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Effect of changing background reference values: additional chemicals exceeding background 

Zone H surface soil 3-24-97 

SWMU 13 

SWMU 14 As 13.6 X X X 

Be 1.2 X X X 

Mn 473 X X X 

TI 0.55 X 

V 71.9 X X X 

SWMU 15 Be 0.805 X 

Cr6 50.95T X X 

Mn 506 X X X 

V 51.7 X 

SWMUI7 V 61.8 X X 

SWMUI9 Mn 320 X 

SWMU20 

SWMU 121 

SWMU 159 As 12.8 X X 

Be 1.2 X X 

Cr6 72.3T X X X 

Mn 307 X 

V 62.6 X X 

SWMU 178 

AOC649 

AOC650 Be 1.1 X X 
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I AOC650 TI 0.54 x 

AOC 653 -- -- -- -- -- --

AOC 654 Cr6 53.3T X X 

AOC 655 As 12.7 X X 

Be 0.91 X 

Mn 382 X X 

AOC656 AI 17,400 X 

As 14.8 X X 

l>~ {\ {\~ V 
~v v./"- ~ 

V 56.1 X X 

AOC 660 -- -- -- -- -- --

AOC662 -- -- -- -- -- --
AOC 136/663 Be 1.4 X X X 

Cr6 54.3T X X 

AOC665 -- -- -- -- -- --

AOC 666 -- -- -- -- -- --

AOC 138/667 Be 0.935 X X 

Cr6 56.7T X X 

AOC 670 AI 21,700 X X X 

Be l.2 X X X 

Cr6 74.2T X X X X 

Mn 418 X X X 

V 68.3 X X X 

Aoc684 Cr6 57.8T X X X 

V 72 X X X 

G80 (OIA) As 11.7 X 
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Zone H subsurface soil 

SWMU14 Cr6 61.3T X NA 

SWMU 17 As 25.6 X X X NA 

SWMU 159 Cr6 68.1T X X NA 

AOC 654 As 18.4 X X NA 

Cr6 70.7T X X NA 

AOC 670 As 29.4 X X X NA 

Cr6 64.9T X NA 

AOC684· As 17.8 X NA 

Note: No hexavalent chromium was detected in any Zone H samples. 
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Effect of changing background reference values: additional chemicals exceeding background 

Zone H groundwater 3-24-97 

SWMU 13 As 16.4 X S 

Tl 4.2 X X S 

SWMU14 As 10.2 X X X D 

Mn 2,680 X X X S 

SWMU 17 As 17.2 X S 

AOC656 As 18.0 X X S 

AOC660 As 12.8 X S 

Tl 3.7 X S 

AOC662 Tl 4.0 X S 

AOC 136/663 As 12.2 X S 
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o 
ZoneH 
Outliers removed from grid-based background datasets 

Surface soil 

Manganese GDHSB04101 

Subsurface soil 

Arsenic 
Chromium 

GDHSB04302 
GDHSB08602 

Shallow groundwater 

Arsenic 
Manganese 

Thallium 

GDHGW00301 
GDHGW00901 

00902 
00903 
00904 

GDHGW00901 

Deep groundwater 

Arsenic GDHGWOlD03 

983 mg/kg 

136 mg/kg 
95.2 mg/kg 

26.6U J.lg/L 
4,570 J.lg/L 
3, 190 J.lg/L 
3,250 J.lg/L 
2,620 J.lg/L 

105 J.lg/L 

36U J.lg/L 

o 
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To: 

From: 

Date: 

Re: 

Memorandum 

Naval Base Charleston Project Team 

Todd Haverkost, P.G. 
E/A&H 

May 22, 1997 

Zone H RFI Resolution of Final Comments 

As reflected in the draft Project Team technical subcommittee minutes provided to members of 

the team, all outstanding SCDHEC comments on the Zone H RFI report have were resolved 

with the exception of AOC 653, AOC 659, AOC 660, AOC 661, AOC 665, AOC 666, and 

AOC 667/SWMU 138. Where available, additional information has been compiled to resolve 

the outstanding comments. Some sites will require a limited amount of sampling to complete 

the RFI process and determine if corrective measures will be required. Attached is a summary 

of the outstanding issue(s) for each site, recommendations, and supporting documentation with 

the intent of finalizing the RFI in Zone H. Please review the attachments and provide feedback 

as to whether the recommendations are acceptable. Pending acceptance of the recommendations, 

EI A&H is committed to revising the Zone H RFI report and submit it in final form within 

15 working days. 



AOC 653, Hobby Shop 

NAVBASE Charleston 
Zone H RFI Comment Resolution 

May 22, i997 

Site History: One of four buildings which make up the automotive hobby shop complex. A 

hydraulic fluid storage tank formerly located at the east end of Building 1508 was 

suspected to have leaked. In addition, various paints, solvents, thinners and 

petroleum products have been used and stored at the site. Subsequent to the RFI, 

the storage tank and surrounding contaminated soil were excavated by the 

Environmental Detachment as an interim measure. 

Concern/Outstanding Issue: 

CMS decision pending review of analytical results of confirmation samples collected following 

the interim measures action. 

Recommendation: 

No further action based on the analytical data provided by the Detachment. Benzo(a)pyrene was 

detected in one sample at a concentration of .285 ppm which does exceed the residential RBC; 

however, the concentration is between the residential remedial goal options of .06 ppm and 

.6 ppm which correspond to a lE-06 and lE-05 risk respectively. The total risk due to surface 

soil exposure was less than lE-06 prior to the removal and obviously remains below that level 

subsequent to the removal. Arsenic is above the Zone H background level of 15.6 ppm at one 

l(){'~tion hllt llnon h~"kfi11in" of th" sit" the snrface exnosure nathwav will he eliminated 
&~--~&~&& ~-~, -r--- ----------0 -- --- a ___ --- -~------ ---c------ c----- ---" ----- -- ----------~ 

Arsenic in groundwater was the risk driver at this site. Of the 2 wells at the site, arsenic only 

exceeded the MCL of 50 ppm in one quarter of sampling from one of the wells. 
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,,)[.1' I 01· ~.~~. LCCKU cnglneerlng~ OUv 000 U1U/;~ ~( 4 
,"-, -

CONFIRMATORY SAMPLES FOR AOC 653 
SAMPLES BTEX&NAPHT TPH.(PPM) RCRAMETALS PAB 

NBCH653S001 60 I UN- 1080 BELOW LIMITS BENZO(a) 
(SPORT0268-2) DETECTABLE PYRENE 

0.285PPM 
IND 0.78 

RES 0.088 
NBCH653S001701 UN- 160 BELOW LIMITS UNDETEC-

(SPORT0268-3) DETECTABLE TABLE 
NBCH653S001806 UN- 210 BaOWUMITS UNDETEC-

(SPORT0265-1) DETECEABLE TABLE 
NBCH6S3S001906 UN- 120 BELOWUMITS UNDETEC-

(Si'ORT1i26S-2) DETECTABLE TABLE 
NBCH6S3S002001 UN- 30.0 BELOW LIMITS UNDETEC-

(SPORT0268-4) DETECTABLE TABLE 
NBCH653S002101, UN- 20.0 ARSENIC UNDETEC-

(SPORT0268-S) DETECTABLE 38.2PPM TABLE 
IND 610 RES.23 

NBCH653S002201 UN- 380 BELOW LIMITS UNDETEC-
(SPORT0268-6) DETECTABLE TABLE 

NBClI653SOO2306 UN- 280 BELOW LIMITS UNDETEC-
(SPORT026S-3) DETECTABLE TABLE 

NBClI653S002401 UN- 340 BELOW LIMITS UNDETEC-
(SPORT0268-7) DETECTABLE TABLE 

NBCH653S002506 UN- 410 BELOW LIMITS UNDETEC-
(SPORT026S-4) DETECTABLE TABLE 

NBCH6S3S002606 UN- 90.0 BELOW LIMITS UNDETEC-
(SPORT026S-S) DETECTABLE TABLE 

NBCH653S002701 UN- 230 BELOW LIMITS BELOW 
(SPORT0268-8) DETECTABLE LIMITS 

NBCH653S00280! UN- 500 DR' ·OW LTh-1TTS UNDETEC-
. (SPORT0268-9) DETECTABLE TABLE 

NBCII653S002901 UN- 270 BELOW LIMITS UNDETEC-
(SPORT0268-IO) DETECTABLE TABLE 

NBCH653S003001 UN- 280 BELOW LIMITS UNDETEC-
(SPORT0268-11) DETECTABLE TABLE 

NBCH653S003201 UN- 60.0 BELOW LIMITS BELOW 
(SPORT0268-1) DETECTABLE UMlTS 
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Table 6.2.7.15 

Summary of Risk and HazIOrd for AOC 653 
NAVBASE - Charleston Zone H 

Charleston, South Carolin" 

Exposure 

Medium Pathway 

Surface Soil Incidental 

Ingestion 

Dermal Contact 

Shallow Groundwater Ingestion 

Sum of All Pathways 

Notes: 

HI HI 
(Adult) (Child) 

NO' 

NO 

3 

3 

NO Indicates not determined due to the lack of avanable risk information. 

ILeR indicates incremental excess lifetime canCer ril,k 

HI Indicates hazard index 

ILGR HI ILCR 
(LWA) (Worker) (Worker) 

ND 6E-07 ND 7E-OB 

ND 3E-07 ND 1 E-07 { 

7 BE-04 2E-04 

7 BE-04 2E-04 



Name 

Monitoring Well NBCH653001 

Inorganic Chemicals (mglL) 

Chemicals Detected in Zone H Monitoring Wells 
Sampling Rounds 1, 2, 3, and 4 

Packet 2 

Round 1 Round 2 Round 3 Round 4 RBC UTL MCL 

ti!~_WJltiR){fi;'·i"·.·i.iiiii·tWt{l\!R;·\??}4AA?i···.'. ···?/'·.liIp··. ·······\??r.!'!!;!······· ·······.·.·~Wgg ·· .. ··.·?!'!A ..•..•.. \l\Ip .• 
Arsenic (As) ND 37 54 45 0 28 50 

Iron (Fe) 9,280 10,550 11,500 14,500 1,100 NA NL 

Manganese (Mn) 672 680 719 779 84 3,391 NL 

~gm.II.;:;;:;IIIIII;· . .;~ll!1 iliI9.::A~I~:rI:~!t42!i;.II~!¥ ... IiM~...II~¥ 
Selenium (Se) 1 ND ND ND 18 3 50 

si1mgre~il;;;i;;!t.!1.;Wl{·;I.I •• ;;!~i~I.11~i!!jgI!ifii~!!fliiW9IjIIMA' .it1t!.tJP 
Thallium (11) 1 ND ND 3 o 8 2 

PesiiCidelPCB COmpoUlldS ("gIL) 

iilliMiiiY!iililiiwm'.;;'QiW@@Ht •• ·;HHiim;;W·?HUN@l1Ni?NIii.nwi iNliiltW·WmWmr&IiiH'lHiili·?NX;mm 
Semi-volatile Organic Compounds ("gIL) 

.. __ lliexylJijblliiiJjiftitBBHPW •••••• n.tn"F .. ·.·.·.,··,·.· •• ·,·.Nu· •• , ... ·,.··.;·.·."n6h?IlL ......•...• , ........ ;· •• ··.ND\.; .... tn.E}@NLF?Ci?\;?FNi"" ...... i.n:-rAL ••••••••. • •• A!ji" 

Note: 
NO = Not detected at or above the method detection limit 
NA = Not applicable 
NL = Not 1isted 
NS = Not sampled 



-
Chemicals Detected in Zone H Monitoring Wells 

Sampling Rounds I, 2, 3, and 4 
Packet 2 

Name Round 1 Round 2 Round 3 Round 4 RBC UTL MCL 

Monitoring Well NBCH6S3002 
bwrganic Chemicals (mglL) 

AWilWiJlmmU( ... 
Arsenic (As) 

Iron (Fe) 

Selenium (Se) 

Vanadium (V) 

Semz-voJatiJe Orgamc compoUildS ("gIL) 

Note: 

NO NO 

1 NO 

s NO 

ND = Not detected at or above the method detection limit 
NA = Not applicable 
NL = Not listed 
NS = Not sampled 

23 

NO 

NO 

·,ND :~nO(r ,(NA Nk 
10 0 28 50 

8,850 1,100 NA NL 

NO 18 3 50 

·i ... "·· .. ·.· ... ·· ... ··· .• ·\\!. 
NO 26 NA NL 



AOC 659, Diesel Storage 

NAVBASE Charleston 
Zone H RFI Comment Resolution 

May 22, 1997 

Site History: 30,OOO-gallon steel AST south of Hobson Avenue in a 5-foot-high earthen benn 

used to store diesel fuel from 1958 until 1990. The facility is no longer in use 

and the AST has been removed. 

Concern/Outstanding Issue: 

SCDHEC is concerned with two methylene chloride hits in soil which exceeded the SSL of 

20 ppb. 

Recommendation: 

Because there was inadequate evidence to support the hypothesis the methylene chloride was a 

laboratory artifact, the team agreed to install two temporary monitoring wells inside the benned 

area. The intent is to ascertain whether methylene chloride is present in groundwater. E/A&H 

suggests that the current Zone H RFI report conclusions reflect this decision and that the final 

results and CMS recommendation be submitted in an addendum to the RFI report. This solution 

will prevent further delay in finalizing the report. 

9 
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NA VBASE Charleston 

Zone H RFI Comment Resolution 
~"t!ay 22, 1997 

AOC 660, Mosquito Control 

Site History: Used for mosquito control in the 1950s; possibly used for storage, mixing, and 

rinsing pesticides; currently an asphalt parking lot northwest of Building NS-53. 

Concern/Outstanding Issue: 

SCDHEC is concerned whether or not sampling was completed in or near enough to the former 

building foot print to detect any releases which may have occurred. 

Recommendation: 

No further action is recommended. E/A&H reviewed base maps from 1955 and 1962 to 

determine the location of the building. While it does appear the building footprint was located 

in the northern portion of the sampling pattern, the sampling locations were significantly biased 

enough to detect any release which may have occurred. 

11 
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NAVBASE Charleston 

Zone H RFI Comment Resolution 
Afay 22, 1997 

AOC 661, Explosives Storage 

Site History: Unknown explosives were stored during the 1950s in a now demolished building; 

currently a grassy area south of Building 601 and northwest of Building 675. 

Concern/Outstanding Issue: 

The facility has is yet to be surveyed for possible UXO and no soil samples have been collected. 

Recommendation: 

Soil samples will be collected for confirmation that no releases of explosives compounds 

occurred. Samples should be analyzed for explosives by Method 8330. Based on the apparent 

size of the former building, 3 soil borings should be sufficient to determine whether a release 

occurred. E/ A&H suggests that the current Zone H RFI report conclusions reflect this decision 

and that the final results and CMS recommendation be submitted in an addendum to the RFI 

report. This solution will prevent further delay in finalizing the report. 

13 
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/AOCt661 

NOT TO SCALE 

FIGURE 2-19 
AOC #661 

EXPLOSNES STORAGE 
SOUTH OF BUILDING 601 

DWG DATE: 08 24 94 DWG NAME: 76AOC661 



NAVBASE Charleston 
Zone H RFI Comment Resolution 

}rfay 22, 1997 

AOC 665, Pyrotechnics Storage 

Site History: A former shed which stored unknown pyrotechnic explosives from 1943 until its 

demolition at an unknown date; currently Buildings 1889 and NS-46 are on the 

site where the pyrotechnic shed was located. 

Concern/Outstanding Issue: 

Samples were collected from 4 locations around Building 1889; however, SCDHEC is concerned 

whether or not sampling was completed in or near enough to the former building foot print to 

detect any releases which may have occurred. 

Recommendation: 

Base maps from 1941 and 1943 which indicate the site was approximately 100 feet west of 

where the samples were collected. EI A&H suggests that several additional samples be collected 

in the area now believed to be the location of the former pyrotechnics shed. The samples only 

need to be analyzed for pyrotechnics by Method 8330. The Zone H RFI report conclusions 

reflect this decision and that the fmal results and CMS recommendation be submitted in an 

addendum to the RFI report. This solution will prevent further delay in fmalizing the report. 

Three soil borings are proposed. 

15 
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AOC 666, Fuel Storage Area 

-
NAVBASE Charleston 

Zone H RF/ Comment Resolution 
Ala}' 22, 1997 

Site History: The site is a UST enclosed by creosote-treated railroad ties, approximately 

10 x 30 feet (Facility NS-45), which supplies No.2 fuel oil to the adjacent 

heating plant (NS-44). The exact capacity of the tank is unknown. The site was 

constructed in 1958. The surrounding area was an airstrip prior to 1958. 

Subsequent to the RFI the UST was removed. 

Concern/Outstanding Issue: 

SCDHEC has requested that the Detachment Closure Report be reviewed to determine source 

of backfill material. 

Recommendations: 

According to the Detachment, the soil excavated from the tank pit was sampled, analyzed, and 

determined to be clean enough be placed back in the excavation. Based on the information 

provided to E/A&H, it seems SCDHEC is now concerned because groundwater sampled directly 

from the tank pit contained unacceptable levels of contamination. It is E/A&H's opinion that 

the water sampled from the tank pit is not representative of ambient groundwater conditions 

because of the multiple ways in which contamination could have been introduced to the 

groundwater in the pit during excavation. Four quarters of groundwater data were collected 

from the two monitoring wells at the site and the only organic constituent detected was 

acenapthene at a maximum concentration of 14 ppb. There is not an RBSL established under 

the South Carolina RBCA guidelines for this compound nor is there an MCL. The USEP A 

Region III tap water RBC is 2200 ppb. E/A&H recommends no further action at this site. 

17 
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NAVBASE Charleston 
Zone H RFI Comment Resolution 

lUay 22, 1997 

AOC 667/SWMU 138, Vehicle Maintenance Area/Satellite Accumulation Area 

Site History: A two-story brick structure (Building 1776) which includes an oil/water separator. 

The site was used for the routine maintenance of automobiles and heavy 

equipment, including oil changes and repairing hydraulic parts from the 

equipment. The site used a 550-gallon portable storage tank to store waste oil. 

Numerous oil stains have been noted around the building. 

SAA located 50 feet southwest of Building 1776. The SAA stored hazardous 

waste in 55-gallon drums which are immediately transferred to a permitted 

hazardous waste storage facility 

Concern/Outstanding Issue: 

SCDHEC is concerned with the chlorinated solvent hits at site and has requested that wells in 

Zone H be looked at for solvent hits (eg, global perspective) to determine relevance to hits at 

AOC 667. Of particular concern as a possible source is an oil/water separator at the site. 

Recommendations: 

E/ A&H suggests that the site be carried forward into the CMS on the basis of what appears 

widespread groundwater contamination originating from the site in the vicinity of the oil/water 

sep~rator. A broad perspective review of the data which included information from 

downgradient wells in Zone I has revealed that chlorinated compounds similar to those found 

in NBCH-667-02 were detected in the shallow grid well NBCI-GDI-Oll during all four quarters 

of sampling. The Zone I grid well is directly downgradient and approximately 900 feet from 

AOC 667. As discussed in the team meeting, additional groundwater samples should be 

collected using a DPT rig. The efforts will be coordinated with the Zone L DPT sampling 

which is currently underway. 
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Chemicals O~ted in Zone H Monitoring Wells 
Sampling Rounds I, 2, 3, and 4 

Packet 2 

Name Round 1 Round 2 Round 3 Round 4 RBC UTL MCL 

Monitoring Well NBCH667001 

Inorganic Chemicals (mglL) 

I!~Wa»·. 
Beryllium (Be) 

Manganese (Mn) 

··>n·· ··.4~··· 
NO NO 

86 39 

37 69 

ND 
NO 

90 

17 

.. ~Pi 260 323 >2,000 

o 0 o 4 

34 1,100 NA NL' 

44 84 3,391 NL 

Sodium (Na) 584,000 1,220,000 234,500 747,000 NA NA NL 

VmafuiiiMiiU.·.····· •....••.••.•••••.••..•..•.•..•.•.............•.....••. ··.··\···.···.·.·······.·.··· •• ·••·•···· ••. · •. ·i· •. · •• /·.··#0 •...•.•••.•.•..• // ..• ( •...••.....• :1. ·.············\·······ND ... ···· ... ········.····· .. ·.··.··iZ.··· ........ ······ill··.·· .•••• ·.··.·LNX····· ··· .. · .. ··.··NL 

Volatile Organic Compounds (llglL) 

1,l-Dichloroethane 3 NO 3 NO 81 NA NL 

·.i;iipi(,hl6i®ih~ilii·tiilild).· •• : ••• ·· ••• ·· ·•· ••• ··· •.• ·· •• ••·••··.·•·.· •.• ·.··r ...... • ••. I.· .••• · •. ·ii •. ·.• .•• Nti.· .. · .... ·•···· ········· .. ·iJ.llt .. · .••...•••.•.•.. ··.·····ND.· ...•••.•...•. ( •...••.. \ .••..•• $ •· .•. · •.. ·) ..••• · ..• iii· ... ............... 1'1" •. .• i ... i.· .. · ... 10 

ND = Not detected at or above the method detection1imit 
NA = Not applicable 
NL = Not listed 
NS = Not aampled 



Name 

Monitoring Well NBCH667002 

Inorganic Chemicals (mglL) 

!l~~(!I~>. 
Beryllium (Be) 

Iron 

Sodium (Na) 
v"iilidiiiiiim ...... . 
Volatile Organic Compounds (l'glL) 

9!lI~.' .... 
1,1-Dichloroethane 

-
Chemicals Detected in Zone H Monitoring Wells 

Sampling Rounds 1, 2, 3, and 4 
Packet 2 

Round 1 Round 2 Round 3 Round 4 

············.···.1\1/·'· 
ND 

At 
ND 

!liP'· ··ND 
ND 0 

RBC 

26ll' 
o 

UTL MCL 

~232,l!O!i 
o 4 

361 853 943 177 1,100 NA NL 

NL 

1,500,000 2,580,000 1,180,000 2,150,000 NA NA NL 

Nt< .. ··,····,···,·,·'\ .• &0.'··' .i'/S .. ·'·.'iNO· ····">1'· /24\\' NA 

··········· ••. 4$9\' 
17 

'14.(15$9 
9 18 

. ···.·,260, >.8@. 
8 81 

!'I.hl'lL 
NA NL 

ND = Not detected at or above the method detectionlimit 
NA = Not applicable 
NL = Not listed 
NS = Not ssmpled 
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Zone H soil 3-24-97 

Alternative back!~round reference values (mglkg) 

Surface Soil Subsurface Soil 

Chemical RBC 2xMean UTk.o;90 .. tf!1.,."" UTLorig SSL 2xMean UTL",.., UTL95,9~ UTLorig 

'I 
-

Aluminum 7,800 16,800 18,800 26,000 25,310 -- -- -- -- --

Arsenic 0.43c 11.7 12.6 15.6 14.81 29 15.7 17.9 22.5 35.52 

Beryllium 0.15c 0.75 0.93 1.37 1.466 ... -- -- -- -- -- o 
Chromium 39 46.8 48.3 59.1 85.65 38 60.7 67.5 84.2 83.86 

Manganese 180 243 352 583 636.4 .. -- -- -- -- --

Thallium 
i 

0.63 0.63 (1) 1.1 0.63 0.7 1.3 1.3 1.3 

Vanadium 55 45,9 52.4 73.0 77.38 -- -- -- -- --

Zone H groundwater 

Alternative background reference values (j.tg/L) 

Shallow Groundwater Deep Groundwater 

Chemical 
.. > .••.••••. - ..•.... 

~.9' UTL.,.· .. . }xMean 
.. 

UT4o.., 
. .. 

UTLorig ... I R]3.0IMCL Zx.Mi1\~' .... UT40.90 ... . UTL".91 
o 

Arsenic 0.045/50 10.6 17.8 26.0 27.99 3.61 3.65 8.2 14.98 

Barium 260/2000 27.1 105 323 323 -- -- -- --

Manganese 84INA 1,310 1,820 2,440 3,391 573 757 998 776.2 

Thallium 0.29/2.0 3.4 4.2 5.3 7.66 -- -- -- --
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MEMO 
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RE: 

c 

Project Team members 
EnSafe 

o 
4-4-97 

.' . 

Possible alternative background values for arsenic in shallow groundwater at Zone H 

At the subcommittee meeting on March 25th, EnSafe proposed a background reference value of26.0 
J1.g!L for arsenic in shallow groundwater at Zone H. This number represented a UTL.,., based on 
a dataset of 10 values from the first quarterly sampling round; the ambiguous result of26.6U J1.g!L 
from sample GDHGW00301 had been removed from the original dataset. The full four rounds of 
sample results were not used at that time because of questions about high concentrations in some of 
the later rounds. At the meeting, EnSafe was tasked with an action item to recalculate a background 
value for arsenic using all four rounds of data from the shallow grid-based wells. This memo and 
accompanying graphs present several possible alternative background values. 

1. Use all sample results (n = 44; 24 detections). The LN-transformation gives the closest 
approximation to normality (Figs. la, Ib, lc, Id). 

UTL.,., = exp[1.583 + (2.099)(1.099)] = 48.9 J1.g!L. 

2. Remove sample GDHGWOO203 (=36.0U J1.g!L) as ambiguous becauSe it does not fit with the other 
three rounds of sample results from well 002 (see sample results list) (n = 43; 24 detections). The 
LN-transformation again gives the best distribution (Figs. 2a, 2b, 2c, 2d). 

UTL = exp[1.552 + (2.105)(1.093)] = 47.1 J1.g!L. 

3. Also remove all four rounds of sample results from well 003: the round 1 result is a high nondetect 
(26.6U J1.g!L) while the other three rounds are anomalously high detections (24.8, 41.0, and 42.1 
J1.g!L) (n = 39; 21 detections). The LN-transformation provides the best distribution (Figs. 3a, 3b, 
3c, 3d). UTL = exp[1.372 + (2.133)(0.968)] = 31.1 J1.g!L 

4. Also remove the round 3 and round 4 sa..-npie results from well 006 (43.05 and 27.35 J.l.gIL), which 
were anomalous compared to the first and second round results (7.1 and 7.3 J1.g!L) (n = 37; 19 
detections). The LN-transformation provides the best distribution (Figs. 4a, 4b, 4c, 4d). 

UTL = exp[1.255 + (2.150)(0.844)] = 21.5 J1.g!L 

There is no obvious soil source for the somewhat elevated arsenic concentrations in shallow grid 
wells GDH003 and GDH006, or in site wells 009011 and 653001. The highest reported subsurface 
soil concentration in the vicinity was·18.3 mg/kg in sample GDHSB03902, collected next to the 
parking lot of the former McDonald's. Two subsurface soil samples at AOe 653 (SBOOI and 
SB003) reported results between 14 and 15 mg/kg. 
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RECOMMENDATION: The only sample result that appears out of place and/or mistaken is 
GDHGW00203 (36.0U /-lg/L), which is grossly inconsistent with the other three rounds' results from 
the- same well. . The rerativ~ly liigh detections seen in sampie"s from 'weii~ GDH003 and GDH006 
should be considered accurate; whether they are representative of background conditions in Zone H 
is debatable. If the background reference value is to be based on results from all four rounds, the 
subcommittee should probably choose between alternatives #2 and #4 above. 

Note: The original UTL for arsenic in shallow groundwater at Zone H was 27.99 /-lg!L. Changing 
this value to 48.9 /-lgIL (alternative #1) or 47.1 /-lgIL (alternative #2) would have the effect of 
dropping arsenic in groundwater from the risk assessment for AOC 655; changing the UTL to 31.1 
/-lg!L (alternative #3) or 21.5 /-lg!L (alternative #4) would have no effect on the risk assessments. 
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MEMO 

TO: 
FROM: 

o 

Project Team members 
EnSafe 

o 
3-6-97 

RE: Summary of dataset adjustments, data transformations, and calculations used to 
obtain background reference values for Zone H 

Because datasets for grid-based soil and groundwater samples in Zone H were large enough to allow 
computation of statistically based background reference values (n =104 for upper interval soil; n =63 
for lower interval soil; n = 11 for both shallow and deep groundwater), parametric upper tolerance 
limits (UTLs) with 95% coverage and 95~/o confidence were calculated for inorgapjcs in these four 
media categories. For datasets with fewer than 50% but more than 10% detections, nonparametric 
UTLs were obtained by choosing the largest or second largest detected value, depending on the size 
of the dataset. As reported in a table dated 2-14-97 and faxed to the Project Team members 
following the February Team meeting, calculated background reference values for Zone H equaled 
or exceeded RBCs for upper interval soil for aluminum (UTL = 25,310 mglkg; RBC = 7,800 mglkg), 
arsenic (UTL = 14.81 mglkg; RBC = 0.43 mg/kg), beryllium (UTL = 1.466 mglkg; RBC = 0.15 
mglkg), chromium (UTL = 85.65 mg/kg; hexachrome RBC = 39 mglkg), manganese (UTL = 636.4 
mgtkg; RBe = i80 mgrkg), thallium (UTL = 0.63 mg/kg; RBC = 0.63 mglkg), and vanadium (UTL 
= 77.38 mglkg; RBC = 55 mglkg). F9r lower interval soil, calculated UTLs exceeded generic soil 
screening levels (SSLs) for arsenic (UTL = 35.52 mglkg; SSL = 29 mg/kg), chromium (UTL = 83.86 
mg/kg; hexachrome SSL = 38 mglkg), and thallium (UTL = 1.3 mglkg; SSL = 0.7 mg/kg). For 
shallow groundwater, UTLs exceeded tap water RBCs for arsenic (UTL = 27.99 JJ-g/L; RBC = 0.045 
JJ-glL), barium (UTL = 323 JJ-g/L; RBC = 260 JJ-g/L), manganese (UTL = 3,391 JJ-g/L; RBC = 84 
JJ-glL), and thallium (UTL = 7.66 JJ-g/L; RBC = 0.29 JJ-g/L). For deep groundwater, UTLs exceeded 
tap water RBCs for arsenic (UTL = 14.98 JJ-g/L; RBC = 0.045 JJ-g/L) and manganese (UTL = 776.2 
JJ-glL; RBC = 84 JJ-glL). This memo examines the data and calculations involved in determining those 
background reference values, listed above, which exceed their corresponding risk-based ·standards. 
Possible causes of the high background values are discussed. In most cases, background reference 
,,~hlp.C! !:Iorp r"",...!:III .... III<:lIt""~ <:InA r .. :n';""",...1 . _ ........ u _.... . ... "' ....................... u. u..... . .... V I oJI,",U. 

The background reference values for Zone H were the first set of such values calculated as part of 
the environmental investigation at NA VBASE. Three changes have since been made in the way that 
UTLs are calculated, to make the process more statistically sound: 

• Nonparametric UTLs for small datasets are less powerful than the parametric UTLs used 
when detections exceed 50%, because their associated coverage is lower. For a dataset with 
n = 11 (such as for shallow or deep groundwater in Zone H), minimum coverage is 76.2% 
with 95% confidence rather than the desired 95% coverage with 95% confidence. 
Theoretically, this low coverage would result in a false positive rate of 24% for exceedances 
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of the UTLs. To avoid this situation, "modified nonparametric UTLs" were originally 
calculated in situations where nonparametric UTLs would normally have been called for. As 
explained in Appendix J of the Zone H RFI Report, a nl0difled nonpararnetriC'lJTL is the 
mean of a parametric and a non parametric UIL calculated from the same data. Because 
parametric UTLs that are based largely on estimated values for nondetects are likely to be 
inaccurate, modified nonparametric UTLs were not used in the recalculations in this memo. 
Instead, conventional nonparametric UTLs (i.e., the highest detected value) were used. The 
net effect of this change would generally be a lower UTL, giving lower coverage. 

• Calculation of parametric UTLs involves a tolerance factor whose magnitude depends partly 
on the sample size. For UTLs with 95% coverage and 95% confidence, the tolerance factor 
for a dataset ofn = 63 is 2.007; for a dataset ofn = 104, the tolerance factor is 1.919. For 
the sake of simplicity, a tolerance factor of2.0 was used in all of the original UTL calculations 
for Zone H soils. In the recalculations, a tolerance factor corresponding to the actual sample 
size was used. The net effect of this change would generally be to increase the UTL for lower 
interval soil (n = 63) and decrease it for upper interval soil (n = 104). 

• The original UTLs were calculated in a two-step process, as explained in Appendix J of the 
RFI Report. A preliminary UTL was calculated using all of the values available, then applied 
to the original dataset to identifY and remove "outliers." The final UTL was then calculated 
using the remaining values. In datasets with no natural outliers, the effect of this procedure 
was to remove legitimate data values inappropriately. In the recalculations, EnSafe has 
attempted to identifY outliers in more conventional fashion, as discussed in Appendix J. 
Where any question existed as to whether a high value was an outlier, it was generally 
removed from the dataset. The net effect of this change, where it could be identified, was 
most often a slight increase in the UTL. 

Enclosed are analytical results for all Zone H grid-based soil and groundwater samples, and 
histograms and normal probability plots (produced with EPA's GeoEAS program) for datasets used 
to calculate UTLs for inorganics in soil. Relevant EPA guidance for generic soil screening levels and 
associated dilution-attenuation factors as well as a table of tolerance factors for datasets of various 
sizes were included with the earlier package covering Zone B background values. Sample IDs that 
include a "e" (e.g., GDH-C-B007-0l) represent field duplicates; analytical results are averaged with 
those of the primary sample (the "s" sample) to obtain a single value for each location. UTL 
calculations are discussed below. Some calculated values are slightly different from those in the Zone 
H report due to rounding differences. . 

Upper interval soil 

Aluminum data values exhibit a very regular, lognormal distribution (pgs. la, Ib, 2a, 2b). Applying 
the parametric UTL formula 

• 
UTL=X+ks 
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where X = the sample mean, s = the sample standard deviation, and k = the tolerance factor, the 
preliminary UTL was calculated for a lognormal distribution as UTL = exp [8.797 + (2)(0.713)] = 
27,529 mg/kg. T.,js value ,"vas applied to the original dataset as a screen, resulting in the removal of 
samples GDHSB04101 (32,700 mglkg) and GDHSB04901 (29,600 mglkg). The final UTL was then 
calculated as UTL = exp [8.767 + (2)(0.686)] = 25,311 mg/kg, rounded to 25,300 mg/kg. This is 
a case where the two high values should not have been removed as outliers. Virtually all of the 
aluminum in Zone H soil appears to be present as aluminosilicate clay minerals, probably smectite and 
kaolinite; indeed, aluminum probably serves as an accurate gauge of clay content in the soil samples. 
Aluminum and iron concentrations are highly correlated in Zone H soil (r = 0.90 for upper interval 
soil grid samples; for lower interval soil grid samples, r = 0.95). Although iron is not a clay matrix 
element like aluminum, it is strongly associated with the surfaces of clay minerals. Taken together, 
aluminum and iron account for much of the variability of the other metals, as can be seen when 
crossplots are constructed for aluminum or iron vs. the trace metals. The two soil samples that were 
removed from the dataset were among the highest in iron as well as aluminum, indicatin~ simply that 

- - - ~ ~ 

. their clay content was high. The correct UTL calculated for the original dataset (n = 104) should be 
UTL = exp [8.797 + (1.919)(0.713)] = 25,984 mglkg, rounded to 26,000 mglkg. 

The distribution of arsenic is strongly skewed to the right (pg. la), but LN-transformation 
overcorrected it, resulting in negative skewness (pgs. 2a, 2b). A square-root transformation provided 
a better approximation of normality (pgs. 3a, 3b), leading to a preliminary UTL calculation of 
UTL = [2.259 + (2)(0.879)]2 = 16.14 mglkg. This value was applied as a screen to the original 
dataset, resulting in the fenlovaI of three high values: GDHSB0340i = i7.2 rng/kg; GDHSB0350i 
= 17.6 mglkg; and GDHSB04101 = 18.4 mg/kg. The reduced dataset (n = 101) was square-root 
transformed (pgs. 4a, 4b) and the UTL was recalculated as UTL = [2.201 + (2)(0.823)j2 = 14.8 
mg/kg, which was used in the RFI Report. When the three "outliers" were examined, they were 
found to have been collected from the same low-lying, grassy field in the eastern part of the zone. 
Given the possibility that the area could be contaminated, two other samples collected from the same 
field were removed (GDHSB03601 = 13.7 mg/kg and GDHSB04201 = 9.1 mg/kg), the dataset was 
again square-root transformed (pgs. 5a, 5b), and a new UTL (n = 99) was calculated as UTL = 
[2.178 + (1.926)(0.813)]2 = 14.0 mglkg. Further examination of the five "outliers," however, 
revealed that the aluminum and iron concentrations of samples 34-01, 35-01,36-01, and 41-01 were 
among the very highest of the upper interval soil grid samples, as were concentrations of many other 
trace metals in these samples. Sample 42-01, which had been removed because of its location in the 
field rather than its high arsenic concentration (AS = 9.1 mglkg, which is less than one standard 
deviation above the mean), exhibited much lower aluminum and iron concentrations: 
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I Sample AS (mglkg) AL(mglkg) FE (inglkg) 

GDHSB03401 17.2 . 23,400 30,900 

GDHSB03501 17.6 20,200 31,800 

GDHSB03601 13.7 20,700 30,300 

GDHSB04101 18.4 32,700 38,800 

GDHSB04201 9.1 5,760 7,460 

The relationship of the aluminum and iron concentrations shown above to the overall aluminum and 
iron distributions can be seen on the enclosed histograms "Distribution of AL in surface soil grid 
samples" and "Distribution of FE in surface soil grid samples." Correlation of arsenic and aluminum 
concentrations among grid samples is r = 0.69; correlation of arsenic and iron concentrations is r = 

0.80. The field where the five "outliers" were collected is low-lying and occasionally subject to 
standing water. Chemical analyses of the samples reflect high clay content, with relatively high levels 
of trace metals adsorbed to the surfaces of the clay particles. Since the elevated arsenic 
concentrations of the five samples appear to be naturally occurring, the samples were added back 
into the dataset and the UTL was recalculated as UTL = [2.259 + (1.919)(0.879)]2 = 15.6 mg/kg. 

Beryllium concentrations are lognormally distributed (pgs. 1 a, 1 b, 2a, 2b). The original UTL was 
calculated as UTL = exp [-1.308 + (2)(0.845)] = 1.465 mglkg. When this value was applied as a 
screen, none of the original values exceeded it, and it was used in the report. The probability plot 
(pg. 2b) shows that the highest values in the dataset are slightly lower than would be expected in a 
lognormal distribution. Of the seven samples with the highest beryllium concentrations, six also have 
concentrations of aluminum and iron that are among the highest in the zone: 

\ .. 

...( .. \ 

.,' "" ""'",, .,.,', , ' . ............. 

I •• • •• • •• · ••••• • .••• ·.·i·········j·····j~ $ll-iPp!¢ .... .llg(roglkg) ··ii 
. 

..... rJ?(ll)stJcg) .... 

GDHSB034 1.0 23,400 30,900 

GDHSB036 1.1 20,700 30,300 

GDHSB041 1.4 32,700 38,800 

GDHSB049 1.2 29,600 32,200 

GDHSB068 1.0 5,850 8,100 

GDHSB079 1.2 26,600 28,100 

I GDHSB090 1.2 22,300 36,700 

Three of the seven samples shown above (34-01,36-01, and 41-01) were among the five potential 
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outliers for arsenic. Because the highest beryllium concentrations detected in the samples are 
considered to be naturally occurring, the UTL was recalculated only to correct the tolerance factor, 
"' .... t' ..... 11 ........ ~. TTTT ___ r 1 ...,1\0 , 1'1'-"1"'\/1"\ n.ol'"'" ......... n.. . ......... - ,. 
u':' IUIIUW;:'. U J. L - eXp L -1 . .JVO .. \ J. ':11':1)\ U.l';"t:l)J = 1 . .JOlS mg/Kg, rounaea to 1...1' I mg/Kg. 

The chromium distribution is also positively skewed (pgs. 1 a, 1 b), and it was LN-transformed (pgs. 
2a,2b). The preliminary UTL was calculated as UTL = exp [2.951 + (2)(0.799)] = 94.54 mg/kg. 
When this value was applied as a screen, two data points (GDHSB0860 1 = 114 mg/kg; 
GDHSB0870 1 = 107 mg/kg) were removed, and the final UTL for n = 102 was calculated as UTL 
= exp [2.916 + (2)(0.767)] = 85.63 mglkg (pgs. 4a, 4b). The relationship of chromium to aluminum 
and iron in samples with high chromium concentrations is as follows: 

Sample 
...... 

. ..... 
I>···· 

.... . ... 
I . FE (mg/kg) > CR(lli.glkg) ..•.. Ap(mglkg). 

GDHSB03501 55.5 20,200 31,800 

GDHSBOl501 56.9 5,880 6,830 

GDHSB04101 57.0 32,700 38,800 

GDHSB04901 61.8 29,600 32,200 

GDHSB07501 63.5 8,180 Q hAIl 
.... , ...... v 

GDHSB08501 63.8 8,550 7,830 

GDHSB07901 65.6 26,600 28,100 

GDHSB09001 87.6 22,300 36,700 

GDHSB08701 107 10,800 9,090 

GDHSB08601 114 4,400. 5,970 

Although the prominence of samples with unusually high levels of aluminum and iron is apparent in 
the table above, the argument for naturally occurring chromium is not as strong as that for arsenic 
and beryllium because correlations with the two normalizing metals are lower. Chromium correlates 
with both aluminum and iron at r = 0.58. Based on conventional criteria for identilYing outliers, 
three samples have now been removed from the original dataset: the two formerly removed, plus 
GDHSB09001 (87.6 mg/kg). A new UTL based on a LN-transformation would be UTL = exp 
[2.901 + (1.923)(0.755)] = 77.7 mglkg; the new UTL based on a square-root transformation would 
be UTL = [4.56 + (1.923)(1.625)]2 = 59.1 mg/kg. The square-root transformation is preferred 
because oflower skewness and kurtosis, as well as a more regular box and whisker plot. 

The distribution of manganese values is strongly skewed to the right (pg.1 a), and remains slightly 
skewed in a positive direction after being LN-transformed (pg.2a). The preliminary UTL was 
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calculated as UTL = exp [4.282 + (2)(1.167») = 747 mglkg. When this value was applied as a screen, 
two values were removed: GDHSB04201 (1,200 mglkg) and GDHSB04101 (983 mglkg). The 
calculated UTL fOi the reduced dataset of n = 102 was UTL = exp [4.229 + (2)(.i.114)1 =·637 
mg/kg. The two values that were removed both represented samples from the open field that was 
the source of the arsenic "outliers" discussed above. The three samples next lowest in manganese 
(79-01 = 597 mglkg; 34-01 = 589 mg/kg; and 90-01 = 518 mglkg) are all among the group 
previously identified as being high in aluminum and iron, and therefore probably clay-rich. 
Manganese is correlated with aluminum at r = 0.64; it is correlated with iron at r = 0.70. The two 
samples that were removed originally (41-01 and 42-01) have now been identified as outliers based 
on conventional criteria (pgs. 3a, 3b, 4a, 4b), and the UTL has been recalculated to reflect a more 
accurate tolerance factor: UTL = exp [4.229 + (1.921)(1.114») = 583 mg/kg. 

The reported UTL for thallium is nonparametric because thallium was detected in only 10 of 104 
samples. With a sample size of 104, a UTL with 95% coverage and 95% confidence is best 
approximated by using the second highest value, which is 1.1 mglkg. This value was applied as a 
screen to remove the two highest original values, leaving 0.63 mglkg as the second highest value in 
the reduced dataset. As discussed earlier, there is no statistical justification for removing data values 
from the background dataset unless they are identified as conventional outliers. Therefore, the 
nonparametric UTL for thallium should be l.l mglkg, which is the second highest value in the 
original dataset. 

As with the other trace metais, the vanadium distribution is strongiy skewed to the right (pgs. I a, 
Ib). Both LN-transformation (pgs. 2a, 2b) and square-root transformation (pgs. 3a, 3b) were 
performed, with the LN-transformation considered a better approximation of normality by all criteria. 
The preliminary UTL was calculated as UTL = exp [2.889 + (2)(0.730») = 77.4 mglkg. When this 
value was applied as a screen, none of the original data values was eliminated, and it was used in the 
report. The seven highest vanadium detections (41-01 = 74.8 mglkg; 90-01 = 71.7 mglkg; 35-01 = 

69.1 mg/kg; 49-01 = 68.3 mglkg; 79-01 = 66.5 mglkg; 34-01 = 60.1 mglkg; 36-01 = 55.5 mglkg) 
came from the samples that also reported the seven highest concentrations of both aluminum and iron, 
indicating a natural origin for the vanadium. Correlation of vanadium and aluminum is r = 0.89; 
correlation of vanadium and iron is r = 0.90. The UTL has been recalculated to reflect a more 
accurate tolerance factor: UTL = exp [2.889 + (1.919)(0.730)] = 73.0 mglkg. 

Lower interval soil 

'initial examination of the arsenic dataset revealed an obvious outlier for both original (pgs. I a, 1 b) 
and transformed (2a, 2b) data values. A preliminary UTL was calculated as UTL = exp [1.767 + 
(2)(1.004)] = 43.6 mglkg and used as a screen to remove sample GDHSB04302 (136 mglkg) from 
the dataset. The outlier sample was collected from a landscaped area next to barracks Building 676, 
WNW ofSWMU 14; the corresponding upper interval soil sample reported 5.2 mg/kg AS. For the 
reduced dataset (n = 62), a final UTL was calculated as UTL = exp [1.716 + (2)(0.927)] = 35.5 
mg/kg (pgs. 4a, 4b, 4c), which was used in the report. The samples with the highest arsenic 
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concentrations, including 43-02 (the outlier) were also high in both aluminum and iron: 

I I I I I 
Sample AS (mglkg) AL (mg/kg) FE (mg/kg) 

GDHSB04302 136 45,300 44,600 

GDHSB08202 28.3 41,400 54,300 

GDHSB04002 22.8 19,100 34,900 

GDHSB03402 22.3 31,700 46,800 

GDHSB04602 20.3 31,100 40,400 

GDHSB04502 19.1 34,600 40,600 

GDHSBOl502 18.5 19,600 33,600 

GDHSB03902 18.3 32,600 30,000 

ArselllC correlated With alummum at r = 0.87, and with Iron at r = 0.92. For the current study, data 
values were square-root transformed, which yielded a closer approximation to a normal distribution 
than the LN-transformation. A new UTL was calculated as UTL = [2.594 + (2.01)(1.07)]' = 22.5 
mglkg. 

Chromium was evaluated as original values (pgs.l a, I b), LN-transformed values (pgs. 2a, 2b), and ' 
square-root transformed values (pgs. 3a, 3b). A preliminary UTL based on the square-root 
transformation was calculated as UTL = [5.21 + (2)(2.077)]2 = 87.7 mglkg. When this value was 
used as a screen, sample GDHSB08602 (95.2 mg/kg) was removed from the dataset. A UTL based 
on the reduced dataset (n = 62) and the square-root transformation (pgs. 6a, 6b) was calculated as 
UTL = [5.136 + (2)(2.0 11)f = 83.9 mglkg, which was used in the report. The outlier sample, 86-02, 
was collected from a grassy field near the edge of a wooded area, near the parking lot around 
barracks Building 668 in the southern part of the zone. The sampling location had been relocated 
several feet after the initial boring turned up a small amount of mixed trash. The upper interval soil 
sample from the same location reported 114 mglkg chromium, which was the highest chromium 
concentration of any Zone H grid-based soil sample. None of the 135 Zone H soil samples analyzed 
for hexachrome reported a detection. Sample 86-02, the outlier, was low in aluminum (4,520 mglkg) 
and iron (5,920 mglkg). Other samples that were high in chromium had varied levels of the two 
normalizing metals: 
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I Sample CR(mg/kg} AL(mglkg) FE (mg/kg) 

GDHSB03902 72.6 32,600 30,000 

GDHSB08202 72.1 41,400 54,300 

GDHSB04302 68.6 45,300 44,600 

GDHSBOl202 64.9 4,810 4,540 

SGCSB00202 64.2 4,660 4,380 

GDHSB00302 61.8 5,770 5,730 

r'hr,....n-o; •• n-o ,.. ........... '''In+o.A u':"1.. .. 1 ......... : ..... -... ..... _ n co __ ..I .~.: .. L : _____ •• _ n t::t:: A ... _______ ~ __ ... ~ ________ .1_ 
........ ILl VllUUlll '"'VI' "-'Ia .. ",u vv ILiI a1UlllllIUIII al f - V . ..JO iUIU Willi II UII Ul r - V. JJ. VII I CCAi1IIUlIi1L1UIl, :S(1II1PIt:: 

86-02 remained as the only outlier, based on conventional criteria, and the UTL was recalculated to 
reflect a more accurate tolerance factor: UTL = [5.136 + (2.01)(2.011)] = 84.2 mg/kg. 

Thallium was detected in only 9 of 63 samples, at concentrations ranging from 0.36 mg/kg to 1.9 
mg/kg (in GDHSB04502). The second highest value serves as the nonparametric UTL: 1.3 mglkg 
(in GDHSB03902). 
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Zone H soil 3-24-97 

Alternative background reference values (mg/kg) 

, . 

Sutface Soil Subsutface Soil 

Chemical RBC 2xMeail .~% •.•. . -:~~~-'~, IJITLOrig .< 
.. 

SSL ... 2xMean .. OiL 
. 

" ... UTL9S,9S UTL.,. 

Aluminum 7,800 16,800 18,800 26,000 25,310 .....•... -- -- -- -- ,., 

Arsenic 0.43c 11.7 12.6 15.6 / 14.81 29 15.7 17.9 22.5 3552 o 
Beryllium 0.15c 0.75 0.93 1.37/ 1.466 -- -- -- -- -., 

~ Chromium 
.... 

39 46.8 48.3 59.1 85.65 38 60.7 67.5 84.2 83.:B6 

Manganese 180 243 352 583 636.4 -- -- -- -- -.. 

Thallium I 0.63 0.63 (?) l.l 0.63 0.7 1.3 1.3 1.3 

Vanadium 55 45.9 52.4 73.0 77.38 -- -- -- -- _. 

Zone H groundwater 

Alternative background reference values (J.Lg/L) 

.... 
Shallow Groundwater Deep Groundwater o 

Chemical .ltl3C1MCL 2xMt.all······ I';;";',. . •• i···· •.• · •• ··· . .....................•. 
2xMean 

.. 

UTL,s,,, I> ~l JITL .. ~> . 
•••••••• 

U'I'Lg, .... lITL,.. .... 

Arsenic 0,045/50 10,6 17,8 26.0 27.99 
... 

3.61 3,65 8.2 14.98 

Barium I 26012000 27,1 105 323 323 -- -- -- --

Manganese 84INA 1,310 1,820 2,440 3,391 . 573 757 998 776,2 

Thallium 0.29/2.0 3.4 4,2 5,3 7,66 -- - -- --
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2-14-97 

The following tables present selected background reference vaiues from previousiy submitted RFI 
reports on Zones A, B, C, H, and rat NA VBASE. The values shown are all those that exceed 
corresponding residential RBCs (for upper interval soil), generic SSLs (for lower interval soil; 
assumes DAF of20), or tap water RBCs (for shallow and deep groundwater). RBC and SSL values 
for chromium are shown with asterisks because they represent hexavalent chromium, while the 
calculated background reference values are based on total" chromium analyses. Figures for iron were 
not tabulated because iron has been considered an esse~tial nutrient. RBCs for noncarcinogens have 
been divided by 10 (THQ= 0.1) to allow for possible additive effects of multiple contaminants. 

Upper interval (surface) soil: 

Aluminum 7,800 12,786 15,500 10,017 25,310 

Antimony 3.1 8.98 

Arsenic 0.43 9.439 17.1 24.96 14.81 73.5 

Beryllium 0.15 1.34 1.466 3.17 

39* 50.43 80.2 85.65 131.65 

Manganese 180 589 636.4 1,980 

Thallium 0.63 0.63 

Vanadium 55 156 77.38 1 16 

Lower interval (subsurface) soil: 

Arsenic 29 48.9 35.52 

Chromium 38* 175.7 75.7 83.86 

Thallium 0.7 1.3 

Background reference values were not calculated for Zones C and 1. 
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Shallow groundwater: 

. .. ...•. . .... .. . ... 

••••••• 

Tap water 
I·ZQneA· ······zoneC .. < //ZolieH.····· Eleme RBC . ..... ZQli¢.l 

Arsenic 0.045 53.5 27.99 35.01 

Barium 260 323 393.57 

Manganese 84 378.5 557.4 . 3,391 23,445 

Thallium 0.29 7.66 

Because no monitoring wells were installed at the only site in Zone B (AOC 507), no 
ground\vater background reference values \vere calculated for the zone. 

Deep groundwater: 

1',,-· . -,-'-,'- .. I . ~- - -~ .. ~.--

Arsenic 0.045 10.67 14.98 

Manganese 84 2,786 776.2 

Thallium 0.29 165 

Because no deep monitoring wells were installed at any sites in Zones B, C, or I, no deep 
groundwater .background reference values were calculated for those zones. 
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E N V I RON MEN TAL S A F E T Y & DES I G N S 

0064-00001 - CHARLESTON ZONE H SOIL,SED,SURF WTR 
Samples by Chemical Report 

9999900-00-5 Hexavalent Chromium 
>~ 0.0000 for MG/KG 

SOIL 

659CB00101 Soil 08/31/94 0.1000 U MG/KG APX02 
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>= 0.0000 for MG/KG 
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2: .642 
:1..625 

3S.643 
.379 

2: .411 

:1..517 
::1.328 
4l.359 
S.66B 
8.899 

7a.. 



7b 

Norl'l ... 1 Proh ... hi I i ty Plot f' or sqrtCr_1. 
Data f'iIe: two01.ax.dat S tat i s tic s 

o 1.0. 
Ii TCltal 11'14 
Ii Miiss 3 
Ii Used 11'11 

~I 6. 
I-
U .. 
I-
~ 4. 

8. -'-

j 
~T' 

. 

~ 
r-

~ 

.+# 
T 2. 

Mean 4.561'1 
Variiance: ;;~ .642 
Std .. De ... : ll.625 
:I. C .. V • 3S.643 
Ske~mess: .379 
}(ur1:os is: ;;~ .411 

Miniill'lulI'I lL.517 
25th :I. "1.321'1 
Mediian 4.359 
75th :I. S.668 

+ Maxiill'lulI'I 0.1'199 

o 
0. 

1. 1.0 30 50 70 SIB 99 

CUll'luiatiue Percent 
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o 

ZONe- H 
8uyIJ,'uM 

o "1~;AJtLl 
Or)jl;"A..J 

JIV o!5:ur-/ic.e.- .soi J JriJ.., S,/Vip}e.S 

30. 

20. 

10. 

0. 

~+tL5e.-t {IV = I{)q) 

v,J/Je;:; 

I---i I X 

~ 

l-

i-- ~ 

1--

.0 .4 

HistograM 
Data ~ile: one01.dat 

----i 

~ flli--o 
CJ 

.S 1.2 
I 

1.6 

/(J,. 

'S tat i s tic s 

Ii Total 184 
Ii Miss 8 
Ii Used 184 

Mean .376 
Variance: .893 
Std. De ... : .386 
:I. C.V. 81.384 
Skewlness: 1 .. 259 
Kurtosis: 4: .836 

MinillluIII .848 
25th :I. .148 
Median .278 
75th :I. .588 
MaxillluIII 1.488 



1.6 

o 
1.2 

.4 

o .8 

NOY'Mal Prohahility Plot For Be_l 
Dat ... Fi Ie: one81.clat 

+ 

+ 
++ 

!oil-,. 
~ I 

)( 
+ ++.,....,.... . 
. .lL lei 38 58 78 9'8 99 

CUI~ulati \Ie Percelnt 

/b 

S tat i s tic s 

tt Total 1B4 
tt l1iss B 
tt Used 1B4 

l1ean .376 
Variance: .B93 
Std. Deu: .3B6 
:I. C.V. 81 .. 3B4 
Skewness: 1.259 
Kurtosis: 4.B36 

l1inilllulII .B4B 
25th :I. .14B 

x l1edian .27B 
f0- 75th :I. .5BB 

l1axilllulII 1..4BB 

r 



Z (;)J>Je. H 
BE IN .svr-rALe.. .s""j / jr.itL St:Vtfle.s 
Or"jiNAi ~j .. _fA..Se"t (111::10'1) 

LN - TrAN.s.J;r~ V4./1JI!!.5 

Histogra ... 
Data File: one01.dat 

I- ---j * ] 

o 24 • . 

o 

=' U 16. 
1= 
IIJ 
:s 
lI' 
IIJ 
S. 
~ 

8. 

0. 
-4. 

. 

-3. -2. -1. 

I 

0. 1. 

S t a t i s t i c s 

tt Total 1134 
tt Miss . 13 . 
tt Used 1134 

Mean -1.3138 :1..10 
Variance: .714 
Std. De,,: .845 z.~2.t> 
:I. C.V. 64.612 
Skewness: -.1387 
Kurtosis: 2.1713 

MinilllulII -3: .219 
25th :I. -1.966 
Median -1 .. 3139 
75th :I. -'.693 
MaxilllulII .336 



1.. 

o 
8. 

-l.. 

-2. 

-3. 

o -4. 

Nor.M<ll Prob.lbi I i ty Plot f' 'Dr LN <Be_l.) 
Data f'ile: one8l..dat 

+ 
,++++ 

V 
~. 

J 

.1A' 
l 
f~ 

........ +++ 
+ 

.1 HI 38 58 78 '918 99 

CUll'lulati ... e Percent 

,;l.b 

S tat i s tic s 

tt Ta,tal 184 
tt 11 iss 8 
tt Us:ed 184 

l1ean -1..388 
Uariance: .714 
Std. De ... : .845 
Y- C.U. 64~. 612 

~ Skellmess: --.887 
](urt:osis: 2~ .178 

l1iniMuM -::1.219 
25th Y- -:Il. 9G6 
l1edian -lL.389 
75th Y- -- .693 
l1axiMuM .336 
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o 

ZI,pe I-l 
Yawdiv l1 IJJ .5urTc.c.e .soi I fJ~id., .5aJ.'rpJe.s 

~-J-tJ..se-;- (IJ ". /0'1) Ol"'j~ 1~<t.,J 
o ~'I'~ /AJ,,-I 

40. 

30. 

" U 
$: 
QI 
:::I 20. II' 
QI 
f,. 

"-

10. 

0. 
0. 

va.Jue:s 

I C 

Histogr ..... 
D .. t .. ~ile: ~ive01.d .. t 

I X I I 

~d I 
60. 

/t./... 

S tat i s tic s 

tf Tlltal 1B4 
tf M:iss B 
tf Ul~ed 1B4 

Mean 2:2: .951 
Var:iance: 26-1.496 
Std. Deu: 16.263 
x C.V. 71LB61 
Skelmess: :L.347 
Kur1~osis: '1.551 

Min ii "'U'" :3.4BB 
25th x 1:L.4BB 
Mediian 19.35B 
75th x 2B.6BB 
Max ii "'U'" 7-1.BBB 

I 
90. 



/b 

NClrMal PY'obabi I i ty PI o1~ f'or U_l. 
Dat.!, f'ile: f'iue01."dat S t a t i s t i c s 

H T(ltal 184 
BEL H russ B 

o + 
++ 

++ 
H Used 184 

Mean 2'L951 
60. Variiance: 26'1.496 

+ Std .. Deu: U:, .263 
,p- :I. C .. V. 7ELB61 

o 

40. 

20. 

0. 

i· 

" 
~ 

I 
x 

+ + ++++t+If ~ 
.1 HI 30 50 70 '910 99 

Ske~mess: ll.347 
Kurtosis: '1.551 

Min hltUIII ::J .488 
25th :I. H.488 
Mediian 19.358 
75th :I. 20.6B8 
Max i.lllulII 7'1.BBB 

CUII"Iulati ue Perce·nt 



Zt')J..)e.- 1-1 

VI IIJ sv,..f<lL~ StJi' jritL .5Q...u..ples 

DY'i~iAJll..J dA.f".se.-T (IV z ICJ4) 

L N - t"'~5fr:,,.Jo.','ed... V'l./ves 

HistograM 
Data ~ile: ~iue0X.dat S tat i s tic s 

I-- I xl =:J I N Total 184 
N M:iss 8 

o 30. N Ul~ed 184 

Mean ;~. BB9 
Variance: .533 
Std .. Deu: .738 

20. ~ C .. V. 2!i.278 
Ske,mess: -- ;24B 
](ur1~os is: ;~ .578 

Mini[llu[Il lL .224 
10. 25th X ;L434 

Mediian ;~ .963 
75tJl ~ ~L353 
Max]i[llu[Il -1.315 

o 0. 
0. 2. 3. 4. 5. 



5'. 

0 
4. 

" ~ 
I 

3. ~ .... 
Z 
..I 

2. 

o l.. 

Nor .. ,al Probahility Plot f'or LN(U_l.) 
Data File: Fiue0l..dat 

-+++ + + 
+ 

V 
1* 

IY 
-

+++++P* 
+ 

,1 l.E1 30 50 70 910 99 

CUII'IU I at i ue Perce'nt 

S tat i s tic s 

N Teltal HI4 
N fUss 1'1 
N Ul;:ed 184 

Mean :;~. 889 
Vari,ance: .533 
Std. Deu: .738 
:I. C.V. 2S.278 
Ske .. mess: -- .248 

x Kurtosis: :;~ .578 

Min i, nun ll.224 
25th :I. :;~. 434 
Medi.an :;~. 963 
75UI :I. ~1.353 
Maxi.nun ~1.315 



Zl')Je.. H .3 a... 

V :N . .svrfaL.e. .5oi! ,~rieL .54.l"If Je.s 

Or',YIJ4...1 d.a...ia...;sef (/oJ =10'1) 

5t:r./.JC(J'e.- roof -t,..,~fb,..""ed... vA-lues 

Histo9"Y"at'l 
Data f'i Ie: f'i lIe01.x .dat S t a t i s t i c s 

I -l Ix I I H Total 184 
N Miiss 8 

o 30. H Used 184 

Mean <1.518 
Varilance: .~ .564 
Std" Deu: JL.681 

20. X C"V. 3S.44B 
Ske~mess: .576 
Kur1~osis: .L948 

Min illllulII L844 
. 10. 25tJl X ~J.376 

Medilan -1.399 
75th X S.348 
Max illllulII 0.649 

o 0. I 
0. 2. 4. 6. 8. 10. 



o 

o 

l.0. 

B. 

~ 6. 
I 
~ .. 
f,. 
II' 
1/1 4. 

2. 

0. 

Norl1,a I Probabi I i ty Plot f' or sqrt U_l. 
Data file: fiue0l.x.dat 

,+++ + + 

: 
.j 

Ii 

~ 
t1 

-"II 

~~ 
II"" 

,~ 
l' 

:L l.I1l 30 50 70 910 99 

CUI""ulatiue Perce'nt' 

3);, 

S tat i s tic s 

N TCltal 184 
N Miss 8 
N Used 184 

Mean oOjl.518 
Variance: 2~ .564 
Std. Deu: lL.681 
:I. C.V. 3S.448 
Skellmess: .576 

I Kurt.osis: 2~. 948 
I.>< 

Minill'lulI'I :lL .844 
25th :I. ::1.376 
Median "l1.399 
75th :I. S.348 
Maxill'lulI'I EI.649 



o 

o 

Z.cn.Je.. H 
Ar.se.AJi c.. IN s ub.svrF. ... ce.. ..5t:>i! jri,d, 6<t.M.fJe.s 

On~l~/l..1 t:lA..-fA...5t!!t (1.1 =~3) 
Ori:y'.w..l vtL/ve..S 

HistograM 
DaL ta f'i 1 e: one0:;!. da t S tat i s tic s 

50. 

40. 

30. 

20. 

1.0 • 

::.f-{j}--b!:!=:===:======:====~ __ ~ tt TICltal tt Miss 
- tt Used 

Mean 
Variance: 
Std. Deu: 
x C.V. 
Skeillmess: 
Kurtosis: 

Min illlulII 
25th X 
Median 
75t:h x 
MaxilllulII 

~J 
0. +-~--L---L-'Ir----------rl----------TI--~~==L---~ 

0. 40 . B0 . 1.20 . 1.60 • 

63 
8 

63 

'9.898 
29:B.886 

1'7.263 
1704.548 

10.349 
415.728 

.548 
3.737 
15.688 
'9.775 

1316.888 

fa. 



o 168 . 

120. 

80. 

40. 

o 0. 

No,rMa I Pr'ohahi I i ty Plot. f' or As~ 
Data f'i Ie: one02 .. dat 

+ ' 

, 

+ 
~:I-~+++ 

.L .L' 

1 10 30 50 70 '90 99 

CULMuiati ue PerCE!nt 

IE? 

Ih 

S tat i s t i c s 

H Total &3 
H Miss 8 
H U:sed &3 

Mean '9.898 
Variance: 298.BB& 
Std. Dell : 17.2&3 
:I. C.V. 174.548 
Skellolness: 1& .349 
Kur·tosis: 46.728 

MinilllulII .54B 
25th :I. 3.737 
Median &.&BB 
75th :I. 9.775 
MaxilllulII 13&.BBB 



o 

0 

ZONe. H 
AS /IJ svb.svrf:a.c-e. sCli / [jY'jtL _S&V1f)~5 
Or 11 iAJ1L1 cLc...h...5 ~ t (Al = b3) 

LI'J - trtUJ.S-Ibrl'le/.L w../ues 

HistograM 
D'lta f'i Ie: one8:~ .dat 

:I' 
U s: 
QI 
::I 
Ir 
QI 
So 

'" 

J.6. 

J.2. 

8. 

4. 

8. 
-3. 

l-

r--

~-
8. 

I xl l-
.--

f--

1-

r--

I--

l-

3. 

S t a t i s t i c s 

I tt Total 63 
tt ttiss 8 
tt Used 63 

ttean 1.767 
Variance: 1.888 
Std. Deu: 1.884 
X C.V. S6.82S 
Skewness: -.136 
Kurtosis: 3.889 

ttin ifllufil -.616 
2Sth X 1.318 
ttedian 1.887 
7Sth X 2.279 
ttaxifllufil 4.913 

n 
6. 



6. 

0 
4. 

,.. 
~ 
011 2. <t .... 
Z 
..l 

0. 

o -2. 

Nor~lal Pro},ahi 1 i ty Plot l'or LN(As--.2> 
Data File: one02.dat 

f+ 

~rt 
,f-++ + 

....... 

.d 

1M 
.~ 

+ 
++1" 

l. 1.0 30 50 70 90 99 

Cl .... ulatiue Pere.!nt 

S tat i s tic s 

tt Total G3 
tt Miss 0 
tt Used G3 

Mean 1.7G7 
Variance: 1.808 
Std. Deu: 1.004 
~ C.V. 5:G.825 
Skewness: -.13G 

t;< Kurtosis: 3.889 

Mini",u", -.G1G 
25th ~ 1.318 
Median 1.887 
75th ~ 2.279 
Maxi",u", 4.913 



o 

o 

ZC>lJe.- H 
A5 j,v .stJb"£'ur~tc...e...- .50; / 
S Ct,Mp)e... :/1= '73 -001.. reMOl/II!d.. 

Ori3 j;.>a..1 dA.;rtt. I/a..Jues 

:I' 
U 
I: 
G/ :s 
tr 
G/ 
~ 
~ 

1.6. 

1.2. 

8. 

4. 

0. 
0. 

I 

HistograM 
Da ta f'i 1 e: one 02:M • cla t 

[ ] I X 

~ 
:L0. 20. 

As...,;;! (ppM) 

3 a.. 

S t a t i s t i c s 

-I N Total 63 
N Miss 1 
N Used 62 

Mean 7.B56 
Variance: 37.971 
Std. De",: 6.162 
:t. C.V. 7B.434 
Skewness: 1.271 
Kurtosis: 4.262 

MinilllulII .548 
25th :t. 3.725 
Median 6.688 
75th :t. 9.458 
MaxilllulII 2B.388 

[-
30. 



30. 

o 

20. 

10. 

o 0. 

N~'r ... a I P"obabi I i ty PI o1~ f' or AsJ 
Dat,a f'i Ie: one02 .... dat 

+ 

++ 
4-

++ 
+ 

4" 
-/I-

"" 
~ r 

,,1' , 

+ +++1-
1 10 30 50 70 '90 99 

C~l ... ulati ve PercE.nt 

3b 

S t a t i s t i c s 

N Total 63 
N Miss 1 
N Used 62 

Mean 7.856 
Variance: 37.971 
Std. De ... : 6.162 
X C.V. 78.434 
Skewness: 1.271 
Kurtosis: 4.262 

MinillluIII .548 
25th X 3.725 

x Median 6.688 - 75th X 9.458 

T MaxillluIII 28.388 



Z~t>Pe. H 
AS IIJ ..s/Jb~()r~ st>i} j1"itL StV1f1J~..s 
.5 tlMpJe. 14= 43 ~O;;l. r'~Mi!>ltecL 
L AJ - -trlUJ,s-/iJrl"leL vttlves 

HistQ9'raM 
Da,ta File: one02~M.dat Statl' t· s l. cs 

f-- I X I ::J I H Total 63 

o 1.6. 
H Miss 1 
H Used 62 

Mean · 1.716 · 
1.2. 

Variance: .B59 
Std. De..,: .927 

~ 
U X C.V. · 5;4.B29 · s: 
G/ 
::s 
It 8. 

Skewness: -.656 
Kurtosis: 2.952 

G/ 
S. 
~ MiniMuM -.616 

25th Yo 1.315 
4. Median 1.BB7 

75th x 2.246 
MaxiMuM 3.343 

0 0. 
1.. 0. 1.. 2. 3. 4. 



o 

o 

z.:o}.)e- H 
AS JJJ s./Jbs.ur1~c.e.- s,oi/ fJriL StU1ple.s - ~eJ,)erA/J"uuL fres.i!!JJf,:l-./~AJ 
SeLMpJe.. :it '13 -0;2 re/>lovetL 

L,N - -rr~s-£T'I-\t.~ v'A..ltJe.s 

HistograM 
Da ta ~ i 1 e: oneIll2:M. da t 

I-- I X I ::J 
24. 

. 

16. 

8. 

III. 
-1. III. 1. 2. 

I 

3. 4. 

S t a t i s t i c s 

N Total 63 
N Miss 1 
N Used 62 

Mean 1.716 
Variance: .859 
Std. Deu: .927 
X C.V. 54.829 
Skewness: -.656 
Kurtosis: 2.952 

MinillluIII -.616 
25th X 1.315 
Median 1.887 
75th X . 2.246 . 
MaxillluIII 3.343 

4b 



4. o 
3. 

2. 

1.. 

0. 

o -1.. 

NorMal Probability Plot ~or LN(As-2> 
Dat'l ~i Ie: one02M .d.at 

++ 
f+ 

.~ 
It, 

/ . otIIIIIIIi!" 
. 

~ 
i~ 
+ 

+t 
pt 

+ 
+"t' 

J. J.II1I 30 50 70 !:J0 99 

Cu.Mulati ... e Perce:nt 

S tat i s tic s 

tt T4Jtal 63 
tt Hiss 1 
tt U=sed 62 

Mean 1.716 
Variance: .859 
Std. De ... : .927 

f0-
x 

X c.v. 5 .... B29 
Ske4,mess: .- .656 
Kur'l;osis: :2.952 

Minill'lulI'I .- .616 
25th X 1.315 
Median 1.887 
75th X :2.246 
Maxill'lulI'I :3.343 



ZOJJe- H Sa.. 
A5 I}J ..5LJb£u,.f:td-e ,soil ~,..id..- .sa'.PIfJ~s 

HistograM 
Data f'i 1e: one02,."x .dat S tat i s tic s 

I- 1 E I I Ii Total 63 

o 1.6. 
Ii Miiss 1 
Ii Ul~ed 62 

Mean :2.594 

1.2. 
Variance: :1.145 
Std. Deu: :1.878 

:1\ 
0 X C.V. 4:1.238 
$: 
GI 
::s 8. (!' 

Skelmess: .388 
Kur1los is: :2.759 

GI 
So 
~ MinillluIII .735 

25tl~ X :1.938 
4. Median :2.569 

75tl~ X :3.874 
MaxillluIII !5.328 

0 0. I 
0. :2. 4. 6. 



Nor ..... l Proh ... hility Plot f'or sqrtAs...,;;! 
D ... t ... f'ile: one02 .. x.d ... t 

6. 

o . 

~ 
++ 

} 
++ 

4. 

*-# 
I 

~~. 

r' 2. 

+ +++t 
,w 

·l 

o 0. 
J. UI 30 50 70 !~0 99 

Cu. .. u.l ... tive Perce,nt 

~ 

S tat i s tic s 

N Tiltal 
N Miss 
N Used 

Mean 
Variance: 
Std. Deu: 
x C.V. 
Skel~ness : 
Kurtosis: 

MiniMUJII 
25tl~ x 
Median 
75tl~ x 
MaxiMuM 

. .. 

63 
1 

62 

:2.594 
:1.145 
:1.070 

41.238 
.388 

:2.759 

.735 
1.930 
:2.569 
:3.074 
!5.320 

5b 



.~ ...•. 
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o 

L..~ tJIJt?- H 
Ch"'''J-II·V'''' 
D 1'1 ';y~d..;J 

Oll'~jt'AJtLJ 

;;J suhsuf'-td.C.e soil 3,..id., -5~)es 
kft>..set ("'=63) 

Va../I'Jt!-S 

HistograM 
Data File: two02.dat 

IX I 

12. f--

8. 

4. 

0. 
0. 

-
.--

I--

.' 

-
-

n 
-'-80. 

Cr....2 (PPM> 

S tat i s t i c s 

N T.Jtal 
N Miss 
N U:;:ed 

Mean : 
Variance:­
Std. De ... : 
:I- C.V. : 
Skel,mess: 
Kur1los is: 

Min :i IIIUIII 

25tl'l :I­

Median 
75th :I­
MaxilllulII 

120. 

63 
o 

63 

31.387 
47'7.952 
21.862 
6!9.653 

.570 
:2.675 

:2.9BB 
111'1.75B 
311'1.4BB 
4-'1.925 
9S.2BB 

/4.. 



o ~20. 

9101. 

60. 

30. 

o 
0. 

N"'r ..... l P,"ob ... bility Ploi~ f'or Cr.....2 
D ... t ... f'ile: two02"d ... t 
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:+++ 
++ 

ct+I" 

II I 
. ll~ 

~. 

-+ +++* 
+fIfII""iI' 

111' 30 50 70 ~:J0 99 

Cu. .. ul ... ti ve Perce:nt 

11 

Ib 

S t a t i s t i c s 

H Tlotal 63 
H Miss 8 
H Used 63 

Mean 31.387 
Variance: 47'7.952 
Std. Deu: 21.862 
:I. C.V. 6'9.653 
Skeillmess: .578 
Kur"tosis: :2.675 

MinilllulII :2.988 
25th Yo liEI.758 
Median 31EJ .488 
75th Yo 4,4.925 
MaxilllulII 9!5.288 



ZDJ..)e.. H 
CR i~ ..suh.stJ,..fi~e.. c5~')/ ~j/"';J., ..5dJ.Ip1e-.s 

() )"13 ~»tJ da.-+,,-.$ e t (1J '" to;3) 

LN - -t"a.fo$~lNoIeL vAlue.s 

HistograM 
D'lta f'i Ie: two0:<! .dat S t a t i s t i c s 

I I ::< I I I N Total 63 

o 20. N Miss 1'1 
N Used 63 

1.6. 
Mean 3.111 
Variance: .864 
Std. Deu: .929 
x,C.V. 29.875 

1.2. Ske,wness: -.638 
Kurtosis: 2.244 

8. MinillluIII 1.1'165 
25th X .2.364 
Median 3.414 

4. 75th x 3.81'15 
MaxillluIII 4.556 

o 
0. 

0. 1.. 2. 3. 4. 5. 

LN(Cr-2) (PPtt) 
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So 3. U ... 
Z 
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2. 

0 
1.. 

Nor ... al Probahility Plot ~'or LN(Cr-..2> 
Data ~ile: two02.dat 
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0>11'" 
t++++ 

.Y 
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Ii!"" 
i 

if-

..t+ 

++f 
.s-W 

+ 
... ... 

1.0 30 50 70 '90 99 

C~l"'lllati ... e PercElnt 

S tat i s tic s 

N Total 63 
N Miss 0 
N Used 63 

Mean 3.111 
Variance: .864 
Std. Deu: .929 

l- :I. C.V. 29.875 
x Skewness: -.638 

Kurtosis: 2.244 

MinhluIII 1.065 
25th :I. 2.364 
Median 3.414 
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