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T SECT1ONON.E Intiosiuction 

URS Corporation(URS), formerly URS Gremer Woodward-Clyde (WC), was contracted by the 
Umted States Army Corps ofEngmeers on behalfofthe Umted States Army, Public Works - (Anny) to conduct long-term groundwater monitoring at Operable Unit B (OUB), Poleline Road 
Disposal Area, Fort Richardson, Alaska OUB is a former Army disposal area for chemical 
warfare training materials OUB has been the subject of several environmental investigations, a 
feasibility study (FS), and a treatability study. 

T Long-term groundwater monitoring has two objectives: (1) to collect data ougroundwater 
4 contaminant trends, and (2) to provide data for devising an appropiiate long-temi monitoring 

plan for the site. In accordance with the Long-Term Groundwater Monitoring Woik P1an, 
Operable Unit B, Poleline Road DLsposaLArea, Fort Richardson, Alaska (We, i 997), eight 
rounds ofgroundwater monitoring were performed to evaluate groundwter contaminants over 
time. The sampling dates were: November .1997, June 1998, October 1998, March 1999, 

E October 1999, Apiil 2000, October 2OOO and April 2001. Subsequently a ninth round of 
: groundwater monitoring was added to the scope ofwork. This report summarizes the ninth 

round ofsanipiing conducted in October 2001. Tables and Figures are presented at the end of 
r the sections in whichthey are referenced and iaboratoi-y data reports are provided as a separately 

L bound Appendix A. 

n 
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SECTIONTWO Scopeol Work 

The scope ofwork consisted of conducting a ninth round ofgroundwater monitoring in 
accordance wîth LongTemi Groundwater Moìitoring Work Plan, Operable Unit B. Poleline 

. 

Road Disposal Aiea, Fort Richardson, Alaska (WC, i 997). Specific tasks associated With this 
!' round of oundwater monitoring include the following: 

: sample groundwater from up to 20 monitoring wells at OUR for volatile organic compounds , (VOCs) and natural attenuation parameters 

.!. . prepare a technical memorandumthat presents the results ofthe sampling event and 
decribes changes in contaminant concentrations since the preceding sampling event T evaluate natural atteniiationdata 

e provide recommendations for future groundwater mothtoring, if needed 

UR 2-1 ;: 
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T SECTIONTHREE ElIviroorndntal SelliNg 

T 3i LOCATION - 
The Fort Richardson Arthy Post occupies 6 1 ,500 acres of land (Figure 3-1 ) OUB is located 

T on the Fort Richardson Army Post.approximately ten miles northeast ofAnchorage, Alaska, 
L one iliile south oftbe Eagle River, and 0.6 miles north ofthe Anchorage Regional Landfill 

. 

(Figure 3-2). Access to the area is by Poleline Road, a gravel road that runs northeast-southwest (- . along a power line route and the Ektutna Water Line. . OUB is bisected by Bans Boulevard, a 
gravel road extending from the Glenn Highway to Poleline Road. 

3.2 SITE DESCRIPTION 

OUB is a low-lying, relatively flat area, bordered by a wooded, 80-foot bill to the west, wetlands 
directly south and southwest ofthe main disposal area (Area 3 and Area 4), and iow, wooded 
lulls on the remaining borders (Figure 3-3). The area where buried waste was detected by a 
geophysical survey is approximately I .5 acres in size. The main disposal area svas cleared of 
vegetation during a 1994 removal action. No significant re-vegetation has occurred. 

3.3. GEOLOGY 

Regional surficial deposits are fluvially reworked glacial sediments and glacial tills. These 
deposits appear to be up to 30 feet thick at the site and consist ofunstrafified to poorly stratified 
clays. silts, sands, gravels, and boulders. A basal till lies below the surficial deposits and 
verlies an advance moraine/till complex. Underlying the glacial sediments is bedrock 

composed ofhard, black, fissile claystone. 

The subsurface soils are dense glacial tills and generally consisting of silty sands with some 
graveL Thin, discontinuous clay lenses were observed rarely. Observations during drilling 
confirm a typical fluvio-glacial setting a heterogeneous system ofdiscontinuous, relatively 
permeable channels with intervening denser, less permeable sediments. 

T 3.4 HYDROGEOLOGY 

Four water-bearing intervals have been identified at OUB: (i) a perched interval, (2).a Shallow 
(- interval, (3) anintermediate interval, and (4) a deep aquifer. The detection of contaminants in all 
' four intervals suggests they are interconnected to some degree Observations made while drdlmg 

indicate that zones ofvery dense, low porosity, compact tills, separate the saturated intervals. 
n- The compact tills are dry or slightly moist. 

The perched interval was observed in borings drilled between Area A-2 and the wetlands, and in 
Area A-3 (Figure 3-3). The top of the perched interval was encountered at four to ten feet below 
ground surface (bgs), and the bottom was at sixto 12 fee bgs. The average thickness of the 
perched interval is approximately five feet. The perched interval is recharged mainly' by surface 
water from the wetlands, although some recharge also occurs from precipitation. The only 
monitoring well installed in the perched interval is MW-14 IAP-3746). 
The shallow, saturated interval is an average of ten feet thick; the.top was encountered at 20 

;_. to 25 feet bgs, and the bottom was at 28 to 36 feet bgs. Groundwater elevations indicate that 
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T SECTIONTIIIREE ENVIfOH1IÌOØLRISCllhJt!J 

, shallow grouiidwater is flowing in anorth-northeat direction. Because ofthe localized nature of 
water-beanng zones al this site, it is difficult to determine whether the water-bearmg umts are 

L hydraulically connected between wells. The shallOw interval is recharged by water from the 
- discontmuous perched mterval and by mfiltration ofprecipitation. The hydraulic conductivity was 

between O 03 and 3 0 ft'clay (URS 1996b) The honzontal hydraulic gradient within the 
shallow zone ranges from a minimum of 0.002 fl/ft to a maximum of OE026 fl/ft (URS 1996b). 

The intermecliateinterval was observedwhiie drilling monitoring well MW-16 (AP-3748). The 
. 

saturated portion ofthe intermediate interval was encountered at approximately 65 to 95 feet bgs in 
. MW-16 (AP-3748). The intermediate saturated interval does notconelate with the other deep wells 

T' on site, suggesting that itis isolated lens with limited continuity. There may be several isOlated 
lenses of saturated material within the intermediate interval. 

Five monitoring wells atOUB penetrate the deep aquifer, thetop ofwhich was encountered from 
approximately 80to 125 feet bgs. The deep aquifer is an advance moraine/till complex with 
thickness varying from three to 40 feet. Groundwater elevations indicate that the flow direction in 
the deep aquifer is locally to the northeast and regionally to the northwest. Available data indicate 
that the deep aquifer below the site is not connected with deep aquifers used for drinking water 
wells in the community of Eagle River (over one mile northcast. 

The deep aquifer oveilies a claystone bedrock unit with unknownthic1uess. Four ofthe five dçep 
wells at OUB penetrate the bedrock unit, and the well screens extend slightly into the bedrock. The 
top ofbedrock was encountered from 120 to I 70 feet beneath the site. The hydraulic conductivity 
was measured at. 139 frIday (URS 1996b). The horizontal hydraulic gradient within the deep zone 
ranges from a minimum of0.026 fl/ft to a maximum ofO.079 fl/ft (URS i 996b). . 

The ultimate discharge area ofthe water-bearing interwils at OUB is probablythe Eagle River, 
approximately ne mile north ofthe site (Figure 32). The Eagle River flows into the Knik Arm 
ofCook Inlet approximately five miles northwest ofOUB. Theriver is ñot used as a drinking 
water source. 

3.5 LANDUSE 

The land surrounding OUB currently is used for Army training activities and recreational 
purposes. The Ekiutna Water Line, a pipeline that supplies Anchorage and part ofthe Eagle - River community with drinking water from Ekiutna Lake (over I S miles from the site), runs 

L immediately west ofthe site. 

At present, there are no 'plans for development of OUB. The deep aquifer may provide sufficient 
T . 

yield for drinking water wells; however, future development ofthe deep aquifer for this purpose 
L is unlikely, due to the proximity ofthe Ekiutna Water Line. 

L 3.6 HISTORY OF INVESTiGATION ACTIViTIES 

Several investigations and a removal action have been conducted at OUR since its discovery in 
1990. A briefsummary ofthese activities is presented as follows: 

-' 
Tn 1990 and in 1992, Environmental Science & Engineering, Inc. (ESE) conducted site 

E 
investigations that included a geophysical survey, soil.borings, a soilgas survey, monitoring 

- 
. 
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SECTIONTHREE EnviroimeNtal Selling 

well installation, groundwater sampling, a water level survey, and aquifer (slug) tests 

L (ESE, 1990, 1991, and 1993). 

In 1993, 011M Remediation Services Corporation (011M) conducted a rapid response 
T removal action within areas A-3 and A-4 (OHM, 1993). 
- 

In 1994 and in 1995, the Cold Regions Research and Engineering Laboratory (CRREL) 

T conducted geophysióai surveys (CRREL, 1994, 1995). 

L . In 1995, URS (then Woodward-Clyde) performed a Remedial Investigation that consisted of 
-, 

surface and subsurface soil sampling, groundwater sampling, and installation ofseveral new 
Lmonitoring wells(WC, 1996a).. 

. In 1995, URS cónducted a human health risk assessment (HHRA) thai included groundwater 
T sampling and modeling (WC, i 996b). 

,-. . In 1996, URS prepared an F5 to evaluate remediál alternatives (URS, 1996). 

n in i 996, URS performed an ecological risk assessment in conjunction with an HI-IRA (WC, 
L 1997). 

.- . In 1996, URS conducted a treatability study that pmvided data concerning soil vapor 
: extraction (SVE) and air sparging. The study also included groundwater sampling and soil - borings. (WC, i 997). 
r For several days in i 996, URS conducted an SVE evaluation study that Included installing 

. 
additional soil borings and soillgroundwater sampling (WC, i 997). 

., e In 1997, URS conducted a design verification study to evaluate the applicability of six-phase 
. 

heating (SPII) as an in situ technology for remediating solvent-contaminated soiLs. The study 
. included soil borings and surface and subsurface soil sampling (WC, 1998). 

. In i 998, URS perfouned a duel-phased, high vacuum extraction (HVE) freatability study that 
included groundwater sampling, installing additional soil boiings and monitoring wells, and 
subsurface sampling. (WC, 1999). 

Based on the success of SPH on soils, an additional design verification study was conducted 
in 1999. This recent design verification study evaluated the applicability of SPFI as an in situ 

n technology for rernediating solvent-contaminated groundwater. New soil borings, surface and 
subsurface soil samples, and groundwater samples were collected (URS, 2000). 
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SECTIONFOUR Field Pruceitlires 

r Monitoring wells selected for sampling duringthe Long-Term Groundwater Monitoring Program 
U are shown on the sIte map (Figure 3-3). The rationale for sampling each well is presented in the 

Long-Term Groundwater Morntoring Work Plan, Operable Unit B, Poleline Road Disposal 
T Área, Fort Richardson, Alaska (WC, i 997). Standard operating procedures were used for 
L sample collection, containerization, labeling, pac1aging, and sample transport. The procedures 

. follow the guidelines established within the Groundwater Monitoring Plan (WC, 1997). 
n Field tàsks for this round of groundwater monitoring included the following: 

(1) measuring static water levels 

T (2) measuring pH, specific conductivity, turbidity, dissolved oxygen, temperature oxidatiOn- 
reduction potential, and fenous iron 

: 
(3) collecting groundwatór. samples for laboratory analysis ofthe following constituents using 

the analytical methods indicated in parentheses: 

. VOCs (SW8260B) 
s alkalinîty(E310.l) 
s ammonia (E35OE1) 
. carbon, total organic (SW9060) 
. chloride (E300.0) 
. methane (RSK 175) 
. nitrate and nitrite (E3 53 .2) 
. sulfate (E300.0) 
. stiifide(E376.1) 

4.1 FIELD MEASUREMENTS 

Static water levels were measured in 22 monitoring wells in a single day so that the groundwater 
levels could be considered synoptic. The pH, specific conductivity, turbidity, dissolved oxygen, 
temperature, and redox potential of the groundwater were measured while purging each well to 
momtor stabilization ofparamters. Ferrous iron was measured at same time that laboratory 
samples were being collected. Data are summarized in Section 5 ofthis report 

n 4.2 GROUNDWATER SAMPLING 

Groundwater samples were collected in accordance with procedures and protocols presented in 
Sections four through seven ofthe Long-Term Groundwater Monitoring Work Plan (WC, 1997) 

: and Addendum No. i (WC 1997). Samples were collected using dedicated tubing and a - submersible pump. Results ofthe laboratory analyses performed on groundwater are presented 
in Section 5 ofthis report. Laboratory reports are provided inthe Appendix. 

4.3 INVESTIGATION-DERIVED WASTE 
:. Investigation-derived waste (IDW) generated during the field investigátion (e.g., equipment 

. 

decontamination fluidsand well purge water) was containerized dui-ing sampling activities and 
transported to a US. Army Corps ofEngineers designated treatment area Handling and final 
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TI SECTIONFOUR Field Procedures 

disposai of all wastes were managed by the contractor under guidance from the U.S. Army Corps 
of Engineers. 

T 4Á DEVIATIONS FROM THE LONG-TERM GROUNDWATER MONITORING 
WORK PLAN 

This section lists and describes conditions or actions that resulted. in deviatiOns from the work 
pian. In general, changes and problems encountered during sampling activities include 
insufficient grounthvater for sampling, changes to sampling procedures due to field conditions, 

r- and.damàged monitoring wells. The following deviations from the work pian occurred during 
b this sampling event . 

T No groundwater was encountered in MW-4 (AP-4014); this monitoring well was dry in 
November 1996 and June 1997, and bas been dry or has had insufficìent water for sampling 
since the October 1998 sampling round. 

T MW-14 (AP-3746) contained 0.25 feet ofwater; this is less water than necessary to operate 
the submersible pump; therefore, it was not sampled. This monitoring well has been dry ór 

T has had insufficient water for sampling since the November 1997 sampling round. 

. The ferrOus iron measurement for MW7 (AP-4017) was not recorded. 

. Monitoring wells MW-6 (AP-4016), MW-15 (AP-3747), and MW-17 (M-3749) were Tpumped dry. Groundwater samples were collected when the wells had sufficiently 
L recharged, not after the field parametershad re-stabilized. 
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n SECTIONFIVE Results alid Discussiou 

Field work for groundwater monitoring Round 9 at OUB was conducted October 9-23, 2001. 
Static water level measitrements were taken at eachweIl on October 9, 2001 . Nineteen wells 
were sampled October 10-23, 2001. MW-4 (M'-4014) was dry and could not be sampled 
MW-14 (AP-3746) did not have enough water in it to operate the submersible pump for sample 
collection; therefore this well was rot sampled. Two quality .confroI duplicate samples, and óne 
matrix spike/matrix spike duplicatesample were collected. An equipment rinsate sample was 
not required since sampling materials were dedicated to each well. 

Monitoring weiland sample.identification cross-references arepresented in Table 5-l. 
Analytical laboratory results for VOCs are summarized in Tables 5-2 through 5-12. These 
tables also provide VOC data from previous sampling events. Table 5-13 lists October 2001 
groundwater samples that cóiitainYOCs at concentrations that exceed remedial action objectives 
GRAOs) and/or maximum contaminant levels (MCLs). Data concerning natural attenuation 
parameters are provided in Tables 5-14 and 5-1 5. Laboratory analytical results for natural 
attenuation parameters are sumiñarizèd in Table 5-14, and October 2001 field measurements are 
summarized in Table 5- 1 5. Groundwater elevations acquired periodically from November 1995 
through October 2001 are presented in Table 5-16. 

5.1 VOLATILE ORGANIC COMPOUNDS 

The most prevalent VOCs at OUB are 1,1,2,2-tetrachioroethane, tetracliloroethene (PCE) and 
trichioroethene (TCE).. Figure 5-1 presents the degradation palhways for these chemicals. 
Isoconcentrationmaps for 1,l,2,2-tetrathloroethanc, PCE, and TCE are presented in Figures 5-2, 
5-3, and 5-4,, respectively. Figure 5-5 is a spider map that provides historical concentrations for 
several key contaminants ofconcern. 

t 
Table 5-2 summarizes the analytical results for 1,1,2,2-tetrachioroethane. This compound 
was detected in samples from I 4 of the 19 locations monitored in October 2001 . Concentrations 

r 
of 1,1,2,2-tetrachioroethane ranged from 0.00022 to 2.100 mg/L in the October 2001 sanples 

) with the highest concentration in the sample collected from MW-21 (M-3983). A comparison 
. between the April and October2001 sample results shOws no significant change in 1,1,2,2- 
T tetrachioroethane concentrations. The concentration of i , 1,2,2-tetrachioroethane in the samples 

collected from MW-21 (AP-3983) decreased from 3.400 to 2.100 mg/L. Concentrations of 
1,1,2,2-tetrachioroethane exceeded the RAO (0.052 mg/L) in seven ofthe October 2001 samples. 

T Table 5-3 summarizes the analytical results for PCE. This compound was detected in samples .- from ten ofthe 19 localions monitored in October 2001. Concenfrations ofPCE ranged from 
0.00013 to 0.046 mg/L in the October 2001 samples with the highest concentration in the sample 

: collected from MW-21 (AP-3983). A comparison between the April and October 2001 sample 
results shows no significant change in PCE concentrations. The concentration ofPCE in the 

.. samples collected from MW-21 (AP-3983) ranged from OO54 to 0.046 mgÌL. Concentrations of 
: 

PCE exceeded the RAO (0.005 mgÌL) in six ofthe October 2001 samples. 

TCE was detected in samples from 13 ofthe 19 locations monitored in October 2001 
(Table 5-4). TCE concentrations ranged from 0.013 to 3.000 mg/L in the October 2001 samples 

- with the highest concentration in the sample collected from MW-21 (AP-3983). A comparison 
. between the April and October 2001 sample results shows no siificant change in TCE ,-' concentrations. The concentration ofTCE in the samples collected from MW-21 (AP-3983) 
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SECTIONFIVE Resifits ami Discussion 

ranged from 2.80 to 3.000 mg'L. Concentrations of TCE exceeded the RAO (0.005 rngfL) in 13 
of the October 2001 samples. 

The compound i, 1,2-trichioroethane was detected in samples from i I ofthe 19 locations 
monitored in October 200 1 (Table 5-5). Concentrations of i , I ,2-tricbloroethalle ranged from 
0.00016 to 0.038 mg/L in the October 2001 samples with the highest concentration in the sample 
collected from MW-21 (AP-3983). A comparison betwn the April and October 2001 sample 
results shows no significant change in I ,1 ,2-trichloroethane concentrations. The concentration of 
l,1,24ricbloroethane in the samples collected from MW-21 (AP-3983) ranged from 0.0047 to 
0.038 mg/I,. Concentrations of 1,1,2 trichioroethane exceeded the MCL 40.005 mg/L) in three of 
the October 2001 samples. 

Table 5-6 summarizes the .analytical results for cis-1,2-dichloroetbene. This compound was 
detected in samples from i 3 of the i 9 locations monitored in October 2001 . Concentrations 
ofcis-1,2-dichloroethene ranged from 0.00036 to 1.100 mg/L in the October 2001 samples 
with the highest concentration in the sample collected from MW-21 CAP-3983). A comparison 
between the April and October 2001 sample results shows that cis-1,2-dichloroetliene 
concentrations remained constant at most of the monitoring locations. The concentration of 
cis-1,2-dichloroethene in the samples collected from MW-21 (AP-3983) ranged from 1.20 to 
1.100 mg/L. Concentrations ofcis4,2-dicbloroethene exceeded the RAO (0.07 mgfL) in four 
ofthe October 2001 samples. 

Trans-1,2-dichloroethene was detected in samples from 12 ofthe 19 locations monitored in 
October 2001 (Table 5-7). Trans-1,2-dicblorocthene concentrations ranged from 0.00022 to 
chi 70 mg'L in the October 200 1 samples with the highest çoncentration in the sample collected 
from MW-21 (AP-3983). A comparison between the April and October 2001 sample results 
shows that trans- I ,2clichloroethene concentrations remained constant at most ofthe monitoring 
locations. The concentration oftrans-1,2-dichloroethene in the samples collected from MW-21 
(A.P-3983) ranged from 0.180 to 0.170 mg/L. Concentrations of trans-1,2-dichloroethene 
exceeded the RAO (0.1 mg/L) in two ofthe October 2001 samples. 

Table 5-8 summarizes the analytical results for 1, 1-dichioroethene. This compound was 
( detected in samples from nine ofthe 19 locations monitored in October 2001. Conceutratons 

of l,1-dichloroethene ranged from 0.00013 to 0.0088 mg/L in the October 2001 samples with the 
highest concentration in the sample collected from MW-7 (AP-401 7). A comparison between 

n the April and October 2001 sample results shows no significant change in 1,1-dichioroetbene 
concentrations. The concentration of I ,1-dichloroethene in the samples collected from MW-7 
(AP-4017) ranged from 0.0095 to 0.0088 mg/L. The concentration of 1,1-dichioroethene 

T exceeded the MCL (0.007 mg/L) in one ofthe October 2001 samples. 
- Vinyl chloride was detected in samples from two ofthe loctioas monitored in October 2001 - (Table 5-9). Vinyl chloride concentrations were 0.00060 mg/L and 0.0094 mg/L in the samples 

: 
collected from MW-24 (AP-3986) and MIAT-21 (M-3983), respectively. These welts are 
screened in the shallow aquifer. A comparison between the April and October 2001 sample 

. results shows that the vinyl chloride concentration increased from 0.0047 to 0.0094 mL in the 
samples collected from MW-21 (AP-3983). The concentration ofvinyl chloride exceeded the 

4.+ 

MCL (0.002 mg/L) in one ofthe October 2001 samples. 
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Table 51ø sunjrnarizes the analytical results for cathon tetrachioride. This compound was 
detected m samples from five ofthe 19 locations momtored in October 2001 Coucentrations of - 
carbon tetrachioride ranged fromO.00095 to 0.0030 mg/L in the October 2001 samples.witb the 
highest concentration m the sample collected from MW-22 (AP-3984) The RAO for carbon 
tetrachionde is 0 005 mgIL As shown by the data presented m Table 5-10. only one sample has 
exceeded the carbon tetrachioride RAO since March 1999. n Chloroformwas detected in samples from eight ofthe 19 locations monitored in October 2001 

L (fable 5-1 1). Concentrations ofChloroform ranged from 00033 to 0.0038 mg/L in the October 
- 2001 samples with the highest concentration in the sample collected from MW-21 (AP-3983). 

The MCL for chloroform is 0.1 mg/L. As showia bythe data presented. in Table 5-1 l.,only One 
.- sample has exceeded the chloroform MCL since October 1995. 

1 
Beozene was detected in the October 2001 sample from monitoring weil MW-21 (APi-3983). 
A comparison between the April and October 2001 sample results (Table .542) shows no 
significant change in the benzene concentration, which ranged from 0.0053 to 0.0038 mg/L in 

r- the samples collected from MW-2 I (AP-3983). The RAO for benzene is (0.Ö05 nig/L). 
Li Carbon disulfide was detected in samples from eight ofthe 19 locations monitored in October 
- 2001. Concentrations ofcarbon clisulfide ranged from 0.00017 to 0.0045 mg/L in the October 

2001 samples with the highest concentration in the sample collected from MW-23 (AP-3.9.85).. 
The MCL for carbon disulfide (3.65 rng/L) is several orders ofmagnitude higher than the 

. detected concentrations. 

L The compounds i ,2-dichioropropane and i , i , i ,2-tetrachloroethane were detected in one 
groundwater sample collected in October 2001 at concentrations ofOE0009O th/L and 0.00065 

,ç 
mg!L, respectively. The sample in which these compounds were detectedwas collected from 

.L 
MW . -22 (AP-3984). The MCL for 1,2-dichioropropane is OE005 rng/L and no MCL has been 

. promulgated for i , i ,1 2-tetrach1oroethane. 
! 

Methylene chloride was detected in samples from five of the i 9 locations mothtored in October 
2001. Concentrations ofmethylene chloride were estimated at 0.00052 to 0M062 mg/L. 

- However, it is likely that detected methylene chloride concentrations are associated with 
: 

laboratory contamination. The MCL for methylene chloride is 0.005 m.g/L. - 
Toluene was detected in samples from 13 ofthe 19 locations monitored in October 2001. 

T Concentrations oftoluene were estimated at 0.00010 to 0.00034 mg/L. However, toluene was 
also detected in the associated trip blanks at estimated concentrations ofø.00034 to 0.00044 
mg/L. The MCL for toluene is I mgIL. 

T Acetone (0.0033 to 0.0037 mg/L), n-propylbenzene (0.00010 mgIL), and styrene (0.00015 m'L) 
were detected in one or more ofthe trip blanks at estimated concentrations that were less than the 
method reporting limit but greater than or equal to the method detection limit. These 
compounds, however, were not detected in samples from the 19 locations moiiitored in October - 2001. 

5.2 NATURAL ATTENUATION PARAMETERS 

Natural attenuation is the physical, chemical and I or biological processes that unaided by human 
intervention, reduce the concentration, toxicity or mobility of contaminants in the environment. 

.uEs . 53 
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Natural attenuation processes in1ude biodegradation, hydrolysis, sorption, dispersion, dilution 
and volatilization. The behavior oforganic and inorganic contamthants, inorganic minerals, and 

: fljjcrobiai populations is affected by the geochemistry ofthe suburface environment. Primary 
geochemical parameters that characterize the subsurface include: 

. i alkalinity 

- . temperature 
L .pH 
.J oxidation-reduction potential (ORP) 
., s dissolved constituents (including electron acceptors) 

. the physical and chemical characterization ofthe solids 
microbial processes 

The most important ofthese in relation to biological processes are: . 

alkalinity 
. ORP 

: the concentration ofelectron acceptors . the chemical nature ofthe solids 

fl: Selected parameters were measured to help identir what types ofnatural processes may be 
degrading contaminants atthe site. Laboratory results for analysis ofselected natural 

,_ attenuation parameters are summarized in Table 5-13, and ficid measurements are summarized 
i inTable5-14. 
L. 

Three bacteria count tests (heterotrophic plate count, oil degrading bacteria, and sulfate reducing 
T bacteria) were completed on groundwater samples collected in i 996. The results indîcated 
L virtually no bacterial populations in groundwater at the site. Based on these results, no 

additional tests for bacterial populations have been completed. 

LAlkalinity 

Carbon dioxide generated during biodegradation causes an increase in alkalinity. Thus, 
biologically active portions ofa contaminant plume may be identified in the field by their 
increased alkalinity (compared with background levels), and ailcalinity can be one of the 
parameters used to identi' where to collect biologically active core material. 

The alkalinity is a general water quality parameter used to measure he buffering capacity of 
the water. Alkalinity can help to maintain groundwàterpH because it buffers the groundwater 
against acids generated through the biodegradation process. However, during aerobic 
respiration, denitrifiçatiòn, iron Ill reduction and sulfate the total alkalithty should increase. 
The alkalinity ofwater sampled from the background well (MW-17) was 130 mg/L in October 

-' 2001 . Alkalùiity values for samples collected from the shallow aquifer in ranged from 106 to 
208 mgIL. Alkalinity in water from monitoring well MW-5 (shallow-intermediate aquifer) was 
148 mgIL, and water sampled from the deep aquifer had alkalinity values of I 10 to 262 mg/L. 

r,-' The alkalinity ofthe water where high concentrations ofVOCs are found is not significantly 
higher than the alkalinity of water with no detectable concentrations of VOCs. 

- 

. 

-, URS . 5-4 
(OTO1 (roc2-JEc-o1 



E SECTIONFIVE Results aiiil Discussion 
LJ 

Oxidation-Reduction Potential 

The ORI ofgroundwater is a measure of electron activity that indicates the re1ati ability of a 
-' 

solution tO accept or transfer electrons. Most ORP reactions in the subsurface are microbially 
catalyzed durmg metabolism of native orgamc matter or contaminants According to Wi1son et 
al. (1996), when the ORP is.,less than 50 millivolts (mV) against Ag/AgC1., a reductive pathway 

,- is possible. The ORP measurements taken.in October 2001 were greater than 50 mV, in samples 
from ten of the 19 locations monitored. 

Electron Acceptors 

In order to identify the predominant microbial and geochemical processes occurring. in situ at the 
time ofsample collection, it is critical to measure the available electron acceptors. Nitrate and 
sulfate are found naturally in most groundwater and will subsequently be used as electron 
acceptors once oxygen is consumed. Oxidized.förms ofiron and manganese can be used as 
electron acceptors before sulfate reduction, and their reduced forms scavenge oxygen to the 
extent that strict anaerobes (sorne sulfate reducers and all methanogens) can develop. Sulfate is 
found in many depositionat environments, and sulfate reduction may be very common in 
contaminated groundwater. In environments where sulfate is depleted, carbonate becomes the 
electron acceptor, with methane gas produced as an end product. 

L Dissolved Oxygen 

Ifbiodegradation occurs in an oxygen rich environment, then aerobic respiration is the primary 
I 

process. Ifbiödegradation occurs in an oxygen poor environment, then anaerobic degradation 
is the primary process. Once DO concentrations are less than 0.5 mg/L, anaerobic process begin 
to dominate the biodegradation processes. In an anaerobic environment, microbes utilize 

L 
nitrate/nitrite, ferrous/ferric iron and sulfáteinstead ofoxygen in respiration. The dissolved 

J oxygen concentration in water from four ofthc monitoring wells (MW-6, MW-13, MW-19, and 
MW-24) measured 0.00 mgfL in October 2001 suggesting appropriate conditions necessary for 
reductive pathways. Dissolved oxygen measurements in water from the other i 5 welLs ranged 

i from 1.72 to 15.69 mg/L. 

T Sulfate 

For reductive pathways, the optimum concentration for sulfate is less than 20 mg/L. Sulfate 
concentrations in samples from the 19 locations monitored in October 2001 ranged from 0.5 to 
85.6 mg/L and were less than 20 mg/L at I 5 ofthe locations. 

Ferrous Iron 

Iron is utilized by the microbes once the dissolved oxygen and nitrate I nitrite compounds have 
been depleted. Reductivepathways are possible when the concentration offerrous ironis greater 

. . 
than about i to 1.5 mgIL. Ferrous iron was detected in sanples from 9 of the locations 
monitored in October 2001. Concentrations offerrous iron ranged from 0.8 to 8.0 mg/L and 
were greater than 1 .5 mg/L at seven ofthe locations. 

r 
Temperature, Specific Conductance, and pU 
Tempeiuture and pH affect biodegradation of contaminants. Although biological growth can , occur over a wide range oftemperatures, most microorganisms are active primarily between 

L.. 
50°F and 95°F. Groundwater temperatures measured during the October 2001 round of sampling 
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ranged from 38.8°F to 53.0°F. Ìemperatures in the vicinity ofMV/-22 were elevated above 
normal valuesdue to the soil-heating project completed in 199. 
An optimum pH range:for most microorgathsrns is between 6M and 8.0. Many microorganisms, 
however, can tolerate a pIT range of 5 0 to 9 0 Most groundwater in unconthminated aquifers 
bas a pH in the 5.0 to 9.0 range. Active oxidafion fsulfides may cause pH levels to be as lòw . 

as 4.0. In carbonate-buffered groundwater, pH values may be as high as 9. Measured pH 
during the October 2001 round ofgroundwater sampling ranged from 6.59 to 9.73 with water 
from the shallow aquîfer being slightly lower (&.62 to 8.19) than water from the deep aquifer 
(7.26 to 9.73). 

.. 

Chloride 

Inorganic chionde accumulates as a result ofreductive dechlorination In aquifers with a low 
background of inorganic chloride, the concentration ofinorganic chloride should increase as the 
chlorinated solvents degrade The sum ofthe inorganic thlorid: phis the contaminant being 

: 

degraded should remain relatively consistent along the groundwater flow path. 

L: The concentration ofchloride in groundwater from the background well (MW-1 7) was 3.2 mg/L 
. in October2001 . Chloride concentrations in samples from the shallowand shallQw-intermediate 

( 
aquifers ranged from I .3 to 20.5 mglL with the higher concentrations occfrriig in samples from 

LJ monitoring wells that also had high concentrations ofVOCs. Qiloride concentrations in samples 
. from thé deep aquiferranged from 1.7 to 37.3 rng/L. The relatively high value of37.3 rnWL 

occurred in the sanple from monitoring well MW-i 6, and appears anomalous. lilowever, 
L previous chloiide datafor samples from this well also were anomalously high. 

Ammonia .. 

L Ammonia as nitrogen was detected in four ofthe groundwater samples collected from the 
shallow aquifer (0.29 to 0.52 rngfL),the shallow-intermediate aquifer (0.49 mgiL), and the deçp 

n aquifer (0.24 mg/L). 

L. Sulfide 
: 

n A reductive pathway is possible when the concentration for sulfide is greater than I mg/L. 
t Sulfide was detected in samples collected from 14 locations in October 2001 but concentrations 

were ail kss than or equal to i rng/L. 

T . 
Total Organie Carbon 
Total organic carbon (TOC) represents a sOurce ofcarbon and energy that drives dechlorination 

m. and influences contaminant migration.. Optimum values for TOC are greater than 20 mg/L. 
TOC was detected in samples collected from 17 locaons in October 200.1 but the concentration 
was never greater than 7.8 rng/L. TOC concentrations in samples from the shallow aquifer 
ranged from 0.7 mg/L to 7.8 mg(L. The TOC concentration for the sample from the shallow- 

Lintermediate aquifer was 4.5 mg/E TOC concentrations in samples from the deep aqúifer ranged 
from 0.6 mg/L to 4.7 mg/L. 

T Natural Attenuation at OUB 

The natural attenuation data presented and.discusses above suggest little if any biodegradation 

T 
currently occurring at the site. Given that OUB has undergone several rounds of SPH 

L' 
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,-, rernediation (a process that causes the soil and groundwater to be heated to the boiling point of 
J 

watet) this is not sthprising. 

r' . 
GROUNDWATER ELEVATIONS 

L The dei,th to water was measured in 22 monitoring wells on October 9, 2001. These 
-' measurements and the elevation ofthe tops ofthe weR casings were used to calculate the 

water level elevation at each morntonng location Table 5-15 summarizes the calculated 
groundwater elevations for water levels measured m October 2001 and provides a compilation 
ofgroundwater elevation cl ata for the period ofNovember 1995 through October 2001. : 

L 

Ç\ 

. 

. 

. 

L 

r 

i_) ,. 

- 

- 

URS -. . 5 
S:POJECTS*EDERU74-FOB4OUOO (UU)kE948(FLONG-1EpW3W MUNffOJJ1D OC.TO SMUNEUVLPRW1UME ThXTDOC21-OEG-Ol 

- -À - --C.- 



.n SECTIONFIVE nosuitsaud UiscusSioù 

-g 

L 
. 

_j TABLE 5-1 

; 
MOÑITORING WELL AND SAMPLE ID CROSS-REFERENCES FOR 

OCTOBER 2001 GROUNDWATER SAMPLES 

OPERABLE UNIT B, POLELINE ROAD DISPOSAL AREA FORT RICHARDSON, ALASKA 
. Monitoring Well 

Sample ID 

Laboratory 

Sample Code Sample Type ldentiflèation API Number 
MW-1 AP-4011 PRDAO1-W-1012 K2107860-005 Envixomnental 
MW-2 AP-4012 PkDAO2W-1OO2 K2107651-005 Environmental 
MW-3 AP-4013 PRDAO1-W1O1 K2107860-011 Environmental 
MW-5 AP-4015 PRDAOI-W-1O17 K2107860-012 Environmental 
MW-6 AP-4016 PRDAO1-W-1015 K2107860-008 Environmental 
MW-7 AP-4017 PRDAO1-W401.8 K2107860-013 Environmental 
MW-7 AP-4oiT PRDAO1-W-8001 K2107860-OE14 . Duplicate 
MW-8 AP-4018 PRDAO1-W-lO1O K2107860-003 Environmental 
MW-9 M-4019 PRDAO1-W-iOOl K21076M-004 Environmental 

MW-1 2 M-3744 PRDAO I -W-1014 K2 107860-007 Environmental 
MW-13 AP-3745 PRDAOI-W-1009 K2107785-009 Environmental. 

. 
MW-15 AP-374!:L PRDAO1-W-l0l i K2107860-004 Environmental 
MW-16 AP-3748 PRDAO3-W-1003 K2107651-006 Environmental 
MW-17 AP-3749 PRDAO1-W-1000 K2107651-003 Environmental 
MW-19 AP-3981 PRDAO1-W-1004 K2101785-003 Environmental 
MVT20 AP-39&2 PRDAO1-W-1005 . K2107785-004 Environmental 
MW-2l AP-3983 PRDAOI-W-.i013 K2107860-006 Environmental 
MW-22 AP-39__ PRDAØI-W-1006 K2107785-005 Environmental 
MW-22 AP-3984 PRDAO1-W-8000 K2107785-006 Duplicate 
MW-23 AP-3985 PRDAO1-W-1008 K2107785-008 Environmental 
MW-24 AP-3986 PRDAOI-W-1007 K210T785-007 Environmental 
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SECTIONFIVE Results and Discussuui 
- 

TABLE 5-13 

L:, VOLÂT ILE ORGANtC COMPOUNDS THAT EXCEEDED RAOs ANDIOR MCLs . 

IN OCTOBER 2001 GROUNDWATER SAMPLES 

OPEMBLE UNIT B, POLELJNE ROAD DISPOSALAREA FORT RICHARDSON, ALASKA 

Oct2001 . .. 

Compound RAO MCL Analytical Result Monitoring Well 
{trg1L} (mgJL) (mgJL) Identification API Number. 

Benzenó . 
: . 0.005 : O.0Ó5 -- -- 

Carbon Tetrathloride 0.005 OE005 

1,1-Dichioroethene . 0.007 O.008 . MW-7 A1'-4017 

cis-1,2-Dichloroethene O.A37 . ØØ7 0300 45 AP-4015 

- 

. . 

0.400 . MW-7 AP-4O17 
1_loO MW-21 ÄP-3983 
0i30 MT-24 AP-3986 

trans-1,2-Dichloroethene OEJ. O.! .0.110 MW-7 AP-4017 
. 

O17O MW-21 M'-3983 
1,1;2,2-Tetrachloroethane 0.052 0M04 0.060 MW-3 AP..4013 

. 

0.360 MW-5 M'-4015 
. . 980 MW-7 P2-4017 

2.100 MW-21 P2-3983 
. 

0.310 MW-22 M3984 
0.140 MW-23 AP-3985 

. 

0.140 MW-24 M3986 
Tetrachioroethene 0.005 0.005 0.016 MW-5 M'-4015 

0.0070 MW-15 M'-3747 
0M46 MW-21 M'-3983 

. 

0.034 MW-22 P2-3984 
. 

0.0O4 MW-23 P2-3985 
0.013 MW-24 M'-3986 

1,1,2-TcWoee -- 0.005. 0083 MW-5 P2-4015 
0.025 MW-7 M'-4017 

- _ 0.038 MW21 M'-3983 
Triebloroethene 0.005 0.005 0.038 MW-1 M'-4011 

0.100 MW-3 M'-4013 

1.200 MW-5 M'-4015 
. 0.0062 MW-6 AP-4016 

IÁOO MW-7 M'-4017 
0.038 MW-12 M'-3744 

. . .. OE017 A4W-13 . P2-3745 
: 0.990 MW-15 P2-3747 

0013 MW-19 AP-3981 
3.000 MW-21 P2-3983 
i10o MW-22 M'-3984 

. . 0.400 MW-23 AP-3985 
. 

OE470 MW-24 M'-3926 
Vinyl Chlonde - OE002 0.0094 MW-21 AP-3983 - NOTES: : 

. MCL = Maxmum Contaminant Level 
: mg!L = miffigrams per rter 
, RAO = Remedial Action Objective . 

. . 

. . S:\74-OH94UOO 9 (O1Sanap1ng»Dc1iverabks\Vo1ume I TthIx 
.. 

. 

. 

: URS . .. 5-20 
WMO111OeeRaN0 9 (OcmI SPLlNGDEURABLESiREFOR1WOLUMEI 1f(rDOC21-OC-Ûf 
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SECTIOPISIX Canéhisions awl øecónnuondatlons 

L_ 
6.1 CONÇLUSIONS 

Ninç rounds of groundwater data have been collected from October 1 995 through October2001. 
Dunng this tmie several remedial activities occurred at the site that may have impacted the 
concentration ofcontaminants in the groundwater (se Section 3.6). In gróundwater çóTlècted 

. 

from several we1is, the concentrations ofprimary VOÇs (1j,2,2-tefrachloroethane, TCE, and : PCE) were reduced as a result ofthe SPH testS in 1997 and 1999. Because of the siòw 
. groundwater flow at the site, it may take from several months to several years for the 

. concenfration of contaminants in groundwater to be impacted at weilsawayfrom the test area. 
Four rounds of groundwater samples have been collected since the SPH system was shut off.. 

r 

6,2 RECOMMENDATIONS 

b . The following recommendations are based upon the results ofnine rounds of 1ong-tm 
groundwater monitoring at OUB: 

. Long-term groundwater monitoring should be reduced to amìual sampling. This 
recommendation is based on the insignificant changes in contamination concentration 
observed at the site. . 

. The number.ofmonitoring wells to be included for annual 1ongterm monitoring should 
be reduced from 20 wells to monitoring wells. These include MW2, MW12, and 
MW15 in the shallow aquifer; and MW1, MW6 and MW9 from the deep aquifer. These 
well are located down-gradient ofthe source area, and could be used to monitor 
migration. 

. Wells should sampled for PCE, . 1 , I 2,2 tetrachloroethane, and daughter compòunds. 
s A five-year review of the long-term monitoring process to assess whether groundwater 

contamination levels are decreasing, or migrating towards the Eagle River. 
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