the utilization rutes Cchante of oxygen [%J per day). the biodegadaúon rate in ienns of mg of hexne-equivent per kg of soil per day will be estimaredusinz the following equation. 

K9 = -K0AD0 C/IOU 
(I) 

= biodegrudathon rute rn'2/k day; 
=-. oxven utilization. r.ite ipercent per davi 
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T 

A = volume of air/kg of soil Cl/kg) 
= density of oxygen zas (mg/I) 

C = mass ntho of hydrocarbon to oxygen required for mincnlizaúptt 
Using several assùmpdons. values for À. and C can be calculated and subsúruted ¡nro equation I. Assumptions used for these calculañons are: 

Porosity of 03 (the air-filled porosity, which can range from 01) to 06 depending on the sue soils and vanes with moisture content in any given soil) 

Soil bulk density of! 440 kWm 

TABLE 5-2. Sample Dati Set for Two In Situ Rpintion Tts 

Fallon NAS, Nevath 
(Test Well ¡U) 

Kenai. Alaska 
. (Test Well K1) 

Time 

(Hours) O,(%) C04%) 
me 

(Hours) 04%) J 
CO,(%) 

-23.5 OEOS 20.4 -nO 3.0 17.5 

_Helium 
- 

o 20.9 0.05 (1 20.9 0.05 1.8 - 

25 203 0.08 7.D 11.0 2.7 1.4 
5.25 19. 0.10 12.25 48 -Lb 1.4 
8.75 I7 0.13 19.50 3.5 6.1) 1.3 

13.25 IS.! 016 26.25 L$ 6.5 1.0 
22.75 15.3 (114 46.00 2.0 711.. 0.9 
27.0 152 0.22 

- 

323 13.8 (114 

37.0 12.9 0.23 

46.0 11.2 0.22 

495 106 016 

. 
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D0 oxygen density of 1330 mg/I (varies with ternpcanrn; 
althrudc. and amuosphthc prcssur) 

C, hydrocarbon-to-oxygen nño of 1/15 from the above euañon 
for hexarie. 

Based on the above assumed porosity and bulk density. the tam A. volume of 
r air/mg of soiL beçomes 300/1,440 = 0.21. The rcsulûng uadon is: 
U 

K3 = - K)(O21)(133O1/3.5)/10O = 0.8 IÇ (2) LThis convsion factor. 0.8. was used by Hinehee et ai. (1991b) in their calcula- rions of bioderadarion rates of hydrocarbons. Another way to estimate biodegadathon rates 
r- is based on CO2 generation rates, but as disçussed in Section 2.3. this is less rtliable than U using 02 udlittion rates. 

T 5.7.12 Helium Monitoring 

Figures 5-3 and 5-4 show typical helium dan fàr two rest wells. The helium concentaeon at monnonng point SI (Figure 5-3) at Tinker AFB started at I 3% and after 108 U hours had dropped w 1.1%. Le.: a fractional loss of 015. In contusi, for Kenai K3 (Figure 5.4), the change in helium was rapid (a fractional dmp of about 0.8 in 7 hours). indicating Pthat that was possible shon-cxrcurnng at this monitoring point.. Thts suggested that the data from this monitoring point were unreliable. and so the dan were not used in calculating deadation rates. 

a rough estimate. diffusion of gas molecules is inversely proportional to the 
square root of the mokculnr weight of the gas. Based on the molecular weijzìns of 4 and 32 g mol for helium and oxgcn. nspktively. helium diffuses about 2.8 tint fasta thin oxygen. This canslates into a fneonal oxygen loss of-0.095 for SI ofTinker AB. a minimal loss. The data from this monitoring point were used in the calculation rares. As a zuide, dan from zests where fractional helium loss is 0.4 or less over 100 hours, or an equivalent fractional oxygen loss of 0.15. are acceptable. 

5.8 Bioventing Test 

The bioventing test is the third and final part of the field utanbility study and I will consist of a longer term t6 months or more) air injection or withdrawal procedure. A -. biower will be installed immediately following complenon of the air penneabiltrv and in situ k respinuon tests and will ht sunS before the field crew leaves the sire At omc sites where _J 
rezulatory approval is pendtnz the btovenunz blower vnIl be rnnlled and started at a later date. 

a 
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CBAPTER 2. SLANDALRD SAMPLIÑG PROCEDURES 

SECTION 1. PROGRAM DESCR.ffTION 

1.1 Prògrm objectives 

This manual outlines the standard operating procedures, quality control procedures and data qùality objectives for regulatód underground storage tañkTJST)site characterization, site assessments release investigations, and corrective actions lt directs the collection, interpretation, and reporting of data This data will enable tank owners and operators and the Alaska Department of Environmental Conservation (ADEC) to evaluate the presence degree and exient of any ground*ater, surface water, and soll contamination and to determine if fliriher action is necessary. 

The term "assessment f rm wherever used in this manual, refers to the organization conducting the activity 

1.2 Program approach 

To meet program objectives, this manual outlines a systematic approach to conducting UST site assessments and investigations This approach is based ori scientific studies, United States Environmental Protection Agency (EPA) guidance and methods Alaska's UST regilations in 18 AAC 78, guidelines, input from the Alaska UST regulations and assessment strategies currently used in Alaska and otner states This manual details sampling, laboratory analysis, and data reporting procedures, along with all required quality control functions. It also lists persons responsible for the major tasks required by IS AAC 78. The manual covers activities in the following areas: 

* personnel 
t * data quality objectives 

't sampling procedures 
'C sample transfer log 
ak laboratory analytical procedures 
,% equipment maintenance and calibration 
't data reduction, validation, and reporting 
s quality control checks 
'I precision, accuracy, and completeness assessment * corrective action scenarios 
a internal audits 

reporting to management 

Information about site sampling locations and site history vnth reference to any existing documents for historical infonnation and data available, must be included in the each site-specific project plan or repon submitted for each project undertaken for thich aplanis required 

32 
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SECTION 2 PROGRAM ORGANIZATION AI'D RESPONSmUJITmS 

2 1 Personnel and responsibilities 

u The Qualified Personnel Form Appendix A, must be submitted to ADEC sith a resume for each 
qualified person to document that all acuvittes under this chapter including the col1ecton 
interpretation, and reporting of data are conducted or superwsed by a qualified person as 
required by 18 AAC 78 Trie subnutted document must also tdenify the assessment firm's key 
UST personnel including the pnncipal irmestigator and the quality assurance (QA) officer Their 
responsibilities under this chapter are as follows l 

(1) the assessment firmts principal iivestigator is responsible for overall management of f 

the liST site assessment and site investigation program, including adherence to the procedures 
outlined in this chapter, 

I (2) the assessment firms QA officer is responsible for overall quality assurance ofthe 
assessment firm's liST program the QA officer is responsible for conducting scheduled field 
audits and providing ongoing renew, morutonng and evaluation ofthe field and laboratory I 

actwtties, the QA officer shall validate or supervise validation oNE reports to ADEC 

.. ... ..i : .: 

: :.. 
2 2 Accountability 

\Vhile a laboratory must assure satisfactory levels ofquahty control within the laboratory to j maintain approval status with ADEC, the owner or operator shall ensure that the assessment firm 

( I) venfies tac approval status oftne laboratory being used a list ofapproed 
laboratories is available from ADEC, 

I (2) ensures that analytical testing meets the objectives ofthi chapter that refer to 
. 

Li. 

laboratories and tne applicable requirements of 18 AAC 78 
I 

reports in any project report cannected vnth this chapter any deviation from standard 
iaboratoiy procedures oNvhich it becomes àwar; 

r 

C 4) takes appropnate corrective actions as outlined in Section 1 0 if questions or problems 
anse with the laboratory analysis 

' 

2 3 Changes in personnel or responsibilities j 
I iftnere is a change in personnel or their responsibilities after submitting the Qualified Personnel 

Form, the form must be amended to reflect the new personnel or responsibilities and resumes 
11 must be forwarded to ADEC with the revised form Resubmittals or amendments to the form 

must be receied by ADEC before or concurrently with any site snecific project plans or reports 
that are submitted subsequent to the personnel change 

i.. ..... n 
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SECTION 3 FIELD QUALITY ASSURANCE . r - 
3.1 Responsibility and definitions : 

: Quality assurance (QA) objectives are quantitative and qualitative cntena needed to suppo . specific regulatory action and describe the acceptability of data. The assessment firm has primary responsibility for field QA and is accountable for the overall QA ofthe samples - Quantitative QA cntena are precision, accuracy, and completeness Qualitative QA entena are representativeness and comparability. QA is determined on a site-specific basis fbr each project : based on the following: 
-, 

(i) Precision Precision is a measure ofthe vanability oc random error in sampling : sample handling preservation and laboratory analysis 

J- (2) Accurac) Accuracy is a measure ofthe closeness ofan individua] measurement or an average ofa number ofmeasurements to the true value &P_ 

- - (3) Completeness Completeness is a measure ofthe amount ofvahd data obtained 4 compared to the amount expected For purposes ofthis chapter, completeness is i:thculated as the 
- 

amount ofusable samples divided by the mhzimum number of required samples, expressed as a , percentage A rmnimum confdence level ofS5 percent is required 

- (4) Representatweness Representativeness describes the degree to v,bch data r characterize the actual conditions at a site 

(S) Comparabilth Comparability expresses the confidence with which one data set can - be compared with another Data must be reported in the same units of quantitation arid in accordance with the reporting requirements of 18 ¿LAC 78. Sampling and laboratory reports and procedures might be audited to assure that they follow standard procedures and reporting formats 

u 
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SECTION 4. SAMPLING PROCEDURES - 
. 

: 4.1 Overview ofsampling approach 

r The systematic sampling approach outlined below must be used to assure that data collection 
- activities provide usable data 

- (I) Samplms must begin with an evaluanon ofbackground information histoncat data, '- and site conditions This ealuation is used to prepare a site-specific sampling strategy (2) In combination th the requirements of IS AAC 78 and theresults ofthe píe- - 
sampling investigation, field screening results must be used to detenmne where samples will be - collected Field screening results may also be used to segregate soils, based on apparent levels of contamination, to help monitor potential exposures, and for health and safety monitoring. -: However field screening may flot take the place oflaborarory samples required as discussed in t- Section 4 5 (Determining sample locations) 

7_' (3) Samples must be collected with appropriate clean tools All decontamination of t_ sampling equipment must follow the practices described iii this section or,where applicable, EPA r recommended procedures 

- 
(4) Stockpiles must be sampled in accordance wth Sections 4 5 1 (Sample locations for r contaminated untreated stockpiles). 

(5) Ifnecessary, sufficient monitoring and observatton v.ells must be properly installed to .-, determine the presence degree or extent of groundwater contaimnation Sampling of Lgroundwater must follow the standard procedures outlined w Section 4 7 2 (Sampling groundwater monitoring wells). r_ 

(6) Samples must be collected and preserved in appropnate sample containers as listed in Table I 
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Table i Reference Guide to Sample Collection and Laboral -y Analysis Part A: Soils,Sediments, Sludges, and FIJI Materials 
Practicat rParameter Preparation AnafrtLcal Method Quanttatton Container Fresen ation! 

L 
Metbod' Method' Detection Ljmit LimÌP Description Holding Tizie r- .jieseRange kKlO2* AXIO2' 0.5mg/kg 4mgìlcgmin. 4oz.arùbcr 4°t2°Clt4daysto 

L:' Organics 
glass, TLC extract, analyze C 40 

days r 
Gasoline Range AKIOIS Afl01 O 7 ngitg 5 mg&g mm 4 oz amber methanol <25t f 

L 
Organics 

glass. TLS 22 dan r ResidualRange AK103, AKIO3* 10mg/kg 100mg/kg mim4ozambcr 44±2t/4daysto L Or2arúcs .- 

glass, TLC extradi, &ials2e < T 
. :. 40 days 

rTotal BTEX 5030 8020 S240 O 007 mg/kg O 05 mg/kg nun 4 oz anther 4°t 2°C 1 14 dass or 
. 

S260orAKl0i 
. glass,TLS permethodrequircmepts n Total Polvnuctear 3>40 3,41 8100 8270 0 I ma/kg IO mgAg ruin 4 oz amber 4° t 2 C I 14 da)s or 

j Arom2tic !-iydro- 3550 or 33 I O 
glass, TLS. per method rcquircments 

. 

carbons (PAR 

. : Tot Volaffle 5030 SO tO 8240 0 oog mg O 0 mAg nm 4 oz ambc 4° t 2°C f 24 days 

. 

Chlorinated Solvents or SIGO 
glass, US ç-t 

Polsrhjoroiated 350 or SOSO or 08I O 01 rngikg O 0, ¡ng/kg min 4 ot amber 4° ± 2 C i 14 dass to 
L; biphenyls (ROEs) 3540 

class, TLC exiract, analyze < . 

4Oday 
Lrsemc 3050 6010 6020 I mwkg ]Ojig 4oz amber ¿t2t/6months 7060, or 706 I 

gbss. TLC max. on digcstatc r To al Cn-niwt 3050 60W 6020 1 mgAg lOmz/kg mm 4 oz ambc 4±2 C/oruonths 
ç_ 

7130, or7131 
. glass. liC max. ortdigestatc rToLaÌ Chronjurn 300 6010 6020 1 mg'kg !0mgfig min 4 oz amber 4 t2t/ómonths L 7t90.or7t9t 

giass.TLC thax.ondigestate r'Total Lead .3050 6020 cr7421 I ma/kg 10 rngikg ¡tin. 4 oi. amber . 4°t CI6 months L_ 
glzss, TLC ma'c on digcstatc ,J.egend: 

Total BYES Senza Totuct:. Ethvlbcutn:. >Niet:: u Total PAlI -napttknc. L- and 2-cthvbapiriaict:. 2.6-drnCh*jpfr.aignc 2j.5-tthnethylnapthalcne other C-2 ad C-3 pththa.dibcnzøthiohcne,biphctyl. 
fluotrnt phrnamic. 1-rncthytphcnrthrcn:. ut±ttte. fluora.-rdwnc. pyrrnc. bcu-.-anUraccnt, ataphthyknc. thxyscnc. bcnzo.c-py-rrnc. benzo-a.pyrc. dibCtZO- 

h-nLtcrnc. bcrwo-b-fluoranthcnc. bc2o-k-ÑuQttha. idrno-t23-cd-ptcn; dabcuoaJi.vtthnecnct,d bcnzo-g.h.i-perylcne; 
- Vobtik OEginic Az2ay,is. 

TL,C Tcflon ¡mcd screw caps: 
TaS liflon lined scpta sonkafty bondçd Ca sc,-vw 

_4. t-i. oth-n. ic no d. 4U prepataZJan and anaIsvcl mcj,ods tría co those con.ancd inthe Lmttd Stac En'va,rttui Protccuon Ageticy's klcJiods For Chcitt Analysn of 
; Va::r & \Vacz. EPA 6004-79420. revised 3brch. 1933 or its Tct Method rormc Eu1uaúcnofSoIid Wctc PhvtiaUChc,nicI KICISOdS. SW.t46. (P894128677). ¡986, .-nised 
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Table 1: Reference Guide to Sample Collection and Laboratory Analysis (cont.) 
Part B: Ground,.Surface, \Vaste, and Marine Waters4 

. 

Practical J Parameter Preparation Analytical Method Quantitation Container Fresen ationf Method' Method' Detection Limit Limif Description Holding Time 

Diessl Range AKIO2* AKIO2 20 t'vt 100 ugJL I L awber glass pM <2 (MCL) 4 ± 2 C Organics 
1CL f7 dass to ext-act 

analyze ( 40 days j GasolmeRange AKIOI* AKI0l* 3OpWL IOU ug/L 4OmLVOA ILS pH<2(MCI) 4 ±2Cl Orsanics 
14das 

i 
Residual Range Soils -only method. 
Or2arlics 

Total Pols-nuclear 5030 
Aromatic Hydro- 
carbons AJ-j) 

Total Voaß1e 5030 
Chlorinated 
Solvents 

602,624, O7ug/L 
orAK IO I 

ólOor 625 /L 

601 or 624 0.3 i&L 5 .xWL 

binRenvls (FOBs) 

ToLalArsetuc 30l0or30l 6010 6020 

loti! 

7060, or 7061 

30 10 or 301 OLI 

7 130, or 713 I 

lpgfL 5ug/L 

40 mL VOA, US 

4OrnLVOA.TLS 

40 niL VOA, TLS 

I L amb:r glass. 
TLC 

pg/L IOObpg/L rain 100mL 
}UJPE' 

SOG ).flilL 1000 min 100mL 
1-PE' 

pH<2HCl);4th2t/J 
14 dass 

pi-i c2 (I-ICI), 4° ± 2°C 4'--- 
14 days 

[1, 
! 

p11<2 (HCI),4°±±CfJ 
14 days i a 

: ----- u 
pH<2(HCfl.4°±2'C/ 
I 4 days Lo cract, j 
analyzc.<40.days U 
pH<2(HNO3) 
4°±2!C/6monthsmax 
on digestate 

p1-i <2 (H1'JO-3), . Ç 

4° th 2°C /6months mL'c 
ondigestate 

Iota' -JUEV oriuta OLJtU,OLUU WV iz/L [tAJO pg/L ihm 100mL pH <2 (111403), j - I 71-9Qor7l9I - - 

-- 
1-DPE' 40±2*CI6monthsmax 

- 
- - 

- ondigestate 
TotalLead 3010or3015 6010 6020 IOOtnfL 10OOpfL mm 100mL pH<2(HO3) I - 

or7421 
IWFE5 4°±2°C/6monthsmax. 

- - 

- 

on digestate 
t 

L<end: Scv Pafl A OfLÇÌS tabk 

I Set Pa-i A ofthis tabic 
- 

' 

Sc ?t A oftijsublc 
- 

- 

- J 
I S-':f o.asstb}c 

. -S=pk coIIStoSand labotzotyanaIvscs Ir W3L-rc&icctcd from drtnking ":rr sourcshuId be dcnc inaccordiactwjth iS AAC *0. J J -D'E Hign Dr.sry PoIs-cthylcnc sairple collecuoryborjes cnucaII ciczncd fc t'acc ,wtah aaainu 

. ADEC A'utvtìai Mtthods A}IOL. AXIO2. sad AXIO3 arc inctudcdin the 
z tjn4cround Stong: Tzak hoccdzn'cs Manual, as A;pcthx D-F. 
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2 Documentation ofsamp]ing procedures L4 

A field log book or another type offield recordrnust be used to document the collection of 
: samples and site data This record should include 

n- (1) the name ofeach qualified person on site supervising or conducting a characenzaLion assessment or investigation, 

(2) the date and time of sampling, 
L 

(3) weather conditions including temperature, wind speed humidity, and precipitation r 
(4) the name ofeach person who physically collected the samples, .- 

r' (5) clear photographs ofsite, bottom ofexcaation, and removed tanks 

(6) the results ofan inspection ofthe tank and piping for corrosion, r 
L: 

. 

(7) a site sketch that, at a minimum shows 

n (A) locations ofall known present and past USTs, piping and pump islands including UST identification numbers assigned by ADEC 

T (B) distances from tanks to nearby structures L : i : .. (C) property line locations, 
t 

(D) sampling locations and depths and corresponding sample ID numbers, 

: (TE) any release sites, 

r- (F) any free product sites 
l_ 

(G) scale, and r 
_l (H) a north arrow 

LWhen appropnate, the site sketch should include the following relevant features 

: (1) a descnption of'the size ofthe excavation 

(2) field instrument readings r- 

d 
(3) location ofstockniled soils 

(4) depth, t,dth, andtyoe ofb;cana us to surrnd tanks and pwîng 
r 
H - H 
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-- 
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rl 

r (5) soil types, j 
(6) utility trenches 

T 

(7) wells within 100 feet; 

. i : 

: (8) depth to groundwater or seasonal high groundwater level; and 

(9) surface drainages, including poterhial hydraulic connections with groundwater. 
1 

4 3 Pre-sampling activities 

Before conducting field sampling activities the site background information inspect site 
conditions shall be compiled as in Sections 4 3 1 aild 4 3 2 arid the necessary provided 
notifications shall be made to agencies as provided in Section 4 3 3 j 

: .. ::: .: .. 
: j 4 3 :i Site background 

Before beginning field work, the follong infoation must be collected and recorded J 
C 1) the names addresses and telephone numbers ofthe owner operator, and businesses 

on the site; . 

(2) for rural areas the quarter section, township, and range ofthe site I 
: 

(3) locations ofail preseñt and past USTs, piping and pump islands; 
r1 

( 4) a descnpLion ofknown UST systemstncudtngcapactty dimension age, and matenal of construction and location and types of fill and vent pipes; valves, and connectors; 
r 

(5) history of types of products stored in the tanks, 

(6) history of known releases and available data from previous soil or groundwater 
ri j sampling at the site, 

(7) type and classification of native soil, b 
(3) location of wells within 100 feet of the site 

U 
(9) surface ;vaters arid wetlands in the imniediate vicinity of site; r 
(10) depth to groundv.ater or seasonally high groundwater level, 

(il) property line Ìocauons 
J 
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(12) distances from tanks to nearby structures; and 

(13) type and location of belowground utility lines that could create pathways for contaminant migration. 

In addition, where relevant and practical, the following additional information on the site shall be collected and recorded: 
- 

r (1) location of each hold-down pad or anchoring systen, if any; 

(2) the narrte of the contractor who installed the tank if known 

(3) dates of each installation and upgrade 

r (4) performance history including repair records mventory records tighi ness testing L records, leak detection system records, or records of water pullouts, 

r (5) depth and width of bacidill area and type of bacldlll material used to surround tanks Li and piping, n(6) suffacè drainage characteristics, including potential hydraulic connections with L groundnter T(7) location ofother nearby USTs, either active or inactive, or other potential sources of ¡J 
contamination, and 

r 
(S) previous site uses, including histoncal waste handling procedures. 

r- 
.. I 4 3 2 Surface observation ofsite tonditions H 

r An observation ofthe sites surface must be conducted before sample collection to assist in . L determining field samplirig approaches and locations. Activities that must be completed during this observation include: 

L(1) locating the aboveground components ofeach UST; j(2) confrmation ofthe amount offliel currently in each tank, 

(3) determination oftank size; 

- (4) obsenation for aboeground utilities 

: (5) underground utility locates (contact utility location centers where available), 
-, (6) visual inspection for surface indications of releases 
s- 

?4- s 
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(7) if practical and no nitty hazard exists, check for odor ¿f petroleum iii nearby 
structures (basements), and 

(8) check sumps and access manholes for eidence of pump leakage 

Key areas that must be observed for surface indications of a release include 

(I) vent pipes and fill holes; 

(2) paemerit depressions, buckling cracks or patches that could indicate that subsurface problems have historically occurred; 

(3) cracks or stains at base of pumps and 

(4) evidence oÈ stressed vegetation that may have resulted from a release or spill 

The results of the site observations must be recorded in a field log book or other appropriate document. 

43 3 Notification to agencies 

Notification to .ADEC, local governments and fire departments before any site assessment work is performed for closure or change-rn-service is subject to the requirements of 18 kAC 78 085 

4 4 Field screening 

Field screening is the use of portable devices capable of detecting petroleum contaminants on a real-urne basis or b rapid field analytical technique Field screening must be used to help assess the following locations where contamination is most hkeiyio be present 

Tank area 

areas of suspected or obvious contamination; 

adjacent to. and below all fill and vent pipes: 

e\cavation stdewalls below the tank midlrne 

one representative sample for at least every loo square feet of excavati,onbottom 
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Piping run 

areas of suspected or obous contamination; 

below piping joints, elbows connections and damaged piping components if these locations are unknown then screening must occur below original level of piping at 10 foot-intervals; the I O-foot interval is chosen because pipe sections commonly used are 10-foot lengths and because of limits of detection of soil gas vapors from the release source; 

adjacent to and below alt dispensers. 

WheTi possible, field screening samples should be collected directly from the excavation or from the excavation equipment's bucket Iffield screening is conducted only from the cquipments bucket, then a rnarumum of one field screening sample must be coltected from each I O cubic yards ofexcavated soil lfrnstruments or other observations indicate contamination soil must be separated into stock-piles based on apparent degrees of contamination At a minimum, sot! suspected ofcontarnination must be segregated from soi! observed to be free of contamination Two Levels offield screening procedures are 

( I) use offield screening devices to perform synoptic surveys ofpotenttally contarmnated areas to determine the approtmate locations containing contaminants (qualitative screening), and 
(2) use offield screening devices to provide a semi-quantitative estimate ofthe amount of contaminant present at a specific location (serm-quantitauve screening) 

4.4.1 Field s&eening devices 

Many field screening instruments are available for detecting petroleum contaminants in the fi eid on a rapid or real-time basis Acceptable field screening instruments must be suitable for the I 

contaminant being screened The procedure for field screemng using photoiomzaticn detectors ÇP]D)s and flame iomzation detectors ÇFIDs) is descnbed in Section 4 4 2 Ifother instruments are used, a description ofthe instrument or method and its intended use must be prcvided to ADEC. Alternative methods must provide equivalent or better accuracy for field screening when compared to the EID or PAD devrnes Whichever field screening method is chosen the accuracy ofthe method must be verified throughout the sampling process through use ofapptopnate standards to match the use intended for the data Wherever the requirement for field screening is stated in this chapter instrumental or analytical methods of detection must be used riot olfactory or visual screening methods 

- 

k 
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Headspace analytical screening procedure for field screening (semi-quantitative field 
screening) 

The most commoy used field instniments for UST site assessments in Alaska are Fs and 
PIDs The following headspace screening procedure to obtain and analyze field screening samples 
must be adhered to whèn using Ems and PDs 

! j 
(1) partially fill (one-third to one-hall) a clean jar or clean ziplock bag with the sample to 

be analy±ed; total capacity of the jar or bag may not be less thän eight ounces (app. 250 ±1), but j the container should not be so large as to allòw vapor diffusion and stratification effects to 
significantly affect the sample; 

(2) if the sample is collected from split spoon it rnùst be transferred to the jar or bag for L 
headspace analysis immediately after opening the split-spoon, if the sample is collected from an 
exca\auon or sod pde it must be collected from freshly uncovered soit J 

(3) ufajar is used, uts tppmust be quickly covred:withclean aluminum foil or ajar lid; 
screw tops or thick rubber bands must be used to tightly seal the jar, if a zaplock bag is used, it j must be quickly sealed shut, 

(4) headspace vapors must be allowed to develop in the container for at least lO minutes J 
but no longer than one hour, containers must be shaken or agitated for 15 seconds at the 
beginning and end ofthe headspace deelopment period to assist volatilization, temperatures of 
the headipace must be warmed to at least 40° F (approximately 5 ° C); th instruments J 
calibrated for the temperature used, 

it 
( 5) after headspace development the instrument sampling probe must be inserted to a 

point about one-halfthe neadspace depth the container opening must be minimized and care musi 
r be taken to avoid uptake of'ater doplets and soil pàriicuiates; j 

( 6) afier probe insertion, the highest meter reading must be taken and recorded which 
normally iill occur between two and fiye secbnds after probe insertion, iferratic meter response 

: occurs at high orgânic vapor concentrations br conditions of elevated headspace moisture, a note 
to that effect must accompany headspace data, 

<7) calibration of m and PD field instruments must follow the procedures outlined in 
Secion TI (Caiibration and maintenance of field equipment); arid 

(S) all field screening results must be documented in the field record or log book 

I 

j 

44 



4.5 Determining sample locations 

The locations and numbers oflaboratory samples to be taken depend on the reqwrements of I S AAC 78 for the specthc type of sampling activity The results of field screening must be used to determine the location from which to obtain samples Samples must be obtained from locations that field screening and obsetvations indicate are most heavily contaminated .A positive field screening result is one in which any deflection in the meter reading occurs and samples are required for that location Samples analyzed with field screening devices may not be substituted for required laboratory samples. .Speciflc types ofsampling acthity are as follows: 

(1) site assessment for a liST closed th place (18 AAC 7S.090); 

(2) site assessment for a UST that has been removed (IS AAC 73.090); 

(3) site assessment for temporary closure or change in service of a USI (18 AAC 78 090) 

(4) investigating a suspected release (18 AAC 73 200 - is AAC 78 235) 

(5) release investigation (18 AAC 78 235) and 

(6) documentation that corrective actions have met applicabt cleanup levels for soll (18 AAC 75320) and water (18 AAC 78327) through final verification samphn 

\Vithin the constraints for samoling locations listed abote laboratory samples mu t be taken where contamination is most likely to be present 

-s 
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4 5 1 Sample locations for contaminated untreated stockpiles 

As noted in Section 4 4 (Field screening) soils must be segregated during excavatLon based on 
apparent degrees of contamination Soils must be stockpiled in accordance with I S AAC 78 3 1 1 j For stockpiles greater than 500 cubic yards, sampling frequency must be determined before 
sampling by consultation with the ADEC project manager 

Charactenzmg stockpiled soil is necessary to detemiine whether treatment or disposa! ofthe soil 
is needed, to assist with selection of treatment or disposai methods, and to establish baseline data 
for use in evaluating the effectiveness oftreatment 

To determine ifuntreated stockpiled soils can be disposed or considered not contaminated, I stockpiled soils must be characterized byusing 

( 1) field screemng, at least one sod sample must be obtained from each 10 cubic yards of 
stock-piled sod for field screening purposes, samples must be obtained from vanous depths in the 
pile, but none less than 18 inches beneath the exposed surface ofthe pile field screemng must 
follow the procedutes outlinedin thissection and resuìtsnüist be dòcurñented iñ a site log book; j . and 

J 
(2) laborato alysis of&ab samples collected from each stockpile according to the 

requirements ofl8 AAC 78 320(c) 

. 

i] 

4 5 2 Alternative sample collection procedures 

Altematie sampling collection procedures such as Cone Penetrometer Testing l-iydroPunch and 
Borehole Geoph\sical Logging may be used to determine soil h>drogeologic characteristics 

j contaminant distribution, and contaminant càncehtration. 
J 

These procedures may be usefi.il ith proper evaluation in proiding essential data to assess and 
delineate the e'ctent of contamination dunng site charactenzattons release investigations and I 

corrective actions These alternative procedures may not be used in collecting samples for nal 
verification dunng site assessment or corrective action. 

i j 
4 6 Collecting soil samples 

As required by 18 AAC 75, the following procedures must be used to collett soil samples for 
laboratory analysis: 

(I) unless othen ise approved by ADEC all laboraron soil samples must be grab samples 
and may not be cornposited before analysis, except that soil samples for total arsenic cadmium, 

J thromium, and lead that are for screening purposes may be composited in the field or in the 
laboratory before analysis; 

'4 
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(2) soil samples taken directly from the surface ofexcavations must be obtained from freshly uncovered soil a minimum ofsix inches ofsoi! must be removed immediately before collection, and the sample must be obtained from the newly uncovered soil ifthe excavation has been open for longer than one hour, at least I S inches ofsoll must be removed immediately before collêction; 
± 

(3) soil samples collected from excavation equipment buckets must be obtained from the center ofthe bucket and away from the bucket sides; at [east six inches ofsoil mustbe removed immediately before collectiòn; 
! 

(4) if soil samples are collected from a soil boring, samples should be collected using a hollow stem auger and split spoon sampler or Shelby tube using an auger, the drill hole must be advanced to the desired depth then the center rods ofthe auger must be withdrawn from the dnll hole and the plug and pilot bit removed from the center rods, the sampler must be attached to the correct length ofdnll rod and must be dnven ahead ofthe augerfhghts in order to collect a relatively undisturbed sample after the split spoon or Shelby tube has been retneved back out of the boring, the desired sample section musfbe immediately removed from the sampling device; only soil from the middle portion of the spoon may be used for samples; soit from the very ends of the spoon must be discarded as they often contain disturbed soils; a clean sampling tool must be used to quickly collect the sample from theIundisturbed portion with a minimum of disturbance and the sample container must be quicUy capped, sealed, and labeled, and 

(5) soil samples for all parameters litedin Table I must be collected in accordance with method specifications 

Alternative methods to obtain soil samples may be used only if the methods have been approved by A.DEC before sampling, 

The following steps musi be taken to minimize collection errbrs: 

(i) all samples must be collected with disposable or clean tools that have been decontaminated as outlined in Section 4.8 (Deconraminatìon ofequìpment); 

(2) disposable gloves must be worn and changed between sample collections; 

(3) sampie containers must beyfllled quickly; 
E 

(4) soil samples must be placed in containers in theorder of volatility; i.e. volatile organic aromatic smples.must be taken first, gasolinerange organics next, heavier range organics next, E and soil classification samples last; 

-, (5 containers must be quickly and adequately scaled, rims cleaned before.tightening lids and tape used only ifknown not to affect sample analysis: 

- (6) sample containers must be labeled as outlined in Section 4 92 (Labeling sample containers); and 
i- 
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. 
(7) containers must immediately bepreserved according to procedures in Section 4.9. 1 

(Sample containers) Unless specified otherwise, at a minimum the samples must be immediately 
cooled to 4=2°C and this temperature must be maintained throughout delivery to laboratoty and 
analysis until samples are analyzed 

If groundwater is encountered while soil sampling the provisions of 18 AAC 78 090 must be 
followed concerning sampling of the groundwater interface 

4 7 Obtaining groundwater samples from boringsAells 

Groundwater samples might be required if contamination of the groundwater is suspected Water 
sampled threctly from an excavation is not necessanly representative of normal groundwater 
conditions and will not be evaivated as a representative groundwater sample In such cases 
installation and sampling of a groundwater monitoring well thight be required, as det&mined by 
ADEC under 18 AAC 78327 

4 7 1 Installing groundwater monitoring nils 

Unless otherwise directed by ADEC if groundwater monnonng wells are required, the 
installation must be as required by IS AAC 78 327(b), and the following procedures must be 
used: 

(1) if the direction of groundwater flov. is Lnown at least three momtonng wells must be 
installed and sampled one upgradient and two downgradient of the potential contamination 
source; 

(2) if the direction of eroundwater flov i unknown, it is recommended that the number 
of wells installed be sufficient to òharacteri±e the grobndwater flow: at leastibree monitoring 
wells must be intaUed and sampled; 

(3) well drilling equipment must be decontaminated as outlined in Section 4 8 
(Decôntamination of equipment) before drilling at each new locatioñ; and 

(4) vells should be dnven with a hollow stem auger or cable dnll if other methods are 
used, ADEC approval must be obtained before the well is installed. 

j 
i 

I 

J 

ri 

The föllowing details of well construction must bé recorded in the field record Ii H . (I) tie11 location determrned o reference to site bench mark 
(2) total depth of bonng, 

[1 (3) depth to groundwater at time of drilling; . 

(4) diameter of boring; 
(5) depth to top and bottom of screened interval j (6) diaméter of screened interval; 
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r (7) diameter of casing; L(8) well construction material; 
(9) depth of packed filter intenal, 

(10) depth and thickness of seals; 
(11) typeofsurfacecap, 
(12) names of dnlling firm and drilling personnel and 
(13) soil log completed using the Unified Soil Classification System U S Soil Conservation Service classification system, or another similar soil classification system 

Under 1 1 AAC 93 . I 40, a log of the well must be submitted to theAlaska Department of Natural Resources (ADNIR) within 45 days after installing a well The log must include the location and depth of the well an accurate log of the type and depths of soil and rock formations encountered, the depth and diameter of the casing screened intervals, well completion rnatenai1s, and the static water level in the well Well logs should be submitted to ADNPJMirung and Waler Management, PO Box 107005, Anchorage AK 99510, (907) 762-2165 WellIogs for sites within the northern region should be sent to ADNR.fDivision of 3700 Airport Way I airbanks AK 99706 (907) 451-2772 Well log reporting forms are available from the ADNR!A!aska Hydrologic Survey at the above addresses 

f: 
4.7.2 Sampling groundwater monitoringwelis 

: 

Ifmultiple wells are sampled, the wells upgi-adient ofthe site should be sampled first to minimize n cross-contamination Before sampling wells, the depth to groundwater must be determined by j manual or electronic means Measurement devices must be calibrated before use to ari accuracy ofat least 002 foot. 
. 

n 
. : 

: 
» 

.. 
.:. 

.. : 

-« 4 72 1. Determining sieh depth and presence ofnon-aqueous phase liquids 

Before sampling a monitoring well, the column ofwater in the well casing must be checked for r' the presenceofnonaqueous phase liquids, including free petroleum products that might be - floating on top ofthe water or in a separate layer at the bottom ofthe casing Nonaqueous phase liquids are identified by 

L. (1) carefully lowering a clear bailer, in a manner that ill create minimum disturbance, into tne well before purging and observing the liquids removed from the top and the bottom of the water column, 

(2) using a paste type of detector with tngredtents that will not lead to cross- T contamination; or 

(3) using an electronic device designed to detect nonaqueous liquids and to measure the thickness of the nonaqueous layer. 

1f free product is present, the well must be bailed or pumped to remove the product aid must be monitored to evaluate the recharge rate 

p-, 
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4.7.2.2 SYcli purging 
. : 

J 
Monitoring \ve11s must be purged before sampling, using the following procedure (or an 
equivalent): 

-- j 
(1) at least three casing volumes oÇt'atêr must be removed from the well before sample 

collection or, for by. yield vells, until the well bore is evacuated instead ofpurging three casing 
volumes measure the purge varer temperature pH, and conductivity until these parameters are 
stable to wuhin 10 percent sanability between measurements, 

i] 
-- 

-- --- ----- 
F 

- F 

(2) all purged v.ater must be careftilly cdllected, containenzed, and stored for proper 
disposal pending ealuauon of groundwater sample analyses, the results of the analyses and the 
applicable federal state and locai water quality cnteria must determine the acceptable method for 
disposal of the purge water, and 

(3) upgradient wells should be purged before downgradtent wells to help numrnize 
possible cross contamination 

4 7 23 Collecting grounthater samples with bauers 

Ifa bailer is used to collect samples the following procedure must be used 

( I) er purging the well, sufficient time must be allowed for the well to equilibrate and i fines to settle, ifftill recovery exceeds tvo hours, samples must be extracted as soon as sufficient volume is available; j 
(2) the \ater level must be remeasured after purging has occurred and water level has returned to we static le' el 

I 
(3) if decontaminated equipment is usd to collect the water sample, the sampler must be nnsed with analvte-free distilled or deionized water, a portion of this nnsate must be collected j into a container appropnate for the most volatilè analyte suspected (typically ETEX), this equipment blank (also termed decontamination blank) must be contained preserved, and analyzed FI according to the procedures outlined in this chapter for that analyte J 

- (4) bauers must be made ofgiass, Teflon, stainless steel, other suitable materials, or of ] u 

disposable matenals plastic bailers are riot acceptable for sampling volatile organic compounds, U all baUers must be decontamihated as òutlinèd in Section 4 8 (Decontamination ofequipment); t 

(5) the bailer must be Ñted with a new bailer line for each v.ell sampled the bailer and line may be handled only by personnel tseanng decontaminated or disposable gloves 
F 

(6) the bailer should be sloly loered to minimize disturbance of the well and water column the bailing line should be prevented from contact with the outside of the well, equipment, - and clothing, special care must be taken to minimize disturbance of the water table interface when inserting the bailer; 



- - - ,- -- 
L- 

- (7) samples must be obtatrted as close as posstble to the vater leveUair interface, unless 'L analysis indicates that contamination is at a different depth; 

n. (8) grab sanp1es must be obtained; 
: 

: 

.. .. (9) the bailer must be slowly Ufied and the contents transferred to. a cléan sample -9 
container with a minimum ofdxsturbance and agitation to prevent loss ofvolatiie compounds, if - different analytes are sampled samples must be transferred to containers in the order of their volatility, headspace in the sample container must be mntrnized by filling the sample jar until a Lpositive memscus is present, 

C 10) containers must be qwcUy and adequately sealed, container nms and threads must be ncleaned before tightening lids, unless otherwise specified, teflon-lined scret caps must be used to - seal the jar, 

n (1 1) sample containers must be labeled as outlined in Section 4 9 2 (Labeling sample 
.. 

containers); and r L( I 2) containers must be preserved irtunediately according to procedures in Section 4.9. 1 (Sample containers) Unless specified otherwise, at mrnimum the samples must be immediately n cooled to 4=2°C and this temperature must be maintained through delivery to the laboratory until the samples are analyzed 

fl 
.. 

l 

7 2 4 Alternative methods of collecting grounthsater samples r Ifa positive displacement pumping system or another system is used instead ofa bailer, it must be 'j clean or decontaminated as described in Section 4 8 (Decontamination of equipment) 
. 

Disturbance ofthe well, water column, and samples must be minimized. Only grab samples may Tbe obtained, not composite samples Samples must be obtained as close as possibk to the iater - leseUair interface unless analysis indicates that contamination is at a different depth If different - analytes will be sampled, samples must be transferred to containers in the order of volauhty .. \'olatiles must be collected first, followed, in order, by gasolme range orgrucs heavier range 
- 

organics, and metals. Container headspace must be minimized by filling the sample jar until a r positive meniscus is present. Containers must be quickly and adequately sealed. Rims must be cleaned before tightening lids. Sample containers must be labeled as outlined in Section 4,92 (Labeling sample containers). Containers must be preserved immediately according to procedures r in Section 4.9.1 (Sample containers). Unless specified otherwise, at a minimum the samples must be immediately cooled to 4=2°C and this temperature must be maintained through delivery to laboratory until the samples are analyzed 

n 
L.. 

L 
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4.8 Decontamination offleid equipment j 
Decontamination ofpersonnel sampltng equipment, and containers before and after sampling il tnust be used to ensure collection ofrepresentative samplesand to prevent the potential spread of j E 

contamination. Decontamination ofpersoñnél prevents ingstion and absorption ofcontaniinants 
and must be done wfth a soap and \vater nash and deiomzed or distilled tvater nnse 

All previously used sampling equipment mut be properly decontaminated before sampling and 
between sampling locations to prevent introducuon of contamination into uncontaminated P 

J samples and to avoid cross-contamination ofsamples Cross-contamination can be a sigmflcant 
problem when attempting to characterize extremely low concentrations oforgame compounds or 
when working vah soils that are highly contaminated 

j 

solvent-resistant g'oves and appropriate protective equipment must be wòrn by persöns 
. decontaminating tools and equipment. 

. 

! j 
4.2.1 Decontamination ofsoll sampling tools 

, I 
At a minimum soit sampling tools must be cleaned and decontaminated by the follovnng three- 
step procedure 

(1) tools must be scrubbed wnh a stiffbrush in a solution ofhot water and laboratory- 
i grade, critical cleaning detergent such as Alconox or a similar product 

(2) tools must be rinsed twice in clean water and 
. 

....... 
.. j 

( 3) tools must be thoroughi) rinsed vnth distilled or detonrzed vater 
I 

1f concentrated petroleum products or highly contaminated soils are encountered durmg sampling, i 
an appropnate solvent should be used to remove heavy petroleum residues from the sampling 
tools This must be followed by the minimum cleaning procedure outlined above Ifa solvent is j used, it must be properly collected, stored, and disposed of according to acceptable hazardous 
waste disposal guidelines. ..... 
4.8.2 Decontamination ohsatersampitng tools 

Li Drill auger sections, split spoons, and thive hammers that come in contact with bort holes must be 
òleaned before use and between borings using the folloing three-step procedure: 

(i) tools must either be 

3 (A) scnibbed th a stiff bmsn in a solution of ater and laborato grade, cntical 
cleaning detergent such as Alconox or a similar product; or 
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(B) cleaned with high pressure hot water or steam and a laboratory grade, critical cleaning detergent; 

(2) tools must be rinsed twice in clean water; and 

(3) tools must be thoroughly rinsed with distilled or deioniied Water. 

Steel tapes, well sounders transducers, and water quality probes must be nnsed with clean water and then with deiomzed water 

Reusable bauers must be washed in Alconox or another laboratory grade, cnttcal cleaning detergent solution, rinsed twice in clean water, and then rinsed with distilled or deionized water. 

4.8.3 Excavation equipment 

Excavation equipment must be clean before each site excavation begins 

4.8.4 Cleaning sample containers 

Sample containers must be cleaned and prepared by an analytical laboratory. The exterior of sample containers must be cleaned after the samples are collected and the contaIner lids are tightly sealed. Solvents may not be used for this procedure because of the potential to contaminate the sample. 

4.8.5 Disposal of washwater, rinsate, and disposable sampling tools 

Washv ater and nnsate solutions must be collected in appropnate containers and dmposed of properly in accordance with federal, state, and local regulations. Bailing strings and wires and other disposable sampling tools must be properly discarded after use at each well 

r Sample containers and holding conditions : 

Containersused to collect samples must be chosen based oìi their suitability for the analyte of - interest and may vary according to the laboratory contracted to perform the analysis Preservation methods and maximum holding conditions are method-specific and must be adhered to. 



4.9.1 Samplecontainers 

Most containers should be glass jars with Teflon-lined lids Sample jars of the acceptable type of 
materni, sue and type of ltd are shown in Table I Use of sample containers must conform to 
these specifications. Also shown in that table are the preservation methods and maximum holding 
times for each analyte of interest. 

All sample containers must be inspected before transit to the site to ensure that the) have 
undarhagéd lids and are tightly sealed Jars must be placed into containers that are $ecured to 
prevent damage or tampenng in transit to the site Containers and lids must be re-inspected at the 
job site containers that have lost lids or that have been damaged may not be used for sample 
containment 

4.9.2 Labeling sample containers 

Indelible, v.aterproof ink must be used to label sample containers Labels if used must be 
securely fastened to the container. All informätion entered onto the label or container must be 
duplicated in the field record or log book informât-ion on the containers or labels must include: 

(i) unique identi'ing number assigned io the sample for laboratory analysis; 
(2) date and time of collection if possible, 
(3) name of person collecting the sample, 
(4) each intended laboratory analysis for the sample 
(5) presérvation method. 

If oossible the following information should also be included on the container or label 

ri j 
Hi 'li 

r! j 

i 

J:! 

j 

9 ..Ij 
(I) project name and location ofsamle, 
(2) maximum holding time (or date by vduch sample must be extracted arid analyzed) 

- 

4 

4.9.3 Holding times, conditions, and methods ofpreservation H 

Sarnplehandling,transport, arid analysis must be rranged sbThat the holding times and 
conditions shown in Table I are met Also volatile compounds must be extracted and analyzed 
as quickly as practical after coliection 

& 

Appropriate acidic preservation ofsamples must be provided ifrequired in Table I. 

j 
4.9.4 Site safety pbn . 

: 

Tne assessment firm is responsible for a site safety plan as required by trie Alaska Department of 
Labor's General Safety Code, Section 01.0102 (adopted by reference at S AAC 61.010), for 
construction activities and activities within à confinS space. i 

j: 



r SECTION 5 S&MPLE TRANSFER LOG 

T; 
5.1 Sample transfer log 

.H . 

... 

.... .. The requirements in this section apply to all sampling associated with a site assessment, from initia! investigation through all fnal venfication samples - 
A transfer log is required for each sample taken including all associated field quality control (QC) r samples A transfer log Consists ofa document or label that physically accompanies each sample b bottle and sample, or each batch ofbottles and samples, and that provides for the name ofeach person assrgned control ofthe sample and the period covered by each person s a5signment r Sufficient space must be provided on the foim to accommodate several different control persons, L the name oftheir respective organization or agency, and specific spaces for commercia! earners 

r- The laboratory receivrng samples must process the samples using control procedures documented L. 
in its approved Quality Assurance (QA) Manual and Standard Operating Procedures This section p- does not app'y to internal laboratory procedures 
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SECTION 6. ANALYTICAL PROCEDURES 

6.1 Field screening procedures 

Use of field screening analyses with Photo Ioruzàtion Detectors (Pms) and Flame Ioniiation 
Detectors {FWs) must follow the relevant proceduré oùtlined in Section 4 (Sampling 
Procedure) and Section 7 (Calibration and Mintenance of Field Equipment) If other 
instruments are used, a written description of that use must be provided to ADEC by the 
assessment firm 

6.2 Identification of laboratory conducting analyses 

Only results from a laboratory approved by ADEC will be accepted by ADEC for use in reports 
prepared under this chapter 

6.3 Determination of analyses for petroleum hydrocarbons 

Unless approval to deviate from these specificatibns is obtained in advance from ADEC, seletion 
and use of all laboratory analyses must conform to the provisions of Table 2 and appropnate 
sections of this chapter The identity of a released refined petroleum product is assumed to be 
unknown unless a laboratory analysis shows that a contaminant is only a gasoline or only a 
nongasoline refined product, unless this reqUirement is waived by ADEC. 

Jilt can be documented that only one type ofroduct was stored or distnbuted dunng the 
oneranonal life oUa facility a vaiver may be requested from ADEC for the requirement to 
determine the idenuty of the product in accordance with IS AAC 78 3 15(d) The information 
collected in the examination of the site background (Section 43.1) will be used to determine ifa *aiver should be sought 

4 

Ifleaded gasoline is a potential contaminant at the site, a preliminary laboratory analysts for lead 
might be required The ADEC project manager must be contacted for this deterrtunation 
Samples collected for lead ma be cornposited before analysis Unless the concentration of total 
lead exceeds 100 mg/kg the analysis may be used only to document the level of lead for use in 
meeting treatment and disposal data needs and cteña. 
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Table 2: Determination ofLaboratory Analyseäfor Soils o. 
:' Product(s) stored at facility 

Leaded Unleaded Jet 
Waste LParameter Gaolthe Gasoline Fuel Kerosene Diesel Bunker C or Used Oit Uniowt 

Diesel Ranze 

: 
Orzanics -- - X X X X X X 

. Gasoline Range 

r. Orzarics X X X -- -- -- : X X - 
Residual Range . 

Organics -- - 
-- -- X X 

. X 
fl! ..- 

4 TOL2! 

X X X .x X X X ..1 

: 
.. 

: ... Volatile 
Chlorinated -- 

x x r- Soiuts 

i_ ohcrJoro 
biphenyls 

rSs) 
- 

-- -- -- -- -- - X 
scfllc 

n 
X X t_ 

- 
. 

? Ca±miwn 
. H 

--. X X 
! 

Chromium 

. 

X X 
Lead 

e, X' - - 
X X 

.. .. ... .. .......... - Legend 

X = Analysis required 
-- = Analysts not reoutred 
BTEX = Benzene Tolutne Ethylbenzene Xylene 

nal»is for lead must be performed if required o the project manager 
-4 

- 
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SECTION 7. CALThRATION AND MAFÇTENANCE OF FffLD EQUifMENT 

Calibration and proper maintenance of field instruments are critical to obtaining acceptable data 
Improper calibration or failure of an instrument in the field might result in improper choice of 
sample locations, failure to detect contamination, and inefficient and inadequate segregation of 
clean soils from contaminated soils and, thus, poteñtially much higher dispdsa! or rethediation 
cösts. 

7.1 Calibration and maintenance of field instruments 

To ensure that feld instruments will be properly calibrated and remain operable in the field the 
procedures set out in this section must be dsed 

7.1.1 Calibration 

(1) 1f PItY and PD field instn.iments are used, instruments must be calibrated before each 
testing session to yield 'total organic vapors rn parts per million to a beazene equivalent The 
FED instrument must be operated with a lamp source that is able to detect the contaminants of 
concern, operates at a minimum of 102 eV, and is capable of ioruzing those contaminants of 
concern. 

(2) Field instruments must be calibrated onsite 

(3) All standards used to calibrate field instruments must meet the numrnum requirements for 
source anØ purity recommended in the ecuipnint' dpeation manual. 

(4) lIthe instrument's operation manual recommends specific calibration rquirements for 
other cntena in calibrating the instrument (such as pH, conductivity, temperature etc ) those 
criteria must be adhered to. 

(5) Acceptance cntena for calibration must be determined depending on the potential 
contaminant(s) and must be within the limits set in the manufacturers operations manual 

(6) The dates, times, and results cf all calibrÂìiárìs and repairs to field instruments must be 
recorded in the field record and in the instrument's log. 

(7) All users of the instrument must be trained in the proper calibration and operation of the 
instrument and must be required to read the operation manual before initial use. 

i 
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: 7.1.2 Maintenance 

r (1) At a minimum operation maintenance and calibration must be perfon-ned in accordance 
Lwnh the instrument manufacturerts spectf cations 

r (2) AlI users ofthe instrument must be trained in routine maintenance, including battery and 
i_ lamp replacement, lamp and sensor cleaning and battery chargIng 

- (3) Each instruments operation and maintenance manual must be present at the site 

: (4) Field instruments must be inspected befare departure for the site and on site 

u (5) Instrument battery charge must be inspected far enough ahead oftime to bring the 
instrument up to ful charge before departure for the she. 

(6) At a mmum, a source of exra battenes and lamps (if applicable) must be readily 
available - 
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SECTION S. DATA REDUCTION VALmATION, AND REPORW4G u 

Data reduction descnbes the handling ofstandard, sample, and blank results, how blk analysis 
results must beused in calculating final results; examples ofdata sheets; and positions ofpersons 
responstble for data reductton .... 

: 

..... .... vaiidgtion is the systematic process ofrevieting the data against criteria to assure the 
adequacy ofthe data j 
Data reporting details how reports will be generated and what must be íncluded in them 

j 
8.1 Responsibility for Iabdratorydata 

.. .. 
. 

The laboratory must conduct these activities on and be responsible for, data that is processed 
within the laboratory The owner or operator shalt ensure that the assessment firm reviews final laboratory data reduction, 

validation1 and reporting arid 
J 

(1) selects a laboratory based on demonstrated ability to properly reduce) validate, and repon 
data, 

(2) verifIes laboratory approval status, a list of approved laboratones is aailable from 
ADEC,and U 

(3) reviews all laboratory results and performance to ensure that the objectives of this 
chapter are met if questions or problems anse with the laboratory anahsis the owner or operator 
shalt ensure that the assessment firm takes appropnate corrective actions as outlined in Section 10 (Correctie Actions) sigmflcant problems must be reported to ADEC 

2.2 Final data reduction 

Data reduction is the compilation condensation and strnplinng of informatton into a more eastly 
understood product The owner or operator shall ensure that the product fi.irnished by the 
laboratory is examined using standard statistical methods, by assessment firm personnel with the 
education, professional expenence, and training necessary to meet a projects technical and 
regulatory requirements, and that these persOnnel conduct dr supervise any further reduction of feld and laboratory data into the final report. 

8.3 Final data validation 

The owner or operator shall ensure that validation of field data by the assessment firm occurs 
before the data are inserted into a report. The results of the evaluations discussed in this 
suosection must be documented in the repon must be used in data interpretation and may be 

J used to initiate corrective actions outlined in S&tióri IO (Corrective Actions). 
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2.3.1 Validation of field reports 

The owner or operator shall ensure that the assessment firm QA officer examines all information collected through the field documentation process (Section 41). This information must be checked for 

n (1) completeness; L (2) accuracy (for example, transcription errors, interna! consistency); (3) unexpected results, wnh accompanying possible explanatrons (4) adherence to sampling procedures outlined tn Sectton 4, 
(5). comparison of field instrument rçsults with laboratory results. 

8.3.2 Review of laboratory data 

The owner or operator shall ensure that the assessment fit-rn reviewers pay special attention to the establishment of detection and control limits and deviations from them;-if deviations are identified, they must be flagged for discussion in final reports and possible corrective action Examples of limits and deviations include 

(1) any limits outside of the acceptable range; 
(2) lack of documentation showing the establishment of necessary controls, and (3) unexplainable trends. 

.. 

2.3.3 Determining the final validity of samples 

Samoles collected in accordance with this chapter are considered \ahd unless otherwise indicated Samples that are not collected in accordance with this chapter will be considered ipvalid; in particular, a sample will be considered rnahd if 

(1) the samplè collection was not conducted by or supervised by a qualified person as required by 18 AAC 78; 

(2) the sample was collected with previously-used tools that were not decontaminated as outlined in this chapter, 

(3) the sample was not taken at the location or depth specified by this chapter, 

(4) the sample was not taken at a location determined by a correctly calibrated and operated field instrument or by other documented observation to be representative of the most likely areas L of contamination; 

T (5) the sample was colle -. inappropnate for the analyte, 
cted using a method not listed in this chapter or a method that is 

t-, 
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.... 

( 6) the sample was composited before analysis, unless compositing ofthe sample is explicitly E 
specified by this chapter or approved by ADEC in the workplan required under I S AAC 78 

C 7) the sample jar was not clean before soils or water were deposited into it 

(8) the sample was incorrectly labeled (dr not labeled) and field records do flot show the 
locationherethe sample was collected j 

(9) a vater sample-from a boring orwell was not collected in accordance with Section 4.7 of 9 this chapter, 

( IO) an improper analysis method was performed on the sample, 

(I 1) the analysis ofthe sample was conducted by a laboratory that was not approved by 
ADEC at the time ofanalysis 

s 4 Data reporting j 
8.4.1 information to be included in report 

Reports prepared under ths chapter must, at a minimum contain the following 

(1) the laboratos data sua as required by Section S 4 2 aborato data repon for J samples) for each sample analyzed, 

an interpretation ofdata and samplidg :rèüJts, as required by the tasks discussed in .. 

Section 8.3 (Final data validation); 

(3') a table that contrasts the required field quality contro! data (discussed in Section 9 1 . I ) tnth the limits specifled by tms chapter (see Report Format subsection below) 
r 

a case narrative for trie project 

( 5) a separate section or attachment that discusses ail deviations from procedures outlined in cJ this chapter and any releant information compiled from field records or other information 
recuired by I S AAC 7S including a discussion ofany deviations from this chapter for any 9 sampling or analytical methods and procedures, whether used by the assessment firm or by the 'J laboratory; 

i (6) for corrective action sampling activities a separate section or aacent that discusses 
all corrective actions taken as required by Sectión IO, andany other corrective action for other 
deiations from this chapter including corrective action (such as resubmission of the sample) for 
sample results that fall within a factor of 2 of' the action level after having had corrections for 
rnatnx interferences applied (see discussion in SectiorL 10.5 (Correctiveactions with laboratory); 
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r' (7) a summary ofthe site assessment or release tnvesttgatton informanon, provided to the ôwner or operator on a form available from ADEC (Site Assessment and Release Iñvestigation 
. Summary Form, see Appendix B), or similar format containing the same inforrn:ation; and - 

L (8) other items required for reports by 18 AAC 78. 

n 
... ... ... i 

z 4 2 Laboratory data reports for samples 

T7 For each project conducted under this chapter, a data transmittal summary must be provided for -c each sample analyzed by the laboratory, rncludtng all field and laboratory QC samples, whether - the samples are rejected or not The following items must be submitted in the repon 
- (1) laboratory name, address, telephone number, fax number (ifavatlable), LAN number, and ¶- the name ofthe person authorizing release oflaboratory data, - 

(2) repon date, 

iiJ (3) type ofanalysis (gasoline, diesel etc) 

: (.) the analytical and extraction method used and method number (see Tabli s I and 2), 

@) the type ofmatnx; 
.. : (6) the field sample number 

: (7) the laboratory sample number, 

- (8) laboratory file identification number, 

- (9) the date sampled, 

I (10) the date received, 

r 

(1 1) the date extracted arid digested 

(12) The date analyzed, 

L (13) the location ofthe sample collection point n(14) the site or project name; L.. 
.... 

1 

(15) the concentrattons ofanalyte (reponed lnrnicrograms per liter for liquids, milligrams 
- 

per kilogram, dr eight basis for solids) 

- (I 6) defimtions ofariy characters used to qualt' data 

LA 
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(17) precision and adcuracy values for each sample set, with at least one precision and 
accuracy evaluation for each set of 20 sample, 

(18) the ambient temperature of the intenor of the shipping container adjacent to the sample 
container WHEN RECEIVED by the laboraiory; 

(19) a copy of the sample transfer logs for each sample or group of samples; 

(20) the analyst's name, signature or initials, and date signed; 

(21) the dilution factor, 

(22) a narrative summary repon for each set of samples (not to éxceed 20 samples per set), 
including a discussion of any significant matrix interferences, low surrogate recoveries, or analyte 
ideñtification as appropriate; and 

(23) Laboratory Data keport Check Sheet (kppendix C) -. 

The followrng items must be retained on file by the laboratory for at least three years after the 
analysis. They are not required in the report, bût must be made available to ADEC upon request: 

(I) the laboratory file identification number; 

(2) copies of all sample gas chromatogram traces with the attached integration report; copies 
of the reconstructed ion chromatograms (BIC s) must be proided if performing the analysis by 
mass spectroscopy; chromatograms must be provided for: áll samples, method blanks, and daily 
calibration stañdard; chromnatograms must be identified with a sample identiflòatiori and the time 
and date of analysis; 

(3) z document containing the date and time for the initial calibration and the standards used 
to verify instrument settings for the data reponed include the composition and concentration 
range of standards used to establish and verify maintenance of instrument calibration; and 

(4) a document explaining laboratory qui' control samples used for the data reported and 
results obtained include information concerning surrogates alLane standard, column 
performance, matrix spike and matrix spike dUplicate samples, blank data, Ñference samples, and 
pattern match narrative summan 

8.43 Submission of reports to tank o%ner or operator 

All reports must be subni'ted to the tank owner or operator b\ the qualified person identified in 
SectiOfl 2 (Qualifled personnel) If submission of reports to ADEC is required by ISAAC 78 or 
by .ADEC, the asessment firm must inform the tank owñer or operatór of the requirement. 
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SECTION 9. TERNAL QUALITY CONTROL CHECKS 

r_h Required quality control (QC) checks include field QC check samples and laboratory QC sampks Companson ofacceptable tolerances and actually derived values for each required QC element 
- 

must appear in each project report submitted, as discussed in Section 8 4 1 -M 

. 

9 1 Field quaht contro) checks 

L This section defines the types offield QC checks that must be used and the circumstances in which each type is to be used All field QC check samples must be analyzed, the results of the r analysis used to calculate data quality indicators, and must be surnxnanzed as shown in Table 3 or a similar format When used, QC measures must be performed at a minimum, for the most volatile aiialyte under investigation ,- 
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Quality Control Designation 

Holdingtimes: 
Holding dine to extract, DRO; for soir 
Holding time to extz-act; DRO; for liquid 
Holding dine to analyze; DRO; for soil 
Holding dine to analyze; DRO: for liquid 
1-lolding time w/rnethanol;GRO; for soil 
Holding iixne; GRO; liquid 
Holding time toextracz;RRO; soil 
Holding dine to analyze; RRO; soil 
Holding time to anúylze; ETEX; soil 

Holdingthne; BTEX; liquid 
Holding tizne; PAll; soil 

Holding time; PAN; liquid 
Holding dine; Total VCS; soil 
Holding dine; Total VCS; liquid 
Holding urne; to extract; POE; soil 
Holding time; to extract; POE; liquid 
Holding time; to analyze.; POE soil 
Holding time; to analyze; POE liquid 
Holding dine; on digestate; 

Tozal arsenic; soil 
Holding time; on digestate; 

Total arsenic; liquid 
Holding tizne; oh digestate; 

Tozal cadmium; soil 
HoldL-ig linie; on digestate; 

Total cadmium; liquid 
Holding time; on digcstate; 

Tozal chromium; soil 
Holding tb-ne; on digestate; 

Tota! chromium; liquid 

Completenen 
Field Duplicate 
Decontamination Blank (s) 
Trip Blank (s) 
Methanol Trip Thank 
Field Blank 
Background Sample (s) 

...TABLE 3 
Field Quality Control Summary 

,Tolerànce 

14 days at 4' t 2' C 
7 days at 4° t2 C 
Less than 40 days 
Less than 40 days 
28 days: 
14 days at 40 t 2° C 
14 days at 4° 2° C 
Less than 40 day 
14 days at 4° t 2° C or 

per method requirements 
14 days at 4° ± 2° C 
14 days at 4' t 2? C or 

per method requirements 
14 days at4° ±2° C 
14 dayà at 4° t 2° C 
14 days at 4°±2° C 
14 days at 40 t 2° C 
14 days at 4° t 2° C 
Less than 40 dass 
Less than 40 days 

6monthsrnax,at4°±2° C 

6monthsmr. at4° t 2°C 

6 months max. at4° ±2°C 

6 months max. at 4° t 2° C 

Gmnonthsmax,at4'±2' C 

6monthsmax at4°±2°C 

Results for Thts Project 

[t 

u 

U 

SS% 
From ADEC project manager 
Analytical method detecuon limit 
Analytical method det&dtion limit 
Analytical method detection limit 
Analytical method detection limit 
Assess backtound influence on final verification samples 

Legend: STEX Benzene, Toluenc, Eths'i.benzzne. Xslthie; 
DRO = Diesel Range Organics; 
ORO Gasoline Range Orgarics; 
PAN = PolychlorinaSBiphenols; 
FOB = polyclilorinated bzphenyls 
RRO Residual Range Organics; 
\'CS = Volatile chlorinated solvent& 

66 

h-1 

ri 

u 

u 

Ti 

J. 

H: 
J 

II 

C? 

u: 

i 

i.. 

i] 



.n. 

i 

9.1.1 Minimum field QC sample requirements 

The following is the minimum level of sample QC scrutiny that must be applied to field sampling: A description of each type of field QC sample appeárs in Sections 9.1.2. - 9.1.5. Reference to sets of samples in this and subsequent subsections refers to samples taken from the same site (or, for multiple sampling points within a single project, from the same area within a site that has uniform charactenstics such as gram size and organic content) during the same sampling event during a discrete time period lt does not apply to sampling points from different sites, samples taken at significant time differences frorne4ch other, nor multiple samples from the same site, but with nonuniform site characteristics. 

Table 4 Minimum Quality Control Scrutiny 

Minimum Field 
QC Samples Required When Required 

Field Duplicate 
(One per setof 10 samples, 

i minimum of one) 
AIS samples 

Decontamination Blank 
(One per set of 20 similar samples. 
minimum of one) 

All sanpies 

Trip Blank 
- (One per set of 20 VOlatile samples. 

rnininiu,-n clone) MIGRO, STEX and 
volatile chlorinated 
solvent samples 

Methanol Trip Blank 
(One per set of 20, 
minimum of one) 

Ált&wable Tolerance 

Set by Project Manager 

Less than the analvucal 
rúcthod detection limit 

Less than the anaislical. 
method detection limit 

Soil samples using MOO! Le sthartthe analytical 
itethod detection limit 

IT 
FitldBlank(Ontpersetof2O, L) rnbtum oboe) Per project specifications Less than the analytical 

method detection mût 
r.. 

7 9A..2 Field duplicate sample 
.LL 

i 

: 

i. 
.. 

.. ..... 
Field duplicate samples are independent samples collected as close as possthle to the saine point in 

- 
snace arid time They are two separate samples taken from the saine source, stored in separate containers and analyzed independently These duplicates are useflul in documenting the precision (variability) ofthe sampling process r 

_) 
4;îw 
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. : : : ï u At least one feld duplicate must be collected for every I O samples for each matrix sampled, for 
each target compound. 

. L 

Duplicate water samples must be collected as close as possible to the same point in space and time 
and must be collected before any decontamination blanks are collected. 

U Duplicate soil samples must be collected as close as possible to the same point in space and time 

All feld duplicates must be blind samples and must be gwen unique sample numbers just like any j other ñeld sample Their collection should be adequately documented 

The results from field duplicate satnples must be used to calculate a precision yalue for field 
sampling quality control. 

[j 9 1 3 Decontammatton blank (equtpment blank) 
..-., - l.v . 4 .- 

. 

. 
...z .. : Ç!-. 

. .. 
: A decontamination blank is a sample ofanalyte-free media used to nnse sampling equipment it 

must be collected after completion of decontamination procedures and before sampling 
Decontamination blanks for water samples must be collected as descnbed in Section 4 7 2 
(Sampling groundwater monitoring wells) Decontamination blanks for soil samples must be 
collected in a similar manner 

If decontamination blanks are required, at leat one decontamination blank must be collected and 
analyzed for each set ofwater samples that might contain volatiles In addition, at least one 
decontamination blank must be collected and analyzed for every 20 soil samples collected each J day. 

9 1 4 Trip blank 

A mp blank is a sample ofanalyte-free media taken from the laboratory to the sampling site along 9 . tith each batch ofsamples and returned to the laboratory unopened A mp blank must be used to J document contammnauon attnbutable to shipping and feld handling procedures This type of blank can be especially useful in documenting when trace volatile organic compounds are being i investigated Ifa thp blank is required, at lèast oñe trip blank must accothpany eadh set of2O 
samples that might contain volatiles. 

. . 

9 1 5 Field blank 

A field blank is.a saitpie ofanalyte-free media taken from th laboratoryto the sampling site and 3 opened onsite dunng the sampling procedure The field blank is then sealed and appropriately labeled and returned to the laborator) for analysis with the sample batch A field blank is used to document ambient contamination at a lghly cothäïninated site and is especially useful fbr volátilè organic compounds The field blank does not replace the mp blank i If required, a field blank must accompany each et o120 samples destined for volatile organics Ii analysis. 

LS j 



t_ 

- 9.1.6 Backgroundsampk 

- A background sample is collected in an area judged to be free ofa site contarmuant The r- background sample is taken to document and assess analyte baseline or histoncal information 
A background sample must be collected whene'.er, in the QA officer's judgmeni, it is required 

T (I) to document the occurrence oftataraily occumng organics especially when their presence might interfere with analytical tests, 

: (2) to document the presence ofcontanvnation by migration ofcontamiriants from cifsite or non-TJST-related sources, arid 
- 

: (3) in a corrective action or treatment plait 
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SECTION 10. CORRECTIVE ACTIONS 

Corrective actions are procedures and actions taken to correct unacceptable or une\pected 
deviations in sampling or analysis An example is the re-analysis of one or more affected samples 
or the reporting of questionable data with a note of explanation on the situation 

Ultimate responsibility for correctise actions rests with the assessment f rm While appropnate I corrective actions for out-of-control situations in the laboratory must be addressed by laboratory 
QAIQC documents, the owiier or operator is responsible for ensüring that th&assessment f nn 
shows that all corrective actions enable the data quality objectives to be met 

: 

lo i Staiftraining rl 

Normally, the need for training ofsampling personnel will be determined through the auditing 
i procedures qutlined in Section i 1.1 1 (Audiùn ofsampling personnel). Ifthe corrective actions 

outlined in Section 1 1 1 1 do not result in acceptable performance, the sampling personnel must 
be removed from sampling activities until they can demonstrate adherence to the procedures in 
this chapter The need for additional training ofnon-sampling personnel is indicated through U scheduled audits and data 'aiidation and reporting The owner or operator shall ensure that the 
assessment firm contracts for or provides necessary trauung ofthe appropnate persons ifa 9 potential problem with data quality is identified before the person performs the acti'.ity again 

j 

:: H . .:, 
10.2 flandling invalidsamples J 

Ifaninvalid sample is taken, the follotng prbceures mustbe followed: 

( I) ifthe completeness objective forthe project is meL and obsenations and field 
screening do flot indicate the insalid sample was collected at a location with Fugherthan the U s 

average contamination levels aL the site an explanatory note oftnc deviation from this chapter 
must accompany the repon and no fiirtner corrective action for de,ation is required and t' 

(2) if the completeness objective for samples at the site is not met or obsenations and 
field screening indicate the invalid samnie ;;as collected at a location with higher than the average I] contamination levels at the site sample(s) must be recollected at the proper location on the site, U 
properly analyzed and reported, and an explanatory note of the deiation from this chapter must 
accompany the data report. 

10.3 Field instrument failure and improper usê 
J 

I ari audit of field sampling performance indicates that field instruments are being imoroperty used (or not used), the instrument operators muit be retrained and their activities audited as specified J in Section 11.1.1, and field data musi be re-co1lettd, 
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r1 

10.4 Fallu res in data processing, management, or analysis 
*1 Problems sth data processing, management, or analysis is typical[y discovered during data reduction, validation and reportLng (see Section 8) cc during scheduled audits (see Section 1 1) 

s 
Ifthese problems occur, the owner or operator shall ensure that the QA officer or another appropriate person is notified. Upon review ofthe problem, the owner or operator shall ensure r that the QA officer or other appropriate persön 

. 

L.j 
(1) initiates steps to retrain the person perfonting the task; . 

H H . .: 

. 

.. Li(2) initiates actions to correct the improper procedure; 

r (3) adheres to procedures outlined for notifng the QA officer and project manager of : potential problems with data quality, 

- (4) adheres to procedures for documenting potential problems and noncompliance, and L-1 

. ( 5) adheres to procedures for detenzumng when nonscheduled audits are teeded r 
: 

... 

:.: r lo s Corrective actions ith laboratory 
L Normally, any corrective actions necessary in a laboratory are handled internally by the approved laboratory through its approved QAJQC procedures on Lie with ADEC The need for corrective Taction m the laboratory is idenufied by 

I 
(1) the laboratory's internal QC checks 

I (2) the data review conducted by the assessment finn (see Section 8 3) or - (3) the laboratory s performance audits (see Section 11 2) 

If appropnate satisfactory corrective actions are not performed by the laboratory, the assessment firm may hot contract with that laboratory to perform future analyses until the problem is ç'- resolved. 
U 

.. H 
n 10.6 Corrective actions for other problems 

. 

Other problems not discussed in dus chapter might interfere with the assessment finn meeting the f- data quality objectives ofthis chapter Appropnate corrective actions must be taken for these L problems and must be initiated by the Q A officer, pnncipal investigator or assessmc nt firm - management 

- H ... .... ... ... ... .. .. 

: 

... ... e-, 

. 
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SECTION 11. PERFORMANCE AUDiTS 

The owner or operator shall ensure that the assessment firm prepares an annual report that 
compiles information obtained from audits ofthe firm's acttvittes under this chapter Acttvittes 
descnbed in this section are to be used as a guideline in des!gning the audits 

i il 1 Auditing offield sampling 

ii i i Auditing ofsampling personnel I 
The owner or operator shall ensure that ali êmpláyees ofthe assessment firm are properly trained rl 

I] and their performance audited before participating without supervision in sampling activities At a 
minimum, befóre engaging in any sampling procedurefor the first timé,an employee must: 

. 

(1) be trned by qified persòn who has condubted the procedure before; and 

( 2) have read the expected procedures outlined in this chapter, the relevant provisions of f j 
18 AAC 78, and the assessment firm's relevant operations manual. J 
After ithtiai instmction in the procedure, the rainer rìiust audit the employees sampling activities. 
The employee s performance must continue to be audited until the employee can consistently 
perform the activity in accordance with the expeted procedures 

After demonstrating satisfactory performance in a procedure, each employee's field procedures 
must be audited at least annually All field sampling performance must be evaluated dunng this 
audit 

I 
If any corrective actions resuhfrom an emplo'eès deviation from the expected field procedures, ri the employee's performance on the activity that prompted the corrective action must be audited J dunng the next sampling event The performance must continue to be audited until the employee 
consistently. performs the activity ni accordante with èxpected procedures. 

9 
L- 

11 1 2 Auditing of field procedures 

The owner or operator shall ensure that at least annually, the sufficiency of the sampling 
procedures in this chapter are audited by the assessment firm's Q k officer This audit may be 

[1 combined with an annual audit of an employee 

u 
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11.1.3 Monitoring .01 field subcontractors 

The owner, or operator shall ensure that, at a minimum, assessment firm feld staff routinely monitors the performance of: 

(1) well drillers; 
(2) excavation equipment operators; 
(3) drilling or excavation eqùipnient; 
(4) removers of product; 
(5) treatment facility, operators; and 

. 

. (6) treatment equipment. 

Ifihis morutonng indicates that changes in subcontractors or equtpment quahty wilL improve or lessen the quality offeld sampling activities, the owner or operator shall ensure that the QA officer or pnncxpal investtgator is notified and that, tfnecessary, the officer or investigator implements appropriate corrective measures. . 

11 1 4 Morntonng offield equipment 

Field instruments must be maintained and calibrated as outlined in Section 7 1 In addition the results offield instrument analyses must be compared with analytical results Unexpected or unexplained discrepancies must be reviewed and, if necessary, corrective action must be taken as outlined in Section 10 (Corrective Actions) 

Performance of decontamination equipment and solutions must be audited by periodic collection and analysis of decontamination (equipment) blanks Unexpected or unexplained tesults must be reviewed arid if necessary correctne action must be taken as outlined m Section lO (Corrective Actions) 

11.1.5 Auditirw of field retords 

r Ali field records and an other releant field data must be audited by a qualified pei son before L1 reports are submitted 

t;, 

.. 

t. ............... J 11.1.6 Personnel conducting field audits 

r' Auditing ofail activities must be conducted b a person who has conducted or suptivised the - audited activities before This actinz must be performed b tne assessment firms liST QA - officer 

- 
/ 

r1 
':' 
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.. 

. 

... j 
11 1 7 Documentation and submission offield audits 

J Each person pedoing an audit shall document relevant obsen'ations and submit them to the QA 
officer or principal investigator who shall evaluate the observations and implement appropnate 
corrective measures 

] 

11 2 System audits 

The owner or operator shall ensure that at least once each year the QA officer exarnrnes 

(1) documentation that ADEC approved laboratones are used for all OST projects 

(2) all eld and 1aborato audit repos, j 
C 3) major corrective acttons taken j (4) overall program for compliance ofthe assessment firm's UST proram with industry 

standards regulatory requirements and emergmg technology and T T 

: j 
(5) the adequacy ofall. elements ofthischapter. 

This audit may be conducted as part ofthe assessment firm's review ofnon-UST activities 

At a mmum, the documentation ofths audit must be submitted as pan ofa quity assurance 
{ 

repon to management as outlined in Section 12 

ri 

4 ji 

H 
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L SECTION 12. QTJAL ASSURANCE REPORTS TO tkNAGEMENT 

The owner or operator shall ensure that the assessment firm prepares a quality assurance (QA) repon for the assessment firms management that covers the firm's use of the procedures in this. Lchapter and adheres to the protocols in this section. 

12.1 Contents of reports to management 

The QA repon to management must be based on a review of data quality indicators, results of field and laboratory performance audits, reports on corrective action or sample alteration, or limitations on the use of measurement data and the effects on legal defensibility. 

12.2 Preparation of reports to management 

- A QA report must be prepared by those mdivduaJs who possess the education, professional expenence, and training necessary to assess the quality ofdata betng generated, to evaluate the 
- 

results offield and laboratory audits and the sufficiency ofcorrective actions, and to recommend -g effective solutions to problems encountered 
- 

: 
.. 

..... 4 12.3 Schedule of reports to management - 
At a minimum, QA reports must be provided annually after completion ofsystem audits In addition a report to appropriate management must be provided hen significant QA problems r- anse 

; 

:. .H 
H 

- \Viìo retenes reports to management 
4- 

At a minimum, the assessment firm's supervuor ofall TJST program activnies must review QA 
- reports QA reports are for InLemal use and might be confidential, there is no requirement to - submit these repons to ADEC However, ifa question anses concerning an assessment firms compliance with this chapter, contes oftl'e reports must be available for review by ADEC The r assessment firm may include infomation in a QA report that helps document compliance with this - chapter or with I 8 AAC 7S 
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EENtR 
Consulting Engineering Remediation 4600 Business Park Blvd 

Sthte22 
AnchoraQe. AK 995O37143 r 

: (907)561-5700 
L FAX (9ü7) Z73-4555 

L Fort Richardson Environmental Staging Facility lOW Delivery Protocol 

r- 
I 

Generai Information 

r s 
Prior to delivery of any IDW, the generating contractor must make an 
appontment with ENSR personnel to coordinate receiving of lOW 

To make an appointment, call Mike Field at (907) 581-5700 
r 
_d t Ail IDW (liquid or soil) must De accompanied with Laboratory analyttcai results 

and/or equivalent generator/source information sufficient to properly characterize 
- the IDW for disposai All characterization activities are the responsibility of the 

Lgenerating contractor including any necessaty sampling 

r Unless other arrangements are made with ENSR generating contractors must 
supply all necessary equtprnent (t e forklift pumps trucks, etc) for ¶DV'J transfer 

k arid unloading at the Environmental Staging Facility 

n All drums staged at the facility must be appropnately labeled pnor to acceptance 
L Labeling requirement information is available through ENSR at the contaçt 

number above Labeling requirements are based on informatlQn supplied by the 
generating contractor 

SpecIal Consideration for Liquid lOW Delivery; 

T No liquid lOW containing measurable free product will be accepted (light sheen 
isOk) 

: Special Consideratton for Soil lOW Delivery 

All soil drums must not be filled beyond 3/4 full, and must weigh less than 800 - 
lb (Note 85-gaHon dwms may weigh more than 800 lb when 3141Ml) 

A wntten affidavit stating the final charactenzation of the lOW must be iuppiied 
by the generating contractor. 

Soil IDW drums staged at the facility originally characterized as pending analysis 
for final characterization must have confirmation of final characterization within 

J 45 days of delivery 
Ls 

... .. ... 
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FIELD EQUIPMENT CHECKLIST - TREATMENT SYSTEM INSTALLATION 
Treatment System Demonstration 
Ruff and Roosevelt Road 
U.S. Department of the Army, Corps of Engineers, Alaska District 
Contract No. DACA8S-95-0008, Delivery Order No. 0026 

' Item 
I 

Check j Comments 
Documentation : 

Project Plans 
Field Forms - Write in Rain Paper 
Design Drawings (2-sets) 
Applicable Phone Numbers . . 

General Field Gear 
Battery 
Battery Converter and Cables 
Calculator . - 

Camera 
Card Table 
Cash/Credit Card/Applicable Acct #s 
CeliPhone 
Cloth Tape . . . . 

Cooler . - 

Custody Seals 
Duct Tape . 

Field Book 
Field Clothing and Quality Rain Gear 
Film 
HardHat 
Knife/Scissors - . 

Laptop Computer 
Metal Clip Board 
Pencils 
Pens - Ball Point 
Pens - indelible Markers 

Pens- Sharpies 
Pipe Wrenches 
PPE per SFffIP 
Shovel 
Soil Bags (Sieve Samples) 
StraightEdge 
Tape Measure 
Tent 
Tools - 

Tuff Tote(s) 
Water Level Indicator 

Meters 
Calibration Kits 
PD 
Thermometer 
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DOWL/OGDEN 
;Jc;tr: entare INSPECTION REPORT (cont'd) 

DO No 26 Ruff Road Treatment System REPORT NO 
OWNER U S Army Fort RlChardson/ADCOE DATE 
CONTRACTOR ChugaCh Development Corporation WO D56177 
INSPECTOR C Shuman 
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ADOWL! OGDEN 
Joint x.e ntta re PHOTO LOG 
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PROJECT: DO No. 26, Ruft Road TrMtnfitn, 
OWNER: U.S. Army, Fort Rchardson/ADCQE 
CONTRACrQR: . 

INSPECTOR: 

REPORT NO i 
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FIELD EQUIPMENT CHECKLIST - RE5PmoMETRY 
Treatment System Demonstration 
Ruff and Roosevelt Road 
U.S. Department of.the Army, Corps of Engineers, Alaska District 
Contract No DACASS-95-0008 Delivery Order No 0026 

item 
p 

Check Comments 
Documentation 

ProjectPlans 
Field Forms: - Write in Rain Paper : 

Design Drawings 
ApplicablePhone Numbers : 

General Fiehl_Gear 
Applicable Field Clothing and Rain Gear 
Railers and.Line 
Calculator 
Camera 
Cash/Credit Card/Applicable Acct #s 
CellPhone. . 

ClothTape 
FieldBook 

Hand Air Pump 
HardHat : 

Key to Enclosurè 
Knife/Scissors . 

Laptop Computer and Auto Converter 
Metal Clip Board 
Pencils . 

Pens- Variety 
PPE per SHPP 

] 

Pro-made Caps for MQnitoring Points 
Resealable Plastic Bags 
Shipping Account Numbers 
Shipping Containers 
Sterile Sample Còùtainers 
Straight Edge 
Tape Measure . 

TediarBags 
Tools and Pipe Wrenches 
TuffTote(s) .. 

Two 5-GallonBuckets 

Meters 
PID 
AirPump 
Calibration Kits 
Carbon Dioxide Meter 
Dissolved Oxygen Meter 
LEL/02 Meter 
Spare DQMeterMembranes 
Magnehelic Gages 
Moisture Meter 
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HELD EQUIPMENT CHECKLIST - GROUND WATER MONITORING 
Treatment SysteniDemonstration 
Ruff and Roosevelt Road 
U.S. Department of the Army, Corps of Engineers, Alaska District 
Contract No. DACA8S-95-0008, Delivery Order No. 0026 

. Item 
t . 

Check Comments 
Documentation 

ProjectPläns 

Applicable Phone Numbers 
Chain of Custody Forms 
Design Drawings 
Field Forms - Write in Rain Paper . 

0U4 Management Plan 
Field Gear 

Applicable Field Clothing and Rain Gear 
Arrange Drums and Transport 
BaUers and Line 

BuHeWrap 

Calculator 
Camera 
Cash/Credit Card/Applicable Acét#s . 

CellPhone 

ClothTape 

Combination to Locks __ 
Coolers 

FieldBook 

Film 
HardHat 

Insul Ice 
Key to Enclosure 
Knife/Scissors 
Metal Clip Board 
Nitrile Gloves . 

Pencils 
Pens - Variety 
PPE per SHPP 
Redi-Flow Pump and Controller 
Resealable Plastic Bags 
Sample Jars, Labels, Seals 
Shipping Account Numbers 
Shipping Containers 

StraightEdge 

Tape Measure - 

Tools and Pipe Wrenches 
TuffTote(s) 

Two 5-Gallon Buckets 

Meten 
Calibration Kits 
Dissolved Oxygen Meter 
Oxidation/Reduction Meter - mv 
pH Temp Conductivity Meter 
Spare DO Meter Membranes 
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LIQUID/SOLID DERA IDW 
TEMPORARY STORAGE FORM 

a. CONTRACTOR NA1m, CONTRACT NO./DELIVERY ORDER ND.: 

b. CONTRACTOR POC AND COE POC: 

C- LIQUID IDW DRUM COUNT: r 

\4_ d SOLID IDW DRUM COUNT 
e .. 

. 

Le IDW ORIGIN (PHYSICAL LOCATION) /DATE 

ç,.' 
IDW DRUM IDENTIFICATION NUERS LIQUID from 

k4 to SOLID from to 

:i g SAMPLE DATE/TEST tTHDD(S) 

:: 
h SAMPLE ANALYSIS TURN-AROUND DATE 

2. PROPOSED DISPOSAL L'CHANISM (a e , Landfill, carbon L treatment, etc 

h 
- B PARTY RESPONSIBLE FOR IDW (NANE) 

. 

k TEMPORARY STORAGE LOCATION 

n i SIGNATURES FOR TEMPORARY STORAGE LOCATION 

'"' DPW, FW.A Representative Contractor Name 

Sagnature Signature 

.... Date 

L 

E-6 
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STATEMENT OF WORK 
E: 

22 August 1997 

I: 

t_r CONTRAaNO 
ç) DELIVERY ORDER NO. 

. 

D 

ri J. : . : ...:. 

o 

t.;. 
. .. .: :. .: 

r-1 

TREATMENT SYSTEM DEMONSTRATIONS AND 
bi DESiGN VERIFICATION STUDY 

RUFFROAD AND ROOSEvffLTRo 
T FORT 1ucH4pJ,soN, ALASK4 

n. .... ....... ... 
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H; .: ...: ... .,. 
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*ITh : .:: 

EDJTRODUCTION AND BACKGROUND 

¶T i I Geneni Fort Richardson is located in soutlicentral Alaska, and is surrotmdecL b the 
Municipality of Antrnorage to the south and ElmendorfAir Force Base to the est The Fort was 

r"' established in 1940 to defend Alaska against forexgn mvaders,and catered aprouxnate1y 67,000 
I 

hectares Presently, the fort uses approximately 25,000 hectares ofland situatS btseen the 
foothills ofthe nearby Chugach Mountains and Kmk Arm ofCook Inlet .: .... .. .. .. ':. t Fört Richardsoa was placed on the Comprehensive Environmental Response, Compensanon and Liability Act (CERCL&) National Pnonties List (NPL) m June J 993 in response to the 
documented evidence of imconfrolled andlor abandoned hazardous substance release from 

L, several contaminant source aztas As a resul; a Federal Facilities Aeement (FFA) bcteen the 
United States Enwonmental Cortsenanon (ADEC), and the Department ofDefense (DoD) The 

r-' ifA details the responsibilxues and authontres ofeach ofthe abovepaites with respect to Lenvwonmental assessment and remediation needs at Fort Richardson The FFA aiso establishes the operb1e units at Fort Richardson to be addressed underthe CERCLA program One of these t' units is Operable Unit A (OU-A), the subject ofthis scope ofork 
U 

.. : H .. .. : 
a OUA is comprised ofthree sites, the Roosevelt Road Transmitter Site Leachfield, the RuE Road Fire Tntmng A-en, and the Petroleum, Oil, and Lubneant Laboratory Thy Well The remethai ;- innstgaton, human health nsk assessment, and ecciogical risk assessment were completed in 
t 

November 1 996 A feasibility repon for the RUffROad site s submitted ¡n December 1996 
L The Army, ADEC, and E? have deteunmed that the sites mcluded withm OUA v& be L. addressed under the conditions ofthe State-Fort Richardson Enviroomentai Restoration - Aeement between the Amn and ADEC lbs design t erthcanon snidy addresses the Ruff Road id Roosevelt Road sites 

r_ statement ofvork prescntsthe coxx-act objectives, a dcnpnon ofthe sks required from the contractor, the completon schedule, discussion ofthe submittals and presentatcins required, the re1ationshi of the contactor vith the public, the method ofpayment, health aDCL S2fCt3' n requirements, chemical quai it maimgement proceoures, and general requirements and standards - for the implementanon of the utarnem sy stem demonsanons 
r 2 Erpiect ReQu5t U S Anny 6th InÍntiy Division (Light) Directorate ofPubht Works, has v tasked the tcmted States Army Coxpa of Engineers (USACE), Alaska Disthct th perfonmng treafl:nent system demonstrations at the sites : 2 OBCE 
T 2 1 The objective of this contact is to desi, mpIemezt, monitor, and evaluate treaiment systems for the Roosevelt Road and Ruft' Road sites At Roosevelt Road the treatmcnt system 

.... 
......... 

. 
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will be plugging buried lines, solidification of cethpool conhents and groìmdwater moi ftoring to 
determine the effectiveness of trealnent At Ruft Road, in-situ vapor extraction with a vapor 
bather is the tretmcnt system that will be evaitiáte& 

2.2 The Axchitectunl and Engineering Firm (AB) thsJl accomplish the objectives by performing 
the following tasks. h 

Taski Schedule 
Task. 2 Site Visit and Document Review 
Task 3 Txeaent Systems Deve1ornentfWork Plan 
Task 4 Treatment Systems ittaflation 
Task 5 Momtonng1Ealuation 
Task 6 Design Venfication Study Report 
Task 7 Review Conferences and Meetings 

3. DETAILEDDESCRIPTION OF TASKS 

3d General: The work under this contract shàll ollow the-definjtjorit of tat described in this 
section AU work shall be identified thin one of the descn bed tasks for the purposes of 
scheduling and costing No work shall be identifiéd outside of thesè tasks. 

3.2 Task 1Schedule. 

3.2. 1 The A/E shall provide, withm I O daysofüotice to proceed., a schedule of all 
activities underthe tasks forthis contract. The schedule shall indicate lilsubminal dates, data 
requirements, review penods, transmittal and nubhshmg tine periods, coordination dates, 
anticipated meetings, etc. A Critical Path Method shall be used to dètermine CTitiCaJ tasks, tasks 
with float, and estimates of tasks and project completion. Schedules shall be afénced bar (Gantt) 
chart, showing pttdecessor and successor tasks ktual start ahd finish dates, and actual progress The chedule shall be prepared using Microsoft PrOject 4.0; and shall be fransrniued to the Corps 
in paper and electronic formats. 

LI 

I 

J 

n 
ii 

. 

:. :.: IT .: .: .. .. : 
3.2.2 The schedule shall be updated and submitted to the Corps sthen schedule . 

variances, planned or not, exceed 5 working days 
... 

: ..... ;..... 

3_3 Task 2 - Site Visit and Document Review 

33 1 The Ais required to visit the project area This will be a reconnaissance level 
'9 mvestigation designed to gwe the AB a thorough understandmg oftlic site conditions While on site, the AB shall observe relevant condjtion, and obtam site photographs Access to the site 
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lJ be coordinated throuJi the Alaska Disthct Corps of Engineers (ADCOE). The AR shall 
prepare photos arid appropriate documentation to support general conclusions and impressions of 
the site conditions- The AB shall be responsible for the safety of their ost personnel while they 
investigate the project area. The review of existing documents shall take place before the site 
visit At the completion of the site visit the AB shall meet with the ADCOE to discuss the 
findings and their appmach to tho project (see below; Task 8 Review Conferences and 
Meetings). The site visit and document review shall be comp1tt1 within fen clays of NT?. 

J 
3 4 Task 3 - Treatment S stem Des elopment and Work Plan 

4- 3 4 1 The AB shall design treatment sy stems to meet the objecûves developed in the 
L FeasIbility Study (PS) and the subsequent documents (Proposed Plan and the Record of Decision 

(ROD)) and subsequent draft decision documents For purposes ofesnn-zanng this I)elivery 
Order it is to be assted that the treatnient technologies winch 'will be evaluated 

L solidthcaton at Roosevelt Road Transmitter Site Leach.field, and in-situ vapor ectxction sth 
vapor barrier at RuffRoad Fire Training Area. The design shall Include all components 

nnecessary for operation The v ork plan shall be submitted 4 weeks after NT? 

- 3 4 2 Draft Work Plan The AB shall develop a work plan vhrch describes the field 
activities to be condu.ted for the treatment system demons-atrons The ork plan shall clearly 
describe the project background, object'. es and rationale for implementation of the 1reaent 
systems. The work plan shall provide specific mthces for evaluation ofthe system and methods ofcorrection, explanation ofthe system implementation, e\planation ofthe eeld insiallafion, - 
optimization and field t enflton ofradius ofinuluence The ork plan shall mclude detailed r s)stem sketches and desii calculations to detenume spacing efthe wells It shall ai'so address 

'w 
stem monitoring and e aluation criteria, reqiured permits, and an other project specific 

information. The work plan may cite the OUA Mañagement Plan for information not specific to 
'r this ti-eatment system demonsation 

A 

3 4 3 Sfle Safety and Health Plan The most important aspect ofthis project is the cm 
health and sakty of ail on-site personnel The AR shall develop a Site Safety and Health Plan 

<- (SSHP) to cover the work to e performed under this SOW The AR shall develop htalth and safèty criteria and practices sufficient to protect on-site personnel, the public, ath the r environment from physical, chemical, and/or biological hazards particular to the sites The AR shall utilize a Certthed lndusüial Hygienist (CIII) or Cerufed Safety Professiçpal m - formulatng the SSE? for this wJt The site specific SSE? is subject to review and approcal by the CO pnorto the start offleld ork Field 'o± shall be performS according to the approved SSHP The SSHP shall be attached to the tork plait 
;- 

3 4 4 Revie'it The work pián ll e subject to review and approval by the orps, DPW, - and DEC Some ofthe comments may be tansmitted to the AiE via the ARMS system The AJE 

!-,\ 
: .. 

... .:. 

.. ! :. : ::.. . ... 
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shall attenc a revie conference (see below, Task 8 Review Conferences and Meenngs) 
approxmiat&y 3 0 da) s afier submittal of the draft work plan techmcal memonudum 

3 4 5 Final Work Plan The AJE shall adnss and annotaic all comments receit ed 
Those received via ARMS shall be transmitted back to the Corps via ARMS in annotated format 
The AJE shall mcor orate review comments into the v ork plan as appropria The final ork 

plan shall be submitted 7 days after the reviw cohferenc, and ali annotated cOmments shall be 
attached. 

3.5 Task 4- Treatnent Systems installation: 

35 1 The AB shall install the treatment 5) stems at Rtff Road and Roosevelt Road in 
strict accordance with the final vork plan The AJE shall be responsible for obtainmg any 
permits required by thestaze or federal govemmê&. Installation shall include all components 
necessaxy for operata on 

3.52 Ruff Road For pinposes of cosng this delivery order the AE shall assume that 
Ruff Road will reqmre 3 horizontal wells installed m trenches, 160 feet long and 5 feet deep In 
addition, a minimum 4Qmil geomembrane vapor barrier shall be installed over a 1-lt. layer ot 
gravel and covered by a 6-inch layer ofsand- Thevapor barrier shall cover an area ofO 75 acre 
Añer mstaflatton the AB shall perform a startup test to balance the system and optimize sy stem 
operatic;. 

33.3 Roosevelt Road For purpcses ofcosbng this delivery order the AB shallassume 
that Ritmad will require the grouting of 1 1 pipd and the solidification of approximately I 
cubiò ya±d ofcesspool sediments. After solidsficahon the sediments shall be retzzned to the 
cesspool and the cesspool area backflhled with clean soil 

- 

3_5 4 hivestigatìon Dei-n'ed Waste OW slall not be stored on site Soil IDW Shall be spread at the sitç or nansported by the AJE io the hardous aste transfer, storage, and disposal faaht at Building 45- 1 25, vhichever is appropnatá Liquad IDW shall be transponed by the AirE to the Environmental Staging Facility located at the southeast comer ofthe mtersecton of WarehouS Rd. and the Davis Highway. Thè Eivironrnental Staging Facility operates year- round, however, the AJE is responsible for insuring that liquid IDis not frozen upon dein ay All IDW containers shall be cle&ly labeled t the date, project name, drum njaxnber, boring ntnnbe; contents (i e soil cuttings) and At point of contact Deliveries ofIDW shall be coordinated th Kevin Gardner ofDPW and the operators ofthe disposal 1cilities The A/E shall be filly responuible for characterizhgand profiling the IDW for the purpose of disposal. 

3.55 Field Notes The AB shall maintain field flotes in a bound book with consecutively numbered pages. Field notes shall be written in-permanent ink, Erasurés shall not be allowed. 
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The AE shall document all field acthrities, visibly contaminated soil, and collection of samples. 
The AB shall submit.a copy of the feld notes to the ADCOE. The onigiñal f eid notes shâli be 
submitted at the completion of the project 

s G Task S - Momtonn/Evaluation 

3 6 1 The kE shall monitor and esaluate the ireatments stem demonstrations at the to 
sites for two yeats after mstallaflon This shall include all maintenance and repairs necessary to 
keep the sy stems fimcüonmg properly All repair/maintenance costs shall be the reponbxlity 
ofthe AS Monitonng requiremems at RnffRoad include meastnement of orgamc apor 
concentratoris, air flow rates, measurement of vacuum pressure at each VE well po mt and in 
common flow lines collection ofar samples from the VE ej..baut hue for quantitztrve analyses (aa samples shall be submitted for analyses by EPA method TO- 14), and dissolved ox gen 
content Monitoring requirements at both the RuifRoad and Roosevelt Road sites includes 
groundwater sampling to determine the effectiveness ofthe teatment systems Assume that 
woundwater sampling will be conducted semi-annually 

3 6 2 The AB shall submit a bnefreport outlmmg themomtonng efforts and results on a 
quarterly basis The momtonng report shall contain all data collected to date, and the data shall 
be presentS in tabular and gzzphic fomats. The reports shall be subject to review and approval 
by the ADCOE The monitoring report shall include a section on conclusions and 
recommendaons for further xnonitonng 

3 7 Task 6 Dest Venfcatjon Study Renort 

17i Draft Design Verification Study Repon The AE shall submit a draft rep&t swnmtinng the actnnties and results ofthe field efforts The report shall include a stmary of the instal1a1on ofthe teaent systems with detailed site drawings, a copy ofthe final approved ork pian, a description ofany changes from the work plan that were znstuted in Th: field, a description ofitothtoning efforts, results from the chemical analysis ofthe samples collected, and overall results ofthe monitoring program The AE shall thscuss the results and the iificancc ofthe findings, evaluate the suitaiility ofthe treatnent systems for iheRuifRoad and Roosevelt Road sites, and desaibe recommended changes to the teatment systems coriñgurations or molutonag protocol Conclusions and recommendations shall alco be discussed The report shall be submrned to the ADCQE forreview and cornxnentthm 30 days ofcpmpletion of monitonng 

3.72 Review The draft design vexification study xtpon will be subject to review by the Coips, DPW, aid DEC. The AP shall attend a review conference approtately 30 days after submittal ofthe repon At the renet conference the AB shall make a bnefpresentatton of the design venfication study before comments are discussed 

> t 

i 
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3 7.3 FmI Design Venñcaúou Stud) Repon kficr the re ie confercoce the AsE 
shahl modj the report as appropnate FmaI versions of the report shall be submitted within 1 4 
days of the review conference and shall include atmotated comments. 

Tu 

38 Task 7- Review ConfeTeTlces and Meetrnp 

3 8 1 The AB's principal investigators are required to attend four meetings for this 
project, each 3 hois in length The meetings are 1post-sitc visit meeting, 2) work plan I review conference, 3) progress meeting, and 4) design verification study report revie- U 
conference Minutes of the meetings shall be prepared and signed by the AB The conferences 
&iI1 be held at the US Army Corps of EnSeer's Alaska District Office in Anchorage, Abska i 

3.8.2 Minutes The AB shall take minutes of the discussions at each ofihe meetings 
The AR shall record ail significant discussions and decisions, and all comment resolutions The j AR shall FAX the draft inmutes to the Corps within three working day s of each meeting The 
final minutes shall be submitted one day after receipt of the marked-up draft comments from the 
Corps 

3.8.3 Commaits Fhe AB shall review all comments forwarded to them before the 
review conference ai-id be prepared to. dJscuss contrôversiai comment The ALE thay receive 
some comments at the reviev, conference Comments mas also be transmitted to the AR o'er the 
ARMS sani, and the AR 11 be required to annotate and tranthnit those comments back to the 
Corps over the ARMS system The AB shall annotate ail comments as to the resolution of the 
comment The annotation shall include a brief description of the changes made, and where in the 
report they wire made, or if changes were not made, au explanation of why not Annotated 
comments shall be attachèd to final docuxnnts. 

4. SUBMITLALS 

4.1 RcQUfrth Number of Copies 

REPORT COPIES DRAFT 

Taski-Schedule 1. 5 
Task3-WorkPlanandßsBp 12 
Task 5- Quanetly Monitoring Report 10 
Task 6-Design Verification Study Report 12 
Task 7- Meeting Minutes I 

COPIES FÏNÄL 

5 

12 .- 
Io 
12 
5 
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4 2 DisuibuUon All distnbutxon ofsubmtta1s shalT be made b) the AE A cocerletter and 
distribution. list for each submitS vail be wowdd by ADCOE The 4E is required to notQ the 
Engineer Manager three working days bdore the submittal is to go out 

4 3 Corresoondence The coniractor shall make arecord ofeach phone eancersatton and 
written correspondence regarwng information related to the performance ofthzs coatract A 
stimmaiy ofthe phone conversanons and switten coirespondence shall be submitted to the CO 
upon request 

4 4 Due Dates Submittals and Action Items 

Nobce to Proceed (NT?) anticipated by 30 September 1996 

SUB?vflflALS DATE 

Taski-Schedule NTP-'-lOda)s 
TasL2-StteVisit NTP'-lOda)s 
TaskS-DrafiWorkPlanandSSllP NT?-'3üdays 
Task. 3 - Final Work Pian and SSIIP reviev. conference 7 days 
Task 5 Quarterly Monatonng Report quarterly after start of monitonng 
Task 6 - Dtaft DesIgn 'Venfication Study Repon completon ofmomtonng -t- 30 days 
Task 6 Final Design Verification Study Repon revmt conference -i- 14 days 
Task 7 - Dtn Meeting Minutes reviet conference - three days 
Task 7 - Final Meeting Minutes receipt ofmarked-up minutes -4- 1 dr. 

4.5 Renorts: All project reports presenting data, analyses, and reeommendaons shall be i 

prepared in a standard format for the AE pWJeCt reports All site drawings shall be cf engmeenng 
quality with sufficient debil to show intenelations ofmajor features on the site map (La, north 
airows, keys, scales, etc.). The project report shall consist ofS-1t2" by 11 " pages with dnwitigs 
folded, ffnecessaîy, to this size A decimal naraphing system shall be used Proiect reports 
shall be bound in durable binders 'hich hold pages A project report Wie page shall ident the 
project title, the contaztor, the Alaska Thstrict, Corps ofEngmeers, and the date Submittals shall include mcorporanon ofali prewous review comments as well as the dispositzcn of each 
cominent. All finsi submittais shall be sealed by a Professional Civil Engineer igistered n the State ofAlaska 

5- PERSONNEL QUALIFICATIONS 

5. i Ail team members must be designated at the onset of the project and must remain actively zinolved in their position throughout the duration of this contract as long as they are employed by the A.E Substitute team members must be approved by the Contracting Officer Team 

tJ 

- 
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member resumes must be prouded to the CO with the &E s proposal The team members for this 
project must bas e extensrc e expenence in environmental restoration s ori.. All kE team 
members are subject to approval by the CO. 

5.1.1 One team member must have 3-years experience developing reniediation, cleanup 
alternatives and site vork plans 

5 1 2 The environmental engineer must hve a minimum of 4-years expenence n 
designing remediation for fuels, oils, metals, and solvent Epills in soils. Past projects must 
include vapor extraction and air spáring, and other appropriate in-situ n-eaents The engineer 
must also be a iestered civil engineer. 

SAS The geologìstigeotechnicai engineer must have a minimum of 3 years. experience in 
geotechnical investigations in the State of Alaska ssith dèmonuated experience interpreüng 
beh avior of smface and sübsinface water. 

S 1 4 The chemist must have a niimmun of to years expenence in the HTW field, 
work to include both field sampling and chemical data itview 

6 PUBLIC kFFAIRS 

The AE shall not make available to the neis media or publicly thsciose an data 
generated or reviesed imderthis conUact. WThen approached by the neus medi; the AE shall refer them to the CO for response Project reports and data generated imder this contact shall 
become the propetty ofthe goernment and distibuton to any other source by the AE, unless autbonzed by the CO is prohibited 

7_ METHOD OF PAYIVffiNT 
! 

This sbli be a fini fixe&price contact The agreed price shail constitute full 
compensation by the government to the AE for work performed under this contact The AE shéli prepare the cost estimate for the negotiation vith thé CO based on work tat as presented in Paragraph 3.0 Detaiied Desctiption of Tasks" only. No estimate shall be prepared for paragraphs not identifiéd by a specific tasE 

. 

8. SCHEDULE 

C,' 

.3 

. 

u 

... 
. .. .. : 

:. : .. .. 

u All work associated with this deliveiy order shall be completed by 30 Deceñiber I 999. 

J 

. 

J 
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-. 
... ..... - APPENDDCA rCriteria and Documents Listing 

. 

H H 
... ... ...... 

: .... : 
r- "Procedures Manual for Grotmdtater Momtonn at Solid \Vaste Disoosth Facilities " IJSEPA 
ç Pubi No EPA 530/SW-Mi 
__s 

r 2 "Manual of V atar Well Constructon Practaces," USEPA PUM No EPAJ57O/9-75-OO i 
- 

s "Methods of Determinnia Permeabthtv Transmissibility and Drasdown " U S (3eoiogical 
E Sun ey Water Supply Paper No I 53I, I 963 

4 "Laboratory Soils Tesnn liS Army Engineering Manual No EM- I i I O-2-1 906, November 
'ç- 1970 

. .. .. ... 
5 U S Army Corns ofEnmneers Safety and Hlth Repuirements Marnxaj" U S Army r EnvncgManualNo EM 385-1-1, October 19V 

: «Code ofFederal RezulanoaÇ Lilt 40, Pt 260 throug265 plus 270, Jul> 1992 

L Amencan Society for Testing and Matenals ASTM C-33 C-150 D21 D-422 D23 - D-424 D-1586 D-1557 D-17S5 D-2216 D-2436 and 1)4318 

L.r g u s An Material Command Safet Manual " AJvfC-R 385-100, - iAugust85 

9 "Code ofFederal Reianons " Tide4O, Part 30, July 1992 

; I 0. Haxidbook for Monitoring lndusthal Waste \Vater," TJ.& Environmental Protedion Agency, 
August1979. 

Li i Methods for Chic Analysis ofWatd Wae ' U S Enoe proteon 
r-' 

Agency, PUbI No EPV624f6-7-003a 

t- 12 "Methods for OrQamc Chemical Analysis ofMinneipal and Industrial Wastesvater,' USEPA Pubi No EPA-500/4000-22-057, July 1982 

. 

...... .... 
. .. 

F- 

________n___n__ --- 
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j 
13 "Test Methods for Evaluatng Solid Wastes Physical Chemical Methods " USEPA Pubi No 
SW 846, Sept 1986 and Reustons O and i. December 19S7 ' 

14 'tjJ ok ofASflí Sbndards Vol 1 1 UI d I I 02 

i 5 thndelmes Eab1isban Test ocedcs for the Anth sas oFPo11unts Under the Clean Water Act]' 40 CFR 136, Federal Bgistcr, October 26, 1984 

I 6 Sthrd OvnnProcedrs for Field SD}e" EP Rcon \I, Denv:r CO Jxme 
I 982 

"RCRA 
'C! 

J I 7 mundwater Monitonn Technical Enforcement Gmdance Doctment" (Dran) 
OfficeofWaste Programs Enforcement, USE??... August 1985 

H .. 

18. "Handbook for Anahtcal Quality Control in Water añd Wastewater Laboratories," EPA Maijoal 50014-79-019, March 1979 

19 "Safety and Occupational Health Document Reçxnrements for Hazardous Waste SIte Remedial Act," U S Army Engmecnng Regulation (ER) 385-1-192 

21 "FedCIBJ Facilmes Cornohance tra4gy,' USEPA, Noember 1988 i 

IJ 22 'Cbejmca1 Data Quality Management of Hazardous Waste Remedial Acnvrues " U S Armi Enneetig Regulation (ER) 1110-1-263, October1990. 

2 

3 

j 
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PRESSURE DRAW DOWN AND RADIUS 0F INFLUENCE CALCULATIONS 

ALTERNATIVE 4: VAPOR EXTRACTION SYSTEM 

RUFF ROAD FIRE TRAINING AREA 

FORT RICHARDSON, ALASKA 

Using aqueous hydraulic conductivity and soil sieve analysis to estimate vapor-phase hydraulic conductivity, 

the Theis equation is used to estimate pressure crawdown (Massmann 198g): 

P= QW(U)/4Kb, with W(U) as well function. 

Where: U= ra&2 Ss14 Kt 

K= kr/p 

k=C(dlS)A2 
Note: k is a function of the matrix only. 

Ss= g'.naMW/(R'T) 

na= nt(1- % saturadon) 

Notation 

P = Pressure (Vacuum) 

Q = Air Flow Rate 

W(U). = Theis Well Function 

K = Hydraulic Conductvfly 

b = Extraction Well Screened Le 

U = Dimenisronless Term in Ther 
rad = Radius (distance from well) 

Ss = Specific Storage 

t = System Run Time 

k = Intrinsic Permeability 

r = Specific Weight 

p = Dynamic Viscosity 

C= Shape Factor 

dIS = Particle Size at 15% Passing 

g = Gravitational Acceleration 

na = Air Porosity 

MW = Molecular Weight 

R = Gas Constant 

T = Temperature in Degrees K 

d = Medium Pore Size 

nt = Total Porosity 

Constants Site Variables -- 
p(aq) = 1.00E-02 g/crnisec d15 0.32 mm 

p(gas)= 1.80E-04 glcrnísec K(aq)= 57.6 ft/day 

den(aq) = 1.00E00 g/cmA3 = 2.03E-02 cm/sec 

den(gas)= 1.30E-03 g/crnA3 nt= 0.3 unitless 

MW(gas)= 2.80E--01 g/mole Satur= 7.8 % r 

R= &20E07 cmA2 g/secA2 mol K T= 277 degrees K 

Calcuated Parameters 
na 0.2756 
Ss= 3.34E-07 1/cm = 1.02E-05 1/ft 

K(gas)= 1.47E-03 cm/sec = 4.16E00 ft/day From K(aq) 

K(gas)= 9.06E-03 cm/sec = 2.57E01 ft/day From dis 
j(gasJ AVG= 3.65E-03 cm/sec = l.03E+01 ft/day 

. t _ )' ' 

L '=r 
- iHr C 5F L . L- y! 

C-3 
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n OPERATIONAL TIME CALCULATION FOR BIOVENTING 

h- RUFF ROAD FIRE TRAINING AREA 
FORT RICHARDSON, ALASKA 

LAssume ist order reaction is applicable for degradation rate rist order reaction rate is defined as 

- 
Ct = C0e 

UI Where lImt 

r Ct = Contaminant Concenuation at time (t) mg/kg 

« co = Initial Contaminant Concenuttion mg/kg 

e Exponential factor unitless 

Tu t Contaminant utilization rate 1/months 

t= time month 

TUsmg data from the Eielson Air Force Base AlasLa bioventing pilot test the contaminaru 

'_4 utilization rate is determined 

n Initial Petroleum Hydrocarbon Concentration (C3 1 500 mg/kg 

L Time ofOperation (t) 16 months 

Concentation ofpetroleum Hydrocarbon at t (Ç) 750 mg/kg 

: Reange I st order reatction nte 

- u (-lit) ln(Ct'Co) = (-1/16) ln(15001750) 

- H 
Utilization rate (u) j 043 months 

r . 

-t 
Applying the utilization rate from Eielson AFB to the RRFTA site the time required 

to operate the bioventing system is estimated 

r' 
L Initial Pet-oleurn Hydrocarbon Concentration (C0) 3 400 mgñcg 

u o 043 months 

r Cleanup Objective (CJ " i 000 mg/kg 

- : . ... .1 

ci = C,&°' 3,400 1,000 

LTime to achieve remethanon goal (t) 28 months 

Notes * Maximum DRO concentration determined by Rl 
** Cleanup objective for DRO 

t- 

r 
t B-3 



VE SYSTEM VACUUM REQUIREMENTS 

Screened Interva' 160 feet 
Mass FlowRate 101 scfrn 

Requtred radius of influence 40 feet 

Required cuum 

F 

H Tirne. h 1H p p 

L _ (ft) (days) (hòur) ---------- 1 
F 

W(U) 
F 

Ç-H20) (" Hg) 

01 017j 367E-08 16541 181 013 
oil ip 24 612E-09 IS33 200 015 

15F 
408E-10 2104 230 017 

t 

01 30F 720 204E-10 2174 237 017 
Oli oI 2160 680E_111 2283 249 018 
oil 18o 4320 340E-ii1 2353 257 019 
oil 3ss 8750 168E-li 2423 265 019 
01F 730! 17520 838E-121 2493 2721 020 

. .- 
...:; 

J- .!I- . - 

I Radius of Influence Versus Pressure Drop 
forthe Given Parameters 

Time P 

(ft) (days) (hoùr) ------ VV: VI(I)) Ç' H2O) 
I r 

lOI 0171 4 367E-04 0801 006 
r 

201 0171 4 147E-03 595t 0551 005 
401 0171 4 588E-031 457] 050i 004, 
60F 017] 4 132E-02F 376] 041 003 
80 017' 4 235E-02 3201 035 003 

F 100 0171 4 367E-02 276' 0301 0021 

C-4 

4-1 s 

J 

- ...- 

:1 

1 

[J 

fi 
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ALtERNATIVE 4: VAPOREXTRACTION SYSTEM 

t RUFFROADFtRETRAININGAREA 

- FORT RICHARDSON, ALASKA 

-. 
Usrng aqueous hydrauhc conducbìity anc soi! sieve analysiz to estimate vaoor phase hydraulLc conductivtty 

n the Theis equation is used to estimate pressure drawdown (Massmann 19S): 

t 0W(U)14Kb. with W(U) as weti function. Notation 

C 
P = Pressure (Vacuum) 

L- 
Where: U= ra&2 Ss i 4 K t a = Air Flow Rate 

- 
- 

W(U) =- Theis-Weti Functon 

-r t-t&) 
K= k rip K = Hydraulic Conducfrvity 

u 7i k:: b 
b = Extraction WeH Scrèaned Le 

k = C(d15)A2 U = DimenisionlessTerm in Thei rk isa function of the matrix only. rad = Radius (distance from welt) 

L 
5= Specific Stbrage 

Ss= gnaMW/(RT) t = System Run Time 

k- l ?SZ) 1p9 
k = Intrinsic Permeability 

na= nr(1 % saturaon) r = Specific Weight 
- 

- 
p = Dynamic Viscosity 

- 
C ShapeFactor 

r g = Gravita1ionatAcceleraon 

na = Air Porosity 

- 

-. MW = Molecular Weight 

r R = Gas Constant 

- 

- - 
T = Temperature in Degrees K 

d = Medium Pore Size 

rit = Total Porosity 

r- 

¡ 

Constants i 
Site Variables ... I 

p(aq) = 1.00E-02 b/csec 
' 

d15 -- 0.32 m) 
p(ga)= i .80E-04 g/crTt/sec K(aq)= 57.6 ftday 

- den(aq) = i.00E00 g/cn,A3 = 2.03E-02 cm/sec 

den(gas)= 1.30E-03 g/cmA3 j........_at= 0.3 unitless 

MW(gas)= 2,S0E01 glmole ( Satur= 7.8 

R= 8.20E-07 cm"2 g/secA2 mol K T= 277 d!gs K 

Calculated Parameters 

na= 0.2766 

$ 2.34E-07 11cm = 1.02E-05 i/ft 

K(gas)= 1.47E-03 cm/sec = 4.1SE+00 ft/day -From K(aq) 

K(gas) 9.06E-03 cm/sec = 257E+01 ft/day - From d15 

jÇfgs) AVG= Z.65E-03 cm /sec i .03E+01 ftfday 

i' e 
nL 3 f -,,e r C2Zj7aCa sCn. 

7= 

C-3 

ç; 30 / 
L 

R.rt. ILflf £°'L. 

/ 4c 
3-sC'..L 

czJ n-c,- 

- c-a. 
7Cl 

s tt. r - 
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VE SYSTEM VACUUM REQUIREMENTS 

J 
Screened.tntervaf: 150 feet 

Mass Flo; Rate 101 scim I 
Required radius of influence 40 fdet 

r 

Required Vacuum 

T2me 
I (ft) I (days) (hour) U ) W(U) ( H20) JgJJ H 

i o 17j 4 3.67E-08 165Á 1.81 0.131 
o i i 

J 
24 6!12E-09 18.33 2.00 O 151 

0 1 151 360 41O8E-t'0 21 04 2.3Q 0.17 
o i 30 72b ad4E-lo 21 74 2.37 0.17 
o.1 90 21&Q 680E-ii 2.83 2.49 0.18 

j o.i iso! 432b 346E-ii 23.53 257 0.19 
0.11 3651 87èd 18E-1lJ 2423 265 0.1 
Dl! 730117520 8.35E-121 24.93! 2.72 O.20f 

Ràdius o lnfÍuenc Versus Pressure Drop 
for the Given Parameters 

Time P P 

L) 
(Øays). (hour) U W(U) ("Ñ20) fl 

101 U.17j 4. 3.67E-04 7.33 0.0 0.06 
201 0.17! 147E-03 5.95 0.65 0.05 

40 0.17! 5.88E-031 4.57! 0.50 0.04 
60 0171 4' 132E02 376 041 003 
80 0171 4 235E-02 320 035 003 

10D 0.t71. 4. 37E-02 2.761 0.30 0021 

f] 

u 

f' 

H 

(LI 

y 

fi 
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rnstoanQu flrncto I pL\G GROUt\ATER ftO\ MODE 

Lamuarth taramccrr: 
ap it adorbcnt dcnsirv (MIL3); ! 

N VAPOR EXTRACTrON SYSTEM DsIcN 

31 _.i-d ccva'on 
1_r_ 

8» J Vr \ÍSSSDt&nD ' ASSOCS.t MttflbCt ASCL 

dtnvauvc; . 

par-dai &çjvatjve; 
- 

flnajos cf a rnaa-ix 

. 
. 

- . 

. Cr. Vcr cx-uctou syflcrtu hac -tc .cr Jy bccn uscc ma vincty of ct 

:;0i cr;Lnns appbcacon3 Lr Iz&n; coccDUmg fltthabc ntflcOfl 

s1vttst of a maui.x pnblru A3sOflstd wth tUs of vojaUc md seri volsoic organ 

Itcgntion: 04powd$. Th: 4d:crtr.nJ cquaoons ôi: govcrn pn:%surr flow ofss and vapor 

Urnrt-ation and n ØLI 3t flOflhtOct! 12 thac gas tnsvry dcpcnds upon gas prussuc Ho-ccr if 

cnl.ttmM'° F3' thffct-ncc bctwczt any r-c piins rn thc flow 5cId ii ics. 

tra vector :;: ¡pptOZUflaLCIY O 5 atznosphcrcs thc thffc-cnuai cçuauons dccIopcd co rncdcl 

r ndwa=r no" providc good appttünauons to g#s unspcn Vsper cxnco 

iy SLmS gcncttliy opcn( undcr prcs$urt thffcrvncci on ztc crdcr of O 2 sono- 

j . . . tflVat1ve with 
AnaiyUCJ and aurncrical groundwater flow modcls cn rJctforc bc usc4 

respect to r :,OdCI vspor sod gas nn&pøfl if thc proper sci c'i input vsnablca is dcCma 

;ecqnd order dtrivativc with rrspcct to r; jytal goódw flow modcis art uscd to cvìbatc thc rcsuiu of a ficid g 

r-ivativ with rspccc to t CZC'°» « Thc nsulu of thosc cv4uacions iadicnk roundwacrr modcis ca 

r.idc sz CWICICn and rc3dtiy-acccsstbic tool icaid it dcsinirig vapor cxotction 

j - 
. i?s=itti. 

n : 
scvcr2l rrccflt cnvtronm:niaj Concerns have t auscd an mcrcasc in tho usc 

- 

'i haJiow vapor cD2Con syszcms. Included ji thsc ccnccni ar thc gen- 

r- I and m'gnfløn of mcthane gas (torn landfills and the nugraunn of 

I 

nUOfl 
- w° 

spills of pct-olcum products and other vofacifo and scm volatile i : atk compounds. Methane gas. which is generated within landfills by the 

tcnal decomposiflon of organic trutenais oan rnigntc tiisough unsaru 

r- d sods for distances of hundreds o! mczer Aithough methane is aon 

otiC. il presents plsio hrd when ntj,:cd with j- at concntos 
,- - .- ttwee-fl S and 15% by volume. One ofthc most effective mothods to conaf 

- 
- 

tthanc iitÇtiOfl is , pumping the mcthane out of dit gtund with vapor 

r -.cctjOP systems (eg. Emcon, (980). 
mc ùcond prncipaJ application cf vapor extraction sysccrra is io c-lean 

- oils cntamiiiatcd with volatile and semi-volatile organic compounds as a 

rtsult of leaking underground tnks pipelines. and other accidettal spifis. 

n These compounds may be present in the unsatthtcd tono in both liquid -and 

per phases. The liquid ponion generally cannot be disrcdy cxoactcd from 

- unsanted soils. However. applying a vacuum co the soU will cause the 

: - 

0li(ilc vapors to be ttmoved. As the vapors arc extractc4. mor-e liqiid -wjjj . 
Ï 

5porizc and wiU be nmovcd ft-on, the soil. ftjs application of vapor cx- 

t±_ 
. 

q:tion systems has proven very effective in a number of situations. e.g. . 

- \l.octan arid Voynick (1984). Crow et al. ((985). 
A t)piCi vapor cxraction system consisa of a gas pump or blower can- 

{ 

i rcctcd to a series of wells that have beco completed in unsaturated soU. The 

L 
vacuum 1mm the pump causes gas to flow uu-l)ugh the soU to the cxaction 

- - 

tAsst. Prof. . Dept. of 6to!. and GeoL Eog. . Michigan Tect. , Houghtoo. t.0 
: 

Note. Discussion open unifi July I. (989. To extend the closing date one month. 

i wntten request must bc filed with the ASCE Managerof Jouruals. The ,uaausctipt 

tordus pazr was submitted for review and possibli: publicaúon on March 14. 1988. 

- This par is part of the Journal of EnvirorinsènaIEnginccríng Vot. 115. No. I. 
February. ¡989. CIAS. ISSN 0733-9J72f89f)l-0129/S1.W + 3.15 per page. 

L. 
. Paper No. 23208. 
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EN/CP14 
Explosion-Proof Regeneratjvè Blower 

. 

EN FEATURES 
. Manufáctured in the USA 
e Maximum flow: 920 SCFM 

-e Maximum pressure: 144 WG 
Maximum vacuum: i 15 WG 
Stándard motor: 20 HF 
Blower construction - cast aluminum 
hoL sing, cover; impeller & manifòld; 
cast iron flanges 

e UL & OSA approved motorsfor 
Class i, Group D atnospheres 
Sealed bi ower assembFy 
Quiet operation witÑn OSHA standards 

OPTIONS. 
TEFC motors 
50 Hz motors 

e International voltages 
e Qther HPmotors 

Corosion resistant surface treatments 
Remote drive (motorlèss) models 

ACCESSORIES 
Moisture serarators 
Explosion-proof motorstatters 
Inline & inlet filtèrs 
Vacuum & pressure gauges 
Relief -valves 
External mufliers 

7 

II 

zzJct'y 

________ I 

J; 

ri J 

i j 

BLOWER PERFORMANCt AT STANDARD CONÓITIONS 
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b cc;ej 

fl EN/CP 14 

: Explosion-Proof Regenerative Blowei 

4! DA. 
L 

1.19 ___ IL 4.B NPSC 
t 213 StS 33 2 BOTH PORTS 

r Hr-i 

17_3 i 

H 

. 2itYP taTyp Mt 
Sl 20 

1.2S NPT CONDUIT tONNEtrION AT 6 0 CLOcK POSITION 

L DIMENSIONS: 

TOLERANCES: .XX s 

r (UNLESS OTHERWISE NOTED) 

SPECIFiCATIONS 

r_____________ 

MODEL L (IPOIAM) K (1141MM) 4 IPVM) H (1841MM) 

ENICPI4OXT7WL 
J 

31.9/SIC 13.3338 129328 12r3V3l4 

CWCP14BK77WL 30.2/157 12.2/312 12.1307 3.62/219 

MODEL ENI4BK72MWL J ENI4DX72MWL 
I 

EJ14DX86MWL CP14GB72MWLR CP14CC72MWLR 
Pari No. 

I 
038760 O8761 038762 - f 038984 

Motor Enciosure - Shaft Material Exotosion-oroof - CS Exoiosíon-proof - CS ExD)OSion-oroof - CS Cherri XP - SS Chern XP - SS 
Horsecower i 20 30 30 Same as 

EN1413K72MwL - 
038760 

except add 

Same as 

EN14DX72MWL - 
038761 

excepl add 

Phase - Frequency Three - 60 Hz Three - 60 Hz Three - 60 Hz 
Voltage I 230 _ 460 200-230 _ 460 575 
Motor Nameolate Amos 50 I 25 BOJO _ 35 28 
Maximum-Blower Amps 60 

I 
30 82 41 Chemical 

ProeSsing 
Chemical 

Processing 
Inrush Amos 317 159 495_430 215 225 
Starter Size 3 _ 2 3 _ 3 - 3 (CR) 

features 
-_ from catalog 

rI05d front cover 

(CP) 
features 

from catalog 
inside front cover 

Service Factor i .0 1 1.0 1,0 
Thermal Proleclion _ 2 Pilol Duty Pilot Duty Pilot Duty 
Bearing Type Sealed, Ball Sealed. Ball Sealed. Ball 
Shipping Weight 680 lb (309 kg) 816 lb (370 kg) 816fb (370 kg) 

L BLOWER LIMITATIONS FOR ßO Hz 
: Min. Flow @ Max. Suction 500SOFM @ -8O WG _ 400 SCFM @ -i 15 WO 400 SCFM © -115' WO 600 SCFM @ -ST WO 400 SCFM @ _ 1 15 WG 

LMIn _ Flow @ Max Pressure _ 7oO SCFM @ go WG SOFIA @ 144 WO _ 550 SCFM @ 144 WO _ 7SOSCFM @ 90 WO _ 550 SCFM @ 144 WO 

. I All dual woilage 3 phase niolors are tactory tesIe ana Cerlilied Io operate on 200.230/400-460 VAC.3 pli-60 Hz an22O-24OI38O-4l5 vAc.3 phSO Hz. M dual 
l-i 

' voilage i phase molors are Iaotory lesled and cerlilied Io OperaIe on 1 1O'120/200'230VAC-1 ph-60 Hz and 220.240 VACtI ph-50 Hz. 

Lt 
2 Maximum operating temperalures Motor wIndIng temperalure (windtng rise plus ambient) should not exceed 140 for class F insulation or izr føt ClaSs S 

.; \. insulatIon. Blower 01111cl air lemperalure should noIe5ep4, 1-0, (air Iiperature rise plus ambient). 
_J 3 Corresponds Io lbs performance pomI at wttIch the b1oCrd / of motor lemperalure use reaches the i,mtt or the thermal protection In the molor 

S-h-- )- 
---;- -- 

: 

LiLi: 
Spec)ficalions subiect to change without notice: Please contact laclory for specification updates 

EG&G ROTRON S4-JGErn'ES NV 
t. - - 
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EN/CF 808 
L] 

Explosion-Proof Regenerative Blower 
I- EN FEATURES 

: . Manulactured in the USA I . 

. . 

I 
. Maximum fiów: 345 SCFM a- ] 

' e Maximum pressure: 100 WG 
e Maximum vacuum 97' WO 

L] 
: Bwerconstructon-cast alurrnnum t. .S.- housing, cover, mpefler & manrfold. . 

cast iron flanges 
J 

. . UL & CSA approved motors for r' Class i, Group D atmospheres 
. Se&ed bowe.r assembly 
e Quiet operation within OSHA standards 

j OPTIONS 
,, 

e TEFC motors 
. 50 Hzmotors 
e International vottages 

U Other HP. mötors 
. e Corrosion resistant surface treatments 

s Remote drive ftnotorless) models 

U . e Moisture serarators 
j 

. Expiosion-proàf motorstarters 
I 

,. Inline & niet fJters 
e Vacuum & pressure gauges 
e Reliefvalves 
e External mufflers 

. 

. 

L] . 

BLOWER PERFORMANCE AT STANDARD CONbITIONS 
AIR FLOW RATE (M'/MIN) 

AIR FLOW RATE (M'/MIN) , lo o ]O ¿O SO 60 7.0 $9 90 ¶00 '0 20 20 40 50 60 70 D O too s r .rlr 
[ 35 

lo : -14O. - L .1.L.1.. 
..4 r r . -L - PRESSURE 

j 

lj _j_ SUCTION ¶20- &-MAXPRSSLWE -300 120- __ J__L A-Ma-xsuc1Io4 ,° 4 J___F POINT_ 

ftr ____L______ 

: 

. 

2 20 
so 2O[t_«Lh 50 I[Ett o 

5° 200 250 3D0 350 
Q 50 100 150 200 250 300 250 

s, 
AIR rLbw RATE [SCFM) 

.. AIR FLOW RATE (SCFM) 

I;$ 
ß;a 

L H-HHHLH_U u 
'°°°p- _: 

. 

::HHHH--Li-+H± 
EELE LrihH--HU1 ¡j 

::jri1-i-1------r-iT-i----i---r.. . 

' a 'F nriHH-_i._LLLi1 j WIR 
.: EC&O POTRON SAUGERTIES. N Y. 12477 914/245-3431 FAX 914/245-3302 
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EN/CP 803 

Explosion-Proof Regenerative Blower 

j 

L8.73 7.36 

222 I 187 

21 83 r 
544 s 8 

[NSIoNS: .Jj 

TOLERANCES; .XX 2 j23. 

(UNLESS OTHERWISE NOTED) 

SPECIFICATIONS 

H HT i -f- --ci-- 

BM:TE11: __t723 
562 

DIA (8) Mit HOLES 174 
442 

Q.75 NPT CONDUIT CONNECTION AT 12 OCLOCK POSITION 

MODEL EN8OSBA72MXL ENBOSBA86MXL CPBDSFY72MXLR 

Part No 038729 038731 
1 

038976 

Motor Enclosure - Shaft Material Explosion-proof - Cs Explosion-proof - Cs Chem XF - SS 

Horsepower Saíne as 
ENBO8BA72MXL 

036729 
except add 

Chemical ProcesSiOg 

(CP) 
features 

calalog 
inside front cover 

Phase - Frequency Three - 60 Hz Thcee - 60 Hz 

Voltage' j 230 t 
460 

Motor Nameplate Anos j 17 j 65 
1 

Maximum Blower Amps 3 26 13 8.1 

lrtrushAmps 126 _ 63 56 

Starter Size i _ 1 1 

Service Factor 1.0 lO 
Thermal Protection 2 Pilot Duty Pilot Duty 

Bearing Type L Sealed BaU Sealed Ball _ 

Shipping Weight 
_ 

304 lb (138 kg) 304th (138kg) 

BLOWER UMITATIONS FOR 60 Hz 

Min. Flow Max. Suction 80 SCFM @ 9T WG 
I 

so SCFM @ 97 WC 

Min. Flow Max. Pressure _ 185 SCEM © 100 WC _ 185 SCFM @ 100 WC _ 185 SCFM @ torn WC 

I All dual voIlage 3 phase motors are factory tested and cenhlied io operate on 200-230/400-460 vAc.3 ph-60 HZ ana 22O.24Ot38O15 vAc-3 pbU riz. Ali Cual 

voltage I phase motors are factory tested and cenified to operate on I 10-120/200-230 VACi ph-60 Hs and 220240 vc-i phSO 14Z. 120 I 
: 

2 Maximum operating temperatures: Motqr winding Ienperaure twindizg rise plus ambient) should not exceed 140lot class F Insulallon or Or lass B 

I insulation. Blower oullet air temperature should not exceed 140 (air temperature rise plus ambient). . . 

3 corresponds to the petlormance point al which the blowerartlfioç.rnotor temperature rise reaches the limhot Ihelherrflal protectIOn In the motor. 

,. :Sø I I..:y , 

:. . 

r' 
I 

specifications subject to change without notice. Pleas Contact factory for specification updates 

EG&G ROTRON. SAUCERTIES.. NYJ277 914/26-34O1 ¶ FAX 9 4/245-3002 
- I 

..arnn- I1 I: I. ..,i.ii 
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WELLHYDRAULI 261 

oc - 

fdr r W(u): _ O 5772 - log u u- + (9 17) 

-u - 

- Equation 9 5a gave the salue of u a 

-- 1:87r:S ---_r1_-- - u- U4T 
where where 
r distance, in (t, from the center of a r distance, in m, from the center of a 

puniped well to a point where the pumped well to a point where the 
_______4-_ drawdown is measured drawdown is msurcd - 

If the transmissivity and storage èoeffictents are known values for these and other 
tetrns canle substitukd iñ the èuatton to obtain an unknown. - 

For example, suppose the transmisivity ofa confined aquiferis 50,000 gpd/ft (620 j 

&fday) and-the storage coefficient is 5 X iO, a typical value for conftned con- 
i i 

- ditions What would be the specific capacity, Qis, ofa I2-in(3O5-mm) well after. i 
- 

day ofconunuous pumping? In this case, r O 5 ft (0 15 m) and t i day. First, I 
calculate 

¿t - - - 

L- -- 187 (05)2 5 X _(1J15)' 5X lO-i 
-- - 

_u-_ 
I ,l 4620 i 

:47 X 10' =45 X 10' 

Next, the value of W(u) con-es-ponding to this value of u is -read from Appendix 

y 
9E W(u) in this case is 1860(1864) Rearranging Equation 95 gives 

21 T 4T 
sll46W('u) -- W(u) 

50QO0 _4 314 620 
1146-18:-60 

- T ¡864 

- 

- 23.5 gpm/ft of drawdown = 418 miJdayjm of drawdown 

Having calculated the specific capacity drawdown in the 'pumped well for any 
pumpitig rate is-easily determined If the pumping -rate is 200 -gprn (1,090 m'/day), 
then: 

- s.&__=.Pj=&5ft ----- 5r_ ° = 16m 



4 

i 
i 

F
 

E
i 

F
E

I 
ri 

r;
 Í

"n
 

C
] 

C
I 

Li
 

[T
] 
C

l!]
 L

T
I 

[1
] 

IT
] 

[ 

r.
 

...
. 

-.
 

ç 
' 

2.
 

. 

A
P

P
E

N
D

IX
 9

.E
. 

. 

V
aR

ie
s 

of
 J

r'(
u)

 C
or

re
sp

on
d 

¡n
g 

to
 

V
 il

 ti
c
 s
 
of

 u
 

ra
r i 

lid
s 

N
an

c 
ci

vi
l 

br
iu

ni
 E

qu
 it

 
an

 

»x
io

 
N

)(
iO

' 
N

X
IO

1 
N

X
10

" 
A

xi
l 

f 
,%

xi
O

 
jv

,Io
 

..:
:.:

_!
_ 

N
xI

o'
 

N
xi

O
 

V
xi

o'
 

N
X

1I
J2

 
N

X
IU

' 
N

 

¡.
0 

...
..,

. 
33

.9
61

6 
31

.6
59

0 
29

33
64

 
21

.0
5)

8 
?1

.lS
i 2

 
21

.4
J8

6 
20

. 
1J

60
 

i 
1.

4)
5 

I 
5.

34
0'

) 
i 
).

2)
U

3 
0.

9)
51

 
86

3)
2 

63
)J

 5
 

4.
03

79
 

I.i
29

 
O

.?
19

4 
I
 

i
 

3
3
 
U
6
6
 

J
I
 
5
6
f
l
 

2
9
 
2
6
1
1
 

?
&
9
$
S
S
 

2
4
 
6
5
5
9
 

f
l
 
)
S
)
3
 

'
0
0
5
0
1
 

7
 
7
4
8
2
 

i
S
 
4
4
5
6
 

3
 
4
)
0
 

0
 
B
I
N
 

8
 
5
)
1
9
 

6
 
2
)
6
3
 

3
 
9
4
3
c
c
 

I
 
1
)
7
1
 

8
6
0
 

I.?
 .

...
...

 
3J

.1
19

 
31

.4
76

7 
19

.1
 7

4!
 

26
.8

71
 5

 
24

,5
68

9 
12

.2
66

3 
9.

96
37

 
I 

1.
66

1 
i 

I 
53

58
6 

I 
3.

05
60

 
0.

15
3.

1 
8.

45
09

 
6.

14
)4

 
3.

85
76

 
1.

65
9$

 
.1

58
4 

I.)
 ..

...
 

33
.6

99
) 

31
.3

96
6 

19
.9

94
Q

 
26

.7
91

 4
 

14
48

89
 

IL
l 8

63
 

9.
88

31
 

I 
75

81
 I 

I 
5.

21
85

 
I 
29

75
9 

0.
67

34
 

8.
37

09
 

60
69

5 
3.

11
85

- 
I.5

Ç
8'

) 
.1

35
5 

.4
 ,.

 3
36

25
1 

3I
.)

2l
 

19
.0

19
9 

26
.7

 I 
7)

 
24

.4
 

11
 

22
.1

 I
 
22

 
9.

80
96

 
I 
75

01
0 

I 
5.

20
44

 
I 
29

01
8 

05
99

3 
82

96
8 

59
95

5 
37

05
4 

52
41

 
.1

62
 

1.
5 

33
35

61
 

31
.2

53
5 

28
.9

50
9 

26
.6

48
3 

24
.)

58
 

22
.0

43
2 

97
40

6 
i 
74

)8
0 

i 
S

.l 
35

.1
 

I 
2.

8)
28

 
10

.5
30

3 
82

27
8 

59
26

6 
36

37
4 

.4
64

5 
10

00
 

I .
6 

...
.. 

33
.4

9 
I 

6 
3 

i 
i 

89
0 

28
88

64
 

26
.5

8 
38

 
21

.2
8 

I 
2 

2 
I 

91
86

 
i 
9.

67
60

 
i 
13

13
5 

I 
5.

01
09

 
i 
1.

76
83

 
04

65
7 

8.
 i 
61

 
5.

86
2 

I 
3.

57
))

 
I 
.4

0'
)?

 
.0

86
31

 
i.)

 ..
...

. 
)3

43
09

 
31

.1
28

) 
28

$2
58

 
26

.5
1)

1 
24

:1
20

6 
21

.9
18

0 
19

61
54

 
17

31
28

 
¡$

01
03

 
¡2

,7
07

1 
10

À
05

1 
81

02
1 

5.
80

16
 

35
14

3 
.3

5T
h 

.0
74

65
 

l.a
 

33
.3

73
8 

3 
I 
.0

? 
I 
i 

28
.7

68
6 

26
.4

66
0 

24
, i

 6
34

 
2 

I 
.8

60
8 

i 
9,

 5
58

3 
I 
72

55
7 

I 
4.

95
3 

I 
I 

2.
65

05
 

0.
34

79
 

8.
01

5 
5.

74
46

 
3.

45
8 

I 
.3

09
8 

.0
64

71
 

t
 
9
 

3
3
 3
1
9
7
 

i
i
 
0
1
7
1
 

2
8
 
7
1
4
5
 

2
6
 4
1
 
1
9
 

2
4
 
0
9
4
 

'
I
 
8
0
6
8
 

9
 
5
0
4
2
 

I
I
 
'
O
l
é
 

1
4
 
8
9
9
Q
 

i
2
 
5
9
6
1
 

I
O
 
1
9
3
9
 

7
9
9
1
5
 

5
 
6
9
0
6
 

3
 
4
0
5
0
 

I
 
2
6
4
9
 

0
5
6
2
0
 

2
 0
 

3
)
 ¿
6
8
 

3
0
 9
6
5
8
 

2
8
 
6
6
3
2
 

2
6
 3
6
0
1
 

2
4
 0
5
8
1
 

1
1
 
7
3
5
5
 

1
9
 
1
P
9
 

I
l
 
1
5
0
3
 

1
4
 
B
I
?
?
 

1
2
 
S
4
i
 

i
o
 2
4
2
6
 

7
 
9
4
0
1
 

5
 
6
3
9
4
 

3
 
3
5
4
7
 

I
 
2
2
2
7
 

0
4
8
9
0
 

2.
1 

33
.2

19
6 

30
.9

)7
0 

28
.6

14
5 

26
.3

1 
19

 
24

00
93

 
21

70
67

 
I9

.4
0 

I 
I 
7.

10
1 

5 
4.

79
89

 
I 

11
96

4 
10

.1
93

8 
1.

89
14

 
5.

59
07

 
3.

30
69

 
1,

18
29

 
.0

42
61

 
2
 
2
 

3
3
 
1
1
3
1
 

3
0
 8
7
0
5
 

1
8
 
5
6
7
9
 

2
6
 7
6
5
3
 

'
3
 
9
6
2
8
 

1
1
 
6
6
0
2
 

1
9
 
3
5
7
6
 

I
I
 0
5
5
0
 

4
 
1
5
2
4
 

i
i
 
4
4
9
8
 

I
O
 
4
1
3
 

7
 
8
1
 ¡
9
 

5
 
5
4
4
3
 

3
 
2
6
1
4
 

I
 
1
4
5
4
 

0
3
7
1
9
 

2.
3 

33
. 

18
6 

30
.8

26
1 

18
.5

23
5 

26
.2

20
9 

2)
91

 8
3 

21
.6

1 
57

 
19

.3
1 

31
 

i 
7.

01
06

 
¡4

.7
08

0 
2.

40
54

 
10

.1
02

8 
7.

80
04

 
5.

49
99

 
3.

21
 7

9 
1.

10
99

 
.0

31
50

 
i
 
4
 

3
)
0
8
6
1
 

3
0
7
8
3
5
 

2
8
 
4
8
0
9
 

2
6
 
1
1
8
3
 

2
)
 
8
)
5
8
 

2
1
 
5
1
3
2
 

¡
9
 
f
l
U
b
 

1
6
'
)
6
8
0
 

4
 
6
6
5
4
 

1
2
 
3
6
8
 

0
0
6
0
3
 

7
 
7
5
1
9
 

5
 
4
5
1
5
 

3
 
7
6
3
 

i
 
0
7
6
2
 

0
2
8
4
4
 

2
 
5
 

3
3
0
4
5
3
 

3
0
1
4
2
7
 

2
1
 
4
4
0
1
 

2
6
 
3
1
5
 

2
3
 
8
3
4
9
 

1
1
 
5
3
2
3
 

¡
9
 
'
2
9
8
 

6
9
H
2
 

1
4
 
6
2
4
6
 

1
1
 
3
2
2
0
 

1
0
0
1
9
4
 

1
 
7
1
7
2
 

5
 
4
1
6
7
 

3
 
3
6
5
 

I
 
0
4
4
3
 

0
2
4
9
1
 

2.
6 

33
.0

06
0 

30
.7

03
5 

28
,4

00
9 

26
.0

98
3 

13
.7

95
7 

1 
1,

49
31

 
19

.1
90

5 
16

,8
88

0 
14

.5
85

4 
I 
1.

28
28

 
9.

98
02

 
1.

67
79

 
5.

37
76

 
3.

09
83

 
1.

01
39

 
,0

2I
S

 
2.

7 
32

.9
68

3 
30

.6
65

7 
28

.3
43

t 
26

.0
60

6 
23

,7
58

0 
21

.4
55

4 
19

.1
 5

28
 

6.
85

02
 

11
.5

47
6 

I 
2.

24
50

 
9.

94
25

 
7,

64
0t

. 
5.

34
00

 
3.

06
1 

5 
.9

84
9 

.0
19

18
 

2.
8 

32
.9

31
9 

30
.6

29
4 

28
.3

26
8 

26
.0

24
2 

23
.7

21
6 

21
.4

19
0 

19
.1

 
64

 
16

.8
43

W
 

14
.5

1 
Ii 

¡2
.2

08
7 

9:
9o

oi
 

76
03

8 
$J

cu
i 

3.
02

6!
 

.9
5»

 
.0

68
6 

1.
9 

32
.8

96
8 

30
.5

94
3 

18
.2

91
 1

 
25

.9
89

! 
23

.6
86

5 
21

.3
8)

9 
19

.0
81

 3
 

16
17

88
 

14
.4

76
2 

t2
.t7

34
, 

9.
87

10
 

7.
56

81
 

5,
26

87
 

2.
99

20
 

.9
30

9 
.0

14
82

 
3
 
0
 

3
2
 8
6
2
9
 

3
0
 5
6
0
4
 

'
8
 
2
5
7
8
 

2
5
 9
5
5
2
 

2
3
 
6
5
2
6
 

2
1
 
3
5
0
0
 

9
 
0
1
3
4
 

1
6
 
7
4
4
9
 

1
4
 4
4
2
3
 

¡
2
 
¡
3
9
1
 

9
 
8
)
7
1
 

7
 
5
3
4
8
 

5
 
2
3
4
9
 

2
 
9
5
9
1
 

9
0
5
7
 

0
1
3
0
5
 

ji 
32

.8
)0

2 
30

.5
27

6 
28

.2
25

0 
25

.9
27

4 
23

,6
19

8 
21

.3
17

1 
19

.0
14

6 
16

71
2 

I 
¡4

,4
09

5 
2.

 1
Q

69
 

9.
80

4)
 

7.
50

20
 

5,
20

22
 

2.
92

73
 

.8
81

 5
 

.0
14

9 
J.

? 
32

.7
98

4 
30

.4
95

8 
28

.1
93

1 
25

.8
90

7 
.2

3.
58

81
 

21
.2

85
5 

18
.9

82
9 

16
.6

80
3 

4)
71

7 
12

.0
75

1 
9.

17
26

 
7.

47
03

: 
5.

17
06

 
2.

89
65

 
.8

58
3 

.0
10

13
 

3,
3 

32
.7

67
6 

30
.4

65
1 

28
. 

62
5 

25
.8

59
9 

23
,5

51
3 

2Ï
.2

54
7 

8.
95

2 
I 

6.
64

95
 

¡4
.3

47
0 

I 
2.

04
44

 
97

4 
8 

7.
43

95
 

S
.l 

39
9 

2,
86

68
 

.8
36

1 
.0

08
93

9 
3.

4 
31

.7
37

8 
30

.4
35

2 
28

.1
 3

26
 

25
.8

)0
0 

23
.5

27
4 

2 
I.2

49
 

.1
 

.9
22

3 
16

.6
19

? 
14

.3
1 
ir 

12
.0

14
5 

9.
11

 2
0 

7.
40

97
 

5.
1 

02
 

2.
83

79
 

.8
14

7 
.0

07
89

1 
3.

5 
32

.7
08

8 
30

.4
06

2 
28

.1
03

6 
25

.8
01

0 
23

.4
98

5 
21

.1
95

9 
8.

89
33

 
16

.5
90

1 
14

.2
88

1 
II,

95
$ 

96
83

0 
7.

38
01

 
5,

08
13

 
2.

80
99

 
.1

91
2 

.0
06

97
0 

3.
6 

32
.6

80
6 

30
.3

78
0 

48
07

55
 

25
.7

72
9 

23
.4

70
3 

2 
1.

16
71

 
i 
8.

80
51

 
16

.5
62

$ 
I4

.5
99

 
I 

1.
95

74
 

9,
65

48
 

7.
35

26
 

5.
05

32
 

2,
78

27
 

.7
74

5 
.0

06
16

0 
3
 7
 

3
2
 
6
5
)
2
 

3
0
 
3
5
0
6
 

2
8
 
0
4
8
1
 

1
5
 
1
1
5
5
 

2
3
 4
4
2
9
 

'
I
 
1
4
0
3
 

l
B
 8
)
7
1
 

1
6
 
5
3
5
1
 

1
4
 
2
3
2
5
 

I
 

i
 
9
3
0
0
 

9
 6
2
7
4
 

1
 3
2
5
2
 

5
 
0
2
5
9
 

2
 
7
5
6
3
 

7
5
5
4
 

0
0
5
4
4
8
 

3
 8
 

3
2
 
6
2
6
6
 

3
0
 
3
2
4
0
 

'
8
 
0
2
1
4
 

2
5
 
7
1
8
8
 

'
3
 
1
1
6
2
 

'
I
 

I
 
1
3
6
 

I
S
 
8
1
 
I
O
 

6
 
5
0
8
5
 

¡
4
 
2
0
5
9
 

I
 

I
 
9
0
3
)
 

9
 6
0
0
1
 

1
 2
9
8
5
 

4
 9
9
9
)
 

2
 
1
3
0
6
 

7
3
7
 

0
0
1
8
'
O
 

J 
9
 

3
!
 6
0
0
6
 

3
0
 2
9
8
0
 

2
1
 9
9
5
4
 

2
5
 6
9
'
S
 

'
3
 
3
R
I
 

'
i
 
0
8
7
7
 

I
R
 
7
8
5
1
 

6
 
1
8
2
$
 

8
4
 
1
7
9
9
 

I
I
 
8
7
f
l
 

9
 
5
7
4
8
 

1
 2
7
2
$
 

4
 9
7
3
5
 

2
 7
0
5
6
 

7
1
9
4
 

0
0
4
2
6
?
 

4.
0 

32
.5

75
3 

30
.2

72
7 

2i
.9

70
i 

23
.6

67
5 

23
,3

64
9 

21
.0

62
3 

18
.7

59
8 

16
45

12
 

11
.1

54
6 

:1
 

.8
52

0 
9.

54
95

 
7.

24
)2

 
4.

91
8?

 
2.

68
13

 
.7

02
4 

.0
03

71
9 

4.
 I 

32
.5

30
6 

30
.2

48
0 

2 
1.

94
 5

4 
25

,6
4 

28
 

2 
3.

34
02

 
2 

I 
.0

31
6 

Ì 
8.

1 
i S

 I
 

I 
6.

43
25

 
I 
4.

 I 
29

9 
I 

I 
.8

27
3 

9.
52

48
 

1.
12

25
 

4.
92

36
 

2.
65

76
 

.6
85

9 
00

3)
49

 
4.

1 
32

.3
26

5 
30

.2
2)

9 
27

.9
2 
Ii 

25
.6

18
7 

2)
31

61
 

21
 .

01
 3

6 
8.

71
 I

O
 

16
.4

0U
 

14
.1

05
8 

I 
¡.

80
32

 
9.

50
07

 
1.

19
85

 
48

99
7 

2.
63

44
 

.6
70

0 
.0

02
96

9 
4.

3 
32

.5
02

9 
30

.2
00

4 
17

.8
97

8 
25

,5
95

2 
23

.2
92

6 
20

,9
90

0 
I 
8.

68
74

 
4.

38
48

 
l4

.0
R

23
 

I 
.1

79
1 

9.
47

11
 

1.
1 

14
9 

4.
81

62
 

2.
61

 
9 

.6
54

6 
.0

02
63

) 
4
 4
 

3
2
 
4
8
0
0
 

3
0
 
1
7
7
4
 

2
7
 
8
7
4
8
 

2
5
 
5
1
2
2
 

2
)
 
2
6
9
6
 

'
0
 9
6
7
0
 

I
S
 
6
6
4
4
 

1
6
 
3
6
1
9
 

¡
4
 0
5
9
3
 

I
 

I
 
7
5
6
7
 

9
 
.
1
5
4
1
 

7
 
¡
5
2
0
 

4
 
8
5
3
3
 

2
 
5
8
9
9
 

6
3
9
7
 

0
0
2
3
3
6
 

4.
5 

32
.4

57
5 

30
,1

 5
49

. 
27

.8
52

3 
25

.5
49

1 
23

.2
41

 I 
20

.9
14

6 
8.

64
20

 
6,

3)
93

 
¡4

.0
)6

8 
i 

1.
7)

42
 

9.
4)

Ì1
 

7.
1.

29
5 

4.
8)

10
 

2.
56

84
 

.6
25

3 
.0

02
07

3 
4
6
 

3
2
4
3
5
5
 

3
0
 
1
3
2
9
 

2
7
 
8
3
0
3
 

2
5
 
5
2
1
1
 

2
3
 
2
2
5
2
 

'
0
9
'
2
6
 

8
 
6
'
O
O
 

l
é
 
3
1
7
4
 

1
4
0
t
4
8
 

I
l
 
7
1
2
2
 

9
4
0
9
7
 

1
 
1
0
7
$
 

4
 
8
0
9
1
 

2
 
5
4
1
4
 

6
1
1
4
 

0
0
1
8
4
1
 

4.
7 

31
.4

 I 
40

 
30

. 
I 

I 
i 

17
.8

08
8 

25
,5

06
2 

23
.2

03
7 

20
.9

01
1 

I 
8.

59
8 

5 
I 
6.

29
59

 
Ì 

3.
99

)3
 

I 
¡.

69
07

 
9)

88
2 

7.
08

60
 

4.
78

17
 

2.
52

68
 

.5
91

9 
.0

01
63

5 
4.

8 
32

.3
92

9 
30

.0
90

4 
21

.7
81

8 
25

.4
85

2 
23

. 
i 
82

G
 

20
.Q

0Q
 

i 
B

.5
i7

4 
6.

21
48

 
I 

3.
97

23
 

I 
l.6

6f
l 

93
67

 I 
7.

06
50

 
4.

16
61

 
2.

50
68

 
.5

84
8 

.0
01

45
3 

4.
9 

32
.3

12
3 

30
,0

69
7 

21
.1

67
2 

25
.4

64
6 

23
.1

62
0 

20
85

94
 

¡8
.5

56
8 

6.
25

42
 

13
.9

51
6 

i 
.6

49
1 

9.
31

65
 

7.
04

44
 

4,
74

62
 

24
87

 I 
.5

12
1 

.0
01

29
1 

i o
 

32
.3

57
1 

30
,0

49
5 

21
.7

47
0 

25
.4

14
4 

2)
. 

4 
8 

20
,8

39
2 

I 
.5

36
6 

16
.1

)1
0 

1)
9)

14
 

I 1
.6

28
9 

9.
32

63
 

7.
02

42
 

4.
71

61
 

2.
46

19
 

.5
59

8 
00

f 
18

 
S
 

I 
...

. : 
32

.3
32

3 
30

,0
29

7 
21

.1
27

1 
25

.1
24

6 
2)

. 
22

0 
20

.8
19

4 
I 

8.
51

68
 

6.
21

12
 

13
,9

11
6 

11
.6

09
1 

9.
30

65
 

7.
00

44
 

4.
70

64
 

2,
44

91
 

.5
47

8 
.0

01
02

1 
J 
__

__
 

__
__

 _
__

_ 
__

__
 J 

i 
I,,

...
,,.

.,.
,Á

 
L_

.,_
._

L,
.,.

_A
 _

__
_ 

i, 
__

__
 J --

--
--

--
--

- !_
_.

._
,_

__
i _

__
_ 
- 

i--
 -

- 
--

- 
- 

- 
- 

.-
 

- 
V
-
 -
-
-
-
-
-
-
-
 --

 

Í. 

t r"
 z o r)
 

Ill
 

l'i
 'D
 

R
i 

b"
 

3'
 3

t 
i
:
l
t
;
l
 

't:
 

Ilj
I 

}',
 t 



t
 

R
1
 Q
 

O
i
'
 

b
 

-
t
.
 

L
-
,
 

E
 

-
'
 

I
 
'
 

f
i
X
 I

O
 

1
 

N
X
I
Ø
 '

'
 

f
 

x
 
°
 
°
 
]
 

N
X
 1
%
"
 
j
 

N
x
 
o
-
'
 
f
 

r
o
 
'
 

j
 

<
 
o
 

t
 

N
M
 
Q
 

f
l
I
c
 
O
 

A
X
 I

O
 

j
 

A
 X
 
e
 

N
X
 I

O
 

j
 

N
X
 
O
 

f
i
x
 

O
 

'
 

t
i
 

J
-
z
 

I 
)2

) I
 2

9 
30

01
0)

 
27

 1
01

7 
2.

4O
5 

I 
23

 
02

6 
20

 8
 

I 
8.

49
74

 '
 

I6
I9

4 
t 
18

92
2 

Ij8
96

 
9 

28
1 

I 
b 

98
50

 
4 

68
7 

I 
2 

4)
06

 
5)

62
 

O
9O

86
 

s
,
)
 

32
29

)9
 

29
.9

9 
I 
i
 

21
,6

88
1 

25
 

38
6 

I 
2)

08
35

 
20

1S
09

 
S

 
4 

18
) 

I 
ô 

I 
73

8 
I 3

81
32

 
I 

I 
51

06
 

9.
26

3 
I 

6 
96

59
 

4 
66

8 
1 

4 
26

 
52

50
 

00
08

08
6 

S
_4

 
3L

11
S

1 
19

.9
71

6 
27

.6
70

0 
25

 3
54

 
)0

64
S

 
20

 1
6H

 
18

45
95

 
16

,IS
)I

 
38

5-
U

 
I 1

.5
51

9 
9 

24
94

 
6 

94
7)

 
4 

64
95

 
1 

39
48

 
51

40
 

00
07

19
K

 
5.

5 
32

,2
56

8 
29

.9
54

2 
27

 
65

 I 
6 

25
.3

19
 I 

21
04

65
 

20
 7

4)
9 

I 
8.

44
 I 
i
 

16
 

I 3
87

 
I 
38

36
 I 

I 
I 
.S

33
6 

9.
23

 
0 

6 
92

89
 

4 
6)

 I 
J 

2 
37

75
 

50
)4

 
00

06
10

9 
3.

6 
32

 2
)8

8 
29

-9
T

h2
 

27
 
63

)6
 

15
.3

)t
O

 
23

 0
28

5 
10

.1
15

9 
8.

42
33

 
16

12
07

 
1)

81
31

 
I 
1.

31
55

 
9.

21
)0

 
6 

91
09

 
4 

61
34

 
2 

36
0-

1 
49

30
 

00
05

70
8 

5.
7 

32
.2

2 
I 

I 
29

,9
1 

85
 

27
,6

 I 
$9

 
25

.)
 3

3 
23

.0
10

8 
20

.7
08

2 
I S

 
40

56
 

I 
6 

10
)0

 
I 

3 
80

04
 

I 1
.4

97
8 

9.
 

95
) 

6 
89

)2
 

4 
59

58
 

2 
34

37
 

48
)0

 
00

00
85

 
5.

8 
32

.2
0)

7 
29

 9
01

 I 
27

.5
98

5 
2S

.2
99

 
22

.9
93

4 
20

 6
90

K
 

It3
fl2

 
I6

og
s6

 
t3

.7
83

0 
18

.4
80

4 
9.

17
79

 
6 

K
»8

 
4 

57
5 

2 
3?

13
 

47
32

 
00

04
5)

2 
5.

9 
32

. I
 8

66
 

29
.8

81
0 

27
.5

8 
I 

4 
15

,2
78

9 
22

.9
76

3 
20

.6
73

7 
I 
8,

31
 I 

I 
I 

6 
06

85
 

I 
3.

76
59

 
I 

I 
.4

6)
) 

9.
 I

 6
08

 
6 

83
88

 
4 

56
! 5

 
2 

3 
I 

I 
I 

46
31

 
00

04
03

9 
(1

.0
 .
.
.
.
.
.
.
.
.
.
 12

. 1
69

8 
29

.8
67

2 
27

.5
1,

46
 

25
.2

62
0 

21
95

93
 

20
 6

56
9 

I 
8.

35
43

 
Io

 o
s
 i

 
i
 

i
 
17

49
 

I 
1.

44
65

 
9.

 I
 4

40
 

6 
84

20
 

4 
54

48
 

2 
29

53
 

45
44

 
00

03
60

1 
6.

 I
 

32
.1

 5
3)

 
29

.8
30

1 
27

,5
48

 I 
25

.2
45

5 
22

.9
42

9 
20

.6
40

3 
I 8

.3
)1

8 
I 

6 
03

52
 

I 3
 
7)

26
 

I 
I 

43
00

 
9,

 I
 2

75
 

6 
82

54
 

4 
51

8)
 

2 
27

97
 

44
54

 
00

0)
2 

II 
6.

2 
32

.1
)1

0 
9 

8)
14

 
27

,5
31

8 
f
l
 
29

3 
22

 9
26

1 
20

64
I 

IS
 3

21
5 

IG
tI$

9 
13

.7
14

3 
11

.4
1)

8 
9,

1 
11

2 
6 

80
92

 
4 

S
U

? 
i 2

64
5 

43
66

 
0(

X
)1

86
4 

b 
)
 

32
 1

21
0 

29
*1

84
 

T
i S

I 3
8 

23
 2

 I 
3
)
 

22
 9

1 
07

 
20

.6
08

 I 
I 
8)

05
5 

I 
60

02
9 

I 
3.

70
0)

 
I 

I 
.3

97
8 

9 
09

51
 

6 
79

)2
 

4 
49

63
 

2 
24

94
 

42
80

 
00

02
55

5 
6.

4 
32

. t
O

S
) 

29
 8

02
7.

 
27

 
50

08
 

25
 

I 
97

5 
22

.8
94

9 
20

.5
92

) 
I 
8.

28
98

 
I 5

.9
87

2 
I 
3.

68
46

 
I 

i
 
.3

82
0 

9.
07

95
 

6 
77

75
 

4 
48

06
 

2 
23

46
 

4 
i
 
97

 
00

02
27

9 
6.

5 
32

.0
89

8 
29

.7
87

2 
27

48
46

- 
i
S
 

18
20

 
22

87
94

 
20

57
6K

- 
8.

27
12

 
I9

7l
7 

13
.6

69
1 

11
.3

66
$ 

90
64

0 
6 

76
10

 
4 

46
52

 
2 

22
01

 
41

15
 

00
02

03
4 

6.
6 

31
.0

74
$ 

29
.7

71
9 

27
.4

69
3 

25
,1

66
7 

22
.8

64
! 

10
36

16
 

18
25

90
 

5 
95

64
 

13
65

3$
 

11
.3

51
2 

9.
04

87
 

6 
74

67
 

4 
45

01
 

2 
20

38
 

40
36

 
00

01
81

6 
67

 
32

05
95

 
19

.7
56

9 
22

:4
54

3 
25

 t
S

II 
21

84
91

 
20

5%
65

 
18

 1
4)

9 
59

41
4 

36
)8

8 
IIì

)6
2 

9.
0)

37
 

67
31

7 
44

35
1 

2 
19

17
 

39
59

 
00

01
62

1 
6.

8 
32

.0
44

6 
29

.7
42

1 
27

,4
39

5 
15

.1
36

9 
22

83
43

 
20

53
17

 
i8

22
i 

59
26

5 
36

24
0 

11
,3

11
4 

9Q
18

9 
67

16
9 

44
20

4 
2 

17
9 

38
83

 
00

01
44

8-
 

6.
9 

.
.
.
.
.
.
 

32
.0

)0
0 

29
.7

27
5 

27
.4

24
9 

25
 

12
2)

 
22

81
91

 
20

51
71

 
18

21
15

 
15

91
19

 
36

09
4 

11
.3

06
8 

90
04

) 
67

02
3 

44
05

9 
2 

¡6
43

 
38

10
 

00
01

29
3 

7.
0 

32
.0

14
6-

 
29

41
31

- 
27

41
05

 
25

 
07

9 
21

10
5)

 
20

30
27

 
IS

 2
00

1 
1$

 
89

76
 

13
59

30
' 

II 
29

24
 

8 
98

99
 

-6
 6

81
9 

4)
91

6 
2 

50
8 

,)
73

8 
00

01
15

5'
 

7.
1 

7.
2 

32
.0

01
5 

31
.9

87
5 

29
 6

98
9 

29
 6

84
9 

27
39

63
 

25
 Q

9)
7 

07
97

 
22

79
1 

I' 
22

 7
77

1 
20

41
88

5 
20

 4
14

6 
8 

(8
60

 
U

 8
83

4 
t)

 5
08

? 
81

13
82

 
j 975

7 
6 

67
37

 
I 

37
1S

 
7 

I3
6 

,
 

36
68

 
00

01
03

2 
7.

3 
31

.9
73

7 
29

 
67

! 
I 

27
.-

38
1r

 
27

 )
68

5 
25

 
25

 0
65

9 
22

 7
63

3 
20

.4
60

8 
18

17
20

 
18

.1
58

2 
IS

 
86

94
 

1$
 8

55
5 

13
 
56

68
 

3 
53

)0
 

I 
I 

26
42

 
I 

I 
25

04
 

8 
96

11
 

8 
94

79
 

6 
65

98
 

6 
64

60
 

4 
36

36
 

4 
35

00
 

2 
12

46
 

2 
I 

I 
8 

35
99

 
33

1 
00

00
92

19
 

00
00

82
39

 
-7

.4
 

3 
96

0V
 

96
57

$-
 

21
.3

54
9 

25
Ù

53
 

22
 7

49
7 

20
.4

4 
72

 
I 

8.
 I 

41
6 

I 
5 

84
20

 
t 3

 
5)

9 
I 

I 
I 

23
68

 
8 

9)
4)

 
63

14
- 

4'
))

64
 

2 
09

9 
I 

34
67

 
00

00
7)

6 
I 

7_
5 

31
.9

46
7 

29
 6

l4
l 

27
34

t5
 

25
Q

)8
9 

22
 7

36
M

 
20

.4
)3

7.
 

18
.1

)1
 I

 
5 

82
86

' 
3 

52
60

 
tl2

2J
4 

8 
92

09
 

66
19

0 
4)

23
1 

20
86

7 
-3

10
3 

00
00

65
83

 
7,

6 
31

0)
34

. 
29

63
38

 
-1

74
32

81
 

25
.0

15
7 

22
rt

2)
l 

20
.4

20
3 

18
:1

)7
9 

Ii 
81

53
 

II 
51

27
 

II 
Z

IO
? 

8 
90

76
 

66
05

7 
4 

31
00

 
2 

Q
74

4 
73

41
 

00
00

58
86

 
7.

7 
31

.9
20

3 
29

61
78

 
27

.3
15

2 
25

.0
12

6 
22

 
71

00
 

20
.4

07
4 

18
:1

0.
18

 
-I

i 8
01

2 
I)

 4
99

7 
II 

19
71

 
8 

89
46

 
6 

59
27

 
4 

29
70

 
20

62
) 

32
80

 
00

00
52

6L
 

7.
8 

31
.9

13
74

 
29

04
K

 
27

.3
02

3.
 

24
.9

99
7 

21
 6

97
1 

20
 3

94
5 

18
.0

91
9 

5 
78

9)
 

3 
48

68
 

I 
I 

18
42

 
8.

88
17

. 
6 

57
98

 
4 

28
42

 
20

50
3 

31
11

 
00

00
47

07
 

7.
9 

--
--

--
--

--
 31

.8
94

7 
29

 5
91

1 
27

.2
89

5 
2.

I.9
86

9 
22

68
44

 
20

)8
18

 
8.

07
92

 
Ii 

34
74

0 
II 

17
14

 
- 

8.
86

89
 

6.
56

71
 

4 
27

16
 

2 
03

86
 

31
63

 
00

00
42

10
 

g.
o 

31
.8

82
1 

29
,5

73
 

27
.2

76
9 

24
97

44
 

U
67

18
 

-2
0,

34
92

 
18

.0
66

G
 

tS
16

40
 

81
46

14
 

11
.1

58
9 

88
56

) 
65

54
5 

42
59

1 
20

26
9 

)I
06

 
00

00
37

67
 

8 
I 

JI
 $

69
7 

29
 5

67
1 

2i
 1

64
5 

24
 9

61
9 

22
 6

59
4 

20
.3

56
8 

18
05

42
 

5 
75

16
 

3.
44

90
 

11
.1

46
4 

8.
84

39
 

6.
54

21
 

4 
14

68
 

2 
01

55
 

30
50

 
00

00
)3

70
 

8,
2 
.
.
.
,
 

i
 I

 .8
57

4 
29

.5
54

8 
27

.2
52

3 
24

 9
49

7 
22

64
7 

I 
20

.3
44

5 
I 
80

4 
I 
9 

I 
5.

7)
9)

 
I 
3.

4 
36

7 
I 

I 
I 3

42
 

8.
83

 I 
7 

6 
52

98
 

4 
2)

46
 

2 
00

 1
2 

29
96

 
00

00
)0

15
 

8.
3 

J 
I 

$4
53

 
29

.5
42

7 
27

.2
40

! 
24

93
75

 
22

 
6)

50
 

20
)3

24
 

I 
8 

02
98

 
I 

5 
72

72
 

I 
3.

42
46

 
I 

I. 
I 
21

0 
8.

8 
I 
95

 
6.

5 
I 
77

 
4 

22
26

 
I 

99
30

 
29

43
 

00
00

26
99

 
8.

4 
)l.

83
3)

 
29

.5
)0

7 
27

 2
28

2 
24

.9
25

6 
22

 
62

)0
 

20
)2

0.
1 

18
01

78
 

$7
15

2 
13

.4
12

6 
11

.1
 lO

I 
8 

80
16

 
6 

50
57

 
4 

21
01

 
I 

98
20

 
28

91
 

0)
02

4I
S

 
S

.S
 

31
.8

21
5 

2S
.5

18
9 

27
 2

16
) 

24
.9

13
7 

22
 6

1 
2 

20
 3

08
6 

18
00

60
 

5 
70

)4
 

I)
 4

00
8 

11
.0

98
2 

8.
79

57
 

6.
49

39
 

I 
99

0 
I 

97
11

 
28

40
 

00
00

21
62

 
Lo

 .
.
.
.
.
.
.
.
.
 31

.8
09

8 
29

.5
07

2 
27

.2
04

6 
24

 9
02

0 
22

 
59

95
 

20
 2

96
9 

7 
9)

13
 

I
 
S
 
69

1 
7 

I
)
 
38

91
 

t 
.0

86
5 

8.
78

40
 

6.
48

22
 

4 
81

4 
I
 

96
04

 
27

90
 

00
00

19
36

 
8_

7 
.
.
.
.
.
.
.
 -
 

31
.7

98
2 

19
 4

95
7 

27
. I

 
93

 I 
24

.8
90

5 
22

.5
87

9 
20

28
53

 
I
 
I
 
98

27
 

I
 
5 

68
0 

I
 

I
 

3 
37

76
 

I
 

I
 .0

75
0 

8.
7 

72
5 

6.
47

07
 

4 
I
 
75

9 
I
 
94

9E
 

17
42

 
0
0
0
0
 I 

73
3 

8.
8 

31
.1

86
$ 

29
.4

$4
2 

27
 
18

16
 

24
 
87

90
 

22
 5

76
5 

20
 2

7)
9 

11
.9

71
3 

5 
6(

87
 

13
)6

61
 

I
 

.0
63

3 
8.

76
10

 
6.

45
92

 
4 

16
46

 
I
 
9)

9)
 

26
94

 
00

00
15

52
 

g
 q
 

31
 .7

75
5 

29
.4

72
9 

21
 t

 7
03

 
Z

4 
67

8 
11

56
52

 
20

.1
62

6 
I
 
79

60
0 

I
 S
 
65

74
 

t 3
.3

54
8 

I
 1

.0
52

3 
8,

74
97

 
6.

 4
 
I
S
O
 

4 
I
 
53

4 
I
 
92

90
 

26
17

 
00

00
13

90
 

90
 

31
.1

64
) 

29
46

18
 

27
.1

39
2 

24
 

85
66

 
22

.5
54

0 
20

 2
51

4 
7 

91
88

 
Ii 

64
62

 
1)

31
37

 
II 

04
11

 
87

38
6 

6.
43

68
 

1 
42

) 
I 

91
87

 
26

02
 

00
00

12
45

 
9.

1 
31

.1
53

) 
29

45
07

 
27

 
lE

U
 

24
84

55
 

22
54

29
 

20
.2

40
4 

7.
93

78
 

15
.6

)5
2 

1)
3)

26
 

1
1
.
0
)
0
0
 

8 
72

15
 

6 
42

58
 

4 
1
3
1
)
 

I
 
90

87
 

25
57

 
0
0
(
)
0
I
 
I
i
i
 

'
L
?
 

31
.7

42
4 

29
.4

)9
8 

27
h1

1 
24

.8
34

6 
21

 5
)2

0 
20

 
22

94
 

79
26

8 
15

62
4)

 
13

)2
17

 
I
 
1.

01
91

 
8.

11
66

 
6.

41
48

 
4 

20
5 

I
 
89

87
 

25
13

 
00

00
09

98
8 

9.
3 

31
73

15
 

29
.4

29
0 

21
.1

26
4 

24
.8

2)
8 

22
 5

21
2 

20
.2

t8
6 

ti 
91

60
 

IS
 6

13
$ 

11
11

09
 

11
.0

08
3 

81
05

8 
64

04
0 

4 
1Q

98
 

88
88

 
24

70
 

00
00

08
94

K
 

9_
4 

_
_
_
_
.
_
.
 

)I
.7

20
8 

29
.4

18
) 

27
.1

15
7 

24
 8

13
p 

12
.5

10
5 

20
.2

07
9 

17
.9

05
) 

56
02

8 
1)

30
02

 
09

97
6 

8 
69

31
 

6 
39

)4
 

40
99

2 
I
 

87
9!

 
24

29
 

00
00

08
01

8 
9_

5 
3 

I
 
.7

 1
03

 
29

 4
07

7 
27

 
tO

S
 I 

24
 8

02
5 

22
.4

99
9 

20
. I

 
07

) 
I
 
7 

89
48

 
I
 
55

92
2 

I
 
).

28
9,

 
I
O
 9

8 
70

 
8 

68
45

 
6.

38
28

 
4 

08
87

 
I
 

86
95

 
23

87
 

00
00

07
 I 

85
 

9.
6 

)
 

I
 
69

98
 

29
)9

72
 

27
,0

94
6 

24
.7

92
0 

22
.4

89
5 

20
. 

I
 
86

9 
I
 
7.

88
4 

3 
I
 
55

8 
I
 

7 
I
 
3.

2 
79

 I 
I
O
 9

76
5 

86
74

0 
6.

37
2)

 
1
 
07

84
 

I
 

85
99

 
2)

 4 
1
 

00
00

06
43

9 

'
n
 

t
J
 

t
'
J
 

O
 

o
 

C
 
z
 
Q
 

n
l
 

ç
-
Z
 
Q
 

F
n
 

r
 

N
 

L
 

;
,
'
 

.
'
j
A
'
 
$
'
 

7
 

-
 

r
-
'
 '
'
'
 

-
 

;
 

'
r
 

'
!
i
 
t
k
4
'
 

'
 

r
T
)
 

-
 

[
J
 

[
J
L
J
 

i
f
l
 

[
J
J
 

E
J
J
 

[
 

.
L
T
 

.
 



i L t cl] ci ciEli c ríJ1 t 

9.E. cont1n" r9.7 31 j9.ISO'' 

vWc' 0ç It'fr) ror i: IwCCfl i x 10" nd t X 10 0,iipulrd by RG MsistOd by hIM. EvOS. U.S. GeoI0C Solver values mr u LwCI' L X IO nisil '7.9 

dapCd ro' Tablet o( E' ponI nil al and T ,igonOflW Integrals. 

From WaC1 SopP1Y l'aVe 887. U.S. Geologica' SureY 1942. 

7. 0 
r" 
z 
U 
r) 

, 

; 

.1: 

\ 

\ n.j 

?, 

t 

n 
t 

t 
I 

:n -- 1 -----R'< 



R
E
V
I
E
W
 

P
R
O
J
 E
C
T
:
 

R
uf

f R
oa

d 
an

d 
R

oo
se

ve
lt 

R
oa

d,
 T

re
at

m
en

t 
Sy

st
em

 D
em

on
st

ra
tio

ns
 a

nd
 D

es
ig

n 
V

er
if

id
m

ió
n 

St
ud

y 
C
O
M
M
E
N
T
S
 

D
O
C
U
M
E
N
T
 

D
ra

ft
 W

or
k 

Pl
an

 
L
O
C
A
T
I
O
N
 

Fo
rt

 R
ic

ha
rd

so
n,

 A
la

sk
a 

U
.S

.A
R

M
Y

 C
O

R
P

S
 

D
A

T
E

: 
02

/t2
/9

8 
A

ct
io

n 
ta

ke
n 

on
 c

om
m

en
t b
y
:
C
-
H
 U

.)
 t
C
k
t
C
 

o
r
 E

N
G

IN
E

E
R

S
 

R
E

V
IE

W
E

R
 G

in
te

r 
C

E
N

P
A

-E
N

-E
E

-T
E

 
P

H
O

N
E

 
75

3-
28

05
 

Ite
m

 
D

ra
w

in
g 

C
O
M
M
E
N
T
S
 

R
E

V
IE

W
 C

O
N

F
E

R
E

N
C

E
 

D
E

S
IG

N
 O

F
F

IC
E

 
1
 

B
ac

k 
N

ix
 

S
ht

. 
N

o.
, 

A
 -

 c
om

m
en

t a
cc

ep
te

d 
C

 
co

rr
ec

tiò
n 

m
ad

e 
ch

ec
k 

S
pe

c.
 

I
 

W
 -
 c

om
m

en
t w

ith
dr

aw
n 

by
: 

P
ar

a-
 

(if
 n

ei
th

er
, e

xI
ai

n)
 

(I
f n

ot
, 

ex
pl

ai
n)

 
(I

ni
tia

ls
) 

I 
In

tr
od

uc
tio

n 
P

le
as

e 
se

pa
ra

te
 t

he
cl

is
cu

ss
io

n 
of

ih
e 

R
uf

fR
d 

S
ke

 f
ro

m
 t

he
 R

oo
sc

ve
lt 

R
d 

si
te

 b
y 

us
in

g 
he

,d
er

s 
be

tw
ee

n 
th

e 
di

sc
us

si
on

 o
fth

e 
tw

o 
G

en
er

aI
 

.
 

2 
T

hg
e 

i
 

I 
La

st
 

T
he

 p
ar

ag
ra

ph
 s

ay
s 

th
at

 E
he

 t
re

nc
he

s 
w

ill
 b

e 
ba

ck
fll

le
d 

w
ith

 e
ith

er
 n

at
iv

e 
pI

ra
gr

dp
h 

so
il 

or
 g

ra
ve

l w
ith

 c
an

d 
C

la
rif

y 
w

he
n 

ea
ch

 w
ill

 b
e 

us
ed

 f
or

 b
ac

kf
ill

 e
 g

 
T

he
 n

at
iv

e 
so

il 
w

ill
 b

e 
us

ed
 t

o 
th

e 
m

ax
im

um
 e

xt
en

d 
po

ss
ib

le
 a

nd
 a

ny
 

ad
di

tio
na

l b
ac

kf
ill

 v
ilI

 b
e 

gr
av

el
 w

ith
 s

an
d 

I 
-
 _

__
__

__
__

__
_ 

P
ig

e 
3 

4 
T

 
N

ot
e 

th
at

 th
e 

pi
pe

s 
vi

Il 
be

 p
re

ss
ur

e 
gr

ou
te

d 
rit

he
r 

th
an

 ju
st

 g
ro

ut
ed

 
f
-
 

pi
ta

gr
ip

li 

4 
P

ag
e 

3 
4 

41
h 

C
la

rif
y 

w
ha

t 
is

 m
e-

m
t b

y 
a 

qu
al

ifi
ed

 D
O

W
L/

O
gd

en
 iV

 fi
el

d 
i
 

pa
ra

gr
pl

i 
re

pr
es

en
ta

tiv
e 

W
ha

t d
oe

s 
it 

ta
ke

 to
 b

c 
qu

al
ifi

ed
? 

ç 

5 
P

ag
e 

4 
I 

D
ef

in
e 

th
e 

ac
ro

ny
m

 A
D

S
( 

P
T

 
S

cc
tio

n 
4 

2 

!
 

P
ag

e 
4-

 I 
,
 

La
st

 s
en

te
nc

e.
 

D
et

ai
Iw

lie
ri 

an
d 

ift
he

 c
on

ta
m

in
at

ed
 s

oi
ls

 w
ill

 b
e 

sp
re

ad
 

"
 

S
ec

tio
n 

4 
2 

be
ne

at
h 

th
e 

lin
er

 v
er

su
s 

re
tu

rn
ed

 to
 t

he
 t

re
nc

h 
as

 b
ac

kf
ill

 

-7
 

-
 

P
ag

e 
'l-

2,
 2n

d 
T

he
 o

pe
ra

tio
ns

 m
an

ua
l (

in
cl

ud
in

g 
em

er
ge

nc
y 

pr
oc

ed
ur

es
) 

sh
ou

ld
 b

e 
on

 
I
 

p
 ti

ag
ia

ph
 

si
te

 a
t 
al

l 
tim

es
 

no
tju

st
 d

ur
in

g 
st

ar
t 

up
 

s 
B

io
ve

nt
 

P
le

as
e 

in
cl

qd
e 

a 
na

rr
at

iv
e 

on
 t

he
 i

ni
tia

l s
ys

te
m

 s
ta

rt
 u

p 
an

d 
op

tim
iz

at
io

n 
S

ys
te

m
 

Is
 t

he
m

e 
go

in
g 

to
 b

e 
'm

y 
te

st
in

g 
do

ne
 i

ni
tia

lly
 to

 d
et

er
m

m
ne

 t
he

 a
re

a 
of

 
C

, 
m

ie
ni

 
iif

lu
ei

c 
to

 m
ak

e 
su

re
 t

ha
i t

he
 ir

ea
 is

 r
ec

ei
vi

ng
 'i

n 
ad

eq
ua

te
 a

m
ou

nt
 o

f 
¡
 

nr
 w

ith
 o

ut
 d

es
sm

ca
tm

ng
 t

he
 s

om
l7

 
Is

 a
 r

es
pi

ro
m

et
ry

 te
st

 g
om

ng
 to

 b
e 

I 
pe

rf
or

m
ed

7 
Is

 t
he

re
 a

 ta
t g

et
 p

or
e 

vo
lu

m
e 

ex
ch

an
ge

 th
at

 y
ou

 a
re

 tr
yi

ng
 to

 
ic

hi
ev

e 
If 

th
er

e 
is

 
ta

rg
et

 p
or

e 
vo

lu
m

e 
re

m
ov

al
 f

or
 fl

ic
 s

ys
tu

n 
th

at
 

f
 
l
 
/
 
?
 

(\
r 

-
 r
 

sh
ou

ld
 h

el
p 

de
te

rm
in

e 
th

e 
tir

 fl
ow

 r
ai

es
 n

ee
de

d 
Is

 t
he

re
 g

oi
ng

 to
 b

e 
an

y 
ç 

ba
ck

gi
ou

nd
 0

2 
sa

m
pI

in
g 

W
or

kP
la

n.
do

c 
C

) 
[_

J 
L

L
 

FL
 

L
ai

 
L

J 



F
H
R
'
V
I
E
T
'
'
1
 
1
]
 
L
]
 
E
]
 
I
1
 
I
1
 
E
1
 
1
]
 
1
1
 
F
1
 
E
J
 
E
J
 
E
l
 

[
T
]
 

[
1
1
1
1
 
E
J
 
E
I
 

P
R

O
JE

C
T

: 
R

uf
f R

oa
d 

an
d 

R
oo

se
ve

lt 
R

oa
d,

 T
re

at
m

en
t 

S
ys

te
m

 D
em

on
st

at
io

ns
 a

nd
 D

es
ig

n 
V

er
ifi

ca
tio

n 
S

tu
dy

 

C
O
M
M
E
N
T
S
 

D
O

C
U

M
E

N
T

: 
D

ra
fìW

or
kP

la
n 

LO
C

A
T

IO
N

: 
F

or
tR

ic
ha

rd
so

n,
A

la
sk

a 

I..
LS

. 
A

R
M

Y
 C

O
R

P
S

 
D

A
T

E
: 

02
/1

2/
98

 
A

ct
io

n 
ta

ke
n 

on
 c

om
m

en
t b

y:
 

S
Q
(
 W
 (C

(
+
T
 

O
F

 E
N

G
IN

E
E

R
S

 
R

E
V

IE
W

E
R

: 
G

in
te

r 
C

E
N

P
A

-E
N

-E
E

-T
E

 
P

H
O

N
E

: 
75

3-
28

05
 

Ite
m

 
D

ta
w

ng
 

C
O

M
M

E
N

T
S

 
R

E
V

IE
W

 C
O

N
F

E
R

E
N

C
E

 
D

E
S

G
N

 O
F

F
IC

E
 

B
ac

k 
N

o.
 

S
ht

. 
N

o.
, 

A
 - 

co
m

m
en

t a
cc

ep
te

d 
C

 -
 
co

rr
ec

tio
n 

m
ad

e 
ch

ec
k 

S
pe

c.
 

W
 -
 
co

m
m

en
t w

ith
dr

aw
n 

.
 

by
: 

I
 
P

ar
a 

(if
 n

ei
th

er
, 

ex
pl

ai
n)

 
(I

f n
ot

, 
ex

pl
ai

n)
 

(I
ni

tia
is

) 
=
 - 

Q
 

B
io

ve
nt

 
S

ys
te

m
 

P
le

as
e 

pr
öv

id
e 

a 
hb

le
 ti

nt
 l

is
t t

he
 o

pt
im

um
 o

pe
r 

1m
g 

co
nd

iti
on

s 
fo

r 
th

e 

sy
st

em
, 

i.e
. 

ar
 fl

ow
, 

so
il 

m
oi

st
ur

e 
co

nt
en

t, 
02

 c
on

te
nt

, 
et

c.
 

G
en

er
al

 

l
o
 

B
io

ve
nt

 
P

ro
vi

de
m

or
e 

de
ta

ils
 o

n 
ho

w
 t

he
 0

2 
an

d 
C

O
2 

sa
m

pl
es

 w
ill

 b
e 

co
lle

ct
ed

. 
i\ 

S
ys

te
m

 
W

ill
 th

e 
sy

st
em

 b
 

sh
ut

 o
F

la
nd

 th
e 

02
 a

nd
 C

O
2 

m
ea

su
re

m
en

ts
 m

ad
e 

r
 

G
en

cn
l 

in
iti

Il\
 m

d 
th

en
 a

fte
r 
i
 
pe

rio
d 

of
tim

e 
to

 d
et

er
m

in
e 

is
 r

es
pi

ra
tio

n 
is

 
I 

tt 
oc

cu
rr

in
g"

 
C
,
 

S
t
E
:
 

¶
4
 

B
io

en
t 

S
ys

te
m

 -
 

Ifw
e 

ar
e 

on
ly

 c
on

ce
rn

ed
 a

bo
ut

 d
el

iv
er

in
g 

02
 

o 
th

e 
m

ic
ro

be
 p

op
ul

at
io

n,
 

w
hy

 u
e 

w
e 

pu
ls

in
g 

th
e 

sy
st

em
? 

T
he

 g
oa

l 
is

 n
ot

 t
o 

re
m

ov
e 

th
e 

di
ffu

si
on

 
G

en
er

al
 

lim
ite

d 
co

nt
im

in
in

ts
 

bu
t e

nh
an

ce
 b

io
de

gr
ad

at
io

n 
of

th
e 

co
nt

am
in

at
io

n 

12
 

P
ag

e 
5 

lO
 
3
r
d
 

is
 s

ta
te

d 
'If

si
gn

ili
c-

in
t c

on
ce

nt
ra

tio
ns

 o
fh

yd
ro

ct
rb

on
s 

ex
is

t 
in

 th
e 

ex
ha

us
t 

ga
s 

th
e 

flo
w

 ra
te

s 
w

ill
 b

e 
de

cr
ea

se
d 

to
 o

nl
y 

th
at

 l
ev

el
 r

eq
ui

re
d 

to
 p

ro
vi

de
 0

2 
to

 t
he

 m
ic

ro
be

s"
. 

Ifw
e 

ar
e 

tr
ul

y 
do

in
g 

bi
ov

en
tin

g 
at

 t
he

 

si
te

, 
th

at
 s

ho
ul

d 
be

 t
he

 f
lo

w
 ra

te
 t

ha
t 

w
e 

ar
e 

ai
m

in
g 

fo
r a

ny
w

ay
. 

A
ny

 
hi

gh
er

 f
lo

w
 ra

te
 w

ill
 b

e 
un

ne
ce

ss
ar

y 

I 
3
 

P
ag

' 
S

 
I 

I 
I' 

If 
yo

u 
lia

se
 a

 
(le

çr
e'

Is
e 

in
 0

2,
 h

ow
 d

o 
yo

u 
pl

an
 t

o 
ac

co
un

t 
fo

r 
dt

ffu
si

on
 

02
 

t 
.
-
 
i
 )
 

B
 

pa
ra

gr
ap

h 
as

 p
ar

t 
of

th
e 

re
du

ct
io

n 
t
M
 

14
 

P
ag

e 
5 

1
3
 

I
 
do

 n
ot

 s
ee

 t
hc

 n
ee

d 
fo

r 
pt

rf
or

m
in

g 
a 

T
O

 1
4 

te
st

 a
t 

ea
ch

 s
am

pl
in

g 
ev

en
t 

S
in

ce
 b

io
re

ni
ed

ia
tio

n 
is

 a
 s

lo
w

er
 p

ro
ce

ss
 a

nd
 w

e 
ar

e 
on

ly
 

ni
nn

in
g 

th
e 

sy
st

em
 d

ur
in

g 
th

e 
su

m
m

ei
 , 

yo
u 

m
ig

ht
 w

an
t 

to
 c

on
si

de
r 

on
e 

st
ar

t 
un

 a
nd

 o
ne

 s
hu

t 
do

w
n 

sa
ni

nl
e 

fo
r 

ea
ch

 s
ea

so
n 

I 
S
 

P
ag

 
5 

20
, 

1 
he

 S
O

W
 r

eq
ui

re
s 

tli
c 

re
su

m
e 

of
th

e 
te

im
 m

em
be

rs
 t

o 
be

 s
ub

m
itt

ed
, 

an
d 

P
C

 V
 L 
D
E
O
 W

i
t
h
 

S
ec

tio
n 

. 
th

at
 t

he
 m

em
be

rs
 r

th
ria

in
 a

ct
iv

el
y 

in
vo

lv
ed

 in
 t

he
 p

ro
je

ct
. 

P
le

as
e 

su
bm

it 
Q
2
I
t
 W
A
 L
-
 

5 
2 

3 
2 

th
e 

re
su

m
es

 o
f t

he
 p

ro
po

se
d 

te
am

 m
em

be
rs

 
y
g
0
 t
-
b
s
 A
 

16
 

P
ag

eS
 2

5 
W

e 
do

 n
ot

 
vi

nt
 to

 g
et

 i
nv

ol
ve

d 
n 

in
oc

ul
at

in
g 

th
e 

so
il 

w
ith

 p
et

ro
le

um
 

C
ac

e!
 

de
gr

ad
in

g 
m

ic
ro

or
gi

ni
sm

s 
W

e 
w

an
t 

to
 e

nc
ou

ra
ge

 t
he

 g
ro

's
th

 o
f a

ny
 

W
oi

kP
la

n 
do

c 
P

ag
e 
2
 
o
f
3
 



R
E
V
I
E
W
 

P
R

O
JE

C
T

 
R
u
f
f
 R

oa
d 

an
d 

R
oo

se
ve

lt 
R

oa
d,

 T
re

at
m

en
t 

S
ys

te
m

 D
em

on
st

ra
tio

ns
 a

nd
 D

es
ig

n 
V

er
ifi

ca
tio

n 
S

tu
dy

 

C
O
M
M
E
N
T
S
 

D
O

C
U

M
E

N
T

 
D

ra
ft 

*o
rk

 Pl
a
n
 

LO
C

A
T

IO
N

 
F

or
t R

ic
ha

rd
so

n,
 A

la
sk

a 

U
S

.A
F

iM
Y

 Ç
O

R
P

S
. 

D
A

T
E

: 
02

/1
2/

98
 

ta
ke

n 
on

 c
om

m
en

t b
y:

 
S
C
U
W
 (
C
W
T
 

O
F

 E
N

G
IN

E
E

R
S

 
R

E
V

IE
W

E
R

 
G

in
te

r 
C

E
N

P
A

-E
N

.E
E

-T
E

 
P

H
O

N
E

 
75

3 
28

05
 

Ite
m

 
D

ra
w

in
g 

C
O

M
M

E
N

T
S

 
R

E
V

IE
W

 C
O

N
F

E
R

E
N

C
E

 
D

E
S

IG
N

 O
F

F
IC

E
 

B
ac

k 
N
o
 

S
lit

 
N

o 
A
 -
 c

om
m

en
t a

cc
ep

te
d 

C
 -
 
co

rr
ec

tio
n 

m
ad

e 
ch

ec
k 

S
pe

c.
 

I
 

.
 

W
 - 

co
m

m
en

t w
ith

dr
aw

n 
by

: 
P

ar
a 

(if
 n

ei
th

er
, 

ex
pl

ai
n)

 
(I

f n
ot

, 
ex

pl
ai

n)
 

(in
iti

al
s)

 
de

gr
 id

er
s 

tin
t 

ar
e 

pr
es

en
ts

 a
nd

 a
dd

 
iri

en
ts

 if
 ne

ce
ss

ity
 

17
 

D
ra

w
in

g 
C

-4
 

E
xp

an
d 

th
e 

in
fo

rm
at

io
nc

on
ta

in
ed

 
n 

th
el

eg
en

d-
. 

W
ha

ta
re

 th
eS

 li
ne

s?
 

/1
 o
D
 

'
 

(
 

-
C
f
l
t
)
 

.
 

.
 

W
ha

i j
s 

th
e 

ha
tc

he
d 
a
r
e
a
9
 

.
 

P
 

I 
8 

S
ta

nd
ai

d 
In

 t
he

 S
O

P
s 

it 
gi

ve
s 

th
e 

pr
oc

ed
ur

es
 f

or
 fi

nn
in

g 
an

 I
n 

si
tu

 r
es

pi
ra

tio
n 

te
st

 
O

pe
nt

in
g 

bu
t 

th
e 

W
or

k 
P

la
n 

m
ak

es
 n

o 
m

en
tio

n 
of

ru
nn

in
g 

th
is

 te
st

 
C

la
ri&

 if
an

d 
P

ro
ce

du
re

s 
w

he
n 

th
is

 t
es

t 
w

ill
 b

e 
ru

n 
nd

 in
cl

ud
e 

it 
in

 t
he

 n
ar

ra
tiv

e 
of

 th
e 

W
or

k 
(P

 r'
i 

\
 
r
 

s
c
-
t
:
 

P
la

n 

19
 

S
ta

nd
ar

d 
T

he
 S

ta
nd

ar
d 

S
am

pl
in

g 
P

ro
ce

du
re

 a
pp

ea
rs

 t
o 

be
 fo

rU
S

T
 re

m
ov

a1
sk

nn
d 

O
pe

ra
tin

g 
th

er
e 

do
es

 n
ot

 a
pp

ea
ito

 b
e 

m
en

tio
n 

of
 a

tt 
sa

in
pl

es
'P

le
as

e 
ta

i1
or

tli
et

r 
P

ro
ce

du
re

s,
 

sa
m

pl
in

g 
pr

oc
ed

ur
es

to
 t

he
 w

or
k 

to
be

 p
et

fo
rm

ed
at

 th
e:

si
te

, 
«
 

P
ag

e 
32

 

20
 

\V
or

kP
la

nd
oc

 
P

ag
e 

3 
o!

 3
 

L
 

L
J
J
 
L
L
 
L
J
 
L
J
 

l
 

L
 

L
2
 

1
L
 

[
J
 
L
 

L
 

L
U
 

L
 

L
U
 

L
 

L
U

 
L
U
 



E
.
Î
 

I
J
3
J
T
I
 

[
T
]
 
[
i
L
]
 

<
d
'
l
E
v
i
 

[
T
i
 

[
T
]
 

E
l
i
 

[
T
]
 

E
l
i
 

I
T
]
 

[
T
]
 
f
i
 

E
l
i
 
[
1
 

E
l
i
 
[
1
1
1
1
1
 

C
O
M
M
E
N
T
S
 

P
R
O
J
E
C
T
 
D
2
S
n
-
 

p
L
.
ì
 

(
2
U
F
P
 

L
O
C
A
T
I
O
N
:
 1

:
T
_
 
2
À
c
4
 

.
 

n
 NP

 
[)

cj
le

 
D

es
gn

D
oc

um
en

t 
JA

rc
h.

/L
A

 
Â

di
ø

nt
ci

ke
no

nc
om

m
en

tb
y:

 
S
C
-
k
-
f
W
 t
C
4
f
f
 

R
E

V
IE

W
C

O
N

F
E

R
E

N
O

E
 

D
E

S
G

N
O

F
F

C
E

 
B

ac
k 

E
A

irF
or

ce
 

R
ev

ie
w

er
 W

E
S

T
 

fl 
D

 M
em

o 
flÇ

pç
t 
J
Ç
j
 

L
1
A
2
!
_
 

P
ho

ne
. 
ç
y
3
 s
c
i
 

I
L
!
*
i
 

flJ
hk

ec
I/E

bc
 

-_
 

E
1
_
_
_
_
 n
 _ F

in
al

 
fls

tn
ic

t 
-
 --

 
-
 

A
 

co
m

m
en

ta
cc

ep
te

d 

w
 m

m
en

tw
ifh

dr
cz

w
n 

C
 

co
rr

et
ho

nm
ad

e 
ch

ec
k 

by
 

L
I
 

-
 a
 

C
O
M
M
E
N
T
S
 

tIf
ne

th
er

,e
xc

bt
n)

 
Q

no
te

c6
nÌ

 
J
T
6
-
t
 

T
f
l
.
2
L
U
R
&
L
-
.
Q
F
.
.
t
O
1
L
 

.
.
.
 S
 ....

 
ö
.
L
-
 

.
I
4
C
t
 

A
 ....

.
.
.
.
 

.
 

.
.
 

(
L
 
.
.
 

'
 

.
0
 ...

 

F
'
S
 
2
-
 

4
4
'
.
/
 
P
M
t
t
 
-
 

C
S
-
t
S
I
4
b
C
 

P
H
T
'
j
A
 L
&
r
E
.
 '

 
A
 

C
 

_
_
s
 
s
+
 i
 

S
E
F
3
2
E
a
-
r
e
 
,
e
a
r
 ,

 
r
a
c
p
.
 
,
o
c
g
g
v
A
L
r
,
o
 

Q
U
P
0
 O
t
T
E
 

C
 

-
-
 

i
4
4
D
E
 

.
 

Y
4
-
 

2
t
p
4
g
4
 -
i
[
4
s
7
E
J
s
E
;
»
-
 
ù
e
 

t
_
_
.
_
 
;
 

;
 

T
-
ï
.
 

L
.
4
g
m
f
l
6
s
7
7
o
b
L
 
f
 L
X
R
L
4
I
H
4
f
l
O
4
 
-
 

-
 

-
.
 

-
 

.
-
 

I
L
 
L
i
4
c
F
t
-
i
>
A
Y
4
f
l
P
7
#
.
.
e
t
-
-
-
 

A
 

c
_
-
 

-
-
-
-
 

.
.
.
-
 

4
n
D
 

.
.
-
 
4
c
 
.
r
 i
k
ì
$
 

.
.
 

.
 

.
 

-
'
t
 

.
.
 
-
 

-
 
p
c
8
 .
Y
4
M
P
4
Z
o
_
i
&
t
L
c
4
C
I
e
I
F
t
Q
4
I
C
.
 

.
-
 
-
 
-
-
 

t
i
0
'
-
 

-
-
 

-
.
.
-
-
-
.
 

.
-
-
.
 e
 
n
 

.
.
.
 

.
-
-
.
-
 

i
i
-
 

s
i
i
i
I
 

T
K
1
T
 

I
C
 

-
 -
-
-
-
-
 ..

.
.
T
ß
e
P
e
e
E
w
c
e
s
.
,
.
-
 

.
.
.
 n
&
I
 

.
.
 

.
 

i
 

P
6
 
J
4
 
e
E
m
T
L
4
s
t
è
2
t
h
i
i
c
i
T
±
l
i
±
ï
 
T
I
 

I
I
I
T
h
T
J
I
:
J
 :
T
 
1
C
:
T
T
:
 

I
I
1
C
7
3
-
 

L
4
 

.
.
.
 ?
4
4
I
v
a
4
Y
J
&
M
 .4 
&
'
.
c
4
a
 . r
 

-
-
-
-
 

-
 

-
 

-
-
.
-
.
 3
%
 

,
.
 
i
S
 L
.
.
6
W
 _
 S
t
.
J
M
L
t
L
O
 --

-
 m
Q
 

W
.
.
 

-
-
 

.
-
 -
-
-
 - 

.
-
-
 5
 

.
.
.
 A
&
 

.
 

.
 

-
-
-
-
 

-
 

7
-
/
J
e
 
v
'
/
r
t
s
a
i
r
z
,
C
í
g
.
.
w
í
r
7
s
e
ü
 

.
t
r
.
 í
ï
.
j
 
.
R
Z
 

.
.
.
 N
4
r
&
.
.
 

-
-
 

,
W
g
Z
t
S
.
.
7
7
 

.
.
.
.
.
.
.
.
 6
V
J
.
C
2
S
t
C
4
7
7
'
d
 

i
s
 

.
 

-
-
 

t
3
 
5
c
 

3
I
P
4
'
2
4
.
L
r
.
s
j
j
L
,
6
e
s
r
 y
a
c
í
 

I
-
 -
 -
 

'
5
c
t
a
o
a
x
>
 

A
 ...

 -
 

.
 
-
-
 

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
 

c
-
 

-
 

k
'
O
R
}
l
 
3
2
 
(
R
e
v
)
 
N
o
v
 
7
7
 

e
p
l
a
e
e
s
 
t
I
P
O
 
#
0
P
1
4
 
3
2
 
1
9
1
7
 
A
t
t
n
 
C
u
r
r
e
n
t
 
S
u
p
p
l
y
 
E
x
h
a
u
s
t
e
d
.
 

S
H
T
 

O
F
 



P
E

 V
IE

 W
 

C
O

M
M

E
N

T
S

 
P

R
O

JE
C

T
:n

x-
,-

 
,,o

 
rI

 A
d 

rw
s 

ou
 

LO
C

A
T

IO
N

: 
cv

az
. 

E
;_

I 
D

es
ig

n 
D

oc
um

en
t 

A
di

on
 fa

ke
n 

on
 c

om
m

en
t b

y:
 

C
f{

W
 C

G
1T

 
JQ

i!!
fl2

 
JÇ

pj
çf

 
JÇ

jg
 

R
E

V
IE

W
C

O
N

FE
R

E
N

C
E

 
D

S
K

3N
O

F
C

E
 

B
ac

k 

JA
ir

Fo
rr

çe
 

R
ev

ie
w

er
 W

E
S

T
 

fl 
M

ec
h/

E
Ie

ç 

fl$
fd

 
Lk

t_
_ 

i_
 

P
ho

ne
 9

3 
fl 

P
&

s 
[1

 P
oe

lim
 

A
 

ai
rn

rn
en

ta
cc

ep
fr

'd
 

w
 m

m
en

tw
rt

hd
rc

,w
n 

(I
F

ne
rt

he
r,

ex
pk

vr
i) 

C
 

rr
ed

io
nm

ad
e 

Ø
fn

o?
;e

xp
bn

) 

ch
ec

k 

by
 

in
tl.

al
i} 

:_
 n 

F
in

al
 

.-
--

- 
__

__
__

__
__

__
 

_ 
C

O
M

M
E

N
T

S
 

9 
T

Q
(;

I-
9 

:c
 -

oj
 V

rR
&

ac
vE

 
2p

4i
?4

 
O

 
-I

o 
--

 
. 

,. 
-.

 

-.
. 

sì
irk

 
- 

-.
- 

--
--

--
 D

E
Y

Z
Ù

L 
/f2

yE
ìC

sr
47

t5
 i

O
"o

 
6t

ta
vE

L
 

cI
A

IO
E

Z
4t

4O
.4

&
O

V
&

f'/
'°

E
 

E
r4

i-S
'-/

o'
-í

5 
a"

 5
at

cx
.' 

t?
 
4&

,v
E

 
--

-.
 - ...

...
...

 - 
--

 
( 

::r
 

. 

.. c;
 

sf
rc

 
C

IS
C

 
- 
:: 

: 
--

- 
,.-

--
 ..

- 
--

 --
 -

 -- 
t t

 W
i 
ii 

:1
 

..-
 --

--
 - ..

- 
; 

- ..
...

...
...

...
...

 --
 -

. 
:I:

 --
 

--
- ...

 

Ç
Ñ

z7
z:

11
E

Ñ
C

Iw
s 

--
.-

 
--

--
.. 

:::
 

£4
eí

co
M

re
4c

?c
 

»e
te

ç 
--

--
- 

T
1i

I1
E

1:
I 

. 
- ..

...
...

...
. .-

--
--

--
..-

- 
.-

--
--

--
--

,-
 

C
1T

 
--

-.
 _

L 
...

...
 

--
-r

--
- 

--
-.

--
--

 
-J

-i 
- 

--
--

 
-.

- --
 S

I*
LX

 
--

--
--

- 
iii

 , 
uT

_z
 

: 
- 

_-
.-

- 

--
--

--
--

--
 

::c
iï 

--
--

- 
--

--
--

 
I I

 
vr

zi
as

ii 
A

aA
ni

Á
oi

iL
cE

_ 
--

--
--

 
- 

4t
L4

LI
be

t$
L 

S
M

4t
-S

,c
6M

n.
 

4L
La

LI
IS

 . 
--

 

--
 

7'
;: 

54
4r

IC
Ç

 
24

S
th

O
rJ

' 
--

- --
- 

--
--

 

- 
--

 
- 

- 
- 

- 
__

_u
JL

J4
-7

-7
__

__
 

Z
r?

 4
se

 
cí

S
E

O
"E

&
Ñ

E
bC

c&
Jt

w
z.

 
__

 
W

c.
e4

' 
a'

ts
e 

£W
_4

_J
A

A
if

lÌ
Y

2.
E

se
z'

__
 

--
--

 
_j

 
--

- 
54

'V
-t

 
- 

- 
--

 -
 
uL

iiI
I 11

 
T

C
)c

S
7E

Y
Z

t&
 
- 

se
cN

i- 
I:a

i::
I: 

1 
T

I 
t C

J±
1 

L.
 

2f
r2

4I
 

...
. I1

1±
IE

IC
T

IT
III

 Ir
T

IT
 C

IIT
T

IT
 T

T
 

1'
i 

Si
/i 

i 
cÀ

nn
T

i 
i: 

T
T

T
K

 
T

I T
 

--
 

- 
- 

IY
11

X
2t

tt7
JL

r_
__

 
-_

_-
_.

__
 

/6
 

Ç
flÇ

 
JJ

4j
J/

L
t_

 S
J1

t,t
1C

. 
¿

S
 

IM
T

hI
Z

Y
 /

j3
C

JL
 

- 

--
 

N
iD

 
FO

fl
il 

32
 

(R
ev

) 
N

ov
 

77
 
R

ep
la

ce
s 

N
E

D
 

FO
R

N
 

32
 

19
77

 
A

C
te

r 
C

ki
rr

en
t 

Su
pp

ly
 E

xh
au

st
ed

. 
S

R
I. 

or
 

-.
 .

- 
1=

 
- 

L;
 

.. 
L

L
J 

L
; 

L
S 

[ 
L

; 
[J

 L
; 



V
I
 
C
E
V
C
W
'
 

I
 

1
 

E
J
 
F
1
 
1
1
 

E
I
1
 
E
i
 
f
i
 
f
]
 
F
E
]
 f

i
 
F
]
 
F
]
 

E
T
]
 
F
I
 

C
O
M
M
E
N
T
S
 

P
P
Û
W
C
T
 

-
 

-
 

f
l
ç
k
t
 

A
 I
f
l
I
 

I
 
A
 

T
V
 

0
1
 

I
 
C
C
A
T
I
C
N
:
 

p
j
 

I
i
 

i
 

a
r
 -
 

-
 

L
I
N
L
_
_
_
 

O
c
t
 

n
 Ak

 1-
or

ce
 

R
ev

ev
,e

r 
\
A
J
 E

S
T

 

E
A

ffl
T

y_
 

P
ho

ne
, 
r
7
s
3
s
t
/
:
?
 

E
l
-
 

L
_
_
-
 

.
 

D
es

ig
nD

oc
um

en
t 

-.
 

-
 

-
,
-
 

fl 
A
t
c
h
.
/
L
A
 

-
 

A
ct

io
nt

ak
en

on
co

m
m

en
ib

y:
 

E
L
Q
±
2
!
!
 

fl
 Co

nc
ep

t 

n
 r
&
s
 

n
 P

re
U

m
. 

flÇ
fr

Jp
n.

 
R

E
V

IE
W

C
O

N
F

E
R

E
N

C
E

 
-
 

A
-c

om
m

en
ta

cc
ep

te
d 

w
 c

om
m

en
tw

rt
hd

ra
w

n 

(I
fn

er
th

er
,e

xp
la

in
) 

D
E

S
C

H
 O

F
F

)C
E

 

C
-c

ar
re

ct
io

nm
ad

e 

(n
oi

ex
pk

nn
) 

B
ac

k 
C

he
ck

 

by
 

flh
/k

ec
h.

fE
Ie

rf
E

 

j._
__

__
 -
_
_
D
 F

in
al

 

Js
aT

nF
9:

: 
C
O
M
M
E
N
T
S
 

:
3
 

-
.
 .
-
 -
-
 

j
o
 

-
-
.
-
 

±
L
 

,
-
.
-
 -
-
.
.
 

-
-
-
-
-
-
-
 

-
 

-
 

_
.
a
 

S
;
L
r
T
c
Ç
 

_
-
-
.
A
O
 

E
t
r
a
J
L
 _
J
A
f
 

.
.
 

-
-
-
-
 

-
c
 --
-
-
-
-
-
 c
e
'
 
D
C
C
L
 

&
a
 .--

 
.
 

-
 
M
l
.
c
/
#
 

.
r
.
.
 
.
.
A
o
n
o
 ._-

 
-
-
7
 

.
p
2
:
 -
-
-
-
-
-
-
-
-
 
.
-
s
4
ò
r
w
t
s
t
L
I
.
s
 
C
-
,
0
s
N
6
 
r
'
 

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

-
-
-
-
 

%
T
t
.
&
 rj

 
li 

.
O
 2
t
A
í
B
e
&
 -
 e
f
?
4
t
C
T
a
s
s
a
S
 
a
-
 ---- 

-
.
 

:
 

O
M
 r
C
4
 .

c
 

c
a
c
 Ñ
&
Y
J
2
 Q 

'
2
 
i
L
x
?
,
o
s
z
c
t
/
 Y
'
t
c
r
y
C
/
 

A
 

-
_
-
-
-
-
_
-
-
_
_
_
_
-
:
 

.
.
.
 

ï
 
A
 T
 I
l
 

.
Z
 ---

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

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
 R
 

-
-
-
-
-
-
-
-
-
-
 -
-
-
-
-
-
-
.
-
-
-
-
-
-
-
 
-
-
 

J
 

-
-
-
-
 

-
-
 

-
 

-
-
-
 

T
 C
 

T
r
A
c
i
1
I
 

M
c
 N
 C

M
T
h
o
 

G
)
c
P
W
s
w
w
-
 
t
-
o
ö
ç
 

1
4
 

!
 

r
t
 

-
-
-
-
 

t
h
*
I
*
 I
±
5
7
L
i
J
i
i
T
f
l
h
i
Z
I
T
I
T
T
I
u
J
I
1
I
i
I
T
 I
T
I
T
I
7
I
E
I
J
I
J
 J l

i
 
:
:
1
:
:
E
I
i
I
:
T
:
1
1
.
 ---

-
-
-
-
-
 

1
7
1
 E
I
:
 

1
1
E
 

-
-
-
 

E
E
I
I
W
I
I
T
E
J
I
E
I
I
I
I
T
I
 

L
E
 T
E
l
i
 

E
1
I
E
 
E
I
J
I
I
E
T
I
T
I
l
i
I
E
T
 

I
 T

 
E
E
T
I
E
Z
I
T
I
 

T
 
E
 

E
 

I
 

N
)
1
)
 
F
O
I
t
N
 
3
2
 
(
R
e
v
)
 
i
'
o
v
 
7
7
 
R
e
p
t
a
t
c
s
 
N
P
D
 
F
0
1
0
1
 
3
2
 
1
9
7
7
 
A
f
t
e
t
 
C
u
r
r
e
n
t
 
S
u
p
p
l
y
 
E
x
h
a
u
s
t
e
d
 - 

A
.
-
}
 I
 

H
1
.
 

O
r
 



APPENDIX C 

SITE DRAWINGS FOR RUFF AND ROOSEVELT ROAD 
FORT RICHARDSON, ALASKA 


