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APPENDIX A 



APPENDIX A 

METHODOLOGY FOR THE RISK ASSESSMENT 

Appendix A presents the general baseline risk assessment methodology followed for the 

Verification Investigation (VI) sites at RAAP. This appendix includes a discussion of the 

identification of potential contaminants of concern; the exposure assessment; a summary of 

contaminant fate and transport properties; the toxicity assessment; the risk characterization; 

and a discussion on the methodology of the environmental evaluation. 

IDENTIFICATION OF POTENTIAL CONTAMINANTS OF CONCERN 

The identification of potential contaminants of concern is conducted in the 

contamination assessment portion of the VI. The goal of selecting potential contaminants 

of concern is to limit the risk assessment to those constituents that are likely to have adverse 

impacts. This approach avoids the necessity of evaluating relatively innocuous analytes or 

analytes detected at relatively low concentrations at RAAP 'and focuses instead on 

A contaminants that have been detected at levels that may be of concern. 

The first step in selecting potential contaminants of concern is to identify those that 

were detected at the facility. Analytical data were reviewed to identlfy all analytes detected 

at concentrations above their detection limits. Sampled media include soil, groundwater, 

surface water, and sediment. The selection process considers all analytes that were detected 

in soil, groundwater, surface water, and sediment; this includes metals and other inorganic 

constituents, explosives, volatile organics, semivolatile organics, and pesticides. 

Contaminants of concern were identified using the following general criteria: 

Concentration 

Toxicity 

Mobility and Persistence 

QA/QC 

Potential contaminants of concern are those observed at each of the sites at 

concentrations that exceed both health based numbers (HBNs) and background 



concentrations. The HBNs are permit specified numbers; if HBNs for a particular detected 

analyte were not available in the permit, then HBNs were developed according to the 

procedures outlined in Appendix D. In general, those analytes detected at levels greater 

than their HBNs in at least one sample from an environmental medium were considered as 

potential contaminants of concern if the concentration detected also exceeded background 

levels. If a detected analyte was found at a concentration below its HBN or below 

background concentrations, it was generally not selected as a contaminant of concern. 

Exceptions to this are noted in the text for each site. By using exceedances of HBNs as 

guidelines for the selection of potential contaminants of concern, the influence of toxicity 

and concentration is considered in the selection process. Analytes detected at 

concentrations within the limits defined by the HBNs are considered to be present at levels 

that would not likely present a risk to public health. 

Chemicals that are essential human nutrients, toxic at only very high doses (e.g., iron, 

magnesium, calcium, potassium, and sodium), and detected at low concentrations (i.e., only 

.A 
slightly elevated above what appears to be naturally occurring levels) were not selected for 

evaluation. Similarly, naturally occurring organic chemicals (e.g., benzoic acid, carbon 

disulfide) present at low levels or low frequency and inconsistent with the possible source 

were not selected for evaluation. 

Mobility and persistence of chemicals were considered during the selection of 

potential contaminants of concern. If an analyte was detected slightly above its HBN or 

background, and is also lcnown to be a relatively immobile constituent in the media of 

concern, it may not be selected as a contaminant of concern. Conversely, a highly mobile 

or very persistent chemical may be selected as a contaminant of concern even if it only 

slightly exceeds its HBN or background. 

Analytes may have been excluded from consideration as potential contaminants of 

concern on a site- or medium- specific basis if they did not meet the QA/QC requirements. 

For example, detected analytes suspected to be laboratory blanks or sampling artifacts based 

on analysis of various blanks (method blanks, equipment blanks, trip blanks, etc.) were 

Ih 
excluded from further consideration unless they are expected to be site related or were 



1rc4 detected at sigzllficantly elevated concentrations. Examples of common laboratory artifacts 

include acetone, 2-butanone, chloroform, rnethylene chloride, toluene, and phthalate esters. 

A 2  EXPOSURE ASSESSMENT 

Under current EPA guidelines (USEPA, 1989) the assessment of human exposure 

at sites contaminated with potentially toxic constituents is carried out in three steps: 

Characterization of exposure setting (i.e., relevant physical characteristics of the 

site and potentially exposed populations) 

Identification and evaluation of pathways by which the previously identified 

populations may become exposed 

Quantification of the exposure (i.e., estimation of exposure point concentrations 

and human intake of contaminants). 

Relevant physical characteristics of each site are discussed in Sections 2.0 through 31. 

The remaining items are discussed below. 
P 

k2.1 IDENTIFICATION OF POTENTIAL RECEPTORS 

The RCRA pennit issued to RkAP requires that data be collected to identlfy human 

populations and environmental systems that are susceptible to exposure from contamination 

at the subject SWMUs. Demographics, groundwater and surface water use, and ecological 

characteristics data are necessary to identify potential receptors and pathways of 

contamination exposure. These issues are discussed in the following sections. 

Future land use is considered to be similar to the current land use scenario--i.e., 

RAAP will continue to remain an active army installation and there are no plans for future 

residential development for RAAP. Therefore, potential future and current receptors are 

assumed to be similar. 

k2.1.1 Local Demoera~hics. As described in Section 2.5, the area surrounding RAAP is 

mostly rural, with minimal development. The estimated 1988 populations of Montgomery 

and Pulaski Counties was 101,000 combined, with an approximate overall population density - 
A-3 



@-- of 143 persons per square mile. The closest residential community is Fairlawn, 

approximately 3 miles to the southwest. Figure 2-6 and Table 2-6 i d e n w  the owners and 

locations of properties bordering RAAP. 

In 1980, the median age of persons in Montgomery and Pulaski Counties was 23.7 

and 31.3, respectively. Population characteristics of the two counties are shown in Table A- 

1. 

The 36 SWMUs being investigated under this VI are located well within the 

installation boundaries. Due to the military nature of activities at RAAP, access to the 

installation is limited to official visitors. However, the general public does have access to 

the New River, which flows through RAAP and near several SWMUs, but a security fence 

separates the river from RAAP. Of concern in the VI are SWMUs 8, 10,31,35,36,43,45, 

and 54, which are located adjacent to the New River (See Figure 2-3). Persons boating, 

fishing or swimming in the river could potentially be exposed to contaminants migrating 

from these SWMUs via shallow groundwater. However, due to the si@cant dilution - capacity of this river, potential exposure from an individual SWMU is considered minimal. 

Of particular concern is SWMU 13, located on the banks of the New River; however, this 

SWMU is addressed in a separate RFI document. 

Hunting is not permitted on RAAP property, and recreation by R A N  employees is 

limited to activities such as softball, jogging, etc. 

k2.1.2 Groundwater Receptors. There are two known supply wells at RAAP (Insert 1)- 

well No. 1 is not currently used, well No. 2 is used as a backup potable supply for a tenant 

activity, the U. S. Army Research, Development and Acquisition Information Systems 

Agency. Although potential contamination of groundwater is a concern at many of the 

SWMUs being investigated under this VI, neither of these two RAAP supply wells are 

located in the immediate vicinity of any of the SWMUs. 

Groundwater is a source of water supply to some residents in the Town of 

Blacksburg, but the supply wells are located more than 5 miles east of RAAP. In addition, 



.#-- shallow groundwater for many of the SWMUs flows toward the New River and would not 

likely migrate toward any groundwater users in the vicinity of RAAP. 

Groundwater usage in the vicinity of RAAP has not been directly characterized. An 

off-post well inventory to ident@ potential receptors is being conducted as an RFI activity. 

The survey involves a records search of well logs maintained by the Virginia State Water 

Control Board and/or the Pulaski and Montgomery County Health Departments. Pertinent 

data such as well locations, depths, production rates, and uses is being collected. 

A.2.1.3 Surface Water Rece~tors. Most water used at RAAP is taken from the New River 

via two intakes--one located approximately 2 miles upstream of the mouth of Stroubles 

Creek and the other located approximately 6 miles downstream of the mouth of Stroubles 

Creek (Figure 2-5). Upstream of RAAP, the New River serves as a source of water supply 

for the cities of Blacksburg and Christiansburg. 

The Commonwealth of Virginia has classified the stretch of the New River that 

passes through RAAP as water generally satisfactory for public or municipal water supplies, - secondary contact recreation, and propagation of fish and aquatic life. 

Stroubles Creek, which drains approximately one-third of the RAAP Main 

Manufacturing Area, enters the New River approximately 1 mile east of the New River 

Bridge (Figure 2-5). A large portion of the flow in Stroubles Creek is attributable to 

effluent from the Blacksburg municipal sewage treatment plant. There are no known 

domestic or recreational uses of this stream. 

A.2.1.4 Air Ouality. Much of the two-county area is susceptible to inversion layers in the 

fall, causing entrapment of particulate matter as well as gases from manufacturing processes 

and auto exhaust. 

Air emissions from SWMUs at RAAP are of concern primarily at the two S W s  

where burning operations take place--SWMU 13 and SWMU 17. These burning area, 

permitted by the Virginia Air Pollution Control board, are a subject of the separate RFI. 



- k2.1.5 Threatened and Endangered Species. Available date indicate that no threatened 

or endangered species are suspected of inhabiting RAAP, nor are there any known species 

with unusual aesthetic value. No species are know to occur exclusively at RAAP or to be 

absent from the rest of the two counties or the State. There are no species know for which 

the installation lies at the limit of their ranges. Indications are that the numbers of some 

species, including the ruffed grouse and upland plovers, have become depleted or have 

disappeared from RAAP (USATHAMA, 1976). 

k2.2 Identification of ExDosure Pathwavs 

The exposure pathways assessment for RAAP is based on environmental conditions, an 

evaluation of contaminants of concern, and an evaluation of potential receptors. Table A-2 

is a preliminary evaluation of potential exposure pathways at RAAP. An exposure pathway 

is composed of a contaminant source, a release mechanism or transport medium by which 

the contaminant is transported to the location of exposure, an exposure route by which the 

contaminant enters the receptors body, and a potential receptor. The site-specific analysis 

A of whether these pathways are operable or complete (or the rationale for why they are 

incomplete) under current land use is discussed in each site-specific section of the VI report. 

Future land use is considered to be similar to the current land use scenario--i.e., RAAP 

will continue to remain an active army installation and there are no plans for future 

residential development for RAAP. Therefore, potential future and current exposure 

pathways are assumed to be similar. 

A.2.3 Ouantification of Exposure 

Due to the limited data available for most VI sites and the nature of a VI, the risk 

assessments presented in this document are necessarily qualitative; therefore, quantification 

of the exposure is not conducted. Instead, an estimate of whether the exposure is expected 

to be negligible, minimal, low, moderate, or high is provided. 



P A 3  ENVIRONMENTAL FATE AND TRANSPORT OF CONTAMINANTS 

Potential human and environmental exposure to each of the contaminants of concern 

is influenced by the environmental fate and transport properties of each contaminant. 

Environmental fate and transport information is summarized in Tables A-3 and A-4 for 

potential inorganic and organic contaminants of concern, respectively. 

A4 TOXICITY ASSESSMENT 

The purpose of the toxicity assessment is twofold: 

To weigh available evidence regarding the potential for particular contaminants 

to cause adverse effects in exposed individuals. 

To estimate, where possible, the relationship between the extent of exposure to 

a contaminant and the increased likelihood or severity of adverse effects. 

A slope factor and the accompanying weight-of-evidence determination are the toxicity data 

most commonly used to evaluate potential human carcinogenic risks. The slope factor is a 

plausible upper-bound estimate of the probability of a response per unit intake of a 
rrs. 

chemical over a lifetime. The slope factor is used to estimate an upper-bound probability 

of an individual developing cancer as a result of a lifetime of exposure to a particular level 

of a potential carcinogen. 

A reference dose (RfD) is the toxicity value used most often in evaluating 

noncarcinogenic effects. RfDs for noncarcinogenic effects are estimates of daily exposure 

levels for the human population, including sensitive subpopulations, that are likely without 

an appreciable risk of deleterious effects during a lifetime. Chronic RfDs are specifically 

developed to be protective for long-term exposure to a compound (7 years or longer). 

Table A-5 presents available oral and inhalation slope factors and RfDs, as 

applicable, for the contaminants of concern. Also shown are the weight-of-evidence 

classification and type of cancer(s) for chemicals with slope factors, and the uncertainty 

factor, confidence level, and critical effects for chemicals with RfDs. 



RfDs are not presented for lead, because--after careful consideration of toxicity date 

on lead--EPA has decided that the derivation of RfDs is inappropriate (USEPA, 1992). 

Rather, EPA has developed an uptake/biokinetic (UBK) model that estimates the total lead 

uptake (ug Pb/day) in children from diet, inhalation, and ingestion of soil dust, and pain, 

and predicts a blood lead level (ug Pb/dL) based on total lead uptake. Blood lead is 

considered the best indicator of recent lead exposure and has been reliably correlated with 

neurotoxicity measures in developing children. Therefore, the UBK model for lead is used 

to assess potential exposure to lead at RAAP sites. This model is discussed in more detail 

in Appendix D. 

A5 RISK CHARACTERIZATION 

In the risk characterization section, estimated intakes of contaminants of concern, 

determined by the analysis of exposure pathways, are combined with health effects criteria 

to calculate potential carcinogenic risks and noncarcinogenic health hazards. However, 

because this risk assessment is qualitative in nature, the current or potential future human 
F health risks are only qualitatively evaluated. 

A6 ENVIRONMENTAL EVALUATION 

The environmental evaluation was conducted using the same general steps identified 

above for the human health risk assessment. 

Identification of potential contaminants of concern 

Characterization of exposure setting (i-e., relevant physical characteristics of the 

site and potentially exposed populations) 

Identification and evaluation of pathways by which the previously identified 

populations may become exposed 

Qualitative evaluation of exposure and potential environmental threat 

Relevant physical characteristics of the facility are discussed in Section 2.0. A 

description of the environmental setting and flora and fauna at RAAP are included in 

Sections 2.4 and 2.6, respectively. 



Potential con taminants of concern were identified using the procedures discussed in 

Section kl. Potential environmental effects were qualitatively evaluated by consideration 

of potential access of wildlife to the individual SWMUs, potential for contact of wildlife with 

contamination detected at the SWMUs, and a qualitative evaluation of potential exposure 

to ecological receptors. For evaluation of potential exposure to surface water contaminants, 

detected concentrations were compared to Ambient Water Quality Criteria (AWQC). 



TABLE A-1 

Population Characterics (1 989) 
Montgomery and Pulaski Countles 

19 and 20 -64 Over 
Male Female White Nonwhite Under Y r 

Montgomery County 

Pulaski County 

SOURCE: NRVDPC, 1989. 



TABLE A-2 

Exposure Pathway 

Preliminary Evaluation of Potential Exposure Pathways for RAAP, Viginia 

Release Mechanism 
Source or Transport Medium Exposure Route Potential Receptors 

1 Direct dermal contact with contam- Contaminated Direct, wind erosion Direct dermal contact RAAP employees; recreators 
inated soil and subsequent absorption soil 
of contaminants by skin. 

2 Inadvertent ingestion of contami- 
nated sol. 

3 lnhalation of contamhated soil as 
dust. 

4 lnhalation of vapors volatilized 
from soil. 

Direct, wind erosion Ingestion RAAP employees; recreators 

Wind erosion Inhalation of dust RAAP employees; recreators; 

downwind residents 

Volatilization, wind Inhalation of vapors RAAP employees; recreators; 
downwind residents 

5 Ingestion of contamhated drinking Contaminated Leaching, advection, Ingestion 
water. groundwater dispersion, well 

RAAP employees; 
downgradient residents 

6 lnhalation of volatile contamhants 
emitted from goundwater during 
showering and other hdoor activities 
using household water. 

Leaching, advection, Inhalation of volatiles Downgradient residents 
dispersion, well during showering, etc. 



TABLE A-2 (cont'd) 

Exposure Pathway 
Release Mechanism 

Source or Transport Medium Exposure Route Potential Receptors 

7 Absorption of contaminants subse- Contaminated Leaching, advection, Direct dermal contact Downgradient residents 
quent to dermal contact with ground- groundwater dispersion, well 
water during showerng and other 
indoor activities using household 
water. 

8 Ingestion of contamnated surface Contaminated Surface runoff, leaching, Ingestion 
water used as a drinking water source. surface water downstream transport 

9 Absorption of contaminants subse- 
quent to dermal contact with surface 
water during swimmng. 

10 Inadvertent ingestion of contami- 
nated surface water during swimmhg. 

11 Inhalation of volatile contaminants 
emitted from surface water during 
swimming. 

RAAP employees; 
downstream residents 

Surface runoff, leaching, Direct dermal contact Recreators in New River 
downstream transport 

Surface runoff, leaching, lngestion 
downstream transport 

Surface runoff, leaching, lnhalation 
downstream transport 

Recreators n New River 

Recreators n New River 

12 Absorption of contaminants subse- Contaminated Surface runoff, Direct dermal contact Recreators n New.River 
quent to dermal contact with sediment downstream transport 
sediment during swimming. 



TABLE A-2 (cont'd) 

Exposure Pathway 
Release Mechanism 

Source w Transport Medium Exposure Route Potential Receptors 

13 Inadvertent ingestion of contami- Contaminated Surface runoff, Ingestion 
nated sediment during swimming. sediment downstream transport 

14 Inhalation of volatile contaminants 
emitted from sediment during 
swimming. 

Surface runoff, Inhalation 
downstream transport 

Recreators in New River 

Recreators in New River 

15 Consumption of game that feed on Indirect Biouptdte, animals, Ingestion of game Hunters and thek families 
vegetation gowing it contaminated pathways hunting 
soil or that have ingested contam- 
inated surface water. 

16 Consumption of fish that have 
ingested contaminated surface water, 
food, w sediment. 

Biouptdte, fish, 
fishing 

Ingestion of fish Fishermen and their families 





TABLE A-3 (confd) 

Chemlcal 
Chanical Specietion 

- - - - - - - - ------- --- 

Copps Resentas Me +2 
cation in mtua l  envi- 
ronments. 

L a d  The carbonate and 
e u l t e  conirol solu- 
b i l i  in asobic envi- 
ronments; unds an- 
asobic conditbna the 
sumde wlll peclpltate. 

Manganese Translamatlons ocwr 
between MN (II), 
MN (Ill), and MN (IV); 
MN (11) predomnates. 

Nickel Slable sate in natural 
systems IS N1 (II), the 
compounds d which are 
soluble wlth me excep- 
tion of the sulfida 

Nikates Inaganic nikatesare 
components of mebls corn - 
bined wi l l  the mono\alent 
nikate radical (Nod; can - 
blmtion of NO, and hychogen 
pro&cea nlkic acld 

Sulfates Can exist as sulfida sulfites. 
sulfates a aganic s u b  
compounds. 

Not 8lQnlllMnt. 

Not significant 

BloaccumukiUon/ Bloconcentration Envlronrnental 
SapCon Biokansfamation Facta (BCF) Fate - - - - - - - - ----------------- ------------- - - - - - - d m - - - - -  

strongly sabed by ckiy Potentially accumulated 
minaals and aganic by all aganisms. 
matter. 

Skongly sabed by 
components 01 soll. 

L a d  is accumulated 
horn me atmosphere by 
both plants and animals. 

mobably not important. Hydous manganese oxldes Accumulated by aquatlc 
h v e a n  affinity f a  organisms to a wiable 
ckiy rnlnerals and trace eldent. 
meals. 

Robably not impatrnt Nickel is mobile in the 
terrestrial and aquaUc 
envionmenb. 

Not considaed relamnt Genaally nikate will move 
wilh water though soil p a e  
spaces. Clay soil tends to 
rekin nZrates mae  than 
sandy sol. 

Not considaed relemnt Genaally sulfate wil mwe 
wilh water though soil p a e  
spces. 

Pobntially accumulated 
by aquatlc orgsnls ms. 

290 Saptlon Is the domlnant 
fate in landfills 

49 Saption is the dominant 
fate In tandlills. 

Manganese Is ublqultous 
in the soil envionment 
and MII, merefore, be 
prese* in gcundwata. 

47 Leaching appears to be 
the principal fate of 
nickel in landfills. 

Inaganic and aganic fams Not found in literatue Fate is linked to the 
areamilablefa plant a nikogen cycle whae wious 
aop uptrka No info on bio- fams of nikogen are altaed 
magnification was identitied by nitrogen fimtion, asslmi- 

Btion and reduction d nitrata 

lnaganic and aganic fams Not found in literatue Fate is linked to the 
areamilable f a  plant and sulfu cycle whae w ious  
animal uplaka No infamation fams of sulfu are alered by 
on biomgnification was iden- acrobic and aneuobic bactah, 
tified. s u b  bactwia, and aidation. 



TABLE A-3 (cont'd) 

Chemlcal 
Chanical Spechtion Vohtillmtion ------- - ---------- -------------- 

Thallium The Mallic ion (T1+3) is Not consid~ed significant 
hybotfzed to form Me 
colbichl oxide wer the pH 
ran@ ot natual watas. 
Depending on the rehtive 
klnetlcs of reduction com- 
pared to hyckolysis, however, 
preclpllatlon as Tl(OH), may 
bean effective mechanism f a  
removlng Malllum t o m  solutlon 
vm the folbwing scenario: 
Malllum (Ill) preclprttes as the 
oxide a hyctoxideand scttles to 
Me bed sediments; In me sedl- 
men@ the reducing condbons 
cause redlctlon to TI(l), whlch 
rmcts with sulfide to f a m  the 
Insoluble compound n,S. 

Zinc Redominant species is Not irnpabnt 
the Zn+2 caUon 

Stongly absabed by mont- No evidencewas found to 100,000 Much of the thallium present in 
maor~llonitic clays. Actlvely that thallium is biologically aquabc systems Is llkely to re- 
sabed into the sedirnenb in tansfamed in theaquatic main in soluSon and be tanspa - 
the aquaUc environment. envtonment (Callahan et al., ted to the oceans. Sorplon to 

1979, and no othcr infa - chy mincrals is probably an 
mation was available. The Important envronmental tate 
thalliun is considered non- prooess. 
degadable In Me envtonment. 
Thallium is rmdily eken up by 
aquaUc organisms. 

Zinc is not sbongly Zinc can be bio- 
sabed by soil consti- accurnuhted by both 
tuerts and is consi- phnts and animals. 
dcred easily mobilized 

432 Leaching appears to be 
the principal fate of 
zinc in hndfils. 

--------------- 
(a) Based on infamation giwn in Callahan eta1 (1979) and USEPA (1987 and 1988~). 



TABLE A-4 

Summary of Environmental Fate and Trarmport d Organk Chemkals Selected as Potential Contaminanla of Concern (a) 

-wry/ Photolysisl 
Chw~kal Oddetion HVdrd~sis Vdatlllzatbn --------- ----------- ---------- sorption -------------- -------- Bbdegradatbn Environmental Fate 

-------------- ------------------ 

Dominent physkal Degraded by many 
p m s  In lolls different typ6a d 
and groundwater. loll mkroo~ganisms. 

The moat probable fate In 
sdis and groundwater is 
bbdegradatlon. This 
chemkal is retarded by d i d  
aquifer mateflak. 

Bls(2-chlomthyl)ehf Direct photdysls not Slow hydmlytlo clearage Some voletillzatbn from Sorption onto partlcu- Significant degradation may Somewhat sduble In water and can 
wpecbd rn rake place In d the C-Cl bonds can aquatic and IemsMal late matter dog not occur In aquatic environment migrate through the sdl. 
the umoophere or surface occur and probably syslems probably occurs. appear to be significant. aher a period d acclimation. 
water. Photo-oxidation In the moat Important 
the boposphem is likely aqwtlc fate. 
lo occur. 

N-Nitrosodi-phenylamlne Photdysis is slow. No Not w i l y  hydrolyzed Unlikely to volatilize; High polentlal for Only important in con- Sorption lo soil Is the most 
Infofmatlon found on under normal environ- confirming data not significant sorption dition with active microbial importanl tale process. 
oxidation. mental conditions. found In literature. lo soil. popukkm. 

Rapld hydrolysis In 
c o n d i i  d hlgh tem - 
perature andlor low pH. 

Important process In Not relevant. 
surface water (half- 
life 6 5 days) 

Impoctant process. Not relevant. 
@1)2=lday) 

Importanl process Sorption by chy Mkroblal desbuctlon 
for surfem water may be impottant in soil and ground- 
(half-life = 2 days) at RAAP s h .  water is slow but may 

be slgnfflcant for 
RAAP ekes. 

Important procecls Sorpllon to clay Mkroblal transforma- 
from surface water may be impohant tion In h e  ground- 
(t ln=odaye) at RAAP sites. water is 6bw but 

may be slgnlfbnt 
for environmental 
destruction. 

Sorption by clay and bio- 
degradation are important in 
soil and groundwater; photo- 
lysis and volatilizatkm are 
lmporiant in surface water. 

Sorption lo clay and bb- 
degradalion are i m p m  In 
groundwater; photdysis and 
volatilization are dominant 
In surface water. 

(a) Based on informatkm presenled in Callahan el al (1979) and USEPA (1887 and 1968~). 
Additional Information on explosives Es provided by Bunows et a1 (lQ8Q). 



TABLE A-5 

Summary of Toxichy Criteria for the Contaminants of Concern 

Mdvn 

HIOh 

LOW 

LOW 

Lor  

L o r  

NOKL: m a t  h-I 
k B * d  

NOKL; m a t  h-l 
*B*d 

Lor  

LOW 

-- 



TABLE A-5 (cont'd) 

NOKL: H#nr hnb 
pro&adumda, muokdul 
~ I k c b ,  m(hmoglobhm. 

blhbdhyprpy. 
Ylld WWW h-h; 

lynphold- 

Other Inocpanka 
Nh.1. N O K ~ : ~ # n r d o r r  

UIO9at.d m 
n(h- 

NOKL: M#nr dorm 

urocl.M WWI 

""(h- 



TABLE A-5 (cont'd) 

TAL lnomsnlcp 
Mmoy 



TABLE A-5 (cont'd) 

Other lnomanlcs 

Nmn* 



l o r m . p r 3  uoyroyr~ *uure-v WM uboupr3 - H W ~  
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ul.)d* - P-3 - EN3 

I ~ ~ L y L Y p . W  - 1 m  
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APPENDIX B 
SUMMARY OF GEOTECHNICAL AND SAMPLING PROCEDURES 

B.l GEOTECHNICAL PROCEDURES 

B. 1.1 Monitoring Well Installation 

The following sections describe the borehole drilling and installation methods for the 

monitoring wells installed for the VI. The field program for the VI study areas included the 

following: 

Twenty-one monitoring well and piezometer borings and installations at eight 

s m s .  

Physical soil tests performed on 24 soil boring samples. 

Surveying of the new monitoring wells for elevation and state planar 

coordinates. 

All locations for well installations were marked, then cleared by RAAP personnel for 
&. utilities prior to drilling. 

B.l.l.l Well Drilling Methodoloa. All necessary approvals for equipment, methods, and 

materials were obtained from USATHAMA prior to the start of drilling. All geotechnical 

methods were performed in accordance with the procedures outlined in the VI Work Plan 

(Dames & Moore, 1990a). 

Overburden well borings were performed using hollow-stem auger, air rotary or mud 

rotary methods. The presence of dense layers of river jack (cobbles and boulders) in several 

borings required the use of air rotary or mud rotary drilling methods. Below are 

descriptions of three methods used to drill through unconsolidated sediments during the VI 

program. 

For 4-inch monitoring wells installed with hollow stem augering the following method 

was used: a 6.25-inch inside diameter hollow stem auger was used to advance the boring 

while a 24-inch split spoon sampler was advanced at 5-foot intervals using the Standard 



A Penetration Test (ASTM D-1586). Detailed logs were developed for each boring. Hollow- 

stem augering, as described above, was performed through the overburden until bedrock was 

encountered or until either air or mud rotary drilling methods were necessary to penetrate 

layers of river jack (cobbles and boulders) at which auger refusal occurred. 

For 4-inch monitoring wells installed with the mud rotary method of drilling necessary 

approval was obtained from USATHAMA prior to drilling. A sample of the bentonite clay 

powder to be used as a thickening agent for drilling was submitted to USATHAMA for 

approval prior to beginning the VI. The water used for drilling was obtained from the 

RAAP water treatment plant at a point prior to treatment. The mud rotary method of 

drilling used materials that were unlikely to alter the chemical character of the penetrated 

soils. A 6-inch roller cone bit was advanced during drilling and then a 10-inch reaming bit 

was used to enlarge the borehole to the required diameter for piezometer/well installation. 

After penetrating to the required depth, the mud was flushed from the borehole using water 

from the approved source. Volumes of mud and water lost into the formation were 

recorded at the time of drilling and flushing. Samples of cuttings from the borehole were - 
collected and used to develop logs for each boring. 

For 4-inch monitoring wells installed with the air rotary method of drilling, necessary 

approval was obtained from USATHAMA prior to drilling. The air rotary drilling in the 

overburden consisted of advancing a 6-inch tricone roller bit while a 24-inch split spoon 

sampler was advanced at 5-foot intervals using the Standard Penetration Test (ASTM D- 

1586). A 10-inch tricone roller bit was then used to ream the borehole to the required 

diameter. Detailed logs were developed for each boring including the recording of blows 

needed to drive the sampler at intervals of 6-inches of penetration. 

For 4-inch monitoring wells that required bedrock penetration, either NX rock coring 

or air hammer methods were utilized. These two methods are described below. 

Whenever possible, NX rock coring was used to penetrate bedrock to the required 

depth. Prior to coring, a temporary 10-inch polyvinyl chloride casing (PVC) was used to seal 

off the overburden material. NX rock coring was then performed in 5-foot runs to obtain 



- intact samples of bedrock for subsurface logging. During coring detailed boring logs were 

maintained which indicated the time required to complete each run, water loss to the 

formation and other pertinent drilling data. The rock cores were placed in wooden core 

boxes and photographed with appropriate identification. NX rock coring was performed to 

a depth of approximately 15 feet below the encountered water table. After completion of 

the rock coring, a 8-inch roller bit or air hammer was used to ream out the hole to install 

the well. Water from the approved source was used for the coring or reaming. Waste 

drilling water was not containerized unless contamination was apparent at the time of 

drilling or existing data indicated that contamination was likely to be encountered. 

If significant water loss was encountered or expected during drilling then percussive 

air hammer drilling was used to either penetrate bedrock or ream existing boreholes to the 

required depth. Before drilling with the percussive air hammer, USATHAMA approval was 

obtained. Prior to use of the air hammer a temporary 10-inch PVC casing was used to seal 

off the overburden material. A 6-inch percussive air hammer was used to advance the 

borehole to the required depth. The borehole was then reamed with a 8-inch air hammer - bit. A detailed log was maintained during drilling including collection of cuttings from the 

borehole. 

During drilling an experienced geologist supervised the drilling of each borehole and 

maintained continuous detailed subsurface logs by examining drill cuttings, recording 

samples, and noting fist-encountered and static groundwater levels for each borehole. A 

daily log was maintained and included information pertaining to progress of drilling 

operations, problems encountered, and well installation procedures. All original boring logs, 

well diagrams, and field notes were regularly submitted to USATHAMA during the field 

program. 

All drill rigs and all other sampling equipment were decontaminated prior to arrival 

at RAAP, prior to drilling the first borehole, and after the drilling of each borehole. A 

portable steam-cleaner with a steam temperature of 220" F and a pressure of 1,000 psi was 

utilized. A decontamination pad was constructed on a gravel area adjacent to SWMU 43 

in area designated by RAAP and USATHAAM. A sample from the water source onsite - 
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a used for drilling, rinsing, and steam-cleaning was analyzed and results submitted to 

USATHAMA for approval as an appropriate source before fieldwork initiation. 

B.1.1.2 Well Construction Overburden monitoring wells were installed in the newly drilled 

boreholes using either a 6.25-inch I.D. dry hollow-stem auger, or an 8-inch mud rotary roller 

bit method whenever possible. Well installations and all geotechnical procedures were 

performed according to procedures in the VI Work Plan, USATHAMA'S 1987 Geotechnical 

Requirements, and the requirements of the Commonwealth of Virginia. All well casing and 

screening materials were made of new Schedule 40 PVC. PVC is considered appropriate 

for the conditions encountered and the contaminants of concern. The screen for each well 

was approximately 10 feet long with a slot size of 10 (0.010 inch). This screen length will 

ensure that the screens remain opposite the producing groundwater zone even during drier 

periods, lessening the chances of a dry well during future groundwater sampling efforts. 

Only threaded couplings were used to join sections of PVC casing and screening materials. 

All well casings and screens were steam cleaned prior to insertion in the borehole. 

,- 
Well installation procedures and well placement criteria were developed specific to 

the local conditions because of the complex geology and groundwater conditions at RAAP. 

The general rationale for the site specific installation criteria were presented in the VI work 

plan, but a summary of these criteria are presented herein. Well screens were to be placed 

across the water table that could have been at or only a few feet above bedrock. Water 

found immediately above and below the soil/rock contact was considered to be 

hydrologically similar, not as separate units, due to the fractured character of the rock. 

Where the water table was found in the rock at depth, the irregular fracture inflow and 

often slow infiltration rate made field determination of proper screen placement very 

uncertain. Screens no longer than 10 feet were considered appropriate to intercept both the 

inflow fractures and the static water table that could be (and was) at much higher elevations. 

With the exception of well 32MW1, 4-inch diameter casings were installed in each 

borehole (A 2-inch diameter casing was installed in 32MW1 due to installation difficulties 

while attempting to install a four-inch well). The casing had an appropriate screen, was 

plugged at the bottom, and had a 2.5-foot stickup. Unless unusual conditions were 
clL 
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- encountered, the screen was located no more than 3 feet above the bottom of the borehole 

and opposite the producing groundwater zone. The top of the screen was positioned 1 to 

2 feet above the stabilized water level encountered, where possible, for all shallow wells to 

intercept petroleum hydrocarbons or other contaminants that may be floating on the water 

table, as well as other types of constituents. The screened section was sand packed, to at 

least 5 feet above the screen, wherever circumstances permitted. 

In order to allow room for a sufficient annulus seal and to prevent vertical infiltration 

of surface water, a minimum of a 5-foot thick bentonite seal was placed above the sand pack 

where conditions permitted, and the remaining annular space between the top of the seal 

and ground surface was grouted with a cement and bentonite mixture. The grout was 

pumped into the open annulus through a rigid tremie pipe, which was lowered into the 

hollow stem of the augers, outside the well casing, to the bottom of the annulus. Grout was 

pumped until undiluted grout rose to the surface. Augers were then removed, allowing the 

grout to fall into the evacuated hole, but the augers were maintained at a depth so that 

grout did not fall below the bottom of the deepest auger. Grout was then added to fill the - 
remaining open annulus, as more augers were removed. Grout placement continued until 

all augers were removed and grout was present at the ground surface. Data concerning 

screen, filter sand, bentonite seal and grout thickness, and depths were recorded. An 

installation diagram was prepared for each well. 

The bedrock wells installed during the RAAP VI were placed within the reamed 

bedrock and consisted of a 15-foot screen and sand pack similar to the overburden wells. 

The bottom of each screen was placed approximately 12 to 13 feet below the water table, 

with the sand pack extending up to 5 feet below the soil/bedrock contact. A 5-foot 

bentonite pellet seal was then placed above the sand pack and terminated at the 

soil/bedrock contact. Bentonitelcement grout was then placed from above the bentonite 

seal to the ground surface. 

A 5-foot length of protective, clean steel casing--with a minimum diameter of at least 

6 inches and a locking cap--was installed over the well casing immediately after grouting, 

to a depth of 2.5 feet below the ground surface. The steel protective casing was placed so 
1A 
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A that no more than 0.25-foot of height separated the top of well casing and the top of 

protective casing. An internal mortar collar was placed within the steel protective casing 

and outside the PVC well casing to a height of 0.5 foot above ground surface. An internal 

drainage hole was drilled through the steel casing just above the mortar collar. After the 

grout had thoroughly set, a 4-inch thick, 4-foot by 4-foot sloped concrete pad was poured 

around each well casing. A 6-inch external mortar collar was then placed around each 

protective steel casing. The protective steel casing was then brush painted with orange paint 

and identified by placing an inscribed metal plate on top of each locking cap. Additional 

protection was provided by four steel posts set within each corner of the concrete pad. 

B.1.1.3 Well Development Proper well development will remove water, drilling muds, and 

other fluids or materials introduced into the aquifer as a result of borehole drilling 

operations. It also functions to reduce the amount of fine-grained sediment around the 

sand-packed portions of the annulus, which might otherwise clog the well screen, and to 

enhance porosity for free flow in the screened zone. Well development techniques that 

could potentially contaminate or alter the chemistry of the water-producing zones were 
c. 

avoided. Well development equipment was decontaminated prior to use and between wells. 

Prior to development, the static water level was measured and recorded. Field conductivity, 

temperature, and pH were also measured and recorded before, at least twice during, and 

at completion of development to ensure that the development process was complete. 

Depending on the site conditions, well development was completed using either a 2 

or 4-inch submersible pump, a suction lift centrifugal pump, a 3.25 inch PVC bailer or an 

air compressor. All pumps were thoroughly checked and cleaned prior to use. During well 

development, disposable equipment such as polypropalene tubing and rope was not used at 

other well locations in order to prevent cross-contamination between wells. In order to 

ensure complete well development, water was removed throughout the water column by 

periodically changing the position of the pump or bailer during development. In addition, 

the well cap and interior of the well casing were washed with water withdrawn from the well 

during development. A bottom discharging bailer was used to create a surging action to 

help loosen and remove fine grained sediment. In addition, wells were developed until 

,-, 
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- water was clear to the unaided eye and sediment remaining in the well occupies less than 

one percent of the screen length. At a minimum, the standing water volume in the well and 

in the saturated annulus was removed at least five times. In cases where drilling fluids were 

introduced and lost into the well, and additional quantity equal to five times the measured 

volume of lost fluids were removed. Ln several cases, significant fluid loss and slow recharge 

required removal of less than five times the volume of fluids lost during drilling. Well 

development in all cases was continued until pH, conductivity, and temperature 

measurements had stabilized. For each well, a l-pint sample of the last water removed 

during development was captured and retained. The water level in each well was allowed 

to fully recover prior to any purging and groundwater sampling. 

During air development (well 32MW1 only), a polypropalene air hose was inserted 

through a hole in the well cap at the well head. Air was then forced to the bottom of the 

well by means of an air compressor, thereby air-lifting sediments and water to a discharge 

point at the well head. The air compressor was periodically shut off to allow the aerated 

water column to fill back into the screened area and surge the sediments loose within the 
/" 

screen. 

B.1.1.4 Boring and Well Abandonment During the VI program several soil borings were 

abandoned for the following reasons: significant karst solution features made further drilling 

impractical, potential waste or hazardous landfill materials were encountered during drilling, 

drilling refusal was encountered on large boulders or obstructions, or groundwater was not 

encountered to the maximum planned drilling depth. USATHAMA was contacted for 

approval prior to any abandonment. 

Any soil boring in which a well was not installed was sealed upon completion. The 

following procedure details abandonment procedures used. No wells were abandoned with 

PVC in place. 

The boring was sealed by grouting from the bottom of the boring to ground surface, 

or in the case of large karst features by insertion of an inert (PVC) plug to a depth above 

solution features. Abandonment was accomplished by placing a grout pipe at the bottom 



- of the boring (i.e., to the maximum depth drilled) and pumping grout through the pipe until 

undiluted grout flows from the boring at ground surface. After grout placement, any drill 

casinglaugers were removed. 

After 24 hours, the abandoned drilling site was checked for grout settlement. Any 

settlement depression was filled with grout and rechecked 24 hours later. This process was 

repeated until firm grout remained at ground surface. 

Grout was composed by weight of 20 parts cement (Portland cement type 11) to one 

part untreated bentonite powder, with a maximum of 8 gallons of USATHAMA-approved 

water per 94-pound bag of cement. Neither additives nor borehole cuttings were mixed with 

the grout. Bentonite was added after the required amount of cement was mixed with water. 

All grout materials were combined in an aboveground, rigid container and mechanically 

mixed onsite to produce a thick, lump-free mixture. 

B.1.1.5 Field Measurement of Conductivity and DH Field measurements of conductivity, 

temperature, and pH were recorded during well development each time a water sample was 

*A collected, each time an individual well was purged, and again after it was sampled. 

Conductivity and temperature were measured using a Fisher-Porter or equivalent field 

electrical conductivity meter. Measurements were made in the field according to the 

instrument manufacturer's recommendations. Each instrument was checked and calibrated 

before sampling at each location and at the beginning and end of each day using standard 

potassium chloride (KCl) solutions with known conductivity. 

Field meters to be used during sampling--specifically, the pH and specific 

conductance meters--were checked to ensure proper calibration and precision response 

before initiation of the field program. Thermometers were checked against a precision 

thermometer certified by the National Institute of Standards and Technology (NIST; 

formerly National Bureau of Standards). In addition, buffer solutions and standard KC1 

solutions used to field calibrate the pH and conductivity meters were laboratory tested to 

ensure accuracy. The preparation date of standard solutions was clearly marked on each 

of the containers to be taken into the field. A log that documents problems experienced 



*C with the instrument, corrective measures taken, battery replacement dates, dates of use, and 

user was maintained for each meter and thermometer. Appropriate new batteries were 

purchased and kept with the meters to facilitate replacement in the field. 

All equipment to be used during the field sampling was examined to certify that it 

was in operating condition. This included checking the manufacturer's operating manuals 

and the instructions with each instrument to ensure that all maintenance items were being 

observed. Field notes from previous sampling trips were reviewed so that any prior 

equipment problems could be remedied. A spare electrode was sent with each pH meter 

that was used for field measurements. Two thermometers were sent to sampling locations 

where temperature measurements were required. 

B.1.1.6 Phvsical Soil Testing As required by USATHAMA, physical testing of at least 10 

to 20 percent of the soil samples obtained during the field investigation was conducted to 

characterize the encountered soil formations and their hydrogeologic properties. The 

samples selected for testing represented the range and frequency of soil types encountered - within the study areas. At least one physical sample was tested from each completed boring. 

The laboratory tests included determination of particle-size distribution (ASTM D-422) and 

Atterberg limits (ASTM D-4318)' and assignment of classification using the Unified Soil 

Classification System (USCS). 

Particle-size analyses was performed to classlfy the coarser grained soils and to 

correlate with permeability and other properties. These tests included washed sieve analyses 

and percent fines determinations (percent of sample finer than a U.S. No. 200 sieve size). 

Atterberg limits of representative fine-grained soil samples were evaluated to aid in 

classification and correlation to permeability characteristics. Procedures for all tests were 

conducted in accordance with those described in the Annual Book of ASTM Standards, 

Volume 04.08 (formerly Part 19). 

B.1.1.7 Survevinp; After completion of the last well, the newly installed wells were surveyed 

by licensed surveyors to determine location coordinates and vertical elevation. The Virginia 

State Planar Coordinate System was referenced, with locations surveyed to 21 feet. 



P 
Elevations to the top of the wells were reported within k0.01 foot, using the National 

Geodetic Vertical Datum of 1929. 

B. 1.1.8 Containerization. Storage. and Disposal of Field-Generated Wastes Completion of 

the proposed field program resulted in the generation of bore soil cuttings, core drilling 

fluids, well development purge water, and well sampling purge water. Purge water and soil 

cuttings generated from well installation and development of the new monitoring wells and 

from sampling new and existing wells were containerized at the time of removal if 

contamination was apparent at the time of removal or existing data proved that significant 

contamination is present. At the time of purging, the suspected contaminated water was 

placed in 55-gallon drums and then transferred by the drilling subcontractor and Dames & 

Moore to a designated on-post industrial sewer for disposal. R A M  personnel were 

responsible for disposal of soil suspected of contamination. Water from equipment 

decontamination was transferred to an industrial sewer when significant contamination was 

suspected. 

B.2 SAMPLING PROCEDURES 

The following sections describe the field sampling program and sampling procedures 

followed throughout the entire investigation. 

B.2.1 Groundwater Sarn~ling 

A primary consideration in obtaining a representative groundwater sample was to 

guard against mixing the sample with standing, stagnant water in the well casing. In a 

nonpumping well, there will be little or no vertical mixing of the volume of water above the 

screened interval, and stratification may occur. Such stagnant water may contain foreign or 

degraded material, resulting in unrepresentative sample and misleading chemical data. 

Therefore, purging of wells was necessary prior to sample collection. 

The following procedures were used when collecting groundwater samples from all 

monitoring wells: 



Sampling began no sooner than 14 days after well development had been 

completed. All equipment used to purge wells and collect samples was 

protected from ground surface contact and contamination by use of clean 

plastic sheeting. Sampling efforts minimized the possibility of windblown 

particles contaminating the sample or sample equipment. 

Groundwater elevations in each well were measured and recorded prior to 

purging and sampling. 

Where appropriate, monitoring wells were purged using either a Cinch or 2- 

inch submersible pump, or suction lift surface pumps. The pumps were 

thoroughly checked to ensure that all seals were in good conditions, and were 

cleaned prior to use. Transfer tubing (polypipe) was not re-used at other well 

sites; this prevented contamination from other sample locations. 

Where recharge rate permitted, the well was purged by an appropriate pump 

or bailer to remove five times the volume of the standing water in the well 

and saturated annulus. Water levels were allowed to recover to a volume 

sufficient for sample collection prior to sample withdrawal. 

Where recharge rates did not permit the purging of five times the volume of 

the standing water in the well and saturated annulus, the following procedures 

were followed after USATHAMA approval to ensure adequate purging. The 

well was bailed dry. After one hour, the water level was checked and if the 

well did not recharge 90% or more, then an additional hour was allowed for 

recharge of the well. After 2 hours total elapsed time, the well was bailed dry 

for a second time. The well was allowed to recharge for an additional 2 

hours, the well was bailed dry for a third time. Water levels were then 

allowed to recover to a volume sufficient for sample collection (approximately 

2 hours), and the sample was taken. 

Alconox detergent was used as a cleaning agent on 3-inch PVC bailers which 

were used to purge Cinch monitoring wells that had poor recovery. After 
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washing the PVC bailer with Alconox, the bailer was rinsed with water from 

the approved source and dried with a paper towel. 

Before, during, and after purging the well, a sample was collected for the field 

determination of pH, conductivity and temperature. 

When purging of the well was completed, all equipment used to purge the 

well was decontaminated except for disposable items such as plastic sheeting 

and polypipe, which were placed in trash bags. 

At each well, the sample was collected with a bailer dedicated to that well. 

All other sampling equipment was rinsed with approved water between wells 

to prevent cross contamination. 

Sample containers and caps were triple-rinsed with the water being sampled. 

The samples were collected so as to minimize aeration as water enters the 

bottle. Sample containers of appropriate volume and construction were 

prepared by the laboratory to ensure the collection of sufficient volumes for 

all specified analyses. 

Bailed and collected samples for volatile, total organic carbon, and total 

organic halogen analysis were placed in screw-cap, septum-top vials, filled so 

that there were no air bubbles present to allow volatilization. These samples 

were not filtered. 

Hydrochloric acid was added in the field as a preservative to yield a pH <2  

for volatile organic compounds analysis. 

Sulfuric acid was added in the field as a preservative to yield a pH < 2 for the 

total organic carbon analysis. 

1 ml of sodium sulfite was added in the field as a preservative for the total 

organic halogen analysis. 



Bailed and collected samples for metals analysis were placed in screw-cap, 

plastic cubitainers. These samples were filtered in the field using a peristaltic 

pump and a 0.45 micron filter. Occasionally, both fltered and unfiltered 

samples were submitted for analysis. 

Nitric acid was added in the field as a preservative to yield a pH < 2  for the 

metals analysis. 

Bailed and collected samples for total phenols, phosphates, nitrates, and 

nitrites were placed in screw-cap, plastic cubitainers and glass jars. These 

samples were not filtered. 

Sulfuric acid was added in the field as a preservative to yield a pH < 2 for the 

total phenols, phosphates, nitrates and nitrites analyses. 

Bailed and collected samples for explosives, nitroglycerin, nitroguaradine, 

semi-volatiles, pH, chlorine, and sulfates were placed in screw-cap glass jars 

or in a screw-cap, plastic cubitainer. These samples were not filtered, nor was 

acid added as a preservative. 

Sample containers were labeled with appropriate identifying information 

(location, date, time, condition, etc.), and each sample logged in a field 

notebook at the time of collection. Labeling and logbook information 

requirements specified in the field sampling program were met. 

All sample containers were transferred to a temperature-controlled chest, 

maintained at a temperature of 4"C, and delivered to the laboratory in 

sufficient time so that specified holding times were not exceeded. 

Appropriate safety precautions were followed during sampling to guard 

against anticipated physical and environmental hazards of toxic materials. 

Details were specified in the Site-Specific Health and Safety Plan. 



- 
B.2.2 Surface Water Sampling 

Surface water samples were collected during the M field investigation from ponds, 

streams, and springs on RAAP. Samples were analyzed for one or more of the following: 

VOCs, explosives, semi-volatiles, metals, TOC, TOX, pH, Cl, SO,, PO,, NO,, NG and NQ. 

The following procedures were used when collecting surface water samples: 

Before sampling, equipment was rinsed downflow or away from the sampling 

point, with care taken not to disturb sediments at the sampling point. After 

sampling each location, the equipment was decontaminated using approved 

water. 

Samples for volatiles, TOC, and TOX were placed in septum-sealed vials, and 

filled so that there were no bubbles present to allow volatilization. These 

samples were not filtered. 

Samples for explosives, NG, NQ, and semi-volatiles were placed in one liter 

glass jars. These samples were not filtered. 

Samples for metals, pH, C1, SO,, PO,, NO, and NO, were placed in one liter 

plastic cubitainers. These samples were not filtered. 

The sample bottles and caps were triple-rinsed with the water being sampled 

before filling the bottle with the sample to be analyzed. 

Hydrochloric acid was added in the field as a preservation to yield a pH <2 

for the volatile analysis. 

Nitric acid was added in the field as a preservation to yield a pH <2 for the 

metals analysis. 

Sulfuric acid was added in the field as a preservation to yield a pH <2 for the 

TOC, PO,, NO,, and NO, analyses. 



All sample containers were transferred to a temperature-controlled chest 

(kept at a temperature of 4OC) and delivered to the laboratory in sufficient 

time so that specified holding times were not exceeded. 

B.2.3 Soil and Sediment Sam~ling 

The following procedures were used when collecting soil and sediment samples: 

Sediment samples were collected to a depth of approximately 12 inches 

beneath the sediment-water interface, whenever possible. Samples were 

collected with a shovel or other hand-operated sampler. In sampling, care 

was taken to collect and retain the "fines," which often contain the highest 

concentrations of chemical deposits. 

Near surface soil samples were collected from 0 to 1 foot below ground 

surface. Hand augers were used to collect samples to depths of 5 feet when 

drilling rigs were not utilized. Unless indicated otherwise, all soil samples 

were taken from discrete locations. Composite sampling was performed at 

some SWMUs to cover a larger geographic area in sampling and 

simultaneously reduce the analytical program. Similar sample volumes from 

composite locations were, upon collection, placed in an appropriately large 

container. The sample was then homogenized by mixing with a stainless-steel 

utensil and submitting for analysis. At soil sampling location where analysis 

for VOCs was necessary, samples were not composited. A discrete VOC 

sample was collected for each composite location. 

Soil sampling equipment (stainless steel hand augers, shovel, stainless steel 

bowls and spoons) were washed between samples with Alconox detergent, 

rinsed with approved water, and dried with paper towels to prevent cross- 

contamination. 

All equipment used to collect soil and sediment samples was protected from 

ground contact and contamination by use of clean plastic sheeting. 



Only stainless steel spoons and bowls were used for transfer of soil prior to 

placement in sample jars. 

Samples were marked with identifying information and logged in the field 

notebook. Identifying information on the labels of all sample bottles included 

source/sampling location, date and time sample was taken, identity of 

sampler, and pararneter(s) to be analyzed. 

• All sample containers were transferred to a temperature-controlled chest 

(kept at a temperature of 4°C) and delivered to the laboratory in sufficient 

time so that specified holding times were not exceeded. 

Appropriate precautions, as detailed in the Site-Specific Health and Safety 

Plan, were observed during sampling. Specified procedures were used to 

guard against anticipated physical and enviro~lental hazards. 

B.2.4 Sudge Sarnplinq 

The following procedures were used when collecting sludge samples. 

• Sludge sampling equipment (stainless steel hand auger bucket with a 

disposable plastic bottom lining, stainless steel hand auger, and stainless steel 

bowls and spoons) were washed between samples with approved water and 

dried with a paper towel to prevent cross-contamination. 

All equipment used to collect sludge samples was protected from ground 

contact and contamination by use of clean plastic sheeting. 

Sludge samples from SWMUs 8, 9, and 39 were collected by dragging a 

stainless steel cup or hand auger bucket with a disposal plastic bottom along 

the bottom of the sampling area with nylon cord. All other sludge samples 

were collected by using a stainless steel hand auger or spoon. A stainless 

steel bowl was used for transfer of sludge prior to placement in sample jars. 

Samples were marked with identifying information and logged in the field 

notebook. Identifying information on the labels of all sample bottles included 



source/sampling location, date and time sample was taken, identity of 

sampler, and parameter(s) to be analyzed. 

All sample containers were transferred to a temperature controlled chest 

(kept at a temperature of 4°C) and delivered to a laboratory in sufficient time 

so that specified holding times were not exceeded. 

Appropriate precautions, as detailed in the Site-Specific Health and Safety 

Plan, were observed during sampling. Specified procedures were used to 

guard against anticipated physical and environmental hazards. 
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Test Name (Analyte) 8.24 

ELEMENT IS USED IN THE FOLLOWING IR RECORDS AND DATA BASE TABLES: 

ELEMENT SIZE AND CHARACTERISTICS: 

6 alphanumeric characters, left jusdfied 

ELEMENT DESCRIPTION: 

Code to idendfy the analyte or parameter being measured. 

ACCEPTABLE CRITERIA: 

Requked on all chemical and radiological records 
Must match one of the acceptable codes Listed below 
For unknowns, must be within the range of UNKOOl through UNK999 
Lab must be c e d e d  for the specific Test Name except when one of the following 
condirions exists: 

Method is "99', non-USATHAMA approved or semiquantitarive screening 
Method is "OO', which is valid for the following Test Names: 

AClDlT 
ALK 
ALKBIC 
ALKCAR 
ALKIiYD 
ALKPHE 
ALPHAC 
AMOS 
ANPHO 
ASBEsf 
B ETAC 
BOD 
CHARD 
CHRYS 
COD 
COLl 
COLOR 
COND 

CORRTY 
CROCO 
DO 
DOC 
EPTOX 
FIBCLS 
FLASH 
FSTREP 
HARD 
lCNlT 
MlNWOL 
ODOR 
OILCR 
ORCFlB 
P m n c  
PH 
REACN 
RESIST 

SALINE 
SALlNl 
SSOL 
TASTE 
ms 
TEMP 
TOC 
TOTASH 
TOX 
TF'HAVC 
TF'HC 
TPHDSL 
TF'HCAS 
'IREACT 
TSOLID 
TS S 
TURBID 

13 March 1982 8.24-1 

8.24 Test Name (Analyte) 

NOTE: For unknown compounds, use the code " U N W  where " X K  represents 
the number assigned by the field lab to the unknowns from 001 chru 999. The numbers are 
full field, so "unknown one" would be expressed as "UNK001" with the zeros included. The 
description of what "UNK001" represents will be defmed in the contracror's repons and other 
documentation and be consistent within the same installadon. Therefore "UNK001' can onlv 

11 represent one unique unknown for each installation. 
' 1 

LI - 

ACCEPTABLE ENTRIES: 

Chemlcal and Radloloalcal _Data: -- 

(Sorted alphabetically by Test-Name code) 

OlNtICL 
1 OCUDM 
lOMEOH 
lOMUDM 
IOOEME 
l l lTCE 
llZTCE 
113MCH 
l lClPE 
IlClPN 
1 lDCE 
llDCLE 
llDCPE 
11DMEB 
llDPH 
llMCPE 
1234MB 
123CPR 
123MCH 
123PDA 
123TCB 
123TMB 
124MCH 
124TCB 
124TMB 
12DB3C 
12DBD4 
12DBRE 
12DCD4 

0.1N Hydrochloric acid 
10-Cyclopentylundecanoic acid, methyl ester 
10% Methanol 
10-Methylundecanoic acid, methyl ester 
10-Ocradecenoic acid, methyl ester 
1 , l  .l -Trichloroethane 
1,1,2-Trichloroethane 
1,1,3-Trimethylcyclohexane 
1, l  -Dichloro-1-propene 
1.1 -Dichloropropane 
1,l-Dicldoroethylene / 1,l-Dichloroethene 
1.1 -Dichloroethane 
1,l-Dichloropropene 
(1,l-Dimethylethyl) benzene 
1,l-Diphenylhydrazine 
1.1-Dimethylcyclopentane 
1.2,3,4-Tetramethylbenzene 
1,2,3-Mchloropropane 
1,2,3-Trimethylcyclohexane 
1,2.3-Propanetriol diacetate 
1,2.3-Trichlorobenzene 
1,2,3-Trimethylbenzene 
1,2,4-Trimethylcyclohexane 
1.2.4-Trichlorobenzene 
1.2,4-Trimethylbenzene 
1 -2-Dibromo-3-chloropropane 
1,2-Dichlorohenzene-D4 
1.2-Dibromoethane / Ethyl dibromide 
1,2-Dichloroethane-D4 

8.24-2 13 March 1992 



Test  Name (Analyte) 8.24 8.24 T e s t  Name (Analyte) 

ACCEPTABLE ENTRIES: (Cont.) 

1,2-Dichloroethenes / 1,2-Dicl~loroethylenes f& and isomers) 
1,2-Dichlorobenzene 
1,2-Dichloroethane 
1,2-Dichloropropane 
1,2-Dichloropropene, total 
1.2-Dimethylbenzene / o-Xylene 
1,2-Dimethylnaphthalene 
1,2-Diphenylbemene 
1,2-Diphenylhydrazine 
Cyclohexene oxide / 1,2-Epoxycyclohexene 
1.2-Epoxyethylbemene / Styrene oxide 
1.2-Dimethylcyclopentane 
12-Methyltetradecanoic acid, methyl esrer 
1.1,2,2-Te~amethylcyclopropane 
1.3.5-Trimethylcyclohexane 
1.3,s-Trimethylbenzene 
1,3,5-Trinitrobemene 
1,3-Butadiene 
1.3-Cyclopentadione 
1.3-Dichlorobemene-D4 
l,3-Dichlorobenzene 
1,3-Dichloropropane 
1,3-Dichloropropene 
1,3-Diethylbemene 
1,3-Dfluorobemene 
1,3-Dimethylbenzene / m-Xylene 
(1.3-Dimethylbutyl) benzene 
1,3-Dimethylcycloheme 
1,3-Dimethylnaphthalene 
1.3-Dinitrobenzene 
1.1'-(1,3-Propanediyl) bk[bentene] / 1,3-Diphenylpropane 
1,3-Dihydro-2H-indol-2-one 
1.3-Dimethylcyclopentane 
13-Teuarlecynoic acid, methyl ester 
1,4-Dimethyl-2-ethylbenzene 
1.4-Diacetylbemene 
1,4-Dichlorobemene-D4 
1,4-Dichlorobutane 
1.4-Dichlorobenzene 
1,4-Difluorobenzene 
l,+Dioxane 

13 March 1992 8.24-3 

ACCEPTABLE ENTRIES: (Cont.) 

14DMB 
14DMCH 
14DMNP 
14DMXA 
14DNB 
14HXDE 
14MPME 
ISDNAP 
15MHME 
167TMN 
16DMIN 
16DNAP 
I6MHME 
17PTCE 
l8DNAP 
18018D 
lA3MPZ 
1A4HMB 
1BY4HB 
1C3L 
1C4L 
lCDMPZ 
1CH 
1CL24H 
lCLODC 
lCNAP 
IDQDCL 
1E2 IDB 
IEL.UB 
1 *:I IB 
lEHlND 
lEPB 
1 FNAP 
lHPDOL 
lHX30L 
1 HXE 
1 M2PEC 
1M7MEN 
1 MBAAN 
IMCPNE 
lMDB 

1,4-Dimethylbenzene / p-Xylene 
1,4-Dimethylcyclohexane 
1.4-Dihydro-1,4-methanonaphthalene 
1.4-Dimerhoxyanthracene 
1,4-Diniuobenzene 
1,4-Hexadiene 
14-Methylpenradecanic acid, methyl ester 
1,s-Dimethylnaphthalene 
15-hlethyUlexadecanoic acid, methyl ester 
1,6,7-Trimethylnaphthalene 
1,6-Dimethylindan 
1,6-Dimethylnaphthalene 
16-Methylheptadecanoic acid, methyl ester 
17-Pentaniacontene 
1,8-Dimethylnaphthalene 
1,2,3,4,4&5,8,8A-Octahydro- 1,4,5,8-dimethmol-naphthalen-2-01 
1 -Aceryl-3-methyl-5-pyrnzolone 
1-Acetyl-4-(1-hydroxy-1-methylethyl) benzene 
1-Benzyl-4-hydroxybemimidazole 
1-Propanol 
1 -Buran01 
1 -Carbamoyl-3,s-dimethyl-2-pyrazoline 
1 -Cldorohexane 
1 -Chloro-2,4-hexadiene 
1 -Chlorooctadecane 
I-Chloronaphthalene 
1-Dodecanol 
I-Ethyl-2.4-dimethylbenzene 
1-Ethyl-2-methylbenzene 
1 -Etllylhe.xylbenzene 
1-Ethylidene-1H-indene 
1-Ethylpropylbenzene 
1 -Fluoronaphthalene 
1-Heptadecanol 
1-Hexen-3-01 
1-Hexene 
1-Methyl-2-(2-propenyl) cyclopentane 
1-Merhyl-7-(1-methylethyl) naphthalene 
I-Methylbenz (A) anduacene 
1-Methylcyclopentene 
1-Methyldecylbenzene 
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Test N a m e  (Analyte) 8.24 

ACCEPTABLE ENTRIES: (Cont.) 

IMECHX 
lMECPR 
lMElND 
1 MFLRE 
1 MNAP 
lMNB 
lMPRB 
lMPYR 
lMXlPE 
lN2ONE 
1 NAPA 
lNHP 
lNKCL 
lNPN 
l0CTOL 
lPECHX 
IPNAP 
1 TBCHA 
21ODMU 
2255CB 
225TCB 
226TMO 
22DCP 
22DMC4 
2345CB 
2346CP 
2356CP 
235TCP 
235TMD 
236TMN 
237TMO 
23ClPE 
23D2HL 
23DCW 
23DMC4 
23DMC5 
23DMP 
23DNAP 
Z T~MP 
24SPCB 
245T 

I -Methylethylcyclohexane 
1-Methylethylcyclopropane 
1-Methylindan 
1-Med~yl-9H-fluorene 
1-Methylnapl~thalene 
1-Methylnonylbenzene 
(1 -Methylpropyl) benzene 
1-Methylpyrene 
1 -Methoxy-1-propene 
I-Nitro-2-octanone 
1-Naphthylamine 
1-Nitroheptane 
1.oN Potassium chloride solution 
1-Nitropropane 
1-Octanol 
I-Propenylcyclohexane 
I-Phenylnaphthalene 
1-1-Burylcyclohexanecarboxytic add 
2,lO-Dimethylundecane 
2,2',5,S'-Teuachlorobiphenyl 
2,2',5-Trichlorobiphenyl 
2,2,6-Trimethyloctane 
2,2-Dichloropropane 
2,2-Dimethylbutane 
2,3,4,5-~euachlorobiphenyl 
2,3,4,6-Teuachlorophenol 
2.3,5,6-Teuachlorophenol 
2,3,5-TrichlorophenoI 
2,3.5-Trimethyldecane 
2,3,6-Trimethylnaphrhalene 
2,3.7-Trimethyloctane 
2,3-Dichloro- 1-propene 
2,3-Dimethyl-2-hexanol 
2,3-Dichlorophenol 
2,3-Dimethylbutane 
2,3-Dimethylpentane 
2.3-Dimethylphenol 
2,3-Dimentl~ylnaphthalene 
2,2,3,3-Tenamethylpentane 
2,2'4,5,5'-Pentachlorobiphenyl 
2,4,5-Tricl~lorophenoxyacetic acid 

13 March 1992 
8.24-5 

8.24 Test Name (Analyte) 

A C C E P T A B L E  ENTRIES: (Cont.) 

2,4,5-Trichlorophenol 
2-(2.4,s-Trichlorophenoxy) Propionic Acid 
2.4.6-Trimerhylpyridine 
2,4,6-Tribromophenol 
2.4,6-Trichloroaniline 
2.4.6-Trichlorophenol 
2.4.6-Trimethyloctane 
2,4,6-TrinimophenoI / Picric acid 
2,4,6-Trinimoresorcinol / Sryphnic acid 
2,4.6-Triniootoluene / alpha-Trinitrotoluene 
2,2,4.4.7,7-Hexamethyloctahydro-1H-indene 
2,4,7-Trimethyloctane 
2,4-Dichlorophenoxyacedc acid / 2,4-D 
4-/2,4-Dichlorophenoxy)buty~ic acid / 2,4-DB 
2,4'-Dichlorobiphenyl 
2,4-Dichlorophenol 
2,4-Dimethylpentane 
2.4-Dimechyldecane 
2.4-Dimethylhexane 
2.4-Dimethylphenol 
2,4-Diniuophenol 
2,4-Diniuotoluene 
2,4-Dimethyl-2-pentanol 
2,4-Dinimophenol-D3 
2,2.4-Trimethyl-1,3-penranediol 
2.5.6-Trimethyldecane ' 

2.5-Cyclohexadien-1.4-dione 
2.5-Dichlorophenol 
2.5-Dimethylphenol 
2,s-Dimethylphenanthrene 
2,s-Dimethyltetrahydrofuran 
2.5-Diethylteuahydrohan 
2,2'.3,4,5,S'.6-Heptachlorobiphenyl 
2,2'.3,4,5,S-Hexachlorobiphenyl 
2,2',3,3',4.4',5,5'-Octachlorobiphenyl 
2,6,11-Trimethyldodecane 
2,6-Di-tea-buryl-4-methylphenol/ 2,6-Di-ten-buryl-4-cresol 
2,6-Dichlorophenol 
2,6-Dimethyloctane 
2,6-Dimetl1ylpl1enol 
2,6-Dimetl1yls1y1ene 
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Test Name (Analyte) 8.24 

ACCEPTABLE ENTRIES: (Cont.) 

2.6-Dimethylundecane 
2,6-Dinitroaniline 
2,6-Dinitrotoluene 
2,2'.3.4,4',5.6-Heptachlorobiphenyl 
2,7.Dimethyloctane 
2.7-Dimethylnaphthalene 
2,9-Dimethylundecane 
2-Amino-4,6-dininoaniline 
2-Amino-4,6-diniuotoluene 
2-Amino-4-nitrotoluene 
2-Acetylaminofluorene 
2-Bromo-1-chloropropane 
2-Butyl-I-octanol 
2-(t-butyl)4-methylfuran 
2-(2-N-Butoxyethoxy) ethanol 
2,2-BL(ethyhercapto) diethyl ether 
2,2-BL(methyhercapto) propane 
2-Butyl-N-methylnorleucine. methyl ester 
2-Bromohexanoic acid 
2-Butyltetrahydrofuran 
2-Butoxyethanol 
2-Butene 
2-Chloro-6-methoxy-10H-phenothiahe 
2-Heptanone / Methylpentyl ketone 
o-Chlorobenzylidine m a l o n o ~ d e  
2-(2-Cyanoethyl) cyclohexanone 
2-Cyclohexyl-4,6-diniuophenol 
2-Cyclopentene-1-hendecanoic acid, ethyl ester 
2-Cyclohexen-1-01 
2-Cyclohexen-1-one 
2-Chlorobiphenyl 
(2-Chloroethoxy) ethene / 2-Chloroethylvinyl ether 
2-Chlorophenol 
2-Chlorophenol-D4 
2-Chlororoluene 
2-(Cyanomethyl) cyclohexanone 
2-CNoronaphthalene 
2,2-Dimethylpentane 
2-Ethyl-I-hcxanol 
2-Ethyl-2-hydroxymethyl-1, 3-propanediol 
2-Ethyl-4-methyl-1-pentanol 

8.24 Test Name IAnalvte) 

ACCEPTABLE ENTRIES: (Cont.) 

2-Ethylhexanoic acid 
2-Ethylcyclobutanol 
2-Ethylphenol 
2-Fluorobiphenyl 
2-Fluoronapl~rhalene 
2-Fluoropl~enol 
2-Hydroxyburanedioic acid, dimethyl ester 
2-tlydroxybenzaldehyde / Salicylaldehyde 
2-Hendecanol / 2-Undecanol 
2-llydroxybiphe~~yl 
2-Methyl-1 -dodecanol 
2-Methyl-1 -pentene 
2-Methyl-2,4-pentanediol 
2-Methyl-2-butenediamide 
2-Methyl-2-propanol / ten-Butanol 
2-Methyl-2-hydroxy-3-butyne 
2-Methyl-3-hexene 
2-Methyl-3-pentanone 
2-~ethylbenzyl alcohol 
2-Methylpropane / lsobutane 
2-Methylbutane / lsopentane 
2-Methylhexane / lsoheptane 
2-Methylheptane / lsooctane 
2-Methylcyclopentanone 
2-Methylcyclopentanol 
2-Methyldecane 
2-Methyldodecane 
2-(1-Methylethyl) naphthalene 
2-Methyloctadecanoic acid 
2-Merl~ylpentane 
2-Methyl-5-(1-metl1ylethyl)-2-cyclohexen-l-one 
2-Methylnaphthalene 
2-Methylphenol / 2-Cresol / o-Cresol 
2-lsoburyric acid 
2-Methylpropanoic acid. 3-hydroxy-2,4,4-bimethyl-1.3-propanediyl ester 
2-Methylpropanoic acid, methyl ester 
2-Methyl-2-propenoic acid, 1.2-ethanediyl ester 
2-Methylpyrene 
2-Methyltenadecane 
2-Merhylteuahydrofuran 
2-Methylthio-4-hydroxyp@dine 
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T e s t  N a m e  (Analvtel 8.24 

ACCEPTABLE ENTRIES: (Cont.) 

2-Methoxy-1-propene 
2-(2-Methoxyethoxy) ethanol / Diethylenegylcol monomethyl ether 
2-Methoxy-2-methylpropane / ten-Butylmethyl ether 
2.Methoxy-2,3,3-nimethylbutane 
3-Mechyl-2-~trophenol / 2-Nino-m-cresol 
2-Nitroaniline 
2-Naphthylarnine 
2-Niaobenzalazine 
2.ON Potassium chloride solution 
2-Nitro-N-~trosodiphenylamine 
2-Nonadecanone 
2-Nitrophenol 
2-Niuopropane 
2-Nitrotoluene 
2,2-Oxybis[ethanol] (obsolete - use DEGLYC) 
2-Phenylethanol 
2-Phenoxyethanol 
2-Picoline 
2-Phenylnaphthalene 
2-Propanol 
2-(2-Phenoxyethoxy) ethanol 
2-Propyn-1-01 
2-sec-Butyl-4.6-diniuophenol 
1,1,1,2-Teuachloroethane 
2,6,10,14-Teuamethylheptadecane 
2,6,10,14-Teaamethylpentadecane 
3.3'-Dichlorobenzidine 

13 March is92 8.24-9 

8.24 T e s t  N a m e  (Analyte) 

ACCEPTABLE ENTRIES: (Cor~l . )  

3,5-Dinitrophenol 
3,s-Dinitrotoluene 
3,s-Dimethyl.3-hexanol 
3,6-Dichlorofluoren-9-one 
3,b-Dimethyloctane 
3,4,5,6-Teuamethylphenanthre~~e 
3,7-Dimethylnonane 

'3,8-Dimerl~ylundecane 
3-Butenylpentyl ether 
3-Chloro-1-propene / Allyl chloride 
3-Cyclohexyldecane 
3-Chlorophenol 
3-Chloroptopio~tde  
3-Chlorotoluene 
3-(Chloromethyl) cyclohexene 
3,s-Dimethyl-2-cyclohexen-I-one 
3-Ethyl-2,2-dimethylpentane / 3-(t-Buty1)-pentane 
3-Ethyl-2.5-dimethyl-3-hexene 
3.4-Epoxy-3-ethyl-2-butanone 
3-Ethyl-5-(2-ethylbutyl) octadecane 
3-Ethyl-l,4-hexadiene 
3-Erhylphenol 
3- (Hydroxymethy1)-4.4-dimethylpentanal 
3-Hydroxy-2,7-dimethyl-4-[3H]-pteridinone 
3-Hexen-2-one 
3-Hydroxybenzaldehyde 
3-Methyl-1-pentanol 
3-Me~hoxy-2-cyclopenten- 1 -one 
3-Metl~yl-2-pentene 
3-Methyl-2-cyclohexen-1-one 
3-Methyl-2-hexanol 
3-Methyl-5-propylnonane 
3-Methylbiphenyl 
3-Methyll~exane 
3-Methylcholanthrene 
3-Methylchrysene 
3-Methyldecane 
3-Methylpentane 
3-Methylphenol / 3-Cresol / m-Cresol 
3-Merhylpl~rnar~d~rene 
3-fvlethylundecane 
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Test N a m e  (Analyte) 8.24 

ACCEPTABLE ENTRIES: (Cont.) 

3-Methoxyimidazole 
3-Methoxyroluene 
3-Niuoaniline 
3-Ninoroluene 
3-Octanol 
3-0x0-3-phenylpropanoic acid, ethyl esrer 
3-Phenylpropanoyl chloride/Hydrocinnamyl chloride 
3-Propylroluene 
(3beta)-Stigmasr-5-en-3-ol 
3-(1-Butyl) pl~enol 
3,5,5-Trimethyl-2-cyclohexen-I-one 
4-(1-Methylethyl) heprane 
4,4'-Dichlorobenzophenone 
4,4-Difluorobenzophenone 
4,4-Dimethyl-2-pentene 
4,4-Dimethylundecane 
4,6.8-Trimethyl-1-nonene 
2-p ethyl-4,6-diniuophenol/ 4.6-Diniuo-2-cresol 
4,7-Dimcthylundecane 
4,8-Dimethylhendecane 
4-Amino-2-ni~otoluene 
4-Amino-3,s-diniuoroluene 
4-Aminobiphenyl 
4-Acetyhorpholine 
4-Buroxy-3-penten-2-one 
4-Bromofluorobenzene 
4-Bromophenylphenyl ether 
4-Chloro-3-me~hyl-1-burene 
4-Chloroai~iline 
4-Chlorocyclohexanol 
2-Methyl-4-chlorophenol / 4-Chloro-2-cresol 
3-Methyl-4-chlorophenol / 4-Chloro-m-cresol / 4-Chloro-3-cresol/ 

4-Chloro-3-merhylphenol 
4-Chlorophenylphenyl ether 
4-Cl~lorotoluene 
4.4-Dimethyl-2-pentanol 
4-Ethyl-2-methylhexane 
4-Ethyl-2-ocrene 
4.Ethyl-2.2.6.6-~eaamethyU~eprane 
4-Fluoroadine 
4-Fluorotoluene 

8.24 T e s t  N a m e  IAnalvte) 

ACCEPTABLE ENTRIES: (Cont.) 

4H35BA 
4H3MBA 
4HAZOB 
4HYBA 
410MQU 
4M2PNO 
4M2PPL 
4MBP 
4MBSA 
4MC7 
4MDBFU 
4MENPA 
4MFLRE 
4MMBHE 
4MP 
4MPANR 
4MPYR 
4MXCHL 
4 MXP 
4NANIL 
4NP 
4NT 
4TBU2C 
4TOP 
50H50A 
50MSOA 
SOWMAN 
5CL2C 
5E2MHP 
5ESMD 
5M2HXO 
5MSHAL 
5N20L 
SNOTOL 
5PTRID 
6CL3C 
6E6MFV 
6M3HPL 
6MDOD 
6MEPUR 
6MTRlD 

4-Hydroxy-3,s-dimethoxybenzaldehyde 
4-Hydroxy-3-methoxybenzaldehyde / Vanillin 
4-Hydroxyazobenzene 
4-Hydroxybenzaldehyde 
4-lodome~hylquinuctidine 
4-Med~yl-2-pentanone 
4-Methyl-2-propyl-1-pentanol 
4-Methylbiphenyl 
4-Methylbenzene sulfonamide 
4-Merhylheprane 
4-Methyldibenzofuran 
4-(I -Methylethyl)-N-phenylaniline 
4-Methyl-9H-fluorene 
4-Methyl-l-(l-melhylelhyl)-bicyclo[3.1.0lhex-2-ene 
4-Med~ylphenol/ 4-Cresol / p-Cresol 
4-Methylphenanthrene 
4-Merhylpyrene 
4-Methoxycydohexanol 
4-Methoxyphenol 
4-Nitroaniline 
4-Niuophenol 
4-Nirroroluene 
2-Methyl-4-(r-butyl) phenol / Cr-Buryl-2-aesol 
4-r-Octylphenol 
50% Hexane - 50% acetone 
50% Methylene chloride - 50% acetone 
50% Water - 25% Methanol - 25% acetonitxile 
5-Chloro~o-cresol / 2-Merhyl-5-chlorophenol 
5-Ethyl-2-methylheptane 
5-Ethyl-5-methyldecane 
5-Methyl-2-hexanone 
5-Methyl-5-hydroxyhexanoic acid lactone 
5-Norboren-2-01 
5-Nino-o-toluidine 
5-Ptopylnidccane 
3-Methyl.6-chlorophenol / 6-Chloro-3-cresol 
6-Ethyl-6-merhylfulvene 
6-Methyl-3-hepranol 
6-Merhyldodecane 
6-hlethylpurine 
6-Methyltridecane 

-- 
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Tes t  Name  (Analyte) 8.24 

ACCEPTABLE ENTRIES: (Cont.) 

6TBU2C 2-Methyl-6-(t-buryl) phenol / 6-t-Butyl-2-cresol 
712DMA 7,12-Dimethylbenz[Alanthracene 
7MTRID 7-Methyhidecane 
8MNNDL 8-Methyl-l,8-nonanediol 
9FLENO 9-Fluorenone 
9HFLRE 9H-Fluoren-9-one 
9MBAAN 9-Methylbenz[A]anthracene 
9MXANT 9-Methoxyanthracene 
AACHXE Acetic acid, cyclohexyl ester 
AADMP alpha ,alpha-Dimethylphenrd~ylatninc 
ABHC alpha-Bcnzenehexachloride / alpha-Hcxachlorocyclohexane 
AC Hydrogen cyanide / Hydrocyanic acid 
AC228 Acdnium 228 
ACDHMW Acids m g h  molecular weight) 
ACET Acetone 
ACHE Andcholinesterase 
AClDlT Acidity 
ACLDAN alpha-Chlordane 
ACHLOR alpha-Chlordane (obsolete-use ACLDAN) 
ACNDlO ' Acenaphthene-Dl0 
ACPHN Acetophenone 
ACROLN Acrolein 
ACRYI.0 Acryloniaile 
ADHP A ~ ~ O N U ~  dihydrogcn phosphate 
AENSLF alpha-Endosulfan / Endosulfan I 
AG Silver 
AGllOM Silver 110 (metastable) 
AL Aluminum 
ALACL Alachlor 
AIAL Aliphatic alcohols 
ALDEHY Aldehydes 
ALDl Aldicarb / 2-Methyl-2-(methylthio)propanalO-[(methylamino)carbonyll 

oxime 
ALDRN Aldrin 
ALHC Aliphatic hydrocarbon3 
ALHMW Alcohols (high molecular weight) 
ALK Alkalinity 
WIG Alkalinity - bicarbonate 
ALKCAR Alkali~ry - carbonate 
ALKIMI Alkalinity - hydroxide 
ALKN Akanes 
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8.24 T e s t  Name (Analvte) 

ACCEPTABLE ENTRIES: (Cont.) 

ALKPHE 
ALPCF 
ALPGL 
ALPCLA 
ALPGLW 
ALPIIAC 
ALPHPN 
ALnoL 
AM24 1 
AMCARB 
rWCD 
AMINCR 
AMOS 
ANAPNE 
A N m n  
ANELNT 
ANlL 
ANPHO 
ANTRC 
ANTRCN 
ANTRQU 
ARAMT 
AS 
ASBEST 
A S m  
M O T  
ATNBA 
ATNT 
AT2 
AU 
AYLETH 
AZACN 
AZM 
B 
BZCEXM 
B2CIPE 
B2CLEE 
B2EHP 
BA 
BA140 
BAANTR 

Akaliniry - phenolphthalein 
Alpha gross-field 
Alpha gross-lab 
Alpha gross-soluble acid fraction 
Npha gross-soluble water fraction 
Alpha gross 
alpha-Pinene 
Ally1 alcohol 
Americium 241 
Aminocarb 
Aminoguanidine 
4-(Dimethylamino)-3-med1ylpheno!.methyl-cbamate / Mexacarbate 
Amosire asbestos 
Acenaphthene 
Acenaphthylene 
Anion elutent 
Aniline 
AnthophyUite asbestos 
Anrhracene 
9-Anthracenecarboninile 
9.10-Anthracenedione / Athraquinone 
Aramite 
Arsenic 
Asbestos 
Arsenic extractable 
Arsenic total 
2,4,6-Triniuobenzaldehyde 
alpha-Trinitrotoluene (obsolete - use 246lNTJ 
Amazine 
Cold 
Ally1 ether 
Azacylononane 
Azinphos methyl 
Boron 
Bis (2-chloroethoxy) methane 
Bis (2-chloroisopropyl) ether 
Bis (2-chloroethyl) ether 
Bis (2-ethylhexyl) phthdate 
Barium 
Barium-140 
Benzo[Alanthracene 
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Test Name (Analyte) 8.24 Test Name (Analyte) 

ACCEPTABLE ENTRIES: (Cont.) 

BAC 
BAHXE 
BAPYR 
BARBAN 
BBFANT 
BBFLRE 
BBHC 
BBNFN 
BBNTHP 
BBZP 
BCHPD 
BCLDAN 
BCLME 
BCMSO 
SC:,ISO~ 
BCPHCE 
BCY3I-m 
BDADME 
BDEANT 
BE 
BE7 
BEETO 
BEGAG 
BENSLF 
BENZA 
BENZAL 
BENZID 
BENZOA 
BEP 
BEPYR 
BETAG 
BETGF 
BETGL 
B ETG Ln 
BETGLW 
BF2ANT 
BGHIFA 
BGHIPY 
BHC 
81 
61212 

Benzal chloride 
Butanoic acid, 1-hexyl ester 
Benzo[Alpyrene 
4-Chloro-2-butyl m-chlorocarbanilate / Barban 
Benzo[B]fluornnthene 
Benzo[Blfluorene 
beta-Benzenehexachloride / beta-Hexachlorocyclohexane 
Benzo[B]naphtho[2,3-Dlhran 
Benzo[B]naphtho[l,2-Dlthiophene 
Butylbenzyl phthalate 
Bicyclo[2,2,llhepta-2,s-diene 
beta-Chlordane 
Bis (chloromethyl) ether 
Bis (carboxyrnethyl) sulfoxide 
Bis (carboxymethyl) sullone 
2,2-Bis(chlorophenyl)chloroethylene (DDT related) 
Bicyclo[3,1,0]hexane 
Butanedioic add, dimethyl ester 
7H-Benz[DE]anrhracen-7-one 
Beryllium 
Beryllium 7 
1-(2-Butoxyethoxy) ethanol 
Beta gamma gross 
beta-Endosulfan / Endosulfan 11 
Benzanduone 
Benzaldehyde 
Benzidine 
Benzoic acid 
2-Butoxyethanol phosphate 
Benzo(E1pyrine 
Beta gross 
Beta gross-6eld 
Beta gross-lab 
Beta gross-soluble acid fraction 
Beta gross-soluble water fraction 
Benzobitluoroanthene 
Benzo[G,H,l]fluroanthene 
Benzo[G,H.l]perylene 
BHC - nonrpecilic 
Bismuth 
Bismuth 212 

ACCEPTABLE ENTRIES: (Cont.) 

81214 Bismuth 214 
BlGYHX Bicyclohexyl 
BlDBl 1.5-Bis (l,l-dimethylethyl)-3,3-dimethylbicyclo[3.l.0]hexane-2-one 
BlNAP Binaphthyl 
BJF ANT Benzo[J]ll~~oranthene 
BKFANT Benzo[Klfluoran~l~et~e 
BLDX Bladex 
EMP Butyhethyl phthalate 
BOD Biologicnl oxysen demand 
BOLS Bolsrar 
BPBG Butylphthalyl butylglycolate 
BR Bromide 
BRC6H5 Bromobenzene 
BRCLM Bromochloromethane 
BRDCLM Bromodichloromethane 
BRMCIL Bromacil 
BTAZON 3-(l-Methylethyl)-lH-2,1,3-benzothiadiazh4(3H)-one-2,2-&oxide / 

Bentazon 
BTC Benzomichloride 
BMlOL Benzenethiol 
BTMSOA Bis (bimethylsilyl) oxalic acid 
B'IZ Benzothiazole 
BUC6H5 Butylbenzene 
BUEETH Butylethyl ether 
BZ 3-Quinuclidinyl benzilate 
BZALZM alpha, alpha-Dimetl~ylbenzenemethanol 
BZALC Benzyl alcohol 
BZAPAN Benzo[Alphenanthrene 
BZCP AN Benzo[Clphenanthrene 
BZFANT Benzfluoran~hene 
BZHQUN Benzo[H]quinoline 
BZOAME Betuoic acid, methyl ester / Methyl benzoate 
BZONH4 Benzoic acid, ammonium salt 
BZOTHP Benzo[B]thiophcne 
BZOTRP Benzo[B]triphenylene 
BZOTRZ 1 H-Bcnzomazole / 1.2,3-Benzomazole 
BZPA Benzenephosphonic acid 
BZnBR Benzyl bromide / alpha-Bromotoluene 
BZnCL Benzyl chloride 
C10 Decant 
C11 Hendecane 
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Tes t  Name (Analyte) 8.24 

ACCEPTABLE ENTRIES: (Cont.) 

C12 
C l2AMM 
Cl2DCE 
C13 
C13DCP 
C14 
C14A 
C14AME 
CIS 
C1SA 
C16 
C16A 
C16ABE 
C16ADM 
C16AEH 
C16AME 
C16SAT 
C17 
C17A 
C17AM 
C18 
C185FP 
C18A 
Cl8ABE 
Cl8AE 
C18AME 
C18AOD 
Cl8UNS 
C19 
C19A 
Cl ADME 
C20 
C2 1 
C22UNS 
C25 
C2 AEE 
CZAVE 
C2H3CL 
C2H5CL 
C30AME 
C3 s 

Dodecane 
8-Methyldecanoic acid, methyl ester 
c&-1,2-Dichloroethylene / &-1.2-Dichloroethene 
Tridecane 
&-1.3-Dichloropropylene / &-1.3-Dichloropropene 
Teuadecane 
Teuadecanoic acid / Myrisdc acid 
Trtradecanoic acid, methyl esrer 
Prntadecane 
Pentadecanoic acid 
Hexadecane 
Hexadecanoic acid / Palmitic acid 
Hexadecanoic acid, butyl ester 
tierodecanoic acid, dimelhyl ester 
Hexadecanoic acid, bis (2-ethylhexyl) ester 
Hexadecanoic acid, methyl ester 
Saturated hydrocabons (C16) 
Heptadecane 
C17 alkane 
Heptadecanoic acid, methyl ester 
Octadecane 
Bis (pentafluorophenyl) phenyl phosphine 
C18 alkane 
Octadecanoic acid, butyl ester 
Ocradecanoic acid, ehyl ester 
Ocradecanoic add, methyl ester 
Ocradecanoic add, octadecyl ester 
C18li300 Unknown 
Nonadecane 
Nonadecanoic acid 
Carbonic acid, dimethyl ester 
Eicosane 
Heneicosane 
C22H400 Unknown 
Pentacosane 
Acetic acid, ethyl ester / Ethyl acetate 
Acetic acid, vinyl esrer / Vinyl acetate 
Chloroedlene / Vinyl chloride 
Cldoroerhane 
Triacontanoic acid, methyl ester 
Pentaniaconrane 
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8.24 T e s t  Name (Anslyte) 

ACCEPTABLE ENTRIES: (Cont.) 

C36 
C3AZMB 
C3AME 
C4 
C4HXlL 
C5A 
C6D6 
C6H6 
C6HOH 
C7 
C7A 
C7NB1 
C8 
C8A 
CBAME 
C9 
CA 
CAAH 
CACO3S 
C ALLMW 
CAMBEN 
CAME 
CAMP 
CAPLCT 
CAPTAN 
CARB14 
CARBAZ 
CARBOF 
CATOL 
CB A 
CBCCH 
CBOA 
CC3 
CCL2F2 
CCL3F 
CCL4 
CCLDAN 
CCLF 
CCLF2 
CCLF3 
CD 

Hexaniacontane 
Propanoic acid, 2-methylbutyl esrer 
Propanoic acid, medlyl ester 
Butane 
&-4-tlexen- 1-01 
Pentnnoic acid / Valeric acid 
Benzene-D6 
Benzene 
Cyclohexnnol 
tieptnne 
Hepranoic acid 
Heptachloronorbornene 
Octane 
C8 alkane 
Octanoic acid, methyl ester 
Nonane 
Calcium 
Chloroacetaldehyde 
Calcium carbonate soludon 
Hydrocarbons (all molecular weights) 
3-Amino-2,s-dichlorobenzoic acid / Chloramben 
Carbamic acid. methyl ester 
Camphor 
Caprolactam / 6-Aminol~exanoic add lactam 
Cnptan 
Carbon 14 
9H-Carbazole / Carbazole 
2.3-Dil1ydro-L.2-dimethyl-7-bellzoFuranyl methylcarbamate 
Catechol 
o-Chlorobenzaldehyde 
&- 1-Brorno-2-chlorocyclohrxane 
o-Chlorobenzoic acid 
m c c 3  
Dichlorodifluoromerhane 
Trichlorofluoromethane 
Carbon tetrachloride 
&-Chlordane 
Chlorofluoromethane 
Chlorodifluoromethane 
Trifluorochdoromethane 
Cadmium 
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T e s t  Name  (Analyte) 8.24 

ACCEPTABLE ENTRIES: (Cont.) 

CDZCL2 Methylene chloride-D2 
CDACH ch-1,2-Diacetoxycyclohexane 
CDCBU - cis-1,4-Dichloro-2-butene 
CDCW Chloroform-D 
CDNBIS Chlorodinitrobenzene isomer 
CE Cerium 
CE141 Cerium 141 
CE144 Cerium 144 
CEC Cation exchange capacity 
CF252 Californium 252 
CG Phosgene / Carbonyl chloride 
CH2BR2 Methylene bromide 
CH2CL2 Methylene chloride 
CH3BR Bromomethane 
CH3CL Chloromethane 
CHJCN Acetonitrile 
CH31 lodomethane 
CH4 Methane 
CHARD Calculated Hardness 
CHBR3 Bromofom 
CHCL2I Dichlomiodomethane 
CHCL3 Chlorofom 
CHNO Ethanolamine 
CHNO2 Diethanolamine 
CHO 1.2-Cyclohexane oxide 
CHOLA Cholestane 
CHONE Cyclohexanone 
CHRY Chry sene 
CI4RYS Cl~rysorile asbestos 
CK Cyanogen chloride 
CL Chloride 
CLlOBP Decachlorobiphenyl 
CL2 Cl~lonne 
CL2ACN Dicl~loroacetonitrile 
CL2BP Dichlorobiphenyls 
CUB2 Dichlorobemenes 
CL2CH2 Dichloromethane 
CL2ETH Ethylene chlorohydrin 
CLZNAP Dichloronaphthalenes 
CL3BP Trichlorobiphenyb 
CUC3E Trichloropropenes 
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8.24 T e s t  Name (Analyte) 

ACCEPTABLE ENTRIES: (Cont.) 

CL3NAP 
CUP 
CL4BP 
CL4NAP 
CL4XYL 
CL5B 
CL5BP 
CLSET 
CL6BP 
CL6BZ 
CL6CP 
CL6ET 
CL7BP 
CL7NB 
CLBZL 
CLC2A 
CLC6D5 
CLC6H5 
C L a H x  
CLD 
CLDAN 
CLDEN 
CLNAP 
CL03 
CLP 
CLPRPM 
CLTHL 
CLVRA 
CLXB 
CLXNAP 
CMME 
CMONOX 
CN 
co 
C02 
C03 
C057 
C058 
C060 
COD 
COLl 

Trichloronaphchalenes 
Trichloropl~enols 
Tetrachlorobiphenyls 
Tetrachloronaphrhalenes 
2,4,5,6-Te!~achlorometaxylene / Tetrachlorometaxylene 
Pentachlorobenzene 
Pentachlorobiphenyls 
Pentachloroechane 
Hexachlorobiphenyls 
Hexachlorobemene 
Hexachlorocyclopentadiene 
Herachloroethane 
Heptachlorobiphenyls 
Heptachloronorbornadienes 
Chlorobemilate 
Chloroacetic acid 
Chlorobemenc-D5 
Chlorobemene / Monochlorobemene 
Chlorocyclohexane 
Chlorine demand 
Chlordane 
Chlordene 
Chloronaphthalenes 
Chlorate 
Chlorophenols 
lsopropyl m-chlorocarbanilate / Chlorpropham 
Chlorothalonil 
2-Chlorovinyl arsonic acid 
Chlorinated benzenes 
Chlorinated naphthalenes 
Chloromethyl methyl ether 
Carbon monoxide 
Chloroacerophenone 
Cobalt 
Carbon dioxide 
Carbonate 
Cobalt 57 
Cobalt 58 
Cobalt 60 
Chetnical oxygen demand 
Fecal colifonn 
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Tes t  Name (Analyie) 8.24 

ACCEPTABLE ENTRIES: (Cont.) 

COLOR 
COND 
COND-F 
CORRTY 
COUMA 
COUMRN 
CPCXAL 
CPMS 
CPMSO 
CPMSO2 
CPO 
CPYR 
CR 
CR3 
CR51 
CRBRL 
CRFRN 
CRHEX 
CR04 
CROCO 
CRTALD 
CRYOF 
CS 
CS134 
CS137 
CS2 
CSOL 
cr 
CU 
c u m  
CUTOT 
CX 
CYDODC 
CMX 
m 
Cn-tXB 
CIHXE 
CYN 
CYNAM 
CYNF 
C Y o m  

Color 
Specific conductivity 
Specific conductivity as tested in the field 
Corrositiviry (tendency to corrode) 
Coumaphos 
2,3-Dihydrobe~ofuran / Coumaran 
Cyclopentanecarboxaldehyde 
p-Chlorophenylmethyl sulfide 
pChlorophenylmethy1 sulfoxide 
pChlorophenylmerhyl sulfone 
Cyclopentanone 
Chloropyrifos 
Chromium 
Chromium. 111 
Chromium 51 
Carbaryl 
Carbohan 
Hexavalent chromium 
Chromate 
Crocidolire asbestos 
Crotonaldehyde / m - 2 - B u t e n a l  . 
Cryoflex 
Cesium 
Cesium 134 
Cesium 137 
Carbon dkulfide 
Cresols 
Chlorotoluene 
Copper 
Copper emactable 
Copper total 
Phosgene o x h e  / Dichloroformoxhe 
Cyclododecane 
Cyclohexane 
Cyclohexylamine 
Cyclohexylbenzene / Phenylcydohexane 
Cyclohexene 
Cyanide 
Amenable cyanide 
Cyanide, free form 
Cyclooctateuaene 
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8.24 Tes t  Name (Analyie) 

ACCEPTABLE ENTRIES: (Cont.) 

CfPD 
CYPNE 
CYSDlZ 
DALA 
DBABA 
DBAEPY 
DBAHA 
DBAHPY 
CSAIPY 
DBMA 
DBATTS 
D8CP 
DBHC 
DBRCLM 
DBRDCM . 
DBTSPY 
DBUCLE 
DBZFUR 
D B r n P  
DCAA 
DCAMBA 
DCBPH 
DCBUT 
DCHP 
DCLB 
DCLRN 
DCMBF 
DCMPSX 
DCP A 
DCPD 
DCPL 
DDW 
DEA 
DECYLB 
DEDMP 
DEETH 
DECLYC 
DEMBZA 
DEMO 
DEMP 
DEMS 

Cyclopentadiene 
Cyclopentene 
Chrysene-Dl2 
2,2-Dichloropropio~c acid / Dalapon 
Dibenz[A,B]an~luacene 
Dibenzo[A,E]pyrene 
Dibenz [A,H] anthracene 
Dibenzo[A,Hlpyrene 
Dibenzo[A,l]pyrene 
Dibenz[hJ]acndine 
2,4-Dihydroxybenzoic acid, nis-uimethysilyl 
Dibromochloropropane 
delta-Benzenehexachloride / delta-Hexachlorocyclohexane 
Dibromochloromethane 
Dibromodichloromethane 
4.5-Dimethyl-2,6-bis (uimethylsiloxy) pyrimidine 
Diburylchlorendate 
Dibenzohran 
Dibenzothiophene 
2.4-Dichlorophenyl acetic acid / DCAA 
Dicamba / 2-Methoxy-3.6-dichlorobenzoic acid 
Dichlorobenzophenone 
Dichlorobutane 
Dicyclohexyl phthalate 
Dichlorobenzene - nonspecific 
Dichloran / D i c h l o r o b e ~ a k o ~ u m  chloride 
5,7-Dichloro-2-methyibemofuran 
Decan~ethylcyclopent;~riloxane 
2,3,5,6-Tenachloro-1,4-bemenedicarboxylic acid dimethyl ester / Dacthal 
Dicyclopentadiene 
Dichlorophenlactic 
Vapona / Dichlorvos / Dichlorophos 
Diethylamine 
Decylbenzene 
Diethyldimethyl diphosphonate 
Diethyl ether 
2,2-Oxybis[ethanol] / Diethylene glycol 
N.N-Diethyl-3-methylbenzamide 
Demeton-0 
Diethyl rnethylphosphonite / TR 
Demeton-S 
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Test Name (Analyte) 8.24 

ACCEPTABLE ENTRIES: (Cont.) 

EBCPGL 
ED 
EDBDAS 
ECMEE 
EICOSL 
EMFUR 
EMPA 
EMS 
ENDRN 
ENDRNA 
ENDRNK ' 
ENHElH 
EPCLHD 
EPHEN 
EPTOX 
ESFSO4 
ET3MBZ 
ET4MBZ 
ETElDlO 
ETC6HS 
ETCYHX 
ETHACD 
ETHBR 
ETHER 
ETHlON 
ElHOPR 
ETHP04 
ETMACR 
E'IMEBZ 
ETOH 
ETOX 
EU 
F 
FlOBP 
FABPEE 
FACHXE 
FAMPHR 
FANT 
FARN 
FATAL 
FC2A 

Ethyl-2.2-bis (4-chlorophenyl) glycolate 
Dichloroethyl arsine 
3-Phenylpropanol 
Ethylene glycol, monoethyl ether / l,l.Oxybis(Z-ethoxy) ethane 
I-Eicosanol 
3-Ethyl-4-methyloctane 
Ethyl methylphosphonic acid / Ethyl methylphosphonate 
Ethyl methanesulfonate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Ethyl-N-hexyl ether 
Epichlorohydrin / Chloromethylo~drane 
Ethyl phenol / Ethylhydroxy benzene 
Exnaction procedure toxic organics 
Endosulfan sulfate 
I -Ethyl-3-methylbenzene 
1-Ethyl-4-methylbenzene 
Ethylbenzene-Dl0 
Ethylbenzene 
Ethylcyclohexane 
Acetic acid / Ethanoic acid 
Bromoethane / Ethyl bromide 
Ether - nonspecific 
Ethion 
Ethoprop 
Ethyl phosphate / Phosphoric acid, triethyl ester 
Ethyl methacrylate 
Ethylmethyl benzene 
Ethanol 
Ethylene oxide / Oldrane / Anprolene 
Europium 
Fluoride 
Decafluorobiphenyl 
Formic acid, beta-phenylethyl ester 
Formic acid, cyclohexyl ester 
Famphur 
Fluoranthene 
Famesol 
Fatty alcohols 
Fluoroacetic add 
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8.24 Test Name (Analyte) 

ACCEPTABLE ENTRIES: (Cont.) 

FE 
FE59 
FENRN 
FENRNT 
FIBGLS 
FLASH 
FLMTRN 
FLRENE 
FLUMET 
FNT 
FOIL1 
FOIL6 
FORM 
FREON 
FRNll2 
FST 
F S X P  
FURAL 
FURANS 
GA 
CALM 
GAMAG 
GAMMAS 
GAS 
GB 
GBHC 
GCHLOR 
GCLDAN 
GD 
GE 
GLPHST 
GRNDY 
CUNlT 
H 
HZ0 
H2S 
H3P04 
HARD 
HCBD 
HCNB 
HC03 

lron 
lron 59 
3-Phenyl-1.1-dimethylurea / Fenuron 
1.1-Dimethyl-3-phenylurea trichloroacetate 
Fibrous glass / Fiberglass 
Flash point 
1.1-Dimethyl-3-(A,A.A-nifluoro-m-tolyl)urea 
Fluorene 
Fluomemron 
Fenthion 
Fuel oil no. 1 
Fuel oil no. 6 
Formaldehyde / Methyl aldehyde 
Freon / Dichlorofluoromethane 
Freon 112 / Te~achlorodifluoroethane 
Fensulfochion 
Fecal sueptococci 
Furfuryl alcohol / 2-Furanmethanol 
Dibenzofurans - nonspecific 
Tabun / Ethyl-N,N-dimethyl phosphoramidocyanidate 
Gallium 
Gamma gross 
Gamma scan / Gamma screen 
Gasoline / Gasoline, regular 
Sarin / Isopropyl methylphosphonofluoridace 
gamma-Hexachlorocyclohexane (obsolete - use UN) 
gamma-Chlordane (obsolete-use GCLDAN) 
gamma-Chlordane 
Soman / Pinacolyl methylphosphonofluoridate 
Germanium 
Glyphosate 
Green dye 
Guanidine niuate 
Levinstein mustard 
Water 
Hydrogen sulfide 
Phosphoric acid 
Total hardness 
Hexachlorobutadiene / Hexachloro-1.3-butadiene 
Hexachloronorbornadiene 
Bicarbonace 
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Test Name (Analyte) 8.24 

ACCEPTABLE ENTRIES: (Cont.) 

HD 
HEDODA 
HEXAC 
HEXANE 
HC 
H G r n  
HGTOT 
HMTCHE 
HMX 
HN 
HO 
HPCDD 
HPCDF 
HPCL 
HPCLE 
HPLHZO 
HP04 
HTH 
HWX013 
HWX099 
HXABZE 
HXADBE 
HXADME 
HXADOE 
HXCDD 
HXCDF 
HXCOS 
HXCPEN 
HXHMAZ 
HXMETA 
HXMTSX 
HYDARO 
HYDRND 
HYDRZ 
HYN B 
I 
1131 
ICDPYR 
KNIT 
IMPA 
IN 

Disded mustard / Bis (2-chloroethyl) sulfide 
N,N-Bis(2-hydroxyethyl)dodecanamide 
Hexanoic acid / Caproic acid 
Hexane 
Mercury 
Mercury extractable 
Mercury total 
2,6,10,15,19,23-HexamerhyI-2.6,10,14,18,22-tetracosahexane 
Cycloteuamethylenetemaniuarnine 
Nitrogen mustard 
Holmium 
Heptachlorodibenzodioxin - nonspecific 
Heptachlorodibenzofuran - nonspecific 
Heptachlor 
Heptachlor epobde 
HPLC-grade water 
Hydrolyzable phosphate 
Hypochlorite 
Halowax 1013 
Halowax 1099 
Hexanedioic acid, bis (2-e th~hexyl)  ester 
Hexanedioic acid, dibutyl ester / Dibutyl adipate 
Hexanedioic acid, dimethyl ester / Dimethyl adipate 
Hcxanedioic acid, dioctyl ester (obsolete - use DOAD) 
Hexachlorodibenzodio& - nonspecific 
Hexachlorodibenzofuran - nonspecific 
Hexacosane 
Perchloropropcne / Hexachloropropenc 
4,5,6,7,8,8~-tfexah~dro-8A-methyl-2-[1 HI-azuleone 
1,3,5.7-Teaaazamcyclo[3.3.13.71dcc~e / HexameLhylene tetramine 
Hexamethylcyclo~iloxane 
llydroxylated aromatics / Aromatics, h~droxylated 
Ill-lndene, octahydro- / tiydrindane 
Hydrasine 
7-Hydroxynorbomadiene 
Iodine (as I) 
Iodine 131 
Indeno[l,2.3-C,Dlpyrene 
lgnitability 
lsopropyl methylphosphonic acid / lsopropyl methylphosphonate 
Indium 
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8.24 Test Name (Analyte) 

ACCEPTABLE ENTRIES: (Cont.) 

INDAN 
INDENE 
INDOLE 
IOCDF 
IPA 
ISODR 
ISOPBZ 
ISOPHR 
ISOPT 
ISOQUN 
ISOVAL 
lS0SA.F 
ITCDD 
ITCDF 
K 
K40 
KB 
KEP 
KEND 
L 
LA 
LA140 
LACYBB 
LAURIC 
LI 
LlCNlN 
LIN 
LlNRN 
LIPID 
LO 
LT 
LT-A 
MALO 
MBADOE 
MBAS 
MBOH 
MBZ 
MBZA 
MBZCAC 
MBZCL 
MCP A 

1-Hydroxy-2,3-methylene indan [M.W.146] 
lndene 
Indole / 2,3-Benzopyrrole 
Octacl~orodibenzofuran, C13 isomeric 
lsopropylamine 
lsodrin 
Isopropylbenzene / Cumene 
lsophorone 
Isopropyltoluene 
lsoquinoline 
3-Methylbutanoic acid / lsovaleric acid 
lsosafiole 
2,3,7.8-Tetrachlorodibenzodioldn, C13 isomeric 
2,3,7.8-Tehachlorodibenzofuran, C13 isomeric 
Potassium 
Potassium 40 
2-Diisopropylaminoethanol 
Kepone / Chlordecone 
Ketoendrin 
Lewisite 
Lanthanum 
Lanthanum 140 
Lacdc acid, cyclic butaneboronate 
Lauric add 
Lithium 
Lignin 
Lindane / gamma-Benzenehexachloride / gamma-Hexachlorocyclohexane 
3-(3.4-Dirhloropheny1)-1-meLhoxy-1-methyurea / Linuron 
Lipids, percentage 
Lewisite oxide 
Bis (2-diisopropylaminoerhyl) methylphosphonite 
Bis (2-diisopropylaminoe~hyl) methylphosphonate 
Malononirrile 
3-Merhylbutanoic acid, 3.7-dimethyl-2,4,6-octamenyl ester 
Foaming agents / Methylyne blue active substance 
alpha-Methylbenzyl alcol~ol 
Membuzin 
alpha-Methylbenzyl acetoacetate 
5-Methylbenzo[C]acridine 
alpha-Methylbenzyl-2-chloroacetoacetate 
4-Chloro-o-tolyloxyacedc acid / MCPA 
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Test Name (Analyte) 8.24 

ACCEPTABLE ENTRIES: (Cont.) 

MCPP 2-(4-Chloro-2-methy1phenory)propioNc acid / MCPP 
MDCL 2-Methylundecanal/ 2-Methyhendecanal 
ME2AEA Dimethyl arsenic acid 
ME2Cll Dimethylundecanes 
ME2HG Dimethyl mercury 
ME2HPL Methyl-2-heptanob 
ME2HPO Methyl-2-heptanones 
ME2NAP Dimethylnaphthalenes 
ME3ClO Trimethyldecanes 
ME3Cl1 Trimethylundecanes 
ME3C6 Trimethyl hexanes 
ME3NAP Trimethylnaphthalenes 
MEAOA Methyl anoNc acid 
MEBPIP 1,l'-Methylenebis[piperidine] 
MEC6DB Toluene-D8 
MEC6H5 Toluene 
MECC6 Methylcyclohexane 
MECYBU Methylcyclobutane 
MECYDC Methylcyclodecane 
MECYPE Methylcyclopentane 
MEHG Methyl mercury 
MEHGCL Methyl mercury chloride 
MEK Methyl ethyl ketone / 2-Butanone 
MELAM Melamine / 1.3.5-Triazine-2.4,6-mamine 
MEOH Methanol 
MEPHEN Methylethyl phenol / Methylethyhydroxy benzene 
MEPOH 2-Methylpentanol 
MERP Merphor 
MES Methyl sulfide / ThiobLmethane 
MESTOX Mesityl oxide / 4-Methyl-3-penten-2-one 
METARB Methioarb 
METHCB 3,s-Dimethyl-4-(methylthio) phenyl methylcarbamate 
METLAP Methylnaphthalenes 
METhm Methomyl 
MEVlN Mevinphos 
MEXCLR Methoxychlor 
MG Magnesium 
MIWDRZ Methyhydrazine 
MIBCOH Methyl isobutyl carbinol (4-methyl-2-pentanol) 
MlBK Methylisobutyl ketone 
MINWOL Mineral wool 
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8.24 Test Name (Analyte) 

ACCEPTABLE ENTRIES: (Cont.) 

MlPK 
MlREX 
MLNAT 
MLTHN 
MMS 
MN 
MN54 
MNBK 

Merhylisopropyl ketone 
Mirex 
Molinate 
Malathion 
Methyl rnrrhanesulfonare 
Manganese 
Manganese 54 
Methvl-N-bum1 ketone / ?-Hexanone 

MNCRPH ~ime;h~l-(~)~1-methyl-2-methylcarbamoylvin~l phosphate 
MNRNTC 3-(p-Chloropheny1)-1-I-dimethylurea trichloroacetate 
MO 
M099 
MONRN 
MP 
MPA 
MPDDD 
MPK 
MPRTHN 
MQFH2O 
MSSCAN 
MTHCRN 
MTHhlYL 
MTRlTN 
MTRZL 
MXCRBT 
N2KJEL 
N A 
N U 2  
NACL 
NACLO 
NALED 
NAOHME 
NAP 
NAPDB 
NB 
NB94 
NB9S 
NBACET 
NBD5 
NBMBSA 
NBUETH 

~ o i ~ b d e n u m  
Molybdenum 99 
3-(p-Cl1lorophenyl)-I. I-dimethylurea / Monuron 
Methylphenols 
Methylphospho~c acid 
2-(m-Chloropheny1)-2-(p-chloropheny1)-1,l- dichloroethane 
Methylpropyl ketone / 2-Pentanone 
Parathion methyl 
Milli-Q-filtered water 
GC-MS organic scan 
Methylacrylo~tde / 2-Methyl-2-propeneniuile / Methauylonitrile 
S-Methyl-N-((methylcarbamoy1)-oxy)-thioac&date 
Methyl trithion 
Merrazol / Cardiazole 
4-Dimethylamino-3,s-xylyl N-methylcarbamate 
Ninogen by Kjeldahl Method 
S o d i ~ ~ m  
Sodium 22 
Sodium chloride 
Sodium hypochlorite 
Naled 
50% I M NaOH - 50% Methanol 
Naphthalene 
Naphthalene-D8 
Nitrobenzene 
Niobium 94 / Columbium 
Niobium 95 / Columbium 
n-Bucylacetate 
Nitrobenzene-D5 
N-Bucyl-4-methylbenzenerullonamide 
1.1'-Oxybis[butane] / n-Butyl ether 
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Test Name (Analyte) 8.24 

ACCEPTABLE ENTRIES: (Cont.) 

NC 
NCl 
NC2 
NCLN 
NCPPPA 
ND 
NDHXA 
NDIOX 
NDMBSA 
NDNPA 
NEZPEA 
NEBRN 
NECHXA 
NG 
NH3 
NH3N2 
NH4 
NH4NIT 
NH4PlC 
NHEDCA 
NI 
N163 
NlOB 
NIT 
NITARO 
NMANlL 
NMCANE 
NMNSOA 
NN41lPL 
NNADME 
NNDEA 
NNDMA 
NNDMEA 
NNDNB 
NNDNPA 
NNDPA 
NNMEA 
NNMORP 
NNPlP 
NNPIPA 
NNPYRL 

Nitrocellulose 
Niuocellulose 12%N 
NihoceUulose 13.4%N 
Nomicyclanol 
N-(4-Chlor0phenyl)-3-~hen~l-2-propenamide 
Neodymium 
N-Nitrodihexylamine 
Nitrogen dioxide 
N.4-DimethylbenzenesuUonamide 
Nitrosodi-N-propylamine 
N-Ethyl-2-propenamide 
1-n-Butyl-3-(3,4-dichloropheny1)-1-methylurea / Neburon 
N-Ethylcyclohexylamine 
Nitroglycerine 
Ammonia 
Ammonia nitrogen 
Ammonium 
Ammonium nitrate 
~mmonium picrate / 2,4,6-Tinitrophenol ammonium salt 
N-(2-Hydroxyethy1)-decanamide 
Nickel 
Nickel 63 
Niobium 
Nimte, nitrate - nonspecilic 
Niuoaromatics 
N-Methylaniline 
N-Methylcarbamic acid, 1-naphthyl ester 
N-Metl~yl-N-nitrosoaniline 
N-Niuoso-4-hydroxyproline 
Nonanedioic acid, dimethyl ester 
N-Niuosodiethylarnine 
N,N-Dimethylaniline 
N-Nitrosodimethylamine 
N-Nitroso-di-N-butylamine 
N-Niuosodi-N-propylamine 
N-Niuosodiphenylamine 
N-Nitrosomethylethylamine 
N-Niuosomorpholine 
N-Niuosopiperidine 
N-Nihosopentylisopentylandne 
N-Nitrosopyrrolidine 
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8.24 Test Name (Analyte) 

ACCEPTABLE ENTRIES: (Conl.) 

NO2 
NO3 
NONPHE 
NPOX 
N PQ 
NQ 
NTMBSA 
0 2  
OCADME 
OCDD 
OCDF 
ODAPDM 
ODECA 
ODMNSX 
ODOR 
OEMP 
OlLGR 
OMCTSX 
OPDDD 
OPDDE 
OPDDT 
OP04 
ORGFIB 
0s 
O W  
OXAMYL 
OX-%T 
OXCN 
0Z:)NE 
F.4 
PA234 
PAZHDE 
PAZMBE 
PAD4NE 
PAH 
PAODPE 
PARTIC 
PATBUE 
PAVE 
PB 
PB211 

Nimte 
Nitrate 
Nonyl phenol (anv ison~er) 
Nonpurgeable organic halides 
Naphthoquinone 
Niuoguanidine 
N.N.4-Trimethylbenzenerulfonamide 
Oxygen 
Octanedioic acid, dimethyl ester 
Octachlorodibenzodioxin - nonspecific 
OctacMorodibenzofuran - nonspecific 
Octadecanoic acid, (2-phenyl-1,3-dioxolan-4-yl) methyl ester 
Ocradecanoic acid / Steanc acid 
Octadec~methylcyclononasiloxane 
Odor 
0-Ethyl methylphosphonate 
Oil & grease 
Ocramethylcycloretrasiloxane 
2-(0-Chloropheny1)-2-(p-chloropheny1)-1,- didoroethane 
2-(0-CMoropheny1)-2-(p-chloropheny1)- 1,l-dichloroethene 
2-(o-Chlorophenyl)-2-(p-chlorophenyl)l,1,1-mchl0r0ethane 
Organophosphates 
Organic fibers 
Osmium 
Oxnlic Acid 
Methyl N'.N'-dLnerhyl-N-((methylcarbamoyl)oxy)-I-amylacetate / Oxamyl 
1.4-Oxathiane 
Oxacyclononane 
Ozone 
Phosphorus 
Protactinium 234 
Propanoic acid, 2-hydroxydecyl ester 
Pentanoic acid. 2-methylbutyl ester 
Phosphoric acid, diethyl-4-nitrophenyl ester 
Polynuclear aromatic hydrocarbons 
Phosphoric acid, ocryldiphenyl ester 
Particulate maner / Particulates measured by filter 
Propanoic acid, t-butyl ester 
Phosphoric acid, mphenyl ester 
Lead 
Lead 211 

-- 
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Test Name (Analyte) 8.24 

ACCEPTABLE ENTRIES: (Cont.) 

PB212 
PB214 
P B S n  
PBTE 
PCB016 
PCB221 
PCB232 
PCB242 
PCB248 
PCB254 
PCB260 
PCB262 
PCDD 
PCDF 
PCH 
PCLORM 
PCNB 
PCP 
PCYMEN 
PD 
PDHYD 
PDMAB 
PDMSLX 
PDORG 
PEGE 
PENAMD 
PENTAN 
PERTHN 
PETDIL 
PETN 
PFP 
PH 
PH-F 
PHADlO 
PHANTR 
PHENA 
PHENAA 
PHEND5 
PHEND6 
PHENLC 
PHENOL 

Lead 212 
Lead 214 
Lead rryphnate 
Lead, tetraethyl / Tetraethyllead 
PCB 1016 
PCB 1221 
PCB 1232 
PCB 1242 
PCB 1248 
PCB 1254 
PCB 1260 
PCB 1262 
Pent~chlorodibenzodioxin - nonspecific 
Pentacldorodibenzohrran - nonspecific 
Penrachlorohexane 
~imethyl-2.3,5,6-mchloropicolinic acid / Picloram 
PentachloroniUobemene 
Pentachlorophenol 
4-(l-Methylethyl) toluene / p-Cymene 
Dichlorophenyl m i n e  
Phosphorus, dissolved hydrolyzable (as P) 
p-Dimethylaminoazoberuene 
Polydimethyl siloxane / ~imethylpoly siloxane 
Phosphorus, dissolved organic (as P) 
Polyethyleneglycol ethers 
N-Pentamide 
Pentane 
Perthnne 
Peuoleum disdates  
Pentaelythntol tenanimate 
Pentafluorophenol 
pH 
pH as tested in the field 
Phenanthrene-Dl0 
Phenanthrene 
Phenscetin 
Phenylacedc acid 
Phenol-DS 
Phenol-D6 
Phenolics - nonspecific 
Phenol 
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8.24 Test Name (Analyte) 

ACCEPTABLE ENTRIES: (Cont.) 

PHOR 
PHTHA 
PHTHL 
PHXAA 
PINCP 
PHYDR 
PHYETH 
PIC3 
PIPER 
PLLU 
PMPA 
PO4 
P040RT 
PORG 
POX 
PPDDD 
PPDDE 
PPDDT 
PPTDE 

' PQUlN 
I PRC6H5 

PROACD 
PROMET 
PRONA 
PROPHM 
PROPOX 
PROPXR 
PRTHN 
PT 
PTHZ 
PU238 
PU239 
PU240 
PYLDl2 
PYR 

I PYRDlO 
PYRDlN 

I Q A 
Q U T  
QB 
QL 

Phorate 
1,2-Benzencdicarboxylic acid / Phthalic acid 
Phthalater 
Phenoxyacedc acid 
1,2,3,4,5-Pentahydroxyeyclopentane 
Phosphoms, total hydrolyzable (as P) 
1 ,l'-(1,3-Phenylene)ethanone 
3-Picoline 
Piperidine 
Methyl methacrylate / Pleldglass 
Propyl merhylphosphonic acid 
Phosphate 
Orthophosphate 
Phosphorus, total organic (as P) 
Purgeable organic halogen 
2,2-Bis (p-chlorophenyl)-1.1-dichloroethane 
2,2-Bis (p-chloropheny1)-1,l-dichloroethene 
2,2-Bis (p-chloropheny1)-l,l,l-richloroethane 
2.2-Bis (p-chloropheny1)-2.phenyl-1.1- dichloroethene 
1,4-Benzoquinone / p-Benzoquinone 
Propylbemene / n-Propylbemene 
Propionic acid 
Prometon / Primatol/ 2.4-8ic(isopropylarnino)-b-methoxy-1,3,5-riazine 
Pronamide 
lsopropyl carbanilate / IPC / Propham 
Propylene oxide / Methyl odrane 
2-(1 -Mechylory)phenol methylcarbarnate / Propoxur 
Parathion 
P l e u ~ ~ u m  
Phthalazinone 
Plutonium 238 isotope 
P ~ U ~ O N U ~  239 isotope 
Plutonium 240 isotope 
Perylene-Dl2 
Pyrene 
Pyrene-Dl0 
Pyridine 
2-Diisopropylaminoerhyl methylphosphinate 
Co-eluting compounds QA and LT (q.v.) 
2-Diisopropyla~ninoethyl ethyl methylpl~osphonate 
QL / Ethyl 2-diisopropylaminoethyl methylphosphonite 
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T e s t  N a m e  (Analyte) 8.24 

ACCEPTABLE ENTRIES: (Cont.) 

QUlNO 
RA 
W 2 3  
RA224 
W 2 6  
RA228 
RB 
RDX 
RE 
REACIY 
REDDY 
RESACI 
RESIST 
RESO 
RN 
RN226 
RO 
R0  106 
RON 
ROTEN 
RU 
RU103 
RU106 
s 
S2CL2 
SAFROL 
SALINE 
SAUNI 
SB 
SB124 
SB125 
SBBEN 
SC 
SCN 
SE 
SEVlN 
SFOTEP 
SI 
SlDRN 
SIL 
SILCON 

Quinoline / Be~o[B]pyridine 
Radium 
Radium 223 
Radium 224 
Radium 226 
Radium 228 
Rubidium 
Cyclonire / Hexahydro-l,3,5-niniuo-l,3,4-mazine 
Rhenium 
Reactivity 
Red dye 
Resin acids 
Resistivity 
Resorcinol / 1,3-Benzenediol 
Radon 
Radon 226 
Rhodium 
Rhodium 106 
Rome1 
Rotenone 
Ruthenium 
Ruthenium 103 
Ru the~ I Im  106 
Sulfur 
Sulfur monochloride 
Safrole / 5-(2-Propenyl)-1.3-be~odioxole 
Saline 
Salinity 
Antimony 
Andmony-124 
Antimony-125 
see-Butylbenzene / 2-Phenylbutane 
Scandium 
Thiocyanate 
Selenium 
Sevin / 1-Naphthalenol methylcarbamate 
Sulfotepp / Thiodiphosphoric acid, teuaethyl ester 
Silica 
1-(2-MethylcyclohexyI)-3-phenylurea / Siduron 
Silicone 
Silicon 
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8.24 T e s t  N a m e  (Analvte) 

ACCEPTABLE ENTRIES: (Cont.) 

SlLVEX Silvex 
SlMAZ Simazine / 6-Chloro-N,N'-diethyI-1.3,S-mazine-2,4-&ahe 
SN Tin 
SO2 Sulfur Dioxide 
SO3 Sulfite 
SO4 Sulfate 
SPlRO (1',S naris)-7-Chloro-6-hydroxy-2',4- dimeth0.v-6-methyl spuo 

[benzofuran-2-(3H)-l'-(2)-cyclohexene]-3, 4'-dione 
SQUAL Squalene 
SR Strontium 
SR90 Strontium 90 
SSOL Setrleable solids 
STB Super nopical bleach 
STERO Steroids 
STIGMA Stigmasrenal 
STIR Stirophos / Tenachlorvinphor 
STROBN Saobane / Terpine polychlorinates 
STYPH Sryphnate ion 
STYPHA Styphnic acid (obsolete - use 246TNR) 
STYR Styrene 
SUADME Sulfuric acid, dimethyl ester 
SULFID Sulfide 
SUPONA Supona / 2-Chloro-1-(2.4-dichlorophenyl) vinyldiethyl phosphate 
SWEP Methyl-N-(3,4-di-chlorophenyl)catbamate / Swep 
TlZDCE m-1.2-Dichloroethene  / m-1.2-Dichloroethylene 
T13DCP nans-1,3-Dichloropropene 
TlB2BC - mans-1-Btomo-2-butylcyclopropane 
TZDEC e - 2 - D e c e n e  
TA Tantalum 
TANNIN Tamhi  
TASTE Taste 
TB A Tributylamine 
TBASDE Thioburyric acid, S-decyl ester 
TBBEN tert-Butylbenzene / 2-Methyl-2-phenylpropane 
TBCARB 2,Z-Dimethyl-1-propanol/ ten-Butylcatbinol / Neopentyl alcohol 
TBP Tributyl phosphate 
TCB Tenachlorobenzenes 
TCBl 1,2,4,5-Tetrachlorobenzene 
TCB2 1,2,3,4-Tetrachlorobenzene 
TCB3 1,2,3.S-Tetrachlorobe~ene 
TCDD # 2,3,7,8-Tenachlorodibe~o-p-dioxin / Dioxin 



Test Name (Analyte) 8.24 

ACCEPTABLE ENTRIES: (Cont.) 

TCDF 
TCHDCS 
TCLDAN 
TCLU 
TCLEE 
TCLTFE 
TCN 
TCOS 
TCP 
TCSAME 
TCST 
T r n  
TDCBU 
TDEMET 
TDGCL 
TDGCLA 
TDMHSX 
TD0Dl-L 
TDS 
TE 
TECLME 
TEGLYC 
TEMP 
TEMP-F 
TEP04 
TETPT 
TETR 
n m n  
TFAAPE 
TFDCLE 
TFI'CLE 
TGLYME 
TH 
TH227 
TH228 
TH230 
TH232 
TH234 
THBNC 

- MCDD 
MCDF 

2,3,7,8-Teuachlorodibenzohran 
mans-1,2-Cyclohexandiol, cyclic sulfite - 
trans-Chlordane - 
1,1,2,2-Teuachloroethane 
Teuachloroethyiene / Tcuachloroethenc 
1,1,2-TricNoro-l,2,2-ainuoroethane 
Trichloronate 
Teuacosane 
Trichloropropane 
15-Teuacosenoic acid, methyl ester 
Trichlorosryrenes 
Total cyanide 
trans-l,4-Dichloro-2-butene - 
Demcton total 
Thiodiglycol 
Thiodiglycolic acid 
Teuadecamethyl hexasiloxane 
ten-Dodecanethiol 
Total dissolved solids 
Tellurium 
Triethylene glycol, methyl ether 
2,2'-[1,2-Ethanediylbis(ory)] bis[ethanol] / T ~ i e t h ~ l e n e  glycol 
Temperature 
Temperature as tested in the field 
Triethyl phosphate 
Temchlorocyclopentene 
Teuazene 
Nitramine / N-Methyl-N,2,4,6-teua~~o&e / T e q l  
Trinuoroacetic acid, 1.5-pentanediyl ester 
1,1,2-Trinuoro-l,2-dichloroethane 
l,l,l-Trichloro-2.2,2-muoroehme 
Teaaglyme 
Tl~orium 
Thorium 227 
Thorium 228 
Thorium 230 
Thorium 232 
Thorium 234 
Thiobencarb 
Total hexachlorodibenzo-p-dioxins 
Total hexachlorodibenzohrans 
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8.24 Test Name (Analyte) 

ACCEPTABLE ENTRIES: (Cont.) 

THF 
MMNAP 
MNAP 
THNCRB 
MPZML 
THPCDD 
THPCDF 
TI 
TlNNlN 
TL 
TL208 
TM3PL 
TMBPET 
TMHPDO 
TMHXL 
TMNT 
TMODEO 
TMP 
TMPHAN 
TMPO 
TMP03 
TMP04 
TMTCON 
TMUR 
TNBISO 
TNTISO 
TOC 
TOCDD 
TOCDP 
TOKU 
TORC 
TOTASH 
TOTCOL 
TOTDDT 
TOTGAF 
TOTHG2 
TOTPCB 
TOX 
TPCDD 
TPCDF 
TPH 

Tetrahydrofuran 
1,2,3.4-Terrahydro-lH-methylnaphthalene 
1.2,3,4-Teuahydronaphthalene / Teualin 
T lhoca rb  
'rrnahydropyranyl-2-methanol 
Total hepcachlorodibenzo-p-dioxim 
Total heptachlorodibenzofurans 
Titanium 
Tarnun and lignin combined 
Thallium 
Thallium 208 
2.3,4-Trimethyl-3-pentanol 
2-(2-(4-(1,1.3,3-Tetramethyl)buryl)phenory)ethanol 
3.3.6-Trimethyl-1,s-heptadien-4-one 
3,5,5-Trimethyl-I-hexanol 
Total mononitrotoluenes 
2.2,7,7-Tetramethyl-4,5-octadien-3-one 
Trimethyl phosphate 
Teuamethylphenanthrene 
Trimethylphosphonate 
Trimethyl phosphite 
Trimethyl phosphate (obsolete - use TMP) 
3,524-Trimethylteuacontane 
Tetramethylurea 
Triniuobenzene isomer 
Trinitrotoluene isomer 
Total organic carbon 
Total octochlorodibenzo-p-dioxins 
Total octachlorodibenzofursns 
Tokurhion / Prorhiophos 
Total organic content. 444C (ASTM) 
Total ash / Ash, total 
Total coliform 
Total value of all DDT, DDE, DDD isomers 
Total gravimebic, acid fraction 
Total mercury 
Total PCBs 
Total organic halogens 
Total pentachlorodibenzo-p-dioxins 
Total pentachlorodibenzofurans 
Thiophene 
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Tes t  Name (Analyte) 8.24 

ACCEPTABLE ENTRIES: (Cont.) 

TPHAVC 
TPHC 
TPHDSL 
TPHGAS 
TP04 
TP P 
TRCLE 
TREAm 
TREFLN 
TRIBZ 
TRIMBZ 
TRIPT 
TRlllU 
m 
TRMTDE 
TRO 
TRPDl4 
TRPHEN 
TRXM ET 
TS 
TSAHPE 
TSOLID 
TSS 
r n D D  
TTCDF 
TTCP 
n m E  
TTO 
TU 
TURBID 
TVS 
W H E N  
TXYl.EN 
u 
U234 
U235 
U238 
UDMH 
UNKXXX 
UREA 
v 

Total petroleum hydrocarbons, aviation gasoline Fraction 
Total petroleum hydrocarbon, 
Total petroleum hydrocarbons, diesel fraction 
Total petroleum hydrocarbon,, gas fraction 
Total phosphates 
Triphenylplrosphate 
~richloroethylene / Trichloroethene 
Tramolite-actinolite asbestos 
Tritluralin / Treflan 
Trichlorobenzenes 
Trimethylbenzenes 
Ttichlorocyclopentene 
Tritium 
Ttithion 
2,3,4-Trimethylll-temdecene 
Diethyl methylphosphonate 
Terphenyl-Dl4 
Triphenylene 
Thalomethanes 
Total sulfur 
p-Toluenesulfonic acid, heptyl ester 
Total solids 
Total suspended solids 
Total tetmchlorodibenzo-p-dioxh 
Total teuachlorodibenzofwans 
Teuachlorophenol 
Trichlorotduoroethane 
Total toxic organics 
Total uranium 
Turbidity 
Total volatile solids 
Toxaphene 
Xylenes, total combined 
Uranium 
Uranium 234 
Uranium 235 
Uranium 238 
Unsymmerrical dimethyl hydnzine 
Unknown compound, XXX = 001 t h r ~  999. 
Urea / Carbamide / Carbonyl diamide 
Vanadium 
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8.24 T e s t  Name (Analyte) 

ACCEPTABLE ENTRIES: (Conl.) 

VARHY 
VFA 
VM 
VX 
W 
WP 
XPLOSV 
XnEN 
Y 
YB 
YELDY 
n 
n Q L m  
ZlNPHS 
ZN 
ZN65 
ZR 
ZR95 

Various hydrocarboru with increasing M.W. 
Vinyl formate 
O-Ethyl-S-(2-diethylaminoethyl) methylphosphonothiolate 
O-Ethyl-S-(2-diisopropylaminoethyl) methylphosphonothiolate 
Tungsten 
White phosphorus 
Explosive spray 
Xylenes 
Y h u m  
Ytterbium 
Yellow dye 
Ethyl methylphosphinate 
Co-eluting compounds n ,  QL and DEMP (q.v.1 
Zinopl~os / Thionazin 
Zinc 
Zinc 65 
Zirconium 
Zirconium 95 

Chemlcal a n d  Radloloalcal m: -- 
(Sorted alphabetically b y  Test  Name) 

(l-Methylpropyl) benzene 
(l'.S trans)-7-Chloro-6-hydroxy-2'. Cdimethoxy-6'-methyl 
spiro[benzofuran-2-(3H)-l'-(2)-cyclohexene]-3, Y-dione 

(1,l-Dimethylethyl) benzene 
(1,3-Dimethylbutyl) benzene 
(2-Chloroethoxy) ethene 
(3beta)-Stigmast-5-en-3-01 
0.1N Hydrochloric acid 
l-(2-Butoxyethoxy) ethanol 
I-(2-Methylcyclohexy1)-3-phenylurea 
1-Acetyl-3-methyl-S-pyrazolone 
1-Acetyl-4-(l-hydroxy-l-methylethyl) benzene 
l-Benzyl-4-hydroxybenzimidazole 
l-Butanol 

i l-Carbamoyl-3.5-dimethyl-2-pyrazoline : I-Chloro-2,4-hexadiene 
i I-Cl~lorohexane 

1-Chloronaphthalene 

lMPRB 
SPlRO 

llDMEB 
13DMBB 
2CLEVE 
3SSE3L 

OlNHCL 
BEET0 
SlDRN 

lA3MPZ 
1A4HMB 
1BY4HB 

1C4L 
lCDMPZ 
1CL24H 

1 CH 
l CNAP 

-- 

8.24-40 13 March 1992 



APPENDIX D 



APPENDIX D 
HEALTH BASED NUMBERS AND OTHER COMPARISON CRITERIA 

A set of health based numbers (HBNs) and other comparison criteria were developed 

for this report. Included in the set were analytes detected at Radford Army Ammunition 

Plant (RAAP) that did not have HBNs specified in the Resource Conservation and 

Recovery Act (RCRA) permit for RAAP. The methodology for development of these 

HBNs and other comparison criteria is described below. Table D-1 presents the HBNs and 

other comparison criteria developed for analytes detected at RAAP during the VI that do 

not have permit-specified HBNs. It is important to note that several detected analytes 

exhibit both carcinogenic and noncarcinogenic toxic effects. The HBN for a given analyte 

is the lesser of the carcinogenic and noncarcinogenic values. 

D.l GROUNDWATER AND SURFACE WATER HBNs AND OTHER 

COMPARISON CRITERIA 

If HBNs were not specified in the RAAP permit, maximum contaminant levels 

A (MCLs) are used as the groundwater and surface water comparison criteria, if available. 

Groundwater and surface water criteria are assumed to be identical because there is a 

municipal drinking water intake downstream of RAAP on the New River; therefore, 

drinking water criteria are generally applicable to both surface water and groundwater at 

RAAP. In the absence of MCLs, HBNs were developed according to the methodology 

provided in RCRA Part 264 Subpart S regulations (40 CFR Part 264; July 27, 1990), as 

described below. 

In the absence of an MCL, an HBN for noncarcinogenic effects is calculated 

according to the following equation (Eq. D-1): 

HBN = (RfD x BW)/(Iw) 

where: 

HBN = Health based number (mg/l) 

RfD = Reference dose (mg/kg/day) 

BW = Body weight (kg) 

Iw = Intake of water (l/day) 



For noncarcinogenic effects a water intake (Iw) of 2 l/day is assumed for a 70 kg 

adult (BW) (40 CFR 264; July 27, 1990). The reference dose (RfD) is the toxicity value 

used most often in evaluating noncarcinogenic effects. RfDs for noncarcinogenic effects are 

estimates of daily exposure levels for the human population, including sensitive 

subpopulations, that are likely without an appreciable risk of deleterious effects during a 

lifetime. The RfD is used in risk assessments to estimate the potential for noncarcinogenic 

health effects, which is measured by the hazard quotient (HQ). In summary, the HQ is the 

intake divided by the RfD. EPA guidance suggests that there may be concern for potential 

noncarcinogenic health effects if a HQ exceeds one (USEPA, 1989). In general, the greater 

the value of the HQ above unity, the greater the level of concern for noncarcinogenic 

effects. In developing HBNs, the RfD is used to estimate the contaminant concentration 

that provides a daily intake that results in a HQ of 1. 

In the absence if an MCL, an HBN for carcinogenic effects is calculated according 

to the following equation (Eq. D-2): 

HBN = (R x BW x LT)/(SF x Iw x ED) 

where: 

R = Assumed risk level (unitless) 

LT = Assumed lifetime (years) 

SF = Carcinogenic Slope Factor (l/(mg/kg/day)) 

ED = Exposure duration (years) 

For carcinogenic effects, a water intake (Iw) of 2 l/day is assumed for a 70 kg adult 

(BW); exposure is assumed to be 70 years (ED) of a 70 year lifetime (LT) (40 CFR 264; 

July 27, 1990). The slope factor (SF) and the accompanying weight-of-evidence 

determination are the toxicity data most commonly used to evaluate potential human 

carcinogenic risks. The slope factor is a plausible upper-bound estimate of the probability 

of a response per unit intake of a chemical over a lifetime. The slope factor is used in risk 

assessments to estimate an upper-bound probability of an individual developing cancer as 

a result of a lifetime exposure to a particular level of a potential carcinogen. In developing 



1.14 HBNs, the slope factor is used to estimate the contaminant concentration that, given lifetime 

exposure, would result in the specified probability of an individual developing cancer. As 

specified in RCRA Part 264, for potential carcinogens, a risk level of 1E-06 is assumed for 

Class A and B carcinogens and a risk level of 1E-05 is assumed for Class C carcinogens. 

In the absence of an MCL and relevmt health effects values (RfD or SF), other 

comparison criteria were considered. These include the drinking water equivalent level 

(D WEL), secondary maximum contaminant level (SMCL), maximum contaminant level goal 

(MCLG), and other criteria, as available. Table D-1 indicates whether these comparison 

criteria were used as the HBN. 

D.2 SOIL HBNs AND OTHER COMPARISON CRITERIA 

If HBNs were not specified in the RAAP permit, HBNs were developed according 

to the methodology provided in RCRA Part 264 Subpart S regulations (40 CFR Part 264; 

July 27, 1990), as described below. 

rh 
HBNs for noncarcinogenic effects are calculated according to the following equation 

(Eq. D-3): 

HBN = (RfD x BW)/(Is x CF) 

where: 

HBN = Health based number (mg/kg) 

RfD = Reference dose (mg/kg/day) 

BW = Body weight (kg) 

Is = Intake of soil (g/day) 

CF = Conversion factor (1E-03 kg/g) 

HBNs for carcinogenic effects are calculated according to the following equation (Eq. 

D-4): 

HBN = (R x BW x LT)/(SF x Is x ED x CF) 

where: 

R = Assumed risk level (unitless) 



LT = Assumed lifetime (years) 

SF = Carcinogenic Slope Factor (l/(mg/kg/day)) 

ED = Exposure duration (years) 

In deriving HBNs for hazardous constituents in soil, other than those which are 

known or suspected to be carcinogens, a soil intake (Is) of 0.2 g/day for a 16 kg child (BW) 

over a five year exposure period (age 1-6) is assumed (40 CFR Part 264; July 27, 1990). A 

conversion factor of 1E-03 kg/g is required for unit adjustment. For hazardous constituents 

which are known or suspected to be carcinogens, a soil intake of 0.1 g/day (Is) for a 70 kg 

adult (BW) over a 70 year lifetime exposure period (ED and LT) is assumed (40 CFR Part 

264; July 27, 1990). The RfD and SF are discussed in Section D.1. 

An RfD is not available for lead, because--after careful consideration of toxicity data 

on lead--EPA has decided that the derivation of an RfD is inappropriate (USEPA, 1992a). 

Rather, EPA has developed an uptake/biokinetic (UBK) model that estimates total lead 

uptake (ug Pb/day) in children from diet, inhalation, and ingestion of soil, dust, and paint, 

r~ and predicts a blood lead level in micrograms of lead per deciliter (ug Pb/dL) based on 

total lead uptake. Blood lead is considered the best indicator of recent lead exposure and 

has been reliably correlated with neurotoxicity measures in developing children. Therefore, 

the UBK model for lead is used to develop soil HBNs for lead. This model and the 

development of HBNs for lead are discussed in detail in Section D.3. 

D.3 DEVELOPMENT OF HBNs FOR LEAD IN SOIL 

A description of the UBKmodel is presented below in Section D.3.1; this information 

was obtained form Users' Guide for Lead: A PC Software Application of the Uptake 

Biokinetic Model. Version 0.50 (USEPA, 1991~). Application of the UBK model for 

development of HBNs for lead at RAAP is discussed in Section D.3.2. 

D.3.1 U~takeIBiokinetic Model for Lead 

The purpose of the lead UBK model is to estimate the total lead uptake (ug Pb/day) 

in humans that results from diet, and inhalation and ingestion of soil, dust, and paint, and 

.- 
to predict a blood lead level (ug Pb/dL) based on total lead uptake. The current version 



- of the model estimates lead uptake and blood lead levels in children from 0 to 6 years old. 

Therefore, this model applies only to the residential land use scenario. The UBK model 

contains two separate sections: (1) the uptake section, which estimates the monthly uptake 

of lead from diet, air, soil/dust, water, and paint; and (2) the biokinetic section, which uses 

the monthly lead uptake to estimate blood levels. Final results are reported on an annual 

basis. These sections of the model are described briefly below. A more detailed 

description of the UBK model is presented in the reference cited above (USEPA, 1991~). 

D.3.1.1 U~take  Section of the Model. The uptake section of the model uses the user- 

entered values or default values to estimate a daily intake of lead from air, diet, water, 

soil/dust, and paint. It is important to understand that "intake" of lead is different from 

"uptake" of lead. Intake is the amount of lead brought into the body by the various 

exposure routes. Uptake is the amount of lead absorbed into the body's blood-plasma 

system. Uptake is calculated from intake by the following general formula: 

UPTAKE = INTAKE X ABSORPTION factor - For each of the exposure routes, the following formulas are used: 

UPAIR - - INAIR X ABSAIR 

UPDIET - - INDIET X ABSDIET 

UPDUST = INDUST X ABSDUST 

UPSOIL - - INSOIL X ABSOIL 

UPWATER = INWATER X ABSWATER 

UPPAINT = INPAINT X ABSPAINT 

The absorption factors are determined by either the linear absorption method or the 

nonlinear active passive method. The linear method uses a constant absorption percentage 

(for each age and exposure route) that is multiplied by the lead intakes to calculate the lead 

uptakes. In the nonlinear method, the absorption percentage varies with lead concentration, 

volume of the gut, and other factors. The nonlinear method is the program default. The 

intakes entered by the user are on a daily basis. Multiplying the daily intakes by 30 yields 

the estimated monthly intakes. The total monthly uptake, is therefore: 



UPTAKE = UPAIR + UPDIET + UPDUST + UPSOIL + UPWATER + 
UPPAINT 

The monthly uptakes are then passed to the biokinetic section of the model for 

estimation of blood lead levels. 

Information pertaining to the intake values for various exposure routes are discussed 

below. 

D.3.1.1.1 Air Intake. The daily intake of lead resulting from air exposure is calculated 

using a time-weighted average (TWA) method, as follows (the asterisk symbolizes 

multiplication): 

Intake (ug Pb/day) = ((TO*CO + TI*CI)/24) * Vent Rate (m3 &/day) 

where: 

TO and TI are the time outdoors and indoors (in hours), and 

CO and CI are the concentrations outdoors and indoors (ug P B / ~ ~ ) .  - D.3.1.1.2 Water Intake. The daily drinking water intake of lead is calculated by multiplying 

the water concentration (ug Pb/L) by the daily consumption rate (in liters). Alternate 

factors (which include "first-draw" and fountain" water) are included in the formula if the 

user specified their use. If specified, the formula for drinking water intake becomes: 

I W A T E R  = water consumption x ((flushed concentration x flushed fraction) 

+ (first draw concentration x first draw fraction) + (fountain 

concentration x fountain fraction)) 

D.3.1.1.3 Soil and Dust Intake. The lead concentrations of soil are directly entered by the 

user. For each age group, the soil intake is .calculated by multiplying the soil concentration 

by the amount of soil and dust ingested. This value is then multiplied by the fraction of the 

soil and dust amount that is soil. The program uses defaults of 45 percent soil to 55 percent 

dust. 

If the user selects a constant dust concentration or variable dust concentrations, the 

dust intake is calculated exactly the same as for soil. Dust differs from soil in that it has the 



- added option of using multiple source analysis to determine dust intake. Multiple source 

analysis sums the dust intake from three primary sources: (1) contribution to house dust 

from soil dust, (2) contribution to house dust from airborne fallout, and (3) contribution 

from alternate dust sources. The alternate dust sources include lead in house dust from 

paint sources and lead exposures at occupational settings, second homes, daycare facilities, 

and schools. If the user does not use alternate dust sources, the dust intake is calculated 

only from contributions (1) and (2) above, which is the program default. 

D.3.1.2 Biokinetic Section of the Model. The biokinetic section of the model uses the total 

lead uptake for each month to calculate the amount of lead that occurs in a number of body 

compartments. The body compartments include the plasma and extra cellular fluid (ECF) 

pool, the red blood cell (RBC) pool, the kidney, the liver, trabecular bone, cortical bone, 

and other soft tissue pools. 

The first consideration is the amount of lead occurring in these compartments at time 

zero (birth). This is determined by the maternal contribution. The user selects either the 

- infant method or the fetal method to estimate the maternal contribution. The fetal method 

is the program default. The infant method uses default values to determine the 

compartment lead levels for a newborn. For example, the blood lead level of a newborn 

is estimated to be 85 percent of the maternal blood level (current default for maternal level; 

is 7.50 ug Pb/dL). The newborn organ lead levels are then estimated from the blood lead 

level. The fetal method is a self-contained model that iteratively determines lead levels in 

a fetus during pregnancy. 

Although complicated mathematically, the biokinetic model is relatively simple in 

concept. In general, lead enters the body through uptake, lead leaves the body through 

urine and feces, and lead is exchanged among body compartments. (The uptake section of 

the model is discussed in Section D.3.1.1.) The important factor of the biokinetic model is 

the transition of lead among body compartments (which includes its removal by urine and 

feces via transition to kidney and liver). The transition times (residence times) are the rate- 

determining factors that give the rate at which lead enters, leaves, and remains in each - compartment during each monthly iteration. The formulas used to estimate the transition 



A times are provided in Appendix B of the referenced EPA document (USEPA 1991~). The 

transition times are calculated on a monthly basis and depend on body weight and weight 

of the organs at that monthly age. 

Blood lead levels increase with increases of lead uptake. If the lead uptake is 

increased to excessively high levels (several hundred ug Pb/day or more), the lead 

concentration in the red blood cells begins to equal or exceed the saturation concentration 

of the red blood cells. When the program recognizes this condition, the biokinetic model 

iterations are terminated and a warning is displayed. It is still possible, however, to get very 

close to the saturation concentration without a warning being issued. In some of these 

situations, unrealistically high blood levels are being generated. 

D.3.1.3 Values of Default Parameters. The values of various default parameters that can 

be changed by the user are listed below. Default values for gastrointestinal tract absorption 

and biokinetic residence times are provided in Appendices A and B (USEPA, 1991c), 

respectively. 

Air Data: 

Air Concentration: 0.20 ug pb/m3 
Lung Absorption: 32 percent 
Vary Air Conc by Year: NO 
Ventilation Rate: 

Age 0-1: 2.0 &/day 
Age 1-2: 3.0 m3/day 
Age 2-3: 5.0 m3/day 
Age 3-4: 5.0 m3/day 
Age 4-5: 5.0 m3/day 
Age 5-6: 7.0 m3/day 
Age 6-7: 7.0 m3/day 

Water Data: 

Water Concentration: 4.00 ug/L 
Use Alternate Values: NO 
Water Consumption: 

Age 0-1: 0.20 L/day 
Age 1-2: 0.50 L/day 
Age 2-3: 0.52 L/day 



Age 3-4: 0.53 L/day 
Age 4-5: 0.55 L/day 
Age 5-6: 0.58 L/day 
Age 6-7: 059 L/day 

Diet Data: 

Use Alternate Values: NO 
Diet Intake: 

Age 0-1: 5.88 ug Pb/day 
Age 1-2: 5.92 ug Pb/day 
Age 2-3: 6.79 ug Pb/day 
Age 3-4: 6.57 ug Pb/day 
Age 4-5: 6.36 ug Pb/day 
Age 5-6: 6.75 ug Pb/day 
Age 6-7: 7.48 ug Pb/day 

Soil and Dust Data: 

Constant Soil Conc: 200 ug Pb/g 
Constant Dust Conc: 200 ug Pb/g 
Percent of Soil and Dust That is Soil: 45 
Amount Ingested Daily: 0.10 g Pb (all ages) 

Multi~le Source Analvsi~: 

Soil Contribution to House 
Lead Dust (conversion factor): 0.28 

Air Contribution to House 
Lead Dust (conversion factor): 100 

Use Alternate Dust Sources: NO 

Paint Data: 

Amount Ingested Daily: 0.0 ug Pb (all ages) 

Maternal Data: 

Infant Model: 
Mother's Blood Lead Conc at Birth: 7.50 ug Pb/L 



Fetal Model: 
Air: 

Conc Outdoors: 0.200 ug pb/m3 
Conc Indoors: 0.060 ug pb/m3 
Conc at Work: 0.060 ug pb/m3 
Vent Rate Outdoors: 1.0 m3/hr 
Vent Rate Indoors: 1.0 m3/hr 
Vent Rate at Work: 1.0 m3/hr 
Vent Rate Sleeping: 1.0 m3/hr 

Water: 
Conc at Home: 9.00 ug Pb/L 
Conc at Work: 9.00 ug Pb/L 
Consumption at Home: 2.0 L/day 
Consumption at Work: 2.0 L/day 

Diet: 
Consump tion: 
Conc: 

1,000 g food/day 
0.10 ug Pb/g food 

Dust: 
House Consumption: 0.020 g dust/day 
House Conc: 200.0 ug Pb/g dust 
2nd Occupation Exposure: 0.00 ug Pb/day 
Other Dust Intake: 0.00 ug Pb/day 

Absorption: 
Air: 
Diet: 
Water: 
Dust: 

50.0% (in lungs) 
10.0% (in gastrointestinal tract) 
10.0% (in gastrointestinal tract) 
10.0% (in gastrointestinal tract) 

Gravh Values: 

GSD : 1.42 
Cutoff: 10 ug Pb/dL 

D.3.2 A~vlication of the UBK Model to Development of Soil HBNs 

EPA (1991d) has identified blood lead concentrations of 10 to 15 ug/dL as levels of 

concern for adverse effects. Therefore, these levels are used as the basis for developing soil 

HBNs for lead. The UBK model was run using the default values presented and discussed 



r in Section D.3.1, a lead groundwater concentration of 15 ug/l, and a varying soil 

concentration A concentration of 15 ug/l in groundwater is used because this is the MCL 

for lead and, therefore, the HBN for lead in groundwater. 

Based upon application of the UBK model, two potential HBNs for lead in RAAP 

soil are identified--200 and 500 mg/kg total lead. The HBN for lead depends, in part, upon 

what percentage of the population you want to protect and the blood lead cutoff selected. 

Figure D-1 presents a graph of the bell-shaped probability density function at a soil 

concentration of 200 mg/kg Pb; at this soil concentration, the model estimated a high 

degree of protectiveness of >99.6 percent of children in a residential setting (i.e., at 200 

mg/kg, >99.6 percent of an exposed sensitive population (young children) would be 

expected to have blood lead levels of less than or equal to 10 ug/dL). 

Figures D-2 and D-3 present graphs of the bell-shaped probability density function 

at a soil concentration of 500 mg/kg Pb and using cutoffs of 10 and 15 ug/dL blood lead 

levels, respectively. At a soil concentration of 500 mg/kg, the model predicts that >89.6 

A percent of the children would have blood lead levels of less than or equal to 10 ug/dL As 

indicated in Figure D-3, at 500 mg/kg, > 99.2 percent of the children would have blood lead 

levels of less than or equal to 15 ug/dL 



TABLE D- 1 

Catlum 
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Copper 
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Ma@ahm 
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ism0 
133NB 
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28)NT 
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NA 
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NA 
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N A 
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NA N A 
N A N A 
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NA NA 
NA NA 
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NA 

l . E - 0 1  (a) 
NA 
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NA 

e.oE-01 (a)(* 
NA 
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3 .a -03  (4 
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NA 
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NA 
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NA 
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GW HBN (@ - 
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NC 
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3.OE-01 (k) 
1.Y-02 (( 

NC 
3.5E+m 

NC 
2.a+01 (j 
2.5E-01 
7.OE+m 

Cerchogmlc 
GW HBN (n) 
lmall 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

Nmcachogs l lc  
Soll HBN (0) 

lmdkal 

2.3E+05 
NC 

B.CE-01 
3.CE+03 

NC 

rn-= 'O( (  
NC 

e.OE+OJ 
NC 
NC 

5.6E+02 
l . E + W  

NC 
NC 

1.2E-02 (h) 
6.lE-05 ( d  
5.1E-05 (d 

NC 
3.2E-03 (h) 

NC 
NC NC 

Cerchogmlc 
Sol1 HBN (d 
lmolkal 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

NC 
NC 

2.3E+W (h) 
l.OE+M) ( d  
l.OE+M) ( d  

NC 
8.4E+01 (h) 

NC 
NC 
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APPENDIX E.l 

Boring Logs, Well Construction Diagrams and Survey Data 



BORING 10MW1 
Surface Elevation: 1701.3 Feet, MSL 
Locat ion: Radford AAB,  Virginia 
Siar t :  07: 32 on 8-16-91 
Finish: 12: 00 on 8-16-91 

Symbols  Descr ipt ion 

5 

SPT 2 10 

10 

SPT 3 9 

1 5  

SPT 4 6 

LOG OF BORING Domes 8r Moore ( 

ML 

lvl L 

S lvl 

Ls 

DARK BROWN ( 7 . 5 ~ R  3/2)  FILL (SANDY SlLT WlTH 
COAL CHIPS) 

DARK BROWN ( 7 . 5 ~ R  3 / ~ ;  CLAYEY SlLT WlTH FINE 
SAND MICACEOUS. M C l S i  

GRADES MORE CLAY AND LESS SAND 

WlTH MOTTLING 

DARK GRAY (IOYR 4/1) f l N E  SAND, MICACEOUS, 
TRACE SlLT 

LIGHT GRAY LIMESTONE, WEATHERED AND FRACTURED, 
WlTH OXIDIZED SEAMS. WlTH CALCITE CRYSTALS 
AND VEINS, ABUNDANT CLAY PARTINGS, 
ZONES WlTH PlTS AND VUGS 

NO OXIDIZED SEAMS BELOW 20.6 FEET 

GRADES GRAYISH BROWN 
TRACE PYRITE BELOW 23.0 FEET 

AIR ROTARY DRILL WITHOUT CORING BELOW 25.0 FEET 

BOREHOLE TERMINATED AT A DEPTH OF 31.0 FEET 



BENTONITE AND 
CEMENT GROUT 

BENTONITE 
CLAY SEAL 

L 

WELL INSTALLATION DIAGRAM Location: IOMWI 
FOR VERIFICATION INVESTIGATION Instaltation Date: 811 6/91 
RADFORD AAP, VIRGINIA Surface Elevation: 1701.3 Feet 

Top of PVC Elevation: 1703.62 Feet 

& Moore 

6-INCH PROTECTIVE CASING 

4-INCH I.D. SCH. 40 PVC PIPE 

GROUND SURFACE 
I 3.' 
,;; 2; 0 

j 5 5 $ 
8 $8 
$$ $ f.B 
*%$< 

4.9 

9.9 

COARSE SAND 
FILTER PACK 

13.5 

Water at 15.34 feet on 1 /I4192 
0.M 0- INCH SLO 
PVC SCREEN 

Top of bedrock at 229 feet 

28.5 

31 .O 

NOT TO SCALE 

Dames 
; 

m 

DEPTH 
FEET 



0 

SPT 

5 

SFT  

1 0  

SPT 

BORING 32MW1 
Surface Elevat ion: 1736.4 Feet 
Locat ion: Radford A A P ,  Virginia 
S t a r t :  2: 11  on 10-30-91 
F in i sh :  1 :  20 on 1 1  -1 - 9 1  

Symbo ls  Descr ip t ion  

YELLOWISH RED (5YR 5 /8 )  SILTY FINE SAND, MICACEOUS, 
' TRACE BLACK COALY STAINING 

YELLOWISH RED (5YR 5 /8 )  SANDY GRAVEL, SLIGHTLY 
MOIST 

GRADES TO DARK YELLOMSH BROWN (10YR 4/4), 
WlTH SOME SILT 

COBBLE SEAM 13.5  TO 16.0 FEET 

STRONG BROWN SILTY SAND (7.5YR 5/6),  VERY MOIST 

LIGHT OLIVE ( 2 . 5 ~  5 /4 )  CLAYEY SILTY SAND SEAM 
OVERLYING BEDROCK 

HIGHLY WEATHERED BRECCIATED LIMESTONE, SOFT, WITH 
PIECES OF RED AND GREEN SHALE AND OCCASIONAL 
SILTSTONE AND SHALE SEAMS 

BECOMES 5 Y  5/1 GRAY LIMESTONE BRECCIA M T H  DUSKY 
RED ( 2 . 5 ~ R  3/2)  SHALE SEAMS, HIGHLY PITTED, SOFT 

BECOMES BRECCIATED. WlTH ABUNDANT CALCITE INFILLING 
OF CRACKS AND PITS 

GREENISH GRAY, 5G 6/1 LIMESTONE. WlTH OCCASIONAL 
SILTSTONE AND SHALE SEAMS 

I BECOMING HARDER MORE COMPETENT LIMESTONE 

PLATE 
LOG O F  BORING 

D o m e s  & M o o r e  
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u 
0 - 

5 O BORING 32MW1 (Cont'd) 
z w 0 - 
a ! l z 0 =  x 0 

0 L 
+ 

2 O , =  0 5 a! > C - 
V 

0 
c C K  " 8 %  a! a i t 5  h a e  
a ! o o o  c 0 
o m i n  in (2 K e r n  Symbo ls  
4 0  

AH 6 

4 5  
AH 7 

- 
- 

- 

- 
- 5 0  

- AH 8 
- 

- 
- 

- 5 5  

- 
AH 9 - 

- 

- 
- 6 0  Ls 

AH 10 - 
1 

- sGle 
- 

- 

- I 

- 6 5  
AH 1 1  - 

- 

- 

- 

- 7 0  

- AH 1 2  
- 

r 
i 

I 

7 5 ~ ~  13 

r 
L 

D e s c r p t ~ o n  

DRY LIMESTONE 5G61 GRAY, OCCASIONAL SOFT 
ZONES SILTSTONE AND SHALE 

GRADING SOFTER VERY SLIGHTLY MOIST, 
INCREASED SHALE 

CONTINUED SOFT LIMESTONE, BECOMING DARK 
GRAY lOYR 4/1 

GREENISH GRAY (5G 6/1) SILTY LIMESTONE, CONTINUED 
BEDS OF LIMESTONE. SHALE. AND SILTSTONE 

VERY DARK GRAY (IOYR 5/1) LIMESTONE AND LIGHT GRAY 
(5G 6/1) SILTSTONE, ABUNDANT CALCITE PIECES 

DARK GRAY (2  5 Y  N/4)  LIMESTONE BECOMING 
HARDER, SOME CLAY PARTINGS 

CUTTINGS ARE VERY SOFT DARK GRAY (2  5 Y  N/3)  
INTERBEDDED LIMESTONE AND SHALE 

BECOMING VERY MOIST. SILTY AND SANDY 
INTERBEDDED LIMESTONE AND SHALE 

WET AND MUDDY 

PLATE 
LOG OF BORING 

D a m e s  & Moore  



TERMINATE BOREHOLE AT A DEPTH OF 
8 8 . 0  FEET 

3 

u 
0 - 
5 c3 BORING 32MW1 (Cont'd) 

= a '  
0 L 

a ' I d - - Z X  0) 
0 L 

C 

: o = y  - C - .G - - % c  0.l g & f 2  
a 

; $  " B E  
a ' o o o  0 0 
o v r m  rn o x v ,  Symbols Description 
8 0 

AH 12 CONTINUED WET 

I LS 
85 shale 

9 0  

PLATE 
LOG OF BORING 

Dames & Moore 



WELL INSTALLATION DIAGRAM 
FOR VERIFICATION INVESTIGATION 
RADFORD AAP, VIRGINIA 

BENTONITE AND 
CEMENT GROUT 

BENTONITE 
CLAY SEAL 

COARSE SAND 
FILTER PACK 

0.01 0- INCH SL 
PVC SCREEN 

Location: 32MW1 
Installation Date: 9/27/91 
Surface Elevation:1736.4 Feet 
Top of PVC Elevation: 1738.31 Feet 

Top of bedrock at 20.7 feet 

52.0 

Water at 54.99 feet on 311 2/92 

Flowing water Rrst encourrtwed 
at amrokirnately TI feet 

87.0 

88 -0 

NOT TO SCALE 

Dames 4 



VERY 'ACIST, BECCMING SANDY 

2 

BECOMING HARDER DOLOSTONE. WlTH MORE OF THE 
BLUISH GRAY DOLOSTONE, AND SOME SOFT 
LIMESTONE SEAMS 

v - 
5 5' 

BORING 40MW2 
= ' a ,  0 - 
a , z c 4 = , X  0 - v 
a, 

Surface Elevci ion: 1881 . I  Feet 
L L O I z o G y  - C - - Locat ion:  RcCford A,.A.P, Virginia 
-c a $  e x - .  
+ a 

3 2 E 
Start: 13: 42 o r  10-29-91 

o a c Finish: 11: 00 ~r 10-30-91 
35scrip tion 

REDDISH YELL3W ( 7 . 5 ~ E  5 / 8 )  SILTY CLAY, TRACE SAND, 
STIFF, DRY 

GRADE) CONTACT 
~ 

YELLOWISH RE2 ( ~ Y R  5 / 5 )  CLAYEY SILT SLIGHTLY 
I 

PLASTIC, SLIGHTLY XIDIST 

WITH 2CCASICNbL VERY FiNE SANDY LENSES 
I 

THIN SILT SEAM. LIGHT YELLOWlSH BROWN 
(2 .5Y 5/4), STIFF, DRY, BRITTLE, FROM 16.5-17.0 
FEET, OVERLYING BEDROCK 

DOLOSTONE (SILTSTONE) DID NOT ATTEMPT NX ROCK 
LIGHT BROWNISH GRAY (10YR 6 /2)  HIGHLY WEATHERED 

CORING AT  THlS LOCATION DUE TO THE POOR ROCK 
QUALITY AND EXCESSIVE WATER LOSSES A T  BORINGS 
40MWlA ,  40MW3A, AND 40MW4. THlS BORING WAS 
LOGGED B Y  VISUAL OBSERVATION OF CUTTINGS 
SAMPLES COLLECTED WlTH THE AIR HAMMER 

GRAY ( 1 0 ~ R  6/1) DOLOSTONE. HIGHLY WEATHERED, SOFT, 

SOFT, FAST DRILLING 

WITH INTEZBEDDED SEAMS OF WEATHERED SILTSTONE 
(PALE BRSWN) AND LIMESTONE 

WlTH SOME DARKER GRAY AND BLUISH GRAY 
DOLOMITE SEAMS 

PLATE 

n m m  m c X U ?  S y r n b d s  

0 

SPT 1 42 I ML 

I 1 5 

S P T 2  11 100 

1 0  

LOG O F  BORING 
D a m e s  & M o o r e  

SPT 3 9 

I 
I 

1 5  
- 9 1  1 SPT 4 13 
- 

I I 

- AH 5 -x 
- 

- 20 
- 
- i 

- 
- AH 6 1 

I i 
- 2 5  
- 
- 1 
- 
- AH 7 

- 30 
- I I 

I - 
I 

- i 

- 

- 35 
- 
- 
- AH 8 I 
- 

- 4 0  

LS 
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u 
0 - 
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BORING 40MW2 (Cont'd) 
0 

z a 0 i 

W I ~ Z  a, 
0 

+ 

z o = y  - r 
V . - S L Y  aJ e x 2  

6 
ace- 0 0 
n L I  m o c r m  Symbo ls  Descr ip t ion  

- 4 0  

AH 9 SAME WITH SOME OLIVE AND LIGHT BROWN 

4 5  
DOLOSTONE SEAMS 

AH 10 LS' HIGHLY WEATHERED SEAM AT 49 .0  FEET 

s o A H  1 1  DS 
s hale 

VERY SOFT, VERY WEATHERED TO SlLT 
AND CLAY 
SlLT AND CLAY PREVENTED CUTTINGS 
RETURN 

BOREHOLE TERMINATED AT A DEPTH OF 
6 0 . 0  FEET 

PLATE 
LOG O F  BORING 

D o m e s  & M o o r e  



6-INCH PROTECTIVE CASING 

4-INCH I.D. SCH. 40 PVC PIPE 

GROUND SURFACE 
:I :<: .:.: <.: 
$ ;: 
$ $ 
;$ $2 
:<: 1.:. 

$ $ 3  
2; $$$ :$ 

4 % : ~  
:>.$::2 :qs>3: 

BENTONITE AND :&$ 

CEMENT GROUT 

COARSE SAND 
FILTER PACK 

0.M 0- INCH SL 
PVC SCREEN 

BENTONITE 
CLAY SEAL 

WELL INSTALLATION DIAGRAM Location: 40MW2 
FOR VERl FlCATlON INVESTIGATION Installation Date: 10/30/91 
RADFORD AAP, VIRGINIA Surface Elevation: 1881.1 Feet 

Top of PVC Elevation: 1882.51 Feet 

DEPTH 
FEET 

0 

$ 

Top of bedrock at 17.0 feet 

22.0 

28 .O 

35.0 

Possible void from 47-60 feet 

No water table encountered 
Collapse between 56 and 60 feet 

55 .O 

60.0 

NOT TO SCALE 

Dames h Moore 
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TI 
0 - 
5 

BORING 40MW4 
1 

a, 0  L 

a I o z i  2 4 a, 
a 

S ~ ~ r f a c e  Elevct 'on 1906 1 Feet, MSL 
L L c y  - C - 3 S K  L o c a t ~ o n  Rcdford  A A P ,  Virginia 

a, e 5 : :  e o E 
S ta r t  08 45 o r  10-28-91 

o o 2 ~  a CJ F nish 08 59 on 10-29-91 
o m m  m o c n  

,- 0 
- SPT 116 
- 40 I 
- 
- 

I 

- 5 
SPT 2 5 100 

l o o  0 1 0  

SPT 3 8 

1 1 5  
- 

I 1 I 
2 0 

I 2 5 A H  

1 ~ 

I 1 1 1  DOLOSTONE, SEAMS, GRAY BEGIN WHICH PALE ( ~ / 6 )  CORING OLIVE ARE DOLOSTONE. AT  SLIGHTLY ( 5 ~  35 0 6 / 3 )  FEET GETTING PITTED WITH THIN BEDDING HARDER LIMESTONE DIPS 

SLIGHTLY SOME BLACK MINERAL STAINING AT  

1 100 50 FRACTURES, BLUISH GRAY FROM 3 6  1 - 3 6  7 FEET 
+- 

- 

DS 37 5 - 3 9  0 FEET ARE LIGHT RED (10YR 6 /6 )  
SEAMS OF DOLOSTONE 

4 0  3 9  0 FEET GRAY N / 6  DOLOSTONE 

PLATE 
LOG O F  BORING 

D o m e s  h Moore 

S y m b o l s  

hf L 

shale 

; "  

C~escr~p  t ~ o n  

YELLOWISH SR3WN (1 0YR 5 / 4 )  FlNE SANDY SILT, OVERLAIN 
B Y  YELLONISH BROWN CLAY WlTH GRAY MOTTLING 

SLIGHTL/ MOIST, WlTH SOME FlNE TO MEDIUM 
SAND, COHESIVE, SOFT 

GRADING MORE MOIST 

STRONG BROWN ( 1 0 ~ R  5 / 6 )  

WHITE (10YR 8/ l )  CLAY SEAM, VERY MOIST. OVERLYING 
ROCK AT  1 4  0 FEET 

ROCK IS HIGHLY WEATHERED 
ATTEMPT AT  NX CORING A T  THIS DEPTH WOULD 
PROBABLY RESULT IN EXCESSIVE WATER LOSS 
BOREPOLE WAS THEREFORE REAMED WlTH AN 
&INCH AIR HAMMER TO A DEPTH OF 3 5  0 FEET 
WHERE ROCK CORING WAS ATTEMPTED 

INTERSEDDED GRAY DOLOSTONE AND LIGHT BROWN 
(7 5YR 6 / 3 )  SILTSTONE AND LIMESTONE SEAMS 

CUTTINGS REPRESENT HIGHLY WEATHERED 
INTERBEDDED DOLOSTONE AND SILTSTONE 
LAYERS, ABUNDANT SILT 
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TI 
0 - 
r 0 
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BORING 40MW4 (Cont 'd)  
0 L 

r o Z 5  +- u 
aJ 

L L , = = p  - C 
V G aJ 
c - n  z R 2  a 
z g a a i  
a u u -  0 0 
c n i n  m c K a m  S y m b c l s  Description 

r 40NX 2 i 0 0  1 0 0 1  4 0  0-LARGE SOLUTION CAVITY 

t 41 0-SOLUTION CAVITY 
I 

I 
STOP CORING DUE TO EXCESSIVE WATER LOSS 

k 

r- ~ 
L 4 5  ~ 
I 
r I CUTTINGS NOT RETURNING TO SURFACE 

I 
I 

I 
- 

- 5 0  
I 
I 

- 

- AH 7 L s  BLUISH GRAY (N/5)DOLOSTONECHIPS AND BROWN 

- 
- 

- 

- 

- 

- 

DS ( 7  5YR 5 / 2 )  LIMESTONE 

- 5 5  

AH 8 

- 6 0  
AH 9 X BECOMING SOFTER INTERBEDDED DOLOSTONE 

- AND LIMESTONE 

- 

- I 
- AH 10 WITH BROWN ( 7  5YR 5 / 3 )  SANDSTONE 

AND SILTSTONE 
C 6 5  

L 

AH 11 
- 6 6  0 - 7 4  0 FEET WEATHERED TO SILT-STRONG 

BROWN ( 7  5YR 5 /6 )  WlTH SOME SANDSTONE - 
Silt  & AND SILTSTONE 

+ 

+ 7 0  
I Clay - Filled NO CUTTINGS RETURN 

PROBABLY SILT AND CLAY FILLED CAVITY 

MORE ROCK, LESS SILT, NOT COMPETENT 
ROCK 

- LOST AIR CIRCULATION BELOW 6 4  0 FEET 

8 0  

PLATE 
LOG O F  BORING 

Dames & M o o r e  
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u 
0 - 
c 
& P 

BORING 40MW4 (Cont'd) 
= ' a  0 
a , z Z ~ C Z  x e, 

0 
4- 

a, 
L m = O C b  - C 
V . a, 

3 > 
L - -  g , , ,  z i i b  d o ?  
9 0 0 0  0 5 
a m m  m o x w v ,  S y m b o l s  Desc r i p t i on  
8 0 r A H 1 2  

t BECOMING HARDEX A T  8 0 . 5  FEET, CUTTINGS ARE 
LIGHT OLIVE BROWN (2.5Y 5/4) WITH 

DOLOSTONECHIPS 

LS 
DS 

A T  8 8 . 0  FEET BECOMING SOFTER 

BOREHOLE TERMINATED AT  A DEPTH OF 
9 0 . 0  FEET. CAVE-IN TO 6 9 . 0  FEET 

PLATE 
LOG OF BORING 

Domes & Moore 



WELL INSTALLATION DIAGRAM Location: 40MW4 
FOR VERIFICATION INVESTIGATION Installation Date: 10/29/91 
RADFORD AAP, VIRGINIA Surface Elevation: 1906.1 Feet 

Top of PVC Elevation: 1908.1 1 Feet 

BENTONITE AND 
CEMENT GROUT 

6- INCH PROTECTIVE 

4-INCH I.D. SCH. 40 P 

COARSE SAND 
FILTER PACK 

0.01 0- INCH SL 
P W  SCREEN 

DEPTH 
FEET 

0 

Top of bedrock at 14.0 feet 

26.0 

36 -0 

42.8 

No wa@r lable e n c o u m d  
Collapse between 63 and 90 feet 
Void between 66 and 74 feet 

62.8 

- 90.0 

NOT TO SCALE 

BENTONITE 
CLAY SEAL 

Dames & Moore 
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s, 2 
a, c 
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SPT 
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SPT 

1 0  

SPT 

1 5  

2 0 ~ ~  

25 NX 

30 N X  

35 N X  

NX  
4 0  

BORING 41bfW1 
Surface Elevation: 1,802.9. Feet,  MSL 
Locat ion:  Radford A A P ,  Virginia 
S t a r t :  08: 15 on 10-8-9; 
Finish: 10: 45 on 10- 19-3- 

S y m b o l s  Cescrip tion 

REDDISH BRO'hlb! (5YR 4 / ~ )  SILTY CLAY, STIFF, LITTLE 
YELLOW AhD OLIVE MOTTLING. DRY 

GRADING DARK 2R3WN ( 7 . 5 ~ R  3 /3 )  

BECOMING SLIGHTLY PLASTIC, TRACE MEDIUM 
SAND. SLIGHTLY MClST 

SLIGH :-'I GRAVEL-Y 

GRADIP.2 SOFTER 

GRAVE- SEAM 11 0-1 2 0 FEET 
BLACK SILT, SOFT, AND LIGHT BROWN SILT WlTH 
REDDlSr YELLOW MOTTLING OVERLAYING BEDROCK 
AT  1 3  0 FEET 

LIMESTONE/DOLOSTONE, L lG i lT  GRAY TO BLUISH BLACK, 
HARD, WELL CEMENTE9, MODERATELY TO HIGHLY 
FRACTURED, WlTH CALCITE INFILLING RUST COLORED 
STAINING F3UND AT  MOST FRACTURES 

GRAGES TO LIGHT GRAY (N/7),  HARD 

ZONE CF MORE FRACTURES, THICKER CALCITE 
VEINS, SOME SAND AND CLAY FiLLEC PARTINGS 

BECOMES DARK GRAY TO BLUISH BLACK, WlTH 
ABUNDANT CALCITE FILLED CRACKS. 
RUST COLORED STAINING, LESS FREQUENT 
TRACE PYRITE AT  2 4 . 0  FEET 

LESS TZACTURED, CALCITE VEINS BECOME 
PITTED AND VUGGY 

GRAYISH BROWN ( 2 . 5 Y  5 / 2 )  HIGHLY WEATHERED 
AND FRACTURED ZONE FROM 32.0  TO 3 5 . 0  FEET 
SOME FRACTURES STAINED STRONG BROWN 
(7.5YR 5 /6 )  
GRAY (N/5) 

CONTINUED GRAY, HARD, WlTH HEALED CRACKS 
AND FRACTURES 

PLATE 
LOG OF BORING 

Dames & Moore 
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u 
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5 
BORING 41hIW1 (Cont'd) 

G 

0 L 

a I o 4 Z p  o +- u 
a  L L m z o c y  - C 
V 3 

2 i r  
1 a o E  
a 0 0 0  c 0 
m m  m o a Q w , ~  S y m b o l s  
4 0  

- - 

4 5  N X  6 80 sfi 

r - - 

7 90 93 

NX 8 100 57 
5 5  

NX  9 100 98 
6 0  Ls 

DLST 

NX 10 100 83 
6 5  

NX 11 100 8E 
7 0  

NX 12 96 100 
7 5  

NX 13 100 90 

8 0  

D e s c r ~ p t ~ o n  

GRADES TO lOYR 4 / 3  DARK BROWN WlTH VARYING 
SHADES OF GRAY, WlTH ABUNDANT CALCITE 
CRYSTALS SLIGHT PITTING 

BECOMING LESS FRACTURED, WlTH FRACTURES 
OCCURRING ALONG CALCITE VEINS, WHERE 
MINERAL STAINING IS EVIDENT (YELLOWISH BROWN 
AND BLACK) 

SAME LIMESTONE/DOLOSTONE WITH FEW FRACTURES 
AND YELLOWISH RED STAINING AT  FRACTURES 

SOME LIGHT OLIVE SHADING 

BECOMES PITTED, CALCITE MORE OBUNDANT, THIN 
SEAMS OF MORE WEATHERED LIMESTONE 
INTERBEDDED WlTH THE HARDER DOLOSTONE/ 
LIMESTONE 
PITTING ENDS 62 9 FEET WHERE BECOMES 
HARDER 

BECOMING DARKER, FEW FRACTURES 

GRADING DARKER TO DARK BLUISH GRAY 
(5B  4/1), WlTH FEW FRACTURES AND CALCITE- 
HOLED CRACKS HEALED CRACKS SHOW SLIGHT 
SIGNS OF WEATHERING 

PLATE 
LOG O F  BORING 

D a m e s  & M o o r e  



BORING 41bIW1 (Cont 'd)  

S y m b o l s  Description 

WITH CLiGHT ORANGE-YELLOW STAINING 

BORING TERMINATED AT  A DEPTH OF 
81 5 FEZT 

PLATE 
LOG O F  BORING 

D a m e s  & M o o r e  



6-INCH PROTECTIVE 

4-INCH I.D. SCH. 40 P 

BENTONITE AND 
CEMENT GROUT 

COARSE SAND 
FILTER PACK 

0.01 0- INCH SL 
PVC SCREEN 

BENTONITE 
CLAY SEAL 

WELL INSTALLATION DIAGRAM Location: 41 MWI 
FOR VERIFICATION INVESTIGATION Installation Date: 10/10/91 
RADFORD AAP, VIRGINIA Surface Elevation: 1802.9 Feet 

Top of PVC Elevation: 1805.15 Feet 

DEPTH 
FEET 

0 

Top of bedrock at 1 1.5 feet 

Water at 17.78 feet on 311 2/92 

49 -0 

54 -0 

60.0 

Flowing water not enmuwed 
during mlllng 

80 .O 

81 .O 

NOT TO SCALE 

Dames & Moore 
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1 5  
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4 0  

BORING 41MW2 
Sur face  Elevation: 1,795.4 Feet, MSL 
Locat ion:  Radford AAP,  Virginia 
S tg r t :  10:25 on 9-4-91 
Finish: 15:30 on 9-6-91 

S y m b o l s  Desc r i p t i on  

BROWN (7.5YF? 5/4) SILTY SANDY CLAY WlTH PEA 
GRAVEL. SLIGHTLY PLASTIC, SLIGHTLY MOIST. MEDIUM 
STIFF 

PLASTICITY INCREASING, SAND CONTENT 
DECREASING 

OCCASIONAL GRAVEL ZONES CLAY BECOMING 
MOIST 

OCCASIONAL SILTY ZONES 

GRAVEL DECREASING 

STRONG BROWN (7.5YR 4 / 6 )  HIGHLY PLASTIC CLAY, SMALL 
BLACK SPECKS, TRACE SAND, NO GRAVELS, VERY 
STIFF 

OCCASIONAL GRAVELS OR COBBLES 

YELLOWISH BROWN (5YR 4 / 4 )  SILTY CLAY, WlTH SOME 
REDDISH BROWN MOTTLING, OVERLYING BEDROCK 

BLUE-GRAY LIMESTONE/DOLOSTONE, DRY, HARD 

PLATE 
LOG OF  BORING 

D a m e s  & Moore  



BORING 41MW2 (Cont'd) 

Symbols Description 

BLUE GRAY LIMEsTONE/DOLOSTONE, HARD 

BLUE-GRAY LIMESTONE/DOLOSTONE, HARD 

I BLUE-GRAY LIMESTONE/DOLOSTONE, HARD, DRY 

BLUE-GRAY LIMESTONE/DOLOSTONE, HARD, DRY 

PLATE 
LOG OF BORING 

D a m e s  & Moore  
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BORING 41MW2 (Cont 'd) 
c 0 L 

a o z x  Q, 
0 i 

+.. 
a  
L L , = o = g  

r - - 2 2 K  g h " ;  
a, t "  2 Y a i 

a 0 0  0 a 0 
o m  m o s\" c r m  

80 

AH 5 
85 

- 
- : 9 0 9 5 

AH 6 

- 

- 

- 100 

- 
AH 7 

- 
- 

- 
1 

- 105 I 

- 
- 

t 1 
11  0 

115 
AH 8 

120 

LOG O F  BORING 
Domes & Moore  

S y m o o l s  

LS 
DLST 

D e s c r ~ ~ t ~ o n  

BLUE-GRAY LlMESTONE/DOLOSTONE, HARD, DRY 

BECOMING SOFTER 

GRAY, CLAYEY LIMESTONE/DOLOSTONE 

GRAY, CLAYEY, SOFT LIMESTONE/DOLOSTONE 

ROCK GETTING SOFTER. CUTTINGS SLIGHTLY MOIST 

PLATE 



u 
0 - 
s 0 
4- 

BORI NG 41MW2 (Cont 'd)  

L s  CUTTINGS MOIST, SOFT, LIGHT GRAY CLAYEY 

DLST LIMESTONE/DOLOSTONE 

BORING TERMINATED AT  A DEPTH OF 
1 2 5 . 0  FEET 

PLATE 
LOG OF BORING 

Dames & Moore 



WELL INSTALLATION DIAGRAM 
FOR VERIFICATION INVESTIGATION 
RADFORD AAP, VIRGINIA 

Location: 41 MW2 
Installation Date: 9/6/91 
Surface Elevation: 1795.4 Feet 
Top of PVC Elevation: 1797.45 Feet 

6-INCH PROTECTIVE CASING 

4-INCH I.D. SCH. 40 PVC PIPE 

DEPTH 
FEET 

GROUND SURFACE 
0 

Top of bedrock at 29.5 feet 

BENTONITE AND 
CEMENT GROUT 

Water at 52.00 feet on 311 2/92 

90.0 

99 .o 

COARSE SAND 
FILTER PACK 

105.5 

0.M 0- INCH SL 
PVC SCREEN 

Flowing water not enmumered 
during dllllng 

120.5 

124.6 

NOT TO SCALE 

BENTONITE 
CLAY SEAL 

Dames & Moore 



i 

u 
0 - 
5 

BORING 41MW3 
0 

ZJ a 0 i 

a o = x  0 L + 0 
a 

Sur face  Elevat ion: 1,757.3 Feet, MSL 
LL m z  0 

7 

5 Y 
- - - o Locat ion .  Rod fo rd  AAP,  Virginia C ? + Y "  K ! 2  

5 E Z  a h a ?  a) 
S t a r t  07 30 on 10-1 7-91 

0 0 - 0  o o F q ~ s h  14: 00 on 10-17-91 
n ( n u -  m 0 x S y m b o l s  D e s c r p t ~ o n  

0 
STRONG BROWN ( 7  5YR 4 / 6 )  CLAYEY SILT WlTH SOME 

SFT 1 35 GRAVELS, WITH REDDISH BROWN AND VERY PALE 
BROWN MOTTLING 

DARK YELLOWISH BROWN (IOYR 4 /4 )  SANDY CLAY, HIGHLY 
PLASTIC WlTH OCCASIONAL GRAVELLY ZONES 

BECOMES STRONG BROWN ( 7  5YR 5 / 6 )  

- SPT 3 18 95 CL 
MORE GRAVELS 

VERY GRAVELLY 1 4 - 1 9  FEET, WlTH CLAY 

1 5  

SPT 4103 

PALE OLIVE ( ~ Y R  6 / 3 )  AND OLIVE YELLOW ( 2  5 Y  6 / 6 )  
SILT, HARD, DRY, FRIABLE, SLIGHTLY GRAVELLY, WlTH 

- SPT 5 82 80 
SOME BLACK STAINING 

OCCASIONAL THIN SILTSTONE SEAMS (OLIVE GRAY) r 

2 5 GRADES TO LIGHT YELLOWISH BROWN (2 .5Y 6 / 4 )  

SPT 6 35 80 WITH OLIVE AND GRAY MOTTLING 

STRONG BROWN ( 7  5YR 5 / 6 )  CLAY, SOFT, MOIST, STICKY, 

r CL HIGHLY PLASTIC 

- 
DARK GREENISH GRAY (5BG 4 /1)  SHALE, WlTH ABUNDANT 

L CALCITE VEINS. NO APPARENT BEDDING, YELLOW 
STAINING AT FRACTURES 

SH 
BECOMES HIGHLY WEATHERED YELLOWISH BROWN 
WlTH INCREASED CLAY 

OCCASIONAL LAYERS OF SILTSTONE AND PITTED 
LIMESTONE 

PLATE 
LOG O F  BORING 

D a m e s  & M o o r e  



! 

-u 
0 - 

5 
BORING 41MW3 (Cont'd) 

0 
> 

= ' a  0 L 

a I ~ Z X  Q, 
0 L 

d 

Z o = ?  - C - : a  :: x z  
5 " ? $ O F  
0 0 0 
n c n c n  m o X l r m  

1 
4 0  

NX 2 88 45 

4 5  

Y 1 N X  3 100 78 

6 2 . 0  FEET 

6 5  

PLATE 
LOG OF BORING 

Dames & M o o r e  

S p b o l s  Desc r i p t i on  

5 0  

5 5  I 
i 

SH 

DLST 

I 

LESS WEATHERED DARK GREENISH GRAY SHALE 
WlTH CALCITE VEINS 

WlTH HIGHLY WEATHERED AND CLAYEY ZONES 

BECOMES PITTED AND SLIGHTLY VUGGY CLAYEY 
DOLOSTONE, GRAY (N /5 )  WlTH THIN LIMESTONE 
SEAMS, HIGHLY WEATHERED, SANDY 

BLUISH GRAY, HIGHLY CRACKED AND RECEMENTED 
WlTH SOME REDDISH BROWN STAINING 

CONTINUED HIGHLY WEATHERED 

WET 

BROWN (10YR 5/3) DOLOSTONE, WET, MUDDY 

SOFT, MUDDY 

BOREHOLE TERMINATED AT  A DEPTH OF 

I 

6 0  



6-INCH PROTECTIVE 

4-INCH I.D. SCH. 40 P 

BENTONITE AND 
CEMENT GROUT 

COARSE SAND 
FILTER PACK 

D.M D- INCH SL 
PVC SCREEN 

BENTONITE 
CLAY SEAL 

Location: 41 MW3 
Installation Date: 10/17/91 
Surface Elevation: 1757.3 Feet 
Top of PVC Elevation: 1759.35 Feet 

WELL l NSTALLATION DIAGRAM 
FOR VERIFICATION INVESTIGATION 
RADFORD AAP, VIRGINIA 

DEPTH 
FEET 

0 

Water at 25.69 feet on 311 2/92 

Top of bedrock at 30.0 feet 

31 .O 

39 -0 

45 .o 

Wet clay seam from 52 to 55 feet 

Flowing water not enmurrtered 
during mlllng 

60.0 

62.0 

NOT TO SCALE 

Dames & Moore 



u 
0  - 

5 0  Y 
BORING 43MW1 

z a - 
w z o c z x  a, 0  L 

- 
a, 

Surface Elevat on: 1,703.9 Feet, MSL 
, , Z o = $  - C - 2 - v  Locat ion  Rad fo rd  AAP ,  Virginia 

w CL 5 g E  
S t a r t  07 20 on 8-13-91 

a o o -  c o  
a m u  m 0 x O i J ,  

F ~ n i s h  08 50 on 8-13-91 
D e s c r p t ~ o n  

YELLOWISH BROWN (10YR 5 /4 )  SANDY SILT. TRACE ORANGE 
MOTTLING. STIFF, DRY 

GRADING MOIST 

YELLOWISH BROWN (10YR 5 /6 )  SILTY SAND, VERY MOIST, 
LOOSE, MICACEOUS, TRACE GRAY MOTTLING 

WATEF! AT 18 0 FEET 

LIGHT GRAY (2 5 Y  ~ / 7 )  CLAY WlTH LIMESTONE 
GRAVEL 

WlTH HIGHLY FRACTURED HIGHLY WEATHERED 
LIMESTONE PIECES 

N / 7  LIGHT GRAY LIMESTONE, HARD, NOT HIGHLY 
WEATHERED 

HIGHLY WEATHERED ZONE 

BOREHOLE TERMINATED AT A DEPTH OF 
28 0 FEET 

r 
- 5 

SPT 2 28 100 

1 0  

SPT 3 1 2  100 

60 

20 
SPT 5 s o / l  

3 0  

PLATE 
LOG OF BORING 

Domes & Moore 

Symbo ls  

ML 

SM 

CL 

Ls 



WELL INSTALLATION DIAGRAM 
FOR VERIFICATION INVESTIGATION 
RADFORD AAP, VIRGINIA 

Location: 43MW1 
Installation Date: 8/13/91 
Surface Elevation: 1703.9 Feet 
Top of PVC Elevation: 1705.87 Feet 

r 

6- INCH PROTECTIVE CASING 

4-INCH I.D. SCH. 40 PVC PIPE 

DEPTH 
FEET 

GROUND SURFACE 
.:.: .:.; 
:::: :::: 
$$ ;$ 

0 
8 
.:,: $$ 
$$ $$ 
$$ 
$$ :::: 
$, .:: 
$ ;$ 
:c<:w 

BENTONITE AND 
CEMENT GROUT 

5.0 

10.0 

COARSE SAND 
FILTER PACK 

13.0 

Watw at 16.02 feet on 31121532 
0.M 0-INCH SL 
PVC SCREEN 

Top of bedrock at 22.0 feet 

28 .O 

28 .O 

NOT TO SCALE 

BENTONITE 
CLAY SEAL 



BOREHOLE TERMINATED A T  A DEPTH OF 
3 5 . 0  FEET 

? 

D 
- 

5 5 BORING 43MW2 
z- a 0 L 

a 5 0 Z  - O Sur face Elebation. 1,705.0 Feet, MSL 
0 

~ ~ Z O C ~  - C 
V 3 ' $ 8 x 2  

Locat ion :  Radford  AAP, Virginia 
L 

- - 
S t a r t  07 28 on 8-13-91 p i k s g a c i  d - O o F ~ n ~ s h  14. 40 on 8-13-91 

o v r c n  m o K c a  

r 0 : SPT 1 14 1' 
5 

80 1 SPT 2 20 

I I 
'L 10 

I 
SPT 3 16 

15 

SPT 3 14 

1 
75 I 

I I 

I 
2 0 k SPT 5 4 5 

SPT 6 0 0 

1 ,?PT 7100/5 100 

t 
1 

L 
I ' 
I 1 3SPT 81oo/o 0 

GRAY 2 5 Y  N / 5  WEATHERED LIMESTONE INTECiBEDDED 
WlTH SILTSTONE OR SHALE 

35 La 
PLATE 

LOG OF BORING 
D o m e s  & M o o r e  

S y m b o ~ s  

ML 

L 

shl 

GM 

D e s c r ~ p t ~ o n  

REDDISH BROWN (5YR 4 /3 )  SlLTM SLIGHTLY MOIST, TRACE 
FINE SAND 

DARK BROWN ( 7  5YR 4 /4 )  SLIGHTLY CLAYEY SILT. 
MICACEOUS, COHESIVE WITH OCCASIONAL THIN 
GRAVELLY AREAS 

DARK BROWN ( 7  5YR 4 /4 )  SILTY FINE SAND, TRACE 
CLAY, MICACEOUS, MOIST 

WITH GRAVELS 

MOISTURE INCREASING 

VERY GRAVELLY 

GRAYISH BROWN (10YR 5 /2 )  SILTY CLAYEY GRAVELS, 
WITH LARGE COBBLES 



WELL INSTALLATION DIAGRAM 
FOR VERIFICATION INVESTIGATION 
RADFORD AAP, VIRGINIA 

Location: 43MW2 
Installation Date: 8/14/91 
Surface Elevation: 1705.0 Feet 
Top of PVC Elevation: 1707.62 Feet 

6-INCH PROTECTIVE 

4-INCH I.D. SCH. 40 P 

BENTONITE AND 
CEMENT GROUT 

COARSE SAND 
FILTER PACK 

0.M 0-INCH SL 
PVC SCREEN 

BENTONITE 
CLAY SEAL 

k 

DEPTH 
FEET 

0 

9.5 

14.5 

19.5 

Water at 21.38 feet on 3/12,Q2 

Top of bedrock at 25.0 feet 

34.5 

35 .O 

NOT TO SCALE 

Dames & Moore 



0 

SPT .- - SPT i 

I 
SPT I 

BORING 43MW3 
Surface Elevation: 1,701.2 Feet, MSL 
Location: Radford AAP,  Virginia 
Start: 08: 00 on 8-19-31 
Finish: 11:30 on 8-19-91 

S y m b o l s  Desc r i p t i on  

DARK BROWN (10YR 3 / 3 )  SILTY FlNE SAND, MICACEOUS, 
DRY. THlN BLACK ASH LAYER AT  0 . 5  FEET 

DARK YELLOWISH 6ROWF.l ( 1 0 ~ ~  4/4)  FlNE SANDY SILT, 
MICACEOUS. TRACE DUSKY RED MOTTLING, SLIGHTLY 
MOIST 

CLAY SEAM 

OLIVE GRAY ( 5 Y  4 /2 )  FlNE SAND, TRACE SILT, MlCACEOl  
LOOSE, SLIGHTLY COHESIVE 

WlTH CCCASIONAL CLAYEY ZONES 

CLAY SEAM 1 5 . 5  TO 1 6 . 5  FEET 

GRAY (5Y  5/1)  SAND SEAM, 16 .5 -17 .0  FEET 
GRAY (2 .5Y N/5)  LIMESTONE, HIGHLY WEATHERED, WlTH 

PALE YELLOW (2 .5Y  8 / 2 )  SAND AND SILT 

GRAY ( 2 . 5 ~  ~ / 5 )  WEATHERED LIMESTONE, HIGHLY 
FRACTURED, WlTH ABUNDANT THlN DEFORMED 
LAYERS, DIPPING TO 4 5  DEGREES, SEAMS STAINED 
BROWNISH YELLOW 

GRADING TO LIMESTONE BRECCIA 

BROWNISH GRAY LIMESTONE, DEFORMED 

BECOMES GRAY, SOFT, LIMESTONE BRECCIA 

WlTH GREEN TINT, HIGH SHALE AND CLAY 
CONENT, CONTINUED HIGHLY FRACTURED 

BOREHOLE TERMINATED AT  A DEPTH OF 
4 0 . 0  FEET 

PLATE 
LOG O F  BORING 

D o m e s  & Moc  



WELL INSTALLATION DIAGRAM 
FOR VERIFICATION INVESTIGATION 
RADFORD AAP, VIRGINIA 

Location: 43MW3 
Installation Date: 811 9/91 
Surface Elevation: 1701.2 Feet 
Top of PVC Elevation: 1703.35 Feet 

6- INCH PROTECTIVE 

4-INCH I.D. SCH. 40 P 

DEPTH 
FEET 

0 

BENTONITE AND 
CEMENT GROUT 

14.5 

Top of bedrock at 17.5 feet 

Water at 18.74 feet on 311 2/92 
19.5 

COARSE SAND 
FILTER PACK 

22.5 

0.M O- INCH SL 
PVC SCREEN 

37 -5 
38 .O 

NOT TO SCALE 

BENTONITE 
CLAY SEAL 



! 

73 
0 - 

5 0 - BORING 43MW4 
4 

0 L 

I 0 + Z X  u 
0 C 

+ Sur face  Elevation: 0 
? O , z ~ ~ ~  - C Loca t i on :  Radford  A A P ,  Virginia 

a Start: 07: 46 ON 8-1 5-91 
a o a o  a 0 
o r n o  m o X w i n  

Finish: 11: 07 ON 8-15-91 
Descr ip t ion  

DARK BROWN (7.5YR 4/3) CLAYEY SANDY SILT, MEDIUM 
STIFF, DRY 

GRADING STIFF, bIICACEOUS 

BROWN (7.5YR 5/4) SILTY FlNE SAND, MICACEOUS, 
SLIGHTLY STIFF 

WlTH CCCASIONAL CLAYEY ZONES 

GRADING DARK GRAYISH BROWN (2.5YR 4 /2) .  
MEDIUM SAND 

WATER AT 1 8 . 5  FEET 
THIN 2.5YR 4 / 5  OLIVE BROWN FlNE SANDY 
SILTY SEAM ABOVE WEATHERED BEDROCK 

GRAY ( 2 . 5 Y  N/5) WEATHERED LIMESTONE, SLIGHTLY PITTED, 
REDDISH YELLOW CLAY INFILLING AT WEATHERED 
FRACTURES 

HIGHLY PITTED AND VUGGY, GRADING TO OLIVE 
BROWN AND WEATHERED 

BECOMES VERY DARK GRAY. LESS WEATHERED, 
WlTH CALCITE VEINS 

1 0  

SPT 2 15 90  

1 5  

SPT 3 23 

1 96 

BOREHOLE TERMINATED AT A DEPTH OF 
27 .5  FEET 

PLATE 
LOG OF BORING 

D a m e s  & M o o r e  

S y m b o l s  

ML 

SM 

LS 



WELL INSTALLATION DIAGRAM 
FOR VERl FlCATlON INVESTIGATION 
RADFORD AAP, VIRGINIA 

Location: 43MW4 
Installation Date: 811 9/91 
Surface Elevation: 1700.9 Feet 
Top of PVC Elevation: 1702.78 Feet 

6-INCH PROTECTIVE 

4-INCH I.D. SCH. 40 P 

BENTONITE AND 
CEMENT GROUT 

COARSE SAND 
FILTER PACK 

0.01 0- INCH SLO 
PVC SCREEN 

BENTONITE 
CLAY SEAL 

DEPTH 
FEET 

0 

4.5 

9.5 

13.5 

Water at 17.92 feet on 3/12.&Q 

Top of bedrock at M.0 feet 

28.5 
--- 31.0 

NOT TO SCALE 



E! 

u 
0 - 
I c7 BORING 43MW5 

c a  0  i 

a 2 Z 0 r Z  9 
0 ? +- 

a, 
Surface Elevation: 1,700.4 Feet, MSL 

L L D Z O C Q )  - C 
V : . , S  2 . ,  Locat ion:  Radford AAP,  Virginia 
L - 3 ~ ~ ~ p  Q) 

S ta r t :  07: 46 ON 8/15/91 
6 s  o o b Finish: 11: 07 ON 8/15/91 
o cn m m o K w vl 

NO SAMPLES 

c o L L E c m  DRILLED THROUGH B E c A u s E E  
r LANDFILL 

1 5  
i : SPT 1 0 0 i 

2 0 

NX 1 0 0  

- 2 5  
- 

- 
NX 2 4 0  

- 
- 

- 3 0  
- 

- NX 3 70 
- 
- 

Symbols 

ML 

M L 

SM 

LS 

Descr ip t ion  

B R O W N ( ~ . ~ Y R  S / ~ ) C L A Y  AND SILT, CLAY 

BOWNISH YELLOW(IOYR 5 / 6 )  CLAY AND SILT, 
WlTH LANCFILL MATERIAL INCLUDING PAPER. 
CARDBOARE), BANDAIDS METAL, RAGS 

DARK OLIVE GZAY(5YR 3 / 2 )  CLAYEY 
FINE SANE STILL IN LANDFILL 

.THIN SEAM OF DARK GRAY ( 2 . 5 ~ 8  10 /4 )  
CLAYEY, GRAVELLY SILT OVERLYING WEATHERED 
BEDROCK 

DARK GRAY TO GRAY HIGHLY WEATHERED 
LIMESTONE CONGLOMERATE 

NO NX CORE RECOVERY DUE TO SOFT, HIGHLY WEATHERED 
ROCK. 

GRAY (2.5YR N/S)LIMESTONE CONGLOMERATE, MEDIUM 
GRAINED,5 OF 4, POORLY CEMENTED, MUCH CLAY DUE 
TO IN FILLING AND WEATHERING, 

BLACK CLAYEY MEDIUM GRAVEL LIMESTONE CONGLOMERATE, 
SLIGHTLY EARDER BUT HIGHLY WEATHERED AND 
FRACTURE2 , WlTH BLACK CLAY IN FILLING OF CRACKS 

- 
- 
- 
- NX 4 76 0 

- 3 5  

- 4 0  u. BECOMING HIGHLY CRACKED AND RE-CEMENTED WlTH 
CALCITE; HIGHLY WEATHERED TO CLAYSTONE AT 34FEET. 

CONTINUED SOFT, HIGHLY WEATHERED LIMESTONE WlTH 
HIGH CLAY CONTENT AND ABUNDANT CALCITE. 

BORING TERMINATED A T  A DEPTH OF 
42.8 FEET 

PLATE 
LOG OF BORING 

Domes  & Moore  



BENTONITE 
CLAY SEAL 

WELL INSTALLATION DIAGRAM Location: 43MW5 
FOR VERIFICATION INVESTIGATION Installation Date: 811 5/91 
RADFORD AAP, VIRGINIA Surface Elevation: 1700.4 Feet 

Top of PVC Elevation: 1702.94 Feet 

6-INCH PROTECTIVE 

4-INCH I.D. SCH. 40 P 

DEPTH 
FEET 

0 

BENTONITE AND 
CEMENT GROUT 

Water at 15.23 feet on 3/12/92 
15.5 

Top of bedrock at 18.0 feet 

24 .O 

COARSE SAND 
FILTER PACK 

32.3 

0.01 0- INCH SL 
PVC SCREEN 

42.3 

42.8 

NOT TO SCALE 

Dames & Moore 



Z 

-3 
0 - 
L 
a 7 

BORING 43MW6 
z a! 0 I 

d 4 Z X  L 4 R) 
al 

Sur face Elevation: 1,701.2 Feet, MSL 
L L r S i = C @  - C - 5 s  

Locat ion :  Radford  AAP,  Virginia 
1 a c Sta r t :  11: 58 on 8-13-91 
n o 0  o o Finish: 14: 00 on 8-1 4-91 
n m m  m o b\o E L ?  Symbo ls  

Descr ip t ion  

SPT 1 1 0  ML BROWN ( 7 5 Y R  5/4)  SANDY SILT, WlTH BLACK MINERAL 
STAINS 

ENCOUNTERED LANDFILL MATERIAL AT 1.5 FEET, SOIL 
MATRIX IS BLACK ( 2 . 5 ~ R  2.5/0) SILTY SAND (FILL 
MATERIAL),  VERY MOIST, MODERATE ODOR, LANDFILL 
MATERIAL INCLUDES PLASTIC, RUBBER, PAPER AND 
TRASH 

54 

ML 

15 

SPT 4 37 67 
DARK GRAY SILTY SAND, FINE TO MEDIUM, VERY MOIST, 

SOME SMALL PEBBLES 

SM 
WITH THlN BROWNISH YELLOW (10YR 6 /6 )  CLAY 
SEAM ABOVE WEATHERED LIMESTONE 

BROWNISH YELLOW (1OYR 6 /6 )  LIMESTONE, WEATHERED TO 
SMALL PEBBLES 

DARK GRAY (10YR ~ / 4 )  LIMESTONE, HIGHLY FRACTURED, 
HARD, WlTH SOME SAND AND ORANGE STAINING 
A T  FRACTJRES 

SOME FRACTURES ARE POORLY RECEMENTED 

? 

C LS PITTED AND VUGGY. WlTH SOME PYRITE 
INFILLING 

3 0  
THlN LAMINATIONS WlTH CLAY PARTINGS, 

NX 2 60 40 HIGH CLAY CONTENT. SHALY 

HIGHLY WEATHERED AND SOFT 

HIGHLY FRACTURED, LITTLE RECOVERY 

BLACK, HIGHLY WEATHERED LIMESTONE, HIGHLY FRACTURED 

BORING TERMINATED AT A DEPTH OF 
38.0 FEET 

- 4 0  

PLATE 
LOG O F  BORING 

D a m e s  & M o o r e  



6- INCH PROTECTIVE CASING 

4-INCH I.D. SCH. 40 PVC PIPE 

GROUND SURFACE 

BENTONITE AND 
CEMENT GROUT 

COARSE SAND 
FILTER PACK 

0.M 0- INCH SL 
PVC SCREEN 

BENTONITE 
CLAY SEAL 

L 

WELL INSTALLATION DIAGRAM Location: 43MW6 
FOR VERl FlCATlON l NVESTIGATION Installation Date: 811 4/91 
RADFORD AAP, VIRGINIA Surface Elevation: 1701.2 Feet 

Top of PVC Elevation: 1703.88 Feet 

DEPTH 
FEET 

0 

Water at 16.39 feet on 311 2/92 

17.0 

Top of bedrock at 22.5 feet 

25.0 

28.0 

38 .O 

38.5 

NOT TO SCALE 

Dames & Moore 



2 

u 
0 - 
r 0 - BORING 45MW1 

z aJ 0 L 

a , ~ b z  + a Surface Elevation: 1,707.5 Feet, MSL 
0 : m z  0 c 

c - 
V 

. w I Locat ion:  Radford AAP,  Virginia 
- -  R S  a 

2 "  S t a r t :  07: 22 on 9-28-91 
o o n o  g k F i n i s h :  12: 20 on 9-28-91 
0 m u ?  m 0 R E r n  

SPT 3 16 

SPT 4 i o o / 3  

1 5  

SPT 5103 45 

SPT 8 12 50 

+ 30 

PLATE 
LOG O F  BORING 

D a m e s  & M o o r e  

S y m b o l s  

SM 

- 

GM 

ML 

Desc r i p t i on  

DARK YELLOWISH BROWN (10YR 4/6) SILTY FlNE SAND, 
WlTH CLAY, MICACEOUS. MOIST, MEDIUM DENSE, 
OVERLAIN B Y  ONE FOOT OF DARK BROWN (10YR 3/3) 
FlNE SILTY SAND, WlTH ROOT MATERIAL 

CLAY GRADES OUT 

WITH T;IACE PEA  GRAVELS 

SAND GRADES TO MEDIUM 

GRAVELS INCREASING 

DARK YELLOWISH BROWN (10YR 4/6) SILTY SANDY 
GRAVEL W I M  COBBLES. VERY MOIST 

DARK YELLOMSH BROWN ( 1 0 ~ ~  3/6) VERY SOFT SILT, 
VERY MOIST TO SATURATED 

ENCOUNTERED WATER A T  22.0 FEET 
GRADING TO DARK GRAYISH BROWN (10YR 4/2)), 
WlTH SAND 

BACOMING CLAYEY 

BOREHOLE TERMINATED AT A DEPTH OF 
29.0 FEET 



WELL INSTALLATION DIAGRAM 
FOR VERIFICATION INVESTIGATION 
RADFORD AAP, VIRGINIA 

Location: 45MW1 
l nstalhtion Date: 9/28/91 
Surface Elevation: 1707.5 Feet 
Top of PVC Elevation: 1709.70 Feet 

6-INCH PROTECTIVE 

4-INCH I.D. SCH. 40 P 

BENTONITE AND 
CEMENT GROUT 

COARSE SAND 
FILTER PACK 

0.M 0- INCH S O  
PVC SCREEN 

BENTONITE 
CLAY SEAL 

DEPTH 
FEET 

0 

7.0 

12.0 

17.3 

Water at M.0 duing &illing 

Water at 22.8 feet on 31 2B2 

n .3 

29.0 Top of bedrock at 29.0 feet 

NOT TO SCALE 

Dames & Moors 



'0 
0 - 
5 

BORING 45MW2 u 
z' 0 L. 

w r o z  al 
0 2' a 

C 
Sur face Elevation: 1,703.7 Feet, MSL 

? D Z O C @  - - a 2  5 %  Locat ion :  Raa fo rd  AAP, Virginia 

5 ' Y $ o ?  
Start: 07: 22 on 9-29-91 

5 2 0  a o Finish: 08: 30 on 9-29-37 
o m m  m o R l r m  Symbo is  Descr ip t ion 

0 

SPT 1 21 91.6 
LIGHT BROWN (7.5YR 6 /4 )  SAND WIT'r SILT, MICACEOUS, 

I SLIGHTLY MOIST, STIFF, ROOTS TO 0.2 FEET 

PALE BROWN [-OYR 6/13) SILTY FINE SAND. MEDIUM 
DENSE. SLISHTLY MCIST, MICACEOUS 

GRADi?,; BROWN (10YR 5 /3 )  WlTH MEDIUM SAND 

SPT 3 11 31.7 WITH S2ME MAGNETITE STAINS 

INCREASING MOISTURE WlTH D E P M  

1 5  

SPT 4 15 95.8 

ENCOUNTERED WATER 

2 0 VERY LOOSESILTY SAND 20.0-20.5 FEET 

SPT 5 0 BROWN (10YR 5/3)  SILTY GRAVEL, ROUNDED GRAVEL 
IS WEATHEZED DOLOSTONE 

2 5  
SPT 6 7511 25 

BOREHOLE TERMINATED AT A DEPTH OF 
26 .0  FEET 

PLATE 
LOG OF BORING 

D a m e s  & Moore i ,  



WELL INSTALLATION DIAGRAM 
FOR VERIFICATION INVESTIGATION 
RADFORD AAP, VIRGINIA 

Location: 45MW2 
Instal tation Date: 9/30/91 
Surface Elevation: 1703.7 Feet 
Top of PVC Elevation: 1706.17 Feet 

6-INCH PROTECTIVE 

4-INCH I.D. SCH. 40 P 

BENTONITE AND 
CEMENT GROUT 

COARSE SAND 
FILTER PACK 

0.M 0- INCH SL 
PVC SCREEN 

BENTONITE 
CLAY SEAL 

Moore 



u 

5 
2 aJ 
a, H 
aJ 

LL Oi - c . - - 
5 E" 
@ 0 
n m 

1 O 5 P T  

I 5 
SPT 1 l;;; 

1 2 0 

SPT 

i 

I 2 5 
SPT 

SPT 
3 0  

3 5  

2 ,  

BORING 45MW3 
Sur face  Elevat ion: 1,704.1 Feet, MSL 
Loca t i on :  Radford  AAP,  Virginia 
S ta r t :  10: 41 on 9-29-91 
Finish: 11 :  49 on 9-29-91 

Symbo ls  Descr ip t ion  

BROWN (IOYR 5 /31  FINE SANDY SILT, DRY. VERY STIFF. 
TRACE ORGANICS. FILL 
PENETRATED LANDFILL AT 1 .0  FEET, OCCASIONAL 
SMALL BLACK RUBBER AND PAPER 

GRADING MOIST. NO PAPER BELOW 3 . 0  FEET 

VERY PALE BRZWN ( 1 0 ~ ~  7/4) FlNE TO MEDIUM SAND. 
MOIST. NATURAL UNDISTURBED SOILS, MEDIUM 
DENSE. M I C C E O U S  

WlTH SCME THINLY LAMINATED LENSES 
OF FlNE BROWN SILT 

INCREASING MOISTURE WlTH DEPTH. SOME 
I MAGNE7lTE STAINS 

'BROWN (IOYR 5/31 SILTY GRAVEL, VERY MOIST 
ENCOUNTERED WATER AT 22 .0  FEET 

REDDISH BROWN (5YR 4/3) SILTY CLAY, HIGHLY PLASTIC, 
STICKY, SOME FlNE SAND. SOME GRAY MOTTLING 

GRADING BROWN (10YR 5 / 3 )  VERY STIFF 

BOREHOLE TERMINATED AT A DEPTH OF 
3 0 . 5  FEET 

PLATE 
LOG OF BORING 

Domes & Moore  



WELL INSTALLATION DIAGRAM 
FOR VERIFICATION INVESTIGATION 
RADFORD AAP, VIRGINIA 

Location: 45MW3 
Installation Date: 9130191 
Surface Elevation: 1704.1 Feet 
Top of PVC Elevation: 1706.52 Feet 

6-INCH PROTECTIVE 

4-INCH I.D. SCH. 40 P 

BENTONITE AND 
CEMENT GROUT 

COARSE SAND 
FILTER PACK 

0.01 0- INCH SL 
Pvc  SCREEN 

BENTONITE 
CLAY SEAL 



TJ 
0 - 
L 
+ Y 

BORING 54MW1 
5- a, 0 
a , d + Z x  L + tj 
a, 

Surface Elevation: 1,705.7 Feet,  MSL 
, , z  "o s - c - 3 

C n  $ r 2  
Locat ion :  Radford  AAP, Virginia 

a, a Stcr t :  08 :  25 on 11-5-91 
a o 0 -  a o Finish: 09:  05 on 11-6-91 
o i n m  m u 6\" n m  S y m b o l s  Descr ip t ion  

0 
DARK BROWN ( 7 . 5 ~ R  3 / 4 )  FlNE SANDY SILT, DRY, STIFF, 

SPT 1 1 9  L WlTH ROOT MATERIAL 

DARK BROWN (7.5YR 4/4) .  SILTY FlNE SAND, SLIGHTLY 
MOIST, SLIGHTLY CLAYEY, MICACEOUS. MEDIUM DENSE, 
TRACE RED MOTTLING 

LESS CLAY, MORE MICACEOUS 
OCCASiONAL THIN SAND SEAMS 

SOME ONE-INCH POCKETS OB BLACK, COALY 

SPT 4 18 MOTTLING 

GRAVELLY AND COBBLY FROM 18.5 TO TOP 
OF WEATHERED SHALE 

GREENISH GRAY (5GY 5/1) WEATHERED SILTSTONE 
AND SHALE 

GREENISH GRAY (5BG 5/1), SOFT SILTY 
SHALE 

SH 
AH 7 a 

2 5 
s LTS T 

WlTH INTERBEDDED LAYERS OF GRAY (N/4) DOLOSTONE/ 

AH 8 LIMESTONE 

3 0 

AH 9 GRAY ( ~ / 5 )  VERY SILTY SHALE AND DOLOSTONE/ 

SH LIMESTONE 

3 5 Ls BECOMING VERY SLIGHTLY MOIST 
AH 10 (CUTTINGS ARE COHESIVE) 

4 0 

PLATE 
LOG O F  BORING 

D a m e s  & Moore  !) 



WITH MORE GRAY (N/4) HARD LIMESTONE/ 
DOLOSTONE CHIPS 

Z 

CUTTINGS MOIST ONLY 

T I  
0 - 

5 u BORING 54MW1 ( ~ o n t ' d )  
G QJ 

0 L 

I O C Z  L e I) 

z c .  - C - 2 2 &?. 

5 a~ a~ S 
a  - s 5 
n r n m  m o &? w w  Symbo ls  D e s c r ~ p  t ~ o n  

I 
CONTINUED SOFT SHALE AND DOLOSTONE/ 
LIMESTONE 

' 45 
AH 1 1  

SH 
s LTS T 

L 6 0  

PLATE 
LOG O F  BORING 

D a m e s  & M o o r e  

VERY DARK GRAY DOLOSTONE AND SHALE, 
MOIST 

BOREHOLE TERMINATED AT A DEPTH OF 
6 0 . 0  FEET 



WELL INSTALLATION DIAGRAM 
FOR VERIFICATION INVESTIGATION 
RADFORD AAP, VIRGINIA 

Location: 54MW1 
Installation Date: 11/6/91 
Surface Elevation: 1705.7 Feet 
Top of PVC Elevation: 1707.78 Feet 

BENTONITE 
CLAY SEAL 

BENTONITE AND 
CEMENT GROUT 

COARSE SAND 
FILTER PACK 

0.01 0- INCH SL 
PVC SCREEN 

Water at 16.44 feet on 311 2/92 

19.0 

Top of bedrock at 19.5 feet 

28 .O 

34.8 

54.8 

60 .O 

NOT TO SCALE 

Dames & Moore 



I 

O BORING 5 4 M W l A  T 
- 

IZ u 
w 

0 L 

I ~ Z X  L + 9) Surface Elevation: 1 , 704.0 Feet, MSL 
: m z C a  - C - .C u 2 i o c a t i o n :  Rodfcrd A A P ,  Virginia 

- -  5 
a : ? ? %  ? $ L T E  

S t a r t :  08: 25 on 9-1 6-91 
a r c l o 2 0  o c 
o m m  m o X c c v ?  

- 

- 3 0  
- 

A H  1 
- 

LOG OF  BORING 
Dames & M o o r e  

J 

Finish: 09: 05 or, 9-1 7-91 

- 
- 

- 3 5 A H  2 
- 

S y m b o l s  

ML 

SM 

S H  
s LTS T 

SH 
s LTS T 

LS 
a 

3esc r i p t i on  

DARK BROWN (7.5YR 3/4) FlNE SANDY SILT. SLIGHTLY 
MOIST, MICACEOUS 

DARK BROWN (7 .5YR a/4) SlLTY FINE SAND, SLIGHTLY 
MOIST, SLIGHTLY CLAYEY. MICACEOUS. MEDIUM DENSE 

LESS CLAY, MCZE MICACEOUS 

0CCAS;ONAL THIN SAND SEAM 

GRAVE i  SEAM FROM 19.0 FEET 
TO TOP OF BEDROCK 

LIGHT OLIVE BROWN (2 .5Y  5 / 3 )  AND OLIVE YELLOW ( 2 . 5 ~  
6 / 6 )  SlLTY CLAYEY TILL LENSE ON TOP OF BEDROCK 

NO NX CORE RECOVERY. REAM CUTTINGS REVEAL 
GREENISH GRAY (5BG 5/1) SlLTY SHALE 

VERY POOR NX RECOVERY (4%) DARK BROWN 
(7.5YR 4 /4)  SANDSTONE GRAVEL. IN PORES 
OF SANDSTONE I S  LIGHT GRAY (7.5YR N/7)  
CLAY. HIGHLY PLASTIC 

REAM CUTTINGS REVEAL HIGHLY SlLTY 
GREENISH GRAY (5BG 5/1) SHALE 

DARK GRAY HIGHLY SILTY SOFT SHALE, WITH 
DOLOSTONE/LIMESTONE 

SOFT DARK GRAY 

SAND SEAM AT  3 7 . 0  FEET 

LESS DUSTY AND SANDY 

PLATE 

- 
A H  3 

- 
- 

! 

i 
- 4 0  



L 

2 

3 
2 - 
L d 

BORING 5 4 M W l A  (Cont'd) 
2 9 

0 ? 
H ~ Z X  L - 
: p =  c 3 9 C - 
V . - 5  w W E  

a 

a D O -  
a m m m o K E m Symbols Descr ip t ion  
4 0  

AH 4 

4 5 
AH 5 

5 0  

+ BORING TERMINATED AT A DEPTH OF 
5 2 . 0  FEET t 5 5  

PLATE 
LOG O F  BORING 

D a m e s  & Moore 

a' 

I 

SH 
s LTS T 

LS 

LS 
s LTS T 

LS 

AH 6 

CUTTINGS SLIGHTLY MORE MOIST, COHESIVE, SILTY 

WITH SOME LIGHT GRAY DOLOSTONE CHIPS 

WITH ABUNDANT LIGHT GRAY LIMESTONE 
AND DOLOSTONE CHIPS 

GRAY SANDY SILT-PROBABLE FAULT GOUGE 



BENTONKE 
CLAY SEAL 

PIEZOMETER INSTALLATION DIAGRAM Location: 54MWlA 
FOR VERIFICATION INVESTIGATION Instaltation Date: 911 7/91 
RADFORD AAP, VIRGINIA Surface Elevation: 1704 Feet* 

Top of PVC Elevation: 1705 Feet* 
*Estimated, not surveyed 

6-INCH PROTECTIVE CASING 

4-INCH I.D. SCH. 40 PVC PIPE 

DEPTH 
FEET 

GROUND SURFACE 
0 

Well designated as piezometer 

after installation due to 
suspected grout penetration 

BENTONITE AND into screened interval 
CEMENT GROUT 

Top of bedrock at 20.9 feet 

23.9 

30 .O 

COARSE SAND 
FILTER PACK 

36 .O 

0.M 0- INCH SL 
PVC SCREEN 

Water at 43.6 feet on 9/17pl In 
open buehole before seillng PVC 

Flowlng water not enmuntered 
during cfllllng 

51 .o 

52.0 

NOT TO SCALE 

Damea & Moore 



n 
0 - 
5 O BORING 54MW2 
a 0  L 

Q J z 0 - Z x  e, 
L + 

QJ 
Sur face  Elevation: 1,698.9 Feet, MSL 

i L C i ) z O O C ~  - C - .G aJ Locat ion :  Radford  AAP,  Virginia 
L G 

g E ~ o t  Sta r t :  10: 20 on 9-17-91 
Z O O  a o Finish: 14: 45 on 9-17-91 
o m m  m v K n i n  S y m b o l s  Descr ip t ion  

SPT 1 1 1  90 
DARK BROWN ( 7 . 5 ~ R  3 /3 )  SILTY FINE GRAINED SAND, 

SLIGHTLY MOIST, MICACEOUS, LOOSE 

BECOMING MORE MICACEOUS 

MOISTURE AND SILT INCREASING 'NITH 
DEPTH 

1 0  SM OCCASIONAL SILTY OR CLAYEY LENSES 

SPT 3 9 100 OR SEAMS 

15.5-16.0  FEET SILTY CLAY SEAMS 

MOIST 

THIN BROWN ( 1 0 ~ R  5 / 3 )  SANDY GRAVELLY SEAM 

DARK GRAY (7.5YR N /4 )  INTERBEDDED, HIGHLY WEATHERED 
SHALE AND LIMESTONE WlTH DARK BROWN (10YR 4/3) 
STAINING, HIGHLY FRACTURED 

NX GREENISH GRAY (5G 6/1) HIGHLY WEATHERED, HIGHLY . 

SH FRACTURED SHALE. WlTH MANY THIN CALCITE 

2 5  VEINS, ROCK FRAGMENTS ARE HARD 

LS 

i 
3 0  i 1 BOREHOLE TERMINATED AT  A DEPTH OF 

3 0 . 0  FEET 

PLATE 
LOG OF BORING 

Dames & Moore  



WELL INSTALLATION DIAGRAM 
FOR VERIFICATION INVESTIGATION 
RADFORD AAP, VIRGINIA 

Location: 54MW2 
Instaltation Date: 9/17/91 
Surface Elevation: 1698.9 Feet 
Top of PVC Elevation: 1701.41 Feet 

DEPTH 
FEET 

0 

7.5 

13.0 

18.0 

Water at 19.1 feat on Y12m 

Top of bedrock at 20.7 feet 

28 -0 
30 .O 

NOT TO SCALE 

6-INCH PROTECTIVE CASING 

4-INCH I.D. SCH. 40 PVC PIPE 

GROUND SURFACE 
.,.. ..., .A :::: ;$ 
.A :.> .. 5.: 9 
:A .:.: :c :.> 2 $ 
$ 3  
$,,$ 

BENTONITE AND 
CEMENT GROUT 

COARSE SAND 
FILTER PACK 

0.01 0- INCH SL 
PVC SCREEN 

BENTONITE 
CLAY SEAL 

Dames & Moore 



BORING 54MW3 
Sur face  Elevation: 1,700.6 Feet, MSL 
Locat ion:  Raciford AAP, Virginia 
Start: 07: 21 on 9-1 8-91 
Finish: 1 1 :  42  on 9-18-91 

Symbo ls  Descr ip t ion  

0 

SPT 
DARK BROWN (7.5YR 3 / 3 )  SILTY FINE SAND, SLIGHTLY 

MOIST, MICACEOUS. LOOSE 

BECOMING MORE MICACEOUS 

MOISTVRE AND SILT INCREASING WlTH DEPTH 

5 

SPT 

0CCAS:CNAL CLAYEY SAND LENSES OR SEAMS 1 0  

SPT 

OCCASiONAL SAND (LITTLE FINES) LENSES 
OR SEAMS 

I 

HIGH-CLAY OR HIGH-SILT LENSES FREQUENT 15 

SPT 

2 0  

SPT 
THlN GRAYISH BROWN SAND SEAM 20.0-21.0 FEET 
GRAYISH BROWN (1OYR 5 / 2 )  SILTY SANDY GRAVEL, 

VERY MOIST TO WET 

GRAY (10YR 5/1) SILT SEAM TOP OF ROCK 
DARK GRAY SILTY SHALE, lOYR 4/1. WlTH SOFT LIMESTONE 

INCLUSIONS. HIGHLY WEATHERED , HIGHLY FRACTURED. 
WlTH OCCASIONAL GRAVEL SEAMS. POOR RECOVEiZY 

SPT 

2 5 

NX 

BECOMES SOFTER, DARKER, VERY THINLY BEDDED, 
CLAYEY COALY SILTSTONE 

VERY DARK GRAY 10YR 3/1, HARD, CEMENTED, 
BRECCIATED LIMESTONE TO 32.3  FEET. BECOMING 
HIGHLY FRACTURED, CRACKED, SHARPLY ANGULAR 
LIMESTONE AND SHALE PIECES WITH VERY THlN 
CALCITE VEINS 

BOREHOLE TERMINATED AT  A DEPTH OF 
3 5 . 0  FEET 

PLATE 
LOG O F  BORING 

Domes & M o o r e  



6-INCH PROTECTIVE 

4-INCH I.D. SCH. 40 P 

BENTONITE AND 
CEMENT GROUT 

BENTONITE 
CLAY SEAL 

COARSE SAND 
FILTER PACK 

0.M 0- INCH SL 
PVC SCREEN 



? 

u 
0 - 

5 o BORING 74hIW1 
z w  0 I 

a , I d + Z X  L ..- Q, 
aJ 

Surface Elevat ion: 1,732.6 Feet, MSL 
, , z  "o a~ > - C Locat ion :  Rcidford AAP,  Virginia - C 3 

- f =  

5 ~ E E ~ F Z ~ E  CT 
S t a r t :  07: 46 on 10-7-91 

0 0 3 ~ 0  o o 
o m m  m o K r r m  

- 0 
SPT 1 44 

SPT 2 25 

SPT 3 15 

SPT 4 14 

SPT 5 1 1  

40 

LOG OF BORING 
D o m e s  & Moore  

Finish: 12:55 on 10-7-91 
S y m b o l s  

hl L 

S hf 

S IV 

GM 

LS 
DS 

Cescr ip t ion  

BROWNISH YELLOW (1OYR 6 /8 )  SANDY SiLT, DRY, HARD 

GRACiNG YELLOWISH BROWN WITH MORE SAND, 
SLIGHTLY MOIST, WlTH MAGNETITE STAINING 

YELLOWISH BROWN SILTY MEDIUM GRAINED SAND, MOIST 

GRADING 

VERY PALE BROWN (IOYR 7/4)  MEDIUM GRAINED SAND, 
WELL GRADED, WlTH MAGNETITE STAINING 

BROWNISH YELLOW (10YR 6 / 6 )  SILTY GRAVEL, MOIST 

WlTH LOOSE SAND AT 22.0 FEET 

GRADED BROWN SANDY SiLT. WET 

DARK GRAY ( ~ / 4 )  LIMESTONE. DOLOSTONE, WITH CALCITE 
INFILLING AT FRACTURES AND VOIDS, HIGHLY 
WEATHERED AN FRACTURED 

STEEPLY DIPPING FROM 29.0-31.0 FEET 

CONTINUED DARK GRAY 

HIGHLY PITTED AT  33.0 FEET 

WATER ENCOUNTERED AT 37.5 FEET 

PLATE 



2 

I3 
n - 
5 

BORING 74MW1 (Cont 'd) 
0 

z a, 0 L 

a r r d 4 - Z  X Q, 
L 

+ 
a, z g c u  - c 
k T . - g  a, B R L 2  
5 s n  a 
a t ~ z ~ m o r  
a r ~ O 2 0  0 0 
o v, ~n m o R w v, Description 

DARK G i iAY  N / 7  LIMESTONE/DOLOSTONE 

LS 
DS 

BORING TERMINATED AT  A DEPTH OF 
48.0 FEET 

PLATE 
LOG O F  BORING 

D a m e s  & Moore 



1 

6-INCH PROTECTIVE CASING 

4-INCH I.D. SCH. 40 PVC PIPE 

DEPTH 
FEET 

GROUND SURFACE 
0 

BENTONITE AND 
CEMENT GROUT 

Water at 22.03 feet on 311 2/92 

Top of bedrock at 24.0 feet 

27.2 

32.2 

COARSE SAND 
FILTER PACK 

35.4 

Flowinq water encountered at 
O.MO-INCH SL appoxlrnately 38 feet during 
PVC SCREEN ctilllng 

50.4 

50.8 

NOT TO SCALE 

WELL INSTALLATION DIAGRAM Location: 74MW1 
FOR VERIFICATION INVESTIGATION lnstalhtion Date: 10~7191 
RADFORD AAP, VIRGINIA Surface Elevation: 1732.6 Feet 

Top of PVC Elevation: 1734.85 Feet 

BENTONITE 
CLAY SEAL 

Damea 

I 

8 Moore 
# 



I 

u 
0 - 

5 0 > 
BORING 6SB1 

0 L 

6 4 Z  A 9 
0 C 

- Surface Elevaf ion:  1794.0 Feet  
z o c .  - C - Y ~ z  Location: Rac fo rd  AAP ,  Virginia 

" R a '  
w a 
n a ~  

Stcr t :  09: 14 on 11-5-91 
a n n o  0 o Finish: 1 0 :  15 on il-5-97 
o m o  m o M w c n  

r - 

100 : 5 - 

50 

1 0  - 

: 1 0 0  

15 - 

c 4 50 

C 2 O c  1 0 0  - 

BORING TERMINATED AT A DEPTH OF I 21.0 FEET 

2 5 

PLATE 
LOG OF BORING 

Domes & Moore 

- 

- 

- 

- 

- 

Symbo ls  Descrip tion 

CL 

CL 

ML 

RED, (2.5YR 4 j 6 )  SANDY CLAY, MEDIUM PLASTICITY, TRACE 
BLACK MINE3ALS 

BECOMES DARK RED (2.5YR 3/6)  
LESS SAND 

GRAVELLY 
WITH T4ACE STRCNG BROWN (7.5YR 5 / 8 )  MOTTLING, 
BECOMING SLIGHTLY MOIST, SOFTER 

MICACE'ZUS 

DARK YELLOWISri BROWN ( 1 0 ~ R  4/4) SILTY SANDY CLAY, 
GRAVELLY 

LESS SAND 

DARK YELLOWISH BROWN (IOYR 4/6)  CLAYEY SILT, WITH 
OCCASIONAL SANDY ZONES AND TRACE YELLOWISH 
BROWN (10YR 5 / 6 j  MOTTLING 

CHEMICAL SAMPLE COLLECTED AT 18.0  FEET 

GRADING SLIGHTLY DARKER AND GRAVELLY 

CHEMICAL SAMPLE COLLECTED AT 20.5 FEET 



i 

v 
0 - 
5 

BORING 6SB2 
0 

z 0 
i 

0 , r b + = X  a, 
0 L 

+ 
0, 

S ~ i r f a c e  Elevat ion: 1794.0 Feet  
L L G 7 Z O C @  

C - - I > Locat ion :  Rad fo rd  A A P ,  Virginia 
1 f+S g p a ,  
d al !rL 

a C E  
S ta r t :  4: 15 on 1 4  /4/91 

- o u o Finish: 10: 15 on 1 1  -5-91 
a ci, m m o b\" w m 

I c' 

100 

1: 40 

100 

1 

Symbols Desc r i p t i on  

1 

- 

1 :  
CL 

CL 

RED (2.5YR 4 /6)  SANDY CLAY 

GRADING REDDER WlTH BLACK SPECKS 

STRONG BROWN (7.5YR 5 /6)  GRAVELLY SILTY 
SANDY SEAM FRCM 4 . 5  TO 7.5 FEET. GRADING 
SLIGHTLY MOIST 

SOFTER, WITH INCREASED SILT AND CLAY 

8 .5  TO 9 . 0  GRAVEL SEAM 

DARK YELLOWISH BROWN (7.5YR 5 /8 )  SANDY SILTY CLAY, 
SOFT. VERY MOIST, WlTH DARK YELLOWISH BROWN 
(IOYR 4 /4 )  CLAYEY SAND (POSSIBLY SLUDGE) 

CHEMICAL SAMPLE COLLECTED AT 1 4 . 0  FEET 
D A R K  YELLOWISH BROWN ( 1 0 ~ ~  4/41 CLAYEY SILT, TRACE 

SAND, SOME YELLOWISH BROWN (7.5YR 5 /8 )  MOTTLING 

C 4 50 

- 

c 5 100 

L 2 2 . 0  FEET 

25 

PLATE 
LOG OF BORING 

D a m e s  & M o o r e  

- 

- 

hiIL 

BECOMES DARK GRAYISH BROWN ( 2 . 5 Y  4 / 2 )  
BECOMES DARK OLIVE GRAY ( 5 Y  3 / 2 )  
NO SLUDGEY APPEARANCE 
CHEMICAL SAMPLE COLLECTED AT 22 .0  FEET 
BORING TERMINATED AT A DEPTH OF 



a 

-0 
0 - 
5 0 > 

BORING 17SB1 
c aJ 0 I 

a o Y z  x a, 
aJ 0 L 

4-. Sur face  Elevation: 1891.0 Feet,  MSL 
L L , z o = z  - C - .C w 

Locat ion :  Rad fo rd  AAP,  Virginia - 5  2 % r i a  6 ° F  Star t :  11: 33 on 11 -5-91 
Q U O -  a o Finish: 11: 50 on 11-5-91 
o c n c n  m o W r r m  S y m b o l s  D e s c r ~ p t i o n  

0 
YELLOWISH BROWN (10YR 6 / 6 )  SANDY SILTY CLAYEY 

GRAVELS lo 1,: [ GM 

GC 

CHEMICAL SAMPLE COLLECTED AT  8.0 FEET 
GRADED CONTACT 

STRONG BROWN (7.5YR 5 / 6 )  SILTY GRAVELLY CLAY, SOME 
BLACK STAINING, POSSIBLY CAVE IN FROM ABOVE 

CHEMICAL SAMPLE COLLECTED AT  9.0 FEET 

BOREHOLE TERMINATED AT A DEPTH OF 
9.0 FEET 

PLATE 
LOG OF BORING 

D a m e s  & M o o r e  



9 

u 
0 
1 
a- 

BORING 1 7 S B 2  - a, C 
0 

a, I O Z  
aJ 0 t. Surface Elevation: 1892.0 Feet,  MSL 
LI 
V 

z  0 r p In . a, 
Locat ion :  Radford  AAP, Virginia 

- -  $.a '  8 R E  
5 a $ ? E  a, 

Star t :  12: 05 on 11-5-91 
0 0 - 0  @ ! Finish: 12: 25 on 1 1  -5-91 

o m cn m o R cr cn Symbols D e s c r ~ p t ~ o n  

0 
YELLOWISH BROWN (10YR 6 / 6 )  SANDY SILTY CLAYEY 

GRAVELS 

GM 
CHEMICAL SAMPLE COLLECTED AT 5.0 FEET 
BECOMES PRODUCT-STAINED, WITH ODOR, 
SLIGHTLY MOIST 

STRONG BROWN (7 5YR 4 /6 )  GRAVELLY 

GC CLAY, WlTh SAND AND SILT, SLIGHTLY MOIST 

L CHEMICAL SAMPLE COLLECTED AT 1 0  0 FEET 

BOREHOLE TERMINATED AT A DEPTH OF 
1 0  0 FEET 

PLATE 
LOG OF BORING 

Domes & Moore  



I 

73 
0 - 
5 

BORING l7SB3 
0 

2 0 L 

R , I 0 ; ; Z X  L 4 e, 
a, C 

Sur face Elevat ion: 1875.0 Feet,  MSL 
L L  m z  O C  $ - 
V o Locat ion:  Radford  AAP ,  Virginia 5 l?? 2 " u 2  g ~ a  a, Q 
a E E Z w E  

S t a r t :  12:56 on 11-5-91 
O , O U - o  o o Finish: 1: 15 on 11-5-91 
a m  cn m u  6\" w v ,  S y m b o l s  D e s c r ~ p  t l o n  

GM 
STRONG BROWN ( 7  5YR 4/6) SANDY SILTY GRAVELS 

: ,  ' 1  I 1  CL ML 

I 

GRADED CONTACT 
STRONG BROWN ( 7  5YR ~ / 6 )  SILTY CLAY, MEDIUM 

PLASTICITY, STIFF, N O  ODOR 
CHEMICAL SAMPLE COLLECTED AT 2 5 - 5 . 0  FEET 
CHEMICAL SAMPLE COLLECTED AT 5 5 - 7  0 FEET 

REDDISH YELLOW ( 7  5YR 6 / 8 )  SILT, TRACE SAND, SOFT, 
VERY MOIST. NO ODOR 

BOREPOLE TERMINATED AT A DEPTH OF 
I 7 0 FEET 
1 

- 10 

PLATE 
LOG O F  BORING 

D o m e s  & M o o r e  



2 

u 
0 - 

5 51 BORING 32MW2 
5 Ql 0 - L 

I o - L X  v 
0 L 

+ Sur face  Elevar ion: 1780 0 Feet  
= o c Q l  - C - 3 > L o c a t ~ o n  R a z f o r d  AAP, V ~ r g ~ n ~ a  

2 E g 2  
a, a 2 : : s  t . . E  

S t a r t  15 17 on 2-30-91 
0 0 - 0  a 9 r ~ n ~ s h  13 15 on 13-1-91 
o cn Lq m O x c ir 

ML 

L 

r 
- 5 CL 
- SPT 2 42 79 
- 

1 0  

SPT 3 17 CL 

1 5  

SPT 4 13 92 

ML 

ML 

2 5 

SPT 6 5 0 1 2  100 

3 0  

LS 

NX 2 98 80 

4 0  

Dsscr pt ion 

LIGHT YELLOWIZJ BROWN SANDY SILT, DRY, TRACE 
MAGNETITE 

YELLOWISH RE? ( ~ Y R  5 / 6 )  SILTY CLAY, HARD, WlTH 
SOME %LA-.< MINERALS 

SLIGHT-Y MOIST 
WlTH I33CASIONAL ROUNDED DOLOMITE PEBBLES 

BECOMES YELL;NISH BROWN ( 1 0 ~ R  5 / 8 )  SANDY CLAY, 
VERY STIFF MOIST, N T H  BLACK MINERAL STAINING 

YELLOWISH BRG'NN ( 1 0 ~ R  5 / 8 )  CLAYEY SILT, SOME BLACK 
MINERAL S-AINING. MOIST MASSIVE 

BECOMES REDDISH YELLOW ( ~ Y R  6 / 6 )  SILTY CLAY, MEDIUM 
PLASTICITY, VERY MOSlT 

OCCASONAL THIN REDDISH BROWN AND BLACK 
LAMlNATlONS 

WEATHERED GPAY N / 4  LIMESTONE 

LIMESTONE, DAZK GRAY ( N / 4 )  HIGHLY WEATHERED AND 
FRACTURE9. WEAKLY CEMENTED, SOME HEMATITE 
STAINING 

PITTEE WlTH CALCITE INFILLING OF VOIDS AND 
FRACTC19ES 

BECOMING LIGHT GRAY (N/4), LESS WEATHERED, 
HEMATITE STAINING AT  FRACTURES AND PITS, 
CALCITE CRYSTALLIZATION IN VOIDS AND PITS ARE 
PRONOUNCED 

SOFT SCAM AT  39 0 - 4 0  0 FEET 

PLATE 
LOG O F  BORING 

D a m e s  & Moore 



PLATE 
LOG O F  BORING 

2 D o m e s  & Moore  

7J 
0 - 

5 o BORING 32MW2 (Cont'd) 
2 0 

L 

a , > d U Z  u 0 

, " , Z C b  - C - 2 6 
i: " R a '  
z g d o :  
0 0 - 0  a o 
o LC v, m o 6\" E m Symbols 

Descr ip t ion  
4 0  

LIGHT GRAY (N/7)  LIMESTONE 

N X  3 20 40 LS BECOMES SOFT, HIGHLY FRACTURED AND PITTED 
A T  4 2 . 0  TO 4 5 . 0  FEET 

3 5  
VOID FROM 4 5 . 0  TO 5 5 . 0  FEET 

1 5 0  N X  
4 0 0  Void 

5 5  
LS SOFT GREENISH GRAY ( 5 Y  6/1) CLAYEY LIMESTONE WITH 

N X  5 50 0 HEMATITE STAINING AND INCLUSIONS OF MAGNITITE V0ld 

TERMINATE BOREHOLE AT A DEPTH OF 
5 7 . 0  FEET 

6 0  

a 



m 
0 - 
1 0 
& 

BORING 4 0 M W l A  
= a 0 i 

I ~ + Z  +- a, Surface Elevct ion:  1,895.0 Feet,  MSL 
0 

s , z o = ;  - C - " E x - "  
L o c a t ~ o n  Radford A A P ,  V ~ r g ~ n i a  

5 r d c t  a 
Start 11  00 on 10-21-91 

- 0 0 D n i n m  m u x c r m  

r- 0 
SPT 1 1 6  

25 I' 

I 

LOG O F  BORING 
D o m e s  & Moore  

F ~ n ~ s h  10 53 on 10-22-91 

I 
5 

Symbols  

LS - 
DS 

shale 

- 

D e s c r ~ p  t ~ o n  

DARK YELLDWISP BROWN (10YR 4/6) SILTY CLAY, SLIGHT 
PLASTICITY DRY 

HIGHLY WEAThERED INTERBEDDED BLUISH GRAY AND 
BROWNISH CRAY DOLOSTONE AND RED SHALES WITH 
FREQUENT ZONES OF CALCITE VEINS AND WEATHERED 
LIMESTONE SEAMS, MANY SEAMS WEATHERED TO CLAY 

DIPPING UP TO 2 0  DEGREES 

HIGHLY CLAYEY WlTH BLACK MIYERAL STAINING, 
SOFT 

GETTING HARDER CONTINUED HIGHLY FRACTURED 
DOLOSTONE, LIMESTONE AND SHALE, WlTH MOST 
FRACTURES OCCURRING ALONG CLAY PARTINGS 

RED SHALE AND YELLOWISH BROWN LIMESTONE 
CONTENT INCREASING, BEDDING NEARLY 
HORIZONTAL 

CALCITE AND LIMESTONE SEAMS BECOMING 
PITTED 

VOID 21 5 - 2 3  0 FEET 

STOPPED CORING AT 2 3 0  FEET, DUE TO 
EXCESSIVE WATER LOSS AND POOR ROCK OUIALITY 
SUBSEQUENT LOG OF BORING IS FROM ROCK 
CUTTINGS AND DRILLING CONDITIONS 

BROWNISH GRAY AND BLUISH GRAY LIMESTONE. 
INTERBEDDED WlTH SILTY SriALES 

SAME, WlTH SOME SOFT SILTSTONE SEAMS SOME 
THIN CALCITE LAMINATIONS NOTED IN SOFT 
SILTSTONE CUTTINGS 

HIGHLY SILTY, CONTINUED INTERBEDDED DOLOSTONE 
LIMESTONE AND SHALE (SILTSTONE) 

GRADING HARDER 

PLATE 

NX 1 50 16 

;-- 1 0  
- 
- 

I\J x 2 8 2  20 

I 15 NX 1 3 1 0 0  53 

20 : NX 4 27 0 

- 
I 

AH 3 

: AH 4 

3 0 
AH 5 

AH 6 I 3 5 AH 7 
1 

I AH 8 

AH 9 X 40 



u 
0 - 

5 
BORING 4 0 M W l A  (Cont'd) 

3 > 
0 L 

W r 3 = ?  + L, 
w 

L L m = C u  - 7 

V C w 3 ' 
- - E R A  

4.- 
CT 

a E E g o ~  
a 0 0 - 0 0  0 5 o  v , m  m o R i r  

40 

I 

AH 1 0  I 

LOG OF BORING 
D a m e s  & Moore  

L 

S y m b c l s  

b 

DS LS 
s hale 

45 

D e s c r ~ p  t ~ o n  

ROCK CHIPS MAINLY LIGHT YELLOWISH BROWN, WlTH 
SHADES OF BLUE GRAY AND BROWNISH GRAY, 
HARD, LESS SILTY 

GQADNG 

HARD. MAINLY BLUISH GRAY DOLOSTONE WlTH 
SOME PALE YELLOW INTERBEDDED SOFT LAYERS 
OF SILTSTONE 

ROCK BECOMING HARDER, MORE DOLOSTONE LESS 
SILTSTONE, DUSTY 

CUTTINGS SLIGHTLY COHESIVE. VERY SLIGHT 
MOISTURE CONTENT, VERY SOFT, HIGHLY 
WEATHERED ZONE MAINLY PALE YELLOW TO 
LIGHT YELLOWISH BROWN (2 5 Y  6/1) SILT CUTTINGS 

GRADING 

BLUISH GRAY DOLOSTONE AND VERY PALE BROWN 
(IOYR 8/41 SILTSTONE, DRY 

PLATE 

1 

L AH 11 : 1 5  0 

AH 12 

I 1  
AH 13 x ~ I 

5 5 A H  14 II 1 6 0 A H  1 5  , 
AH 16 

- 
- r 6  5  
I 

- AH 17 
- 

- 7 o A H  18 
1 

- 

- 
- 

L 

- 

- 

- 
- I AH 19 
- 75 

AH 2 0  
I I - 80 



BORING 4 0 M W l A  (Cont'd) 

Symbols  Descr ipt ion 

ROCK IS DOLOSTONE,SHALE. AND LIMESTONE 
SOFT, DRY AND SILTY 

BLUISH SRAY AND LIGHT BROWNISH GRAY 
DOLOSTCNE, MUCH HARDER, DRY, DUSTY 

WlTH SCME VERY PALE BROWN SOFT INTERBEDDED 
SILTSTONE SEAMS 

BECOMING LIGHT GRAY ( 1 0 ~ ~  7/1) LIMESTONE 

STOP DRILLING 6: 1 6  PM 10-21-91 

RESUME DRILLING 7 . 4 0  AM 10-22-91 
NO WATER INFLUX 

WlTH MORE BROWN (IDYR 5/3) SILTSTONE, SOFTER 

BLUISH GRAY LIMESTONE AND DOLOSTONE 

GETTING HARDER, DARKER GRAY 

PLATE 
LOG OF BORING 

D o m e s  & Moore 



T J  
0 - 
5 0 

0 

BORING 4 0 M W l A  (Cont'd) 
c L 

I o + Z  > u 
0 

+ 
Q) 
L L , z o = y  - C 
V 

rr K 9  
a, 

E E  6 U r r c F  
m o o -  0 
a m m s\" S Y ~ ~ ~ I S  D e s c r ~ p t ~ o n  

- 1 2 0  
AH 30 

SAME DRY, HARD 

BECOMING LESS DUSTY. SOFTER 

130 

AH 32 

- 

BLUISH GRAY WlTH ABUNDANT CALCITE CRYSTALS 
AND PALE YELLOW ( 5 Y  7/2) SILTSTONE LAYERS 
LINE 4 

- 1 3 5  
AH 33 SOFTER, SILTY. WITH TRACE FINE SAND, SLIGHTLY 

MOIST - 
CUTTINGS ARE SMALL, ROUNDED - 

- 

- 

- 

- 

- 140 
AH 34 

DS 
s hale SAME 

- 

- 1 4 5  
AH 35 SAME 

1 5 0  

AH 36 

SAME 

SAME 

1 6 0  
SAME 

AH 38 BORING TERMINATED AT  A DEPTH OF 
162 0 FEET 

PLATE 
LOG O F  BORING D o m e s  & M o o r e  2,  L 



i 

u 
0 - 

5 
BORING 40MW3A 

K? 

2 0 L 

U I ~ Z  C d 9 
7 0 

Surface Elevat ion: 1905.0 Feet ,  MSL 
C 

L L  C n -  O C P  - 
V 3 ., Loca t ion :  Rad fo rd  A A P ,  Virginia 

g $ L Y  
f a. E 2 $ 3 :  

Sta r t :  10: 31 on 10-1 8-91 
a u o o  a r Finish: 10: 15 on 10-21 -91 
o c n w ,  m c, r , , ?  

1 1 6 I 
1 
- 

: 
S y m b o l s  

CL 

DS - 
LS 

shale 

1 0  - 

NX 1 88 69 

l5 NX 2 1 0 0  2 1  

1 2 0 N x  3 90 25 

1 NX 1 4100 69 

Description 

DARK YELLOWISH BROWN (!OYR 5 / 4 )  CLAY. TRACE 
FINE SAND. WlTH SOME BLACK STAINING AT 1 . 5  FEET, 
SOME CINDERS AND GRAVEL TO 1.5 FEET 

LIGHT YELLOWISH BROWN ( 2 . 5 ~  6 / 4 )  SILTSTONE WlTH 
HIGHLY WEATHERED DOLOSTONE AND LIMESTONE 
SEAMS 

DUE TO POOR ROCK QUALITY DID NOT CORE 
UNTIL 10 .0  FEET TO TRY TO AVOID EXCESSIVE 
WATER LOSS 

VERY PALE BROWN (IOYR 7 / 3 )  DOLOSTONE WITH VERY 
THlN LIMESTONE SEAMS 

LIMESTONE SEAMS BECOMING THICKER, WlTH SOME 
PITS, VUGS, AND CAVITIES 

WlTH THlN LAYERS OF LIGHT GREENISH GRAY AND 
PALE BROWN DOLOSTONE, WITH MANY FRACTURES 
WHICH OCCUR ALONG BEDDING PLANES 

BECOMES THINLY BEDDED, MODERATELY 
WEATHERED, PALE  BROWN DOLOSTONE 
HIGHLY FRACTURED FROM 20.0-21.0  FEET 

BECOMING BLUISH G R A Y  ( ~ / 4 )  DOLOSTONE A T  
2 2 . 5  FEET, HARD, WITH SOME BROWNISH YELLOW 
STAINING AT FRACTURES 

STOP NX CORING AT 26 .2  FEET DUE TO EXCESSIVE 
WATER LOSS 

VERY DUSTY, DRY 

BECOMES SOFTER AT 31 .5 -32 .0  FEET 

- 

I 35 
I 

SLIGHTLY MOIST A T  3 6 . 0  FEET 

Void 1u ENCOUNTERED A VOID OR CAVITY AT 38 .0  FEET 

1 :: 
PLATE 

LOG OF BORING 
Dames & Moore 

- - 

r 
! + 

I 
I 
I 



2 

v 
0 - 
5 o BORING 4 0 M W 3 A  (Cont'd) 

2 0  ? 
0 H d Z  L c 
a, 
L L C Q I  - C  - .G 0  

3 ' 
- u  : ~ 2  

a, a ? 2 ? u o  
0 0 0 0  0 :  
a m m  m o R u m  Symbo ls  Descr ip t ion  

MUD iN  VOID 

Void 

CAVITY EXTENDS TO 49.0 FEET 

5 0 BOREKGLE TERMINATED AT A DEPTH OF 
49.0 FEET 

PLATE 
LOG OF  BORING 

D a m e s  & M o o r e  . 



: 

D 
0 - 

5 
BORING 41MW3A 

0 
/ 

Z a J  
0 L 

I d Z X  L + 9 
aJ 

Surface Elevation: 1,795.0 Feet, MSL 
L L , = c s  - C - =I Locat ion: Raaford A A P ,  Virginia 
.c z y ~  e K >  
a aJ a 

Z a J E C F  
Start :  07:  30 on 10-1 5-91 

E k k S k  o 6 Finish: 09 :  15 on 10-1 5-91 
0 v r v r  m 0 6\" E l ; ?  

0 

5 1 
1 0  

SPT 3 13 

1 15 

SPT 4 10 65 

r 

I 
20 

SPT 51oo/4  

'O T 
2 5 

SPT 6100/5 100 t 
2 7 . 0  FEET 

PLATE 
LOG OF BORING 

D o m e s  & M o o r e  

S y m b o l s  

CL 

CL 

D e s c r ~ p t i o n  

STRONG BROWN (7 .5YR 4 1 6 )  SILTY CLAY, SLIGHT 
PLASTICITY. SLIGHTLY MOST.  WlTH YELLOW (10YR 4 /6 )  
MOTTLING 

PLAsT l c lTY  BECOMES GRAVELLY INCREASING AND SANDY AT  6 . 5  FEET, 
MOIST, MEDIUM STIFF, WlTH SOME LIGHT OLIVE 
BROWN MOTTLING 

OLIVE BROWN ( 2 . 5 Y  4 / 3 )  SANDY CLAY, MOIST, PLASTIC, 
WITH GRAVEL 

ENCOUNTER WOOD PIECES AT 20 .5  FEET 

SLIGHT BLACK MOTTLING 

BOREHOLE TERMINATED AT A DEPTH OF 



? 

u 
0 - 
L ? 

BORING 41SB1 
G QJ 

0 
w o = x  0 L d e, 
'U 

Sur face Elevc:-on: 1730.0 Feet,  MSL 
L L m Z o c $ !  - C - L o c a t ~ o n  R a z i o r d  A A P ,  Virginia 

I ? $  8 x 2  a 7 - a 
& Start .  15 09 on '0-25-91 g ; ;  : . " a  o 6 F ~ n ~ s h  15 45 o r  10-25-91 
a w v ,  m o K v ,  S y m b o l s  Descrpt ron 

1 
r 1 0  

I 
t 60 ' 1 5  

ML 

CL 
&I L 

INCLUSIONS 
CHEMICAL SAMPLE COLLECTED 14 0-1 5 0 FEET 
BELOW 15  0 FEET IS CLEAN SOIL 

BOREFGLE TERMINATED AT A DEPTH OF 
1 5  0 FEET 

PLATE 
LOG O F  BORING 

D a m e s  & Moore 

BROWN (7 5 Y R  5/4) SANDY SILT, MOIST, FILL MATERIAL 

BLACK (IOYR ; '1) CLAY AND SILT, VERY MOIST, 
PROBABLY ?ED WATER ASH WASTE 

CHEMICAL SAMPLE COLLECTED 8 0-10 0 FEET 

CL 

BECCEAES INTERBEGDED WlTH YELLOWISH RED 
( ~ Y R  5/6) SILTY CLAY FROM 12 0 TO 1 3  0 FEET. 
VERY MOIST 

BLUISH GRAY (5B 5/1) LIMESTONE AND DOLOMITE 
GRAVEL FE(2M 13  0 - 1 3  4 FEET 

REDDISH YELLCeV SILTY CLAY WlTH BLACK MINERAL 



U 
0 - 
5 ? 

BORING 41MW3B 
5 w 0 
a , b = ~  +- u Sur face Elevat ion: 1,760-0 Feet, MSL - 0 L 
z o c w  - C - Locat ion :  Rad fo rd  AAP, Virginia 

w G S t a r t :  12: 07 on 10-15-91 
W O C ~ O  Finish: 12: 40 on 10-16-91 
o vl w m o K w m Symbols 

6 5  
ML 

1 0  

SPT 3 18 CL  

I 

1 5  

SPT 4103 4 5 

2 0 
SPT 5 82  80 

I 

b! L 

2 5 

SPT 6 35 80 

CL  
,SPT 75o/o 100 

3 5  T SH 
N X  1 95 66 

40 

Description 

STRONG BROWN (7 .5YR 4 /6 )  CLAYEY SILT WlTH SOME 
GRAVELS, WlTH REDDISH BROWN AND VERY PALE 
BROWN MOTTLING 

DARK YELLOW IS^^ BROWN (IOYR 4 /4)  SANDY CLAY, HIGHLY 
PLASTIC WITH 0CC.ASICNAL GRAVELLY ZONES 

BECOMES STRONG BROWN (7 .5YR 5 / 6 )  

MORE GRAVELS 

VERY GRAVELLY 14-1 9 FEET, WlTH CLAY 

PALE OLIVE (5YR 6 / 3 )  AND OLIVE YELLOW ( 2 . 5 ~  6 / 6 )  
SILT, HARD, DRY, FRIABLE, SLIGHTLY GRAVELLY, WITH 
SOME BLACK STAINING 

OCCASIONAL THIN SILTSTONE SEAMS (OLIVE GRAY) 

GRADES TO LIGHT YELLOWISH BROWN (2 .5Y  6 / 4 )  
WITH OLIVE AND GRAY MOTTLING 

STRONG BROWN ( 7 . 5 ~ R  5 / 6 )  CLAY, SOFT, MOIST, STICKY, 
HIGHLY PLASTIC 

DARK GREENISH GRAY (58G 4/1) SHALE, WlTH ABUNDANT 
CALCITE VEINS. NO APPARENT BEDDING, YELLOW 
STAINING AT FRACTURES 

BECOMES HIGHLY WEATHERED YELLOWISH BROWN 
WlTH INCREASED CLAY 

OCCASIONAL LAYERS OF SILTSTONE AND PITTED 
LIMESTONE 

PLATE 
LOG O F  BORING 

D o m e s  & Moore  ! 



2 

u 
0 - 
5 

BORING 41MW3B (Cont'd) 
0 

z 0 L 

a r o + = x  a, 
0 L 

+ 
Z O C Q  - C - 3 ' 
II ' 2  E g w .  
4 

a i s  " a  
a o c o  0 $ 
o ffl cn m o R E cn Symbols D e s c r ~ p t ~ o n  

r 4 0 

I i N x  

2 88 45 

I " N X  3 100 7 8  
- 

- 

55 0 FEET 

PLATE 
LOG O F  BORING 

D o m e s  & M o o r e  

SH 

DLST 

LESS WEATHEFED DARK GREENISH GRAY SHALE 
WlTH CALCITE VEINS 

WlTH HIGHLY WEATHERED AND CLAYEY ZONES 

BECOMES PITTED AND SLIGHTLY VUGGY CLAYEY 
DOLOSTONE, GRAY ( ~ / 5 )  WlTH THIN LIMESTONE 
SEAMS, HIGHLY WEATHERED, SANDY 

BLUISH GRAY, HIGHLY CRACKED AND RECEMENTED 
WlTH SOME REDDISH BROWN STAINING 

CONTINUED HIGHLY WEATHERED 

BOREHOLE TERMINATED AT A DEPTH OF 



2 

-0 
0 - 
5 

BORING 4 8 S B 1  
0 

: 0 0 L 

0 I d z  t, 
0 L 

+ Sur face Elevat ion: 1,826.0 Feet, MSL 
2 C n z o c y  

r - - w 3 

Locat ion :  Rad fo rd  AAP, Virginia 
a, 

% r r s Y Q I O ;  
Start: 08106 on 8-19-91 

w o o o  o o Finish: 10: 08 on 5-19-91 
G c n o  a u 6\" ELI'! S y m b o l s  D e s c r i p t i o n  

LIGHT BROWN (7 .5YR 6 /2 )  SANDY SILT, SLIGHTLY 
MOIST, FILL 

40 ML 

LIGHT BROWN (7.5YR 6 / 3 )  CLAYEY SILTY GRAVELS WITH 
COBBLES. FROeABLE  LANDFILL 

GC BLACK STAINING - APPARENT OIL LANDFILL, WET 

CHEMICAL SAMPLE COLLECTED 8 0 FEET 

BROWN ( 7 . 5 Y i i  5/4) SILTY CLAY, TRACE FINE SAND, WET 
SOME PLASTICITY. PROBABLY OUT OF LANDFILL A T  

CL 9 . 0  FEET 
BECOMING GRAVELLY A T  10 .0  FEET 

STRONG BROWN (7 .5YR 5 / 8 )  SILTY SAND, SOME GRAVEL, 

SM W E T ~ H ~ ~ ~ ~ ~ L  SAMPLE COLLECTED 13.0 FEET 

1 5  GRAVEL SEAM A T  14 .5-15 .0  FEET 

BOREHOLE TERMINATED AT  A DEPTH OF 
1 5 . 0  FEET 

PLATE 
LOG O F  BORING 

D a m e s  & M o o r e  



! 

73 
0 - 

5 
BORING 48SB2 

0 

= ' a  0 L 

a , ~ b a z x  - U Sur face Elevat ion: 1,827.0 Feet, MSL 
a, i 

L L 0 1 = c u  - 7 
V . a, Locat ion :  Radford  A A P ,  Virginia 

S t a r t :  14: 15 on 8-1 6-91 
a , o o - O o  U 0 
a i n c n  m o .x l v _ ~  

Finish: 15: 50 on 8 - 1 6 - 9 1  
S y m b o l s  Desc r i p t i on  

0 

SFT 1 1 0  16 
YELLOWISH RE9 (5YR 5 / 6 )  SILT, STIFF, SLIGHTLY 

MOIST 

GRADING TO BRGWN (7.5YR 5 /2 )  WITH 

5 S P T  2 4 16 TRACE FINE SAND,  SOFT 

I 

PROBABLE LAN3FILL A T  9 . 5  FEET 
BLACK (10YR 2/1) STAINED CLAY AND SILT, NO ODOR CL CHEMICAL SAMPLE COLLECTED 11 .O-12.0 FEET 'IL PROBABLY OUT OF LANDFILL AT  1 2 . 0  FEET 

SPT 4 3 
LIGHT BROWN (7 .5YR 6 / 3 )  SILTY CLAY, WET. SOFT 

i 5 P T  5 50 GRADING TO BROWN (IOYR 5 /31  SILTY CLAY 
WITH GRAVEL, VERY MOIST 

SPT 61oo/5 0 CL 

SPT 7100/5 0 

2 0  GRADING TO YELLOWISH BROWN (IOYR 5/41, STIFF, 

SPT 8 10 92 GRAVELS GRADE OUT 
CHEMICAL SAMPLE COLLECTED 20 .0 -22 .0  FEET 

BOREHOLE TERMINATED AT  A DEPTH OF 
2 2 . 0  FEET 

2 5 

PLATE 
LOG O F  BORING 

D a m e s  & M o o r e  



I 

m 
0 - 
r 0 
C 

BORING 4 8 S B 3  
5 aJ 0 - 
e , > d Z  X v 
e, - 0 L 4 r 

Sur face  Elevat ion: 1,821.0 Feet, MSL 
L L  D L -  o c a  - - . L ~ $  6 Locat ion :  Radford  AAP ,  Virginia 

- - 0 K S  

5 a i i g e a i  Sta r t :  1 1 :  25 on 8-1 9-91 
0 - 0  c7 c Finish: 14: 25 on 8-1 8-91 

( / I  m o &P m 

- 0 , 
- 

+ 
- 

C 1 50 - 

- 

- 5 - 

- 

- 
C 2 3 - 

- 

- 1 0  - 
- 

- 

L C 3 40 

15 - 

C 4 50 

20 

2 0 . 0  FEET 

PLATE 
LOG OF BORING 

D o m e s  & Moore 

- 

- 

- 

S y m b o l s  Desc r i p t i on  

ML 

s hi 
sc 

GC: 

hf L 

STRONG BROWN (7 .5YR 5 / 8 )  FlNE SANDY SILT. SLIGHTLY 
MOIST. TRACE GRAVELS 

STRONG BROWN (7 .5YR 5 / 8 )  SILTY CLAYEY SAND, SOME 
GRAVELS, SLIGHTLY MOIST 

PROBABLE LANDFILL AT 9 . 0  FEET 
STRONG BROWN (7 .5YR 5 / 6 )  SILTY GRAVEL WITH FlNE TO 

MEDIUM SAND. SLIGHT PETROLEUM ODOR 

GRADED CONTACT 

YELLOWISH BROWN ( 1 0 ~ R  5/6). SANDY SILT, MOIST, 
STRONG ODOR 

CHEMICAL SAMPLE COLLECTED 1 8 . 0 - 2 0 . 0  FEET 

BORING TERMINATED AT A DEPTH OF 



Army Pollut ion Abatement Program Study, I n s t a l l a t i o n  of ~ o n i t o r i n g  Wells,  adf ford Army 
a n i t i o n  Plant,  a ad ford, VA, 3-9 April 1981, (USAEHA Control NO.  81-26-8251-81) 

US ARMY ENVIRONMENTAL HYGIENE AGENCY 

DRILLING LOG 

PROJECT - RAAP 8 1-26-825 1-8 1 DATE 
4 Apr 81 

LOCAT I ON S i t e  6, East of lagoon DRILLERS Smithson, Hoddinot t 

berween 2nd road & Steain l i n e  (see map) Craig, Gates (longer) 

DRILL RIG Acker 11 w/ 4 i n  continu- 

ous f l i g h t  auger 
BORE HOLE MW l 3  

came material 

HSE-ES Form 78, 1 Jun 80 

Replaces USAEHA Form 95,  12  Aug 74, which w i l l  be used. 



Army Pollution Abatement Program Study, Installation of Monitoring Wells, Radford Army 
Ammunition Plant, Radford, VA, 3-9 April 1981, (USAEHA Control No. 81-26-8251-81) 

US ARMY ENV I RONMENTAL HY G I ENE AGENCY 

DRILLING LOG 

PROJECT DATE 
LOCAT I ON Site 6, east of lagoon between DRILLERS Smithson. Hoddinott 

2nd road & steam line (see map) Craig, Gates (lonner) 

DRILL R I G  Acker 11, w/ 4 in continu- 

ous flight auger 
BORE HOLE MW l3 

same material 

HSE-ES Form 78, 1 Jun 80 

Replaces USAEHA Form 95, 12 Aug 74, which w i  1 1  be used. 

a 

-, 

DESCRIPTION 

Easy drilling 

getting tighter 

same material, easy drilling 
clay is wetter-very plastic 

DEPTH 

- 
- 
- 
- 

20 ft 

- 
- 
- 
.I 

25 ft 

- 
- 
- 
- 

30 ft 

? 

SAMF LE 
,TYPE 
BLOWS 
PER 6 IN 

Concrete 
grout 

4 ft of   en- 
toni te 

28 ft of  
sand pack 

REMARKS 

PVC casing 

J 



Army Pol lut ion Abatement Program Study, Ins ta l la t ion  o f  ~ o n i t o r i n g  Wells, Radford Army 
b u n i t i o n  Plant,  Radford, VA, 3-9 April 1981, (USAEHA Control No. 81-26-8251-81) 

US ARMY ENVIRONMENTAL HY G I ENE AGENCY 

D R I L L I N G  LOG 

PROJECT R A A ~  81-26-8251-81 DATE 4 April 81 

LOCATION S i t e  6 ,  eas t  of  lagoon between DRILLERS Smithson, Hoddinott 

2nd road and steam l i n e  (see map) Craig, Gatea (logger) 

D R I L L  R I G  Acker 11,  w/ 4 i n  contin- BORE HOLE MW 13 

uous f l i g h t  auger 



Army Pol lut ion  Abatement Program Study, I n s t a l l a t i o n  o f  Monitoring Wells, Radford Army 
~nrmunition Plant, Radford, VA, 3-9 April 1981, (USAEHA Control No. 81-26-8251-81) 

US ARMY ENVIRONMENTAL HYGIENE AGENCY 

DRILL ING LOG 

PROJECT 'UVIP 8 1-26-8251-8 1 DATE 4 Apri l  81 

LOCATION S i t e  6 ,  west of  apex of DRILLERS Smithson, Hoddinott 

lagoon Craig, Gates (logger) 

D R I L L R I G  A c k e r I I w / 4 i n c o n t i n u ~ u e  BORE HOLE MW 14 

f l i g h t  Auger 

HSE-ES Form 78, 1 Jun 80 
I 

Replaces USAEHA Form 95,  12 Aug 74 ,  which w i  11 be used. 



Army P o l l u t i o n  Abatement Program Study, I n s t a l l a t i o n  o f  Monitoring Wel ls ,  Radford Army 
b u n i t i o n  Plant ,  Radford, VA, 3-9 April  1981, (USAEHA Control N O .  81-26-8251-81) 

US N'IY ENVIRONMENTAL HYGIENE AGENCY 

DRILLING LOG 

PROJECT DATE 4 April  81 

LOCATION S i t e  6 ,  west of  apex o f  DRILLERS Smi thson, Hoddino t t 

Lagoon Craig, Gates ( logger) 

DRILL RIG Acker 11, w/ 4 i n  contin- BORE HOLE MW 14 

uous f l i g h t  auger 

HSE-ES Form 78, 1 Jun 80 

Replaces USAEHA Form 95, 12 Aug 74,,which will be used. 



.Army Pollution Abatement Program Study, Installation of Monitoring Wells, Radford Army 
Ammunition Plant, Radford, VA, 3-9 April 1981, (USAEHA Control No. 81-26-8251-81) 

US ARMY ENV I RONMENTAL HY G I ENE AGENCY 

D R I L L I N G  LOG 

'PROJECT R A A ~  81-26-8251-81 .- - DATE 
LOCATION Site 6, west ofapex of DRILLERS 

lagoon 

D R I L L  R I G  Aoker 11, w/  4 in contin- 

uous flight auger 
BORE HOLE MW l4 



-- - 
Army Pol lu t ion  Abatement Program Study, I n s t a l l a t i o n  of  Monitoring Wells ,  Radford Army 
 munition Plant ,  Radford, VA, 3-9 April  1981, (USAEHA Control No. 81-26-8251-81) 

US ARMY ENVIRONMENTAL HY G I ENE AGENCY 

D R I L L I N G  LOG 

HSE-ES Form 78, 1 Jun 80 
Replaces USAEHA F o m  95, 12 Aug 74, which w i  11 be used. 



Army Pollution Abatement Program Study, Installation of Mhnitoring-Wells, Radford 
Ammunition Plant, Radford, VA, 3-9 April 1981, (USAEHA Control No. 81-26-8251-81) 

US ARMY ENVIRONMENTAL HYGIENE AGENCY 

D R I L L I N G  LOG 

PROJECT 
- 81-26-8251-81 

DATE 4 Atxi1 81 

LOCATION Site 6, next to southwest D R I  LLERS Smithson. Hoddino tt 

corner of bldg. 3019 (boiling tub house) Craig. Gates (longer) 

D R I L L  R I G  AckerII W /  4 in continuaus BORE HOLE MW 15 

flight Auger 

Replaces USAEHA Form 95,  12 ' A U ~  14 , wnicn WI I 1 De  used. at depth. 



Army Pollution Abatement Program Study, Installation of ~onitoring:,.Wells, Radford Army 
h u n i t i o n  Plant, Radford, VA, 3-9 April 1981, (USAEHA Control NO. 81-26-8251-81) 

US ARMY ENVIRONMENTAL HYGI ENE AGENCY 

D R I L L I N G  LOG 

PROJECT RAAP 81-26-8251-81 DATE 4 April 81 

LOCAT I ON Site 6, south of lagoon & DRILLERS Smithson, Hoddinott , 

rail tracks or a hill next to Blg. 3003 Craig, GAtes (logger) 

(spent acid storage) 

D R I L L  R IG Arkpt  T T  w /  b 
continuous flight auger 

in BORE HOLE 
TD= 21 ft 

HSE-ES Form 78, 1 Jun 80 

Replaces USAEHA Form 95,  12 Aug 74, which will  be used. 

DEPTH 

- 
- 
- 
- 

5 ft 
d 

- 
- 
- 
- 

10 ft 

- 
- 
- 
- 

15 ft 
* 

water level 
initial= wet, no yield 
24 hr.= dry,loss of 

SAMF LE 
,TYPE 
BLOWS 
PER 6 I N  

MB 10- 
15 

REMARKS 
1 ft of con- 
crete grout 

' ft of Ben- 
tonite grout 

13 ft of 
sand pack 

DESCRIPTION 
Red, silty micaceous clay, dry 

Reddish brown micaceous sandy 
silt with k-1" gravel 

same material 

Getting more coarse 

getting wetter 

fluid 

11 ft of 
schedule 40, 
2 in ID PVC 
casing 

10 ft of 
screen 



US ARMY ENVIRONMENTAL HYGIENE AGENCY 
~ n n y  Pollution Abatement Program Study, Installation of Monitoring Wells, Radford 
Army Ammunition Plant, Radford, 1981, (USAEHA Control No. 81-26-8251-81) bk1 &!fdfib~ 

PROJECT 81-26-8251-81 DATE & April 81 

LOCATION Site 6, southof lagoon6 DRILLERS Smithson,Hoddinott 

RR or by a hill next to bldp;. 3003 Craig, Gates (lonner3 

DRILL  RIG BORE HOLE MW 16 

USAEHA Form 95, 12'Aug 74 

DEPTH 

- 
- 
- 
- 

20 ft, 

- 
- 
- 
- 

25 ft 

- 
- 
- 
- 

-30 ft 

SAMF L E  
,TYPE 
BLOWS - 

PER 6 I N  DESCRIPTION 

same material 

easy drilling 

Reddish brown/gold silty clay 
very wet, plastic, sticky 

Refusal-Elbrook Dolomite 

NOTE: 300 lb of sand was placed 
annular space, until it filled to 
8 ft. A small cavern possibly d 
at depth which was filled' with 
sand pack. 

REMARKS 

sand pack 

. . . . . . . . . . 

TD 21 ft 

in 

s 

. 
Slotted 2 in 
ID schedule 
40, PVC 
s creen 
(n. nos-0.010 

depth tf well 
.21 .ft. . , . . 



Boring md wmpling mreu ASlM D-1586: Core drilling mceu ASTM D-2113: Penemation is the number 
of blows of 140-pound hanxna kIling 30 inch- required to drive a 1.4inch ID sampler one ~ W L  

Test Boring Records 
Boring No. D l  Site Radford u+P 

Job No. 194 Dare 900827 

Source: Geop hex, 1990 



Source: ~eophex, 1990 

t 
Well Number: C G L  Dr.~i:ng Method: .& R o t u r  

Date Started: 900827 Dniilng Fluids: 
Date Finished: 900828 Stauc Water Level: 23-09 Date: 900903 
GeologistEngineer: Chw Ccisarved By: 
Remarks: Elevzt icn  to toc  =I ==L-- !TC) is relative t o  03 TCC. D3 TCC 
is = s m  t-. - & 1702 ad =-- - - -  3 . c -  . 

All depths referenced to ground scz-acs 

.Above-Grzunc Well 
O.D. of Borehole: 5 i n  

Elevation of Top of O.D. of Casing: 2 in  
Length of Screen: 1'3 f, 

Screen Opening Size: A i n 

Ground Surface 

Parthrd #I/ 
B e n t o n ~ t e  Grout 

(Size & Type) -Depth to Top of Bentonite: 16 - 8  ft 

- Depth to Top of Gravei: 19.8 ft 

- Depth to Top of Screen: 22.8  ft 

Sand/Gravel Pack 

(Size & Type) 

I - - * -  - - - - -  Depth to Bottom of Screen; 32 8 ft 

3s .o ft 
Not to Scale 

TXOJECT. 

4 ~ e o ~ h e n  I ?zefsz= 1.@ 

Job No: 194 Figure No. 
site: 



waccr 
Level 

Boring iad rrmpliry meets A S 3 4  D-1586: Core drilling meets ASTM D-2113: Penemuion is he  num& 
of blon of 140-pound humna falling 50 mc5u required ro drive a 1.4-indr ID s l m p l a  one loor 

Test Boring Records 
Boring No. D3D Site M f o r d  AAP 

Job NO. 194 Date 900828 

Source: Geophex, 1990 

+ ~ e o ~  hex 



Source: Geophex, 1990 

J 

Well Number: D3D Dn~l lng  Method: Rir Rotary 

Date S W d :  900828 Dnlling Fluids: ALF fda te r  

Date Finished: 900828 Stauc Water L e ~ e l : ~  07 Date: ,900903, 
GeologisWEngneer: Caw Observed By: 
Remarks: Zle te t rcn  t o  tcc  ~5 z l c l - c  f T 1 relrn:.ie t o  D3 TCC. D3 'KX: 

is ass;& to 1702.94 fte: ',EL. 
AII d e p t h  referenced to ground ~ u ~ 2 c . 2  

.\hove-Ground Well 
O.D. of Borehole: 5 in  

Elevahan of Top of O.D. of Casing: 2 i n  
Lzngt,I of Screen: 10 ft 

Screen Opening Size: .a- 1 n  

Ground Surface 

?o=l& #l/ 
Bent on ~t e 

(Size & Type) - Depth to Top of Bentonite: 42.9 ft 

- Depth to Top of Gravel: 46'. 6 ft 

- Depth to Top of Screen: 5 2 -7 ft 

SandlGravel Pack 

2" PVC Screen 
(Size & Type) 

Depth to Bottom of Screen; 62.7 ft 

Not to Scale 
- Total D e p t h : A  fl 

PROJECT: 

e ~ e o ~ h e x  1 Fkz5:~~= . s2  
\ 

Job No: 194 Figure No. 
site: 



Geraghty - & Miller, Inc. WELL LOG 

PROJECT RADFORD 
CLIENT NUS 
Date Rcpamd 8/7/90 8 y  

S A M R E  
INTERVAL 

0 

Same a s  above 

Water Table 

Sand grades t o  coarse 

Same a s  above 

Lost c i r cu la t ion  (10-15 gpm)  
Chanued from 5" f i s h t a i l  b i t  t o  
3" NX core ba r re l  

Limestone, badly weathered, l o t  of 
c a l c i t e ,  black 

(XYNER C O ~ S  cf Enqineers 

WELL No. D-2 
L ~ C A T ~ O ~  Lacoon D - S e t t l i n a  Ponds 

I n  use 

I1 TOPO SETTING 
GRCVND ELEV. 1 7 1 7 .  1 ' 

DRILLING STARTED e/7 /ao 
DRILLING COMRETED 9/8/80 
DRILLER M. .T- ne,=n 

~ Y P E  OF RIG G y F - 7 c  

l i WELL DATA i l 
D~AM. 5'* t o  23  f t ;  3" t o  35 f t  

TOTAL DWrH 35 f t  
2 Ln Timro PVC CASING DIAM. 

CASING LENGTH 20 f t  

SCREEN DIAM. 2 
SCREEN SETTING 20-35 f t  

SCFZM SUIT a ~ P E  .ole pvc 
WELL ~ T A l U S . C o r n b l ~ + ~ ~  

GRWT 
GROUT Neat cement 

GROUT DEPTH 0-15 f t  
VOCUME .6 cu f t  
7YE OF R U G  Bentonite 
PLUG DEPTH 14-15 f t  
MCUME 1 l b  - 

DEVELOPMENT 
MTHOO , - 
RATE 
LENGTH 40 a. 

li TEST DATA i l 
II SATIC MPTH TO WATER 13.14 

WTE MEASURED I I 
(1 PJMPiffi M P T H  TO WATER 11 

II WMPING RATE 

WEWTESt 
WPE OF TEST 

)I RR(P SETTING 11 

11 FINAL PUMP S m N G  I I 
AVERAGE PUMPAGE - 

WATER QUALITY 

Source: USACE, 1981 



Geraghty 
& Miller, Inc. WELL LOG 

PROJECT RADFORD 
CLIENT NUS 

Data Raporsd 8 /7 /80  gy G.F.S. 

SAMPLE 
INTERVAL DESCRIPTION 

OWNER Corm o f  Ens inee r s  
WELL NO. D- 3 
LOCATION Laqoon D - S e t t l i n o  Pond 

Sand g r a d e s  t o  medium 

Water Tab le  
Change from 5" f i s h b i t  t o  3" 
NX core b a r r e l  

Same as above 

- Bottom o f  Hole 

- 
- 
- 
- 

TDW SETTING 
GRCUNO ELEV. 1699. 97 

II DF~IWNG STARTED 8/7/80 
DRILLING COMPLETED 8/7/80 

I I DRILLER R. A.  m r n p  

TYPE OF RIG 

WELL DATA 
DIAM.~" t o  1 9  f t ;  3" t o  35 f t  

TOTAL OEPM 35 f t  
USING DAM. 2 in Timco PVC 

CASING LENGTH 20 f t  

SCREEN MAM. 2 in 
SCREEN !XTTlNG 20-35 f t  

scREENSLDT8rfPE - 0 1 0  pvc 
WELL STATUS C O ~ D  1 e t ed  

GROUT 
TYPE GRbCIf Neat cement 

C R a r r D r n  0 - 1 5 f t  
VOCUME .6 cu  f t  

cf RUG Benton i t e  
R U G  DEPTH 14-15 f t  
VOLUME 1 lb 

A i r  
0.25 gpm 

TEST DATA 
STATIC CWlH TO WATER 16.74, 
rn MEASURED Q'1 A / R n  
Wffi OEPTH TO WATER 
DURATKm O f  
WMflNG RATE 
MTECFtEJT 

I 
T T P L O F m  
RlMP m N G  

i ~PEuFK 

nNAl WMP C A P W Y  
F W U  RlMP SETnNG 
AVERAGE RIMPME 

Source: USACE, 1981 



PROJECT RADFORD Geraghty 
n & Miller, Inc. WELL LOG 

CLIENT NUS 
OotrRIpared 8/7/90 By-, 

S A M R E  
INTERVAL DESCRIPTION 

Sand, f i n e ,  s i l t y ,  some c l ay ,  - 
micaccous,  brown - 

- 
Clay,  s i l t y ,  brown - 

- 
- 
- Clay b a l l s ,  t a r r y ,  s e p t i c  odor ,  

- dark g r ay  

- 
- 

Sand, f i n e  t o  medium, micaceous, - wel l  s o r t e d ,  o f f - v h i t e  t o  t a n  - 
. Water Table - 

- 
- 
- 

Lost C i r cu l a t i on  (10-15 gpm) 

Regained Ci rcu la t ion  (10-15 gpm) 

No Recovery 

Last C i r cu l a t i on  (10-15 gpm) 

No Recovery 

OWNER Co rm of E n d e r s  
WELL No. w 4  
~ T J O N  Laaoon D - S e t t l i n s  Ponds 

TOW SETTING 
GROUND ELEV. I7 l3 .  44 

DRILLING STARTED 8/7/80 
DRlUlNG COMPLETED 8/7/80 
DRILLER M .  J. Dean 
TYPE OF RIG m c - 7 5  

WELL DATA 
~ I A M . ~ "  t o  23  f t :  3" t o  35 ft 

TOTAL rn 
W I N G  DAM. 2 i n  Timco PVC 
CASING L E N m  20 f t  
SCREEN DIAM. 2 i n  
SCREEN SETTlNG 20-35 f t  
SCRW s u n  a  TYPE,.^ o ~ v r  
WELLSTAWS Com~leted 

GROUT 
TYPE OF GROUT Neat cement 
G R a J l  o m  0-15 f t  
VOCUME .6 cu f t  
T Y P € O f R U G  Bentonite 
R U G  DEPTH 14-15 f t  
W M E  1 l b  

m o o  , v 

RATE 0 .1  spm 
LENGTH 46 min 

TEST DATA 
STATIC m TO WATER 
MTE MUWJRED 8/1 4 / ~ 0  

WMFING OEPTH TO WATER 
DURATXM OF fEST 
PUMPING RATE 
MTEffTLSf 
TYPEOCTEST 
R R l P r n N G  
s w n c  C A P ~ T T  

flu PUMP CAP-Y 
FINAL PVMP S E I T f f i  
AVERAGE PUMPME 

Source: USACE, 1981 



, Geraghty 
& Miller, Inc. WELL LOG 

PROJECT RADFOR3 

CLIENT NUS 

D a t a  Refxmd Q , / ? , / Q P  BY .G.F.S. 

SAMFLE 
INTERVAl 

Sand, f i n e ,  some s i l t ,  micaceous , 
well sorted, brown 

Water Table 
Changed from 5" f i s h t a i l  b i t  t o  
3" NX core barrel 

Lmestone, s o f t ,  weathered, some 
c a l c i t e ,  some solution channels, 

Same a s  above 

O W N E ~  C O ~ P S  cf  Tn&nnnrq 

WELL No. - D-5 

LOCL\TION Laaoon 3 - S e t t b c  Po- 
i n  use 

TOPO SETTING 
G ~ N D  EL-. 1696 .12  

DRILLING STARTED 8'7/80 
DRlUlNG COMPETED e /P /80  
DRILLER R .  A .  Mczroe 
TfPE O f  RIG C-40 

li WELL DATA il 
HOLE DIAM. 5" t o  11.5 ft; 3 "  t o  3 5  f t  
TOTAL MPTH 75 =- - - -  
CASING MAM. 2 in  Timco PVC 
CIISING W G T H  20 fl 
SCmEN DIAM. 2 i?. 
SCREEN S ~ N G  20-35 ft 
SCREEN SLDTBTYPE .C10 PVC 
W ~ S T A ~ S  C o r n ~ l e t e d  

TYPE OF GROUT 

CiiXWT D m  

II TYF€ cf R U G  sentonite 
R U G  DEPTH 14-15 ft 

- .~ I I 
DEVELOPMENT 

M r n O D  4; - 
RATE 

u. - q r n  

LEHGTH 47 3-3 

b 

TEST DATA i I 
STATLC OEPTH TO WATER ' 7 7 q  

MTE MEASURED Q '- T / q n  

PJMPlNG DEPTH TO WATU 
WWTION OF TEST 
RlMPlNG RATE 
MTECFTEST 
n P E  of TEST 
WMP SETTlffi 
s'R2FIC CAPAUTY 

FINAL RlMP SETTING 
AVERAGE RIMPCUjE 

li WATER WALlTY i l 



Geraghty 
& Miller. Inc. 

PROJECT RA- 

WELL LOG CLIENT NUS 

Date Prepared 9  / A / Q l )  BY L 

S A M R E  
INTERVAL DESCRIPTION 

Clay, s i l t y ,  micaceous , brown - 
- 
- 
- 
- 
- 
- 
- Sand, f i n e ,  micaceous, well  

s o r t e d ,  off-white 
- 
- 
- 
- 

Sand grades  i n t o  medium t o  coarse  
E Water Table - 

- 
Top of Rock 
( Limestone) 

NO recovery  
Changed from 5" f i s h t a i l  b i t  t o  
3" NX c o r e  b a r r e l  

Mudstone, pea s ized ,  green 

Source: USACE, 1981 

OWNER C n r ~ s  of '=&eers 

WELLNo. C-6 
LOCATION Laaoon D - Se t t l i nq  Ponds 

i n  u s e  

TOW SETTING 
GRoUND ELEV. 1690. 64 

DRILLING STARTED 8/8/80 
DRlUlNG COMPLETED 8/'11/8O 
DRILLER R. A .  Monroe 
T f P E  OF RIG C-40 

WELL DATA 11 HOLE OlAM. 5" t o  18 ft; 3" t o  3 5  f t  

TOTAL DEPTH .ck 

CASING DIAM. 7 i n  T i m m  P V ~  

U S I N G  LENGTH PC) f -  

SCREEN DIAM. 2 i n  

SCREEN SETTING 20-35 ft 
WEEN s m  8 np~ . 010 Pvc 
WELL STATUS Com~le t  ed 

GRCUT 
TYPE OF GROUT Neat cement 
GROUT DEPTH 0-15 f t  
VOLUME PU 

MPE OF R U G  Bentonite 
R U G  DEPTH 14-15 f t  

VOLUME 1 lb 

DEVELOPMENT 
METHOO 11 RATE 

n i  r 
3 TPm 

LENGTH 5 5  min 

TEST DATA 
STATIC DEPTH TO WATER- 
OATE MEASURED 

I PUMPING OEPTH TO WATER 

DURATION OF TEST 
FVMPING RATE 

W M P  SETTING 

SPEClflC C A M 1  Y 

FINAL PUMP CAPACITY 

FINAL PUMP SETTlNG 

AVERAGE PUMPAGE 

li WATER QUALITY il 



nola No. DH-2 
DIVISID~ 

DRILLING LOG NATl 
I. CROIICT 

RCRA STUDY - LAGOON D 

- N 319,070 El .407.780 
S. D I I L L I M C  A Q I N C Y  

CUNNINGHAM CORE DRILLING 
4. M O L L  MO. (1. -..I- 
d UI. U& 

i DH-2 
; 

BOB MONROE 
6. DIRCCTIOM O C  M O L L  

~ I ~ I T I C I L  O 1 8 d c ~ 1 n . n  0.0. CIOY r C l T .  -- 
7. T M I C U M L S I  OC O V C R 8 U ~ O C M  17.5  

I M S T A L L A ~ O Y  LMLLT I 
NAO o r  S M K C T ~  

la. r l xc  AND r v r t  o r  m t r  2"  O . D .  SS; NX D ~ A  
11. orrum rcu 0- 

W L  
'12. IAMUC4CTURCR.S  DLUCMATI~* oc WILL 

SPUGLE b HEWOOD GOC 
IS. T0T.C MO. O r  OVLm. I D I T U I - X D  ! UNOI8TUI.CD 

W I O L M  I A I C L L S  T A I C M  f i 1 
101 T O T A L  M U I I L I  C O R L  I O S L S  1 
11. CLLVATIOM a n o u r n o  ~ATIR 1684.9 

1 a T A n T S o  
I&. O A T 1  M O L L  

lCO-~C.T.o 

) 16 M Y  80 i 16 J U L Y  80 
17. r L c v r r l o M  r o e  o r  MOLL 1699.0 

a. D L P T w  D R I L L L O  I U T D  R O C 6  12.5 -- 

9. TOTAL OLCIM or MOLL 30.0 

LLLVAllQ . LCGcMO 

b - 
C L A U I C I C A T I O M  O r  M A T U I A U  a noX RLUAmUS 

f ~ r o r r r r ~  I C C O V -  S A M P L E  l R U l b y  1- Irr Ire.. . r p h  .I 

" ' / ' P  I. 4 Q 

ENC 
YAI 7 1  

3. - - - - 
4 . 5 -  - - 
i 

- - - - - - - - - - - - - 
16.0 
17. I?= - 

- - - - - - - - - - - - - - - - - - - 
=i 

30 - - - - - - 
18 3 6  r n r v t o u n  

3" copeoi l  
(M) SILT, some v .  f a  sand, 
brn.  e l c .  p l a s t .  moist  
tr. o rgan ic s  

100 . S-1 

(SM) SAND, v. fn-fn,  l i t t l e  
m i l t .  b m .  N'P, v. moist  

same (SH) i n  she lby  tube  
v. mois t  

l e e a  s i l t  and l i t t l e  med. 
sand w/depch, s a t u r a t e d  

S-2 

UD-1 

S-3 

5-4 

Run 1 
- 9  

Run 2 
Box 1 

5.0 

100 

100 

100 

, \ 

- 
5 . d - 

S p l i t  Spoon 

- 
S p l i t  Spoon 

5-6.5 

(GP) GRAVEL, some fn-crs 
sand b cobb le s .  s a t u r a t e d  - 

Top of rock @ 17.5 
LIMESTONE BRECCIA, b lue  gray .  
angu la r  fragments v lc layey 
s i l t y  ma t r ix ,  bad ly  
weathered,  s o f t  r o  mod. hard 
more fragments than co re  
p i e c e s  

BOH - 30.0 
Water of completion: 

k(0-5) - 0 
2 - 2 4  

k(0-10) - . 1  f c lday  

100 

35 

50z 

13.5' 
Water a f t e r  2 0  hr s :  

Source: 

~ o ~ r l o m r  r m r  o . ro~~rc.  PIOILCT mace no. ' RCRA STUDY - LAGOON D 1 DH-2 
r-sLucmn 

USACE, 

advanced v14" f i s h t a i l  

- - - 
- 
M.C 

14.1' 
- 

1981 

Shelby tube-push 1 .( 
I- - - - 
z. I - 

k(0-15) - .49 f t l d a y  
k(0-17) - .81 f t l d a y  

S p l i t s p o o n  1-1-14 

S p l i t  Spoon 

c 6 .  
17-301.4 

Set  cas ing t o  18.0 
N ~ C O T ~ :  R Q D - o  

k(17.5-30) = -49 f t / d a y  
HX Core 
RQD - 0 

L - 
7Q. 1 = - - - - - - - - - - - - - - - - 
n o .  

Yell  i n s t a l l a c i o n  took 
2.0 hours 

t. - 





Hale Ma. DH-4 
DIVISIO* I U S T A L L A ~ O N  ~ M C C T  

DRILLING LOG NAD NAO or 1 s n c c r r  
I. .IOJ.CT lo. SIZE u o  rrrr o r  .IT 2" O.D. SS: NX D I A  

h;:XA S T U D Y  - U G O O N  D 
D 

N 318.7L0 E1,407,610 
L ORILLINS AOLNCI 

CUNNINGHAM CORE DRILLING 
L MOLC MO. <A. h- .I y (1- 
& a h  -4 I DH-4 

L NWL OC ORILLCR 
------ 

L OI~CCTION o r  MOLE 

0s.. .-OM V S I T .  ~VIIIICIL OIICLIWLO --------- 
7 .  TM~Cmncss OC OVcR~UmO- 

USL 
II. U I U C A C ~ U r L I ' s  0cJ laNAT10*  OC -ILL 

SPRAGUE 6 HENUOOD kOC 
11. T O T A L  MO. oc OVCR- IO~~TUI-CO ! U*OISTUI.IO 

.URO.M IAMCLSS TAI lCR ! f ,  i 0 
Id. TOTAL *UU.C. c o n s  .OXCI 1 
16. . L I V A T l O I  O I O U I O  .ATCR 1690.0 

1 ~ T A ~ T C O  I C O W C L X T C O  
I& OAT. MOL. ( I7 .JULY 80 1 18 JULY 80 
17. r L r v r r t o N  Tor o r  MOLL L713.7 

m. OCCTU ORILLCO INYO roc6 9 . 4  
L. TOTAL 

sLcYAT,O* 

1710.2 

1704.7 

1701.2 

1693.7 

DCPTM OF UOLS 34.3 

DcCTM 

b 

saturated. very s o f t  S p l i t  S p o o n  - WT of 

LIIOcw 
CLAUICICATION OF M A T C I I A L L  OoX R C M A I I l l  

I D r u r h d  r c c o v -  J A M P L ~  mrur- I- I.... -h -I a r  no. - .de. rr . I c u ~ ~ c ~  
e 1 I 0 

1679.4 

?oRM 

2" T o p s o i l  - 
s a n d ,  bm, s l t  p last .  m o i s t  

. YAI 7 1  IzzC~NDY - UCOOH D I DH-b 
intusLvcLnn 

- - - - - 

3.51 - - - - - 
3 

D o l w i t i c  l i m e s t o n e .  
b l u e  gray,  thin-med bedded. K (25.9 - 35.3) - 13.7 

to drv K (0-5) - 0 
(SU, SAND, fn-fn s o m e  m i c a  

mo i s t ,  ye l .bm 

3 

- - 
9.03 - - - - - - 
12.' - 

d - - - - - - 

- - - - - - - - 

K (5-10) - .87 f t l d a y  

aame (SM) w / n o m e  g r a v e l  
and cobbles 

((2) G r a v e l s  h C o b b l e s ,  
s o m e  fn-crs rand. tr s i l t  

mod hard. SH. w e a c h e r e d .  
many c a l c i t e  healed 

-3 

3 4 . z  

- - - - 
20& - - - 

- - - - - - - - - - 
- - - 

fn-crs. s o m e  s i l t  6 clay. , 

ye l .  b r n ,  l o w  p l a n t  

BOH - 34.3 

3 - - - - - 

U a c e r  a t  c o m p l e t i o n  
-23.7 

W a t e r  a f t e r  1 4 h r s .  

hole s i z e  
0 - lo -5" 
10-25.9 -3 3 / 4 "  
25.9 - 35.3 -3" 

1836 ~ r c v ~ o u s  SEI~ONIA~C o . r o L c r s .  
M O L C  NO. 

L - - - - - - - - - - - - 

time of v e l l  i n s t a l l a t i o r -  
w a s  2.75 hrs. 

Source: USACE, 1981 

- - - - 
- 
- - - - - - - 





Geraghty PROJECT FADFORD 
QlENT NUS 

& Miller, Inc. WELL LOG mt. ~ e p a r e d  8/4/80 BY G.F.S. 

Corps of Engineers 
SAMRE 

INTERVAL DESCRIPTION 
UXATION S i t e  9 - Flyash Disposal  

S lze  In 3 s e  

TOW SETTING 
G W N D  ELEV. 

Hit some River Jack 

Change from 5" fishtail b i t  to CASING LENGT?4 

3" NX core barrel 
!XRXN DIAM. 2 in 
SCREEN SETTlNG 75 t o  90 ft 
SCREEN SLOTBPlPE .010 PVC 

~m 0-60 ft 

Last Circulation (10-15 gpm) 

=TIC TO WATER Drv 
OPTE M E A s m w  8/11/80 

No Recovery in core barrel WMPlffi m TU WATER 
CURATION O f  
RIMPING RATE 



Geraghty 
& Miller, Inc. WELL LOG 

2 3 Pope - of - 
PROJECT RADFORD 
CLIENT NUS 
Dote Prepared 8/4/80 BY G. F. S .  

SAMPLE 
INTERVAL DESCRIPTION 

Same as above  

Same as above  

Same as above 

OWNER C o n s  of Ensineers  
W N  No. B'l 
~ A T ~ O N  S i t e  B - Flvash D i s~osa l  
S i t e  i n  use 

TOW SETTING 
GROUND ELEV. laS6 .28 I I 

I I Wr lUlNG STARTED 8/4/80 
DRILLING COMPLETED 8/5/80 / 1 
DR~UER R. A. Monroe 
TYPE OF RIG C-40 I I 

11 REMARKS I I 



Geraghty 
& Miller, Inc. 

, 

WELL LOG 

p a g e 3  of 3 
PROJECT RADFORD 
CLIENT NUS 

Dote Prepared 8L4/80 By G.F.S- 
/ 

SAMPLE 
INTERVAL DESCRIPTION 

80 

OWNER C n w  of Enoinpa-s 

WELL No. - 
S i t e  9 - Flvash  Diswsa LOCATION 1 

S i t e  i n  use 

TOP0 SETTING 
GROUND ELEV. 1856.28 

DRILLING STARTED 
85 . 

DRILLER R. A .  Monroe 

90 

W 
0 
h a 
2 
0 
Z 
a 

3 
9 
W m 
c' 
W 
W 
LL 

2: 
r' 
t 
W 
0 

TYPE OF RIG 

REMARKS 

I 



Geraehtv 
& ~iller,YInE. WELL LOG 

S A M R E  
INTERVAL DESCRIPTION 

PROJECT 
RADFORD 

QlENf NTTS 

Date Reparsd -7, By W. E . T. 
11 

OWNER C o r ~ s  of Bncineers 
WELL No. B-lR 
m n o ~  Site B - Flvash Disoosal 

Site in Use 

TOFU SETTING 
GWJND ELEV. 1854 - 37 

DAlLUNG STARTED 8/13/80 
DRlUlNG COMPLETED 8/15/80 
D R ~ ~ E R  M. J. Dean 
W E  OF RIG CME-75 

WELL DATA 
DIL\M. 5" to 1 5  ft: 7 "  to f? 

TOTAL DEPrn 14q e+ 
CASING DIAM. 3 i n  T i m r n  PVC 

USING LENGTH 130 ft 
!%REEN DIAM. 2 i n  
SCREEN S ~ N G  130-145 ft 
- 4 Q T & l y p E  .010 PVC 
WELL SATUS - Com~leted 

rn w GROUT 
GRcur D m  0-100 ft 
VOCUME 6.0 cu ft 
lYPE OF R U G  Bentonite 

109-110 ft 

VOCUME 1 15 

m o o  A ; r  

-- 

TEST DATA 
ShlYCOEPTHTOWATER 128 ft 
MTE MEASURED 8/15/80 
P u M P l N G ~ T O W A f E F l  
OURATION W TEST 
PUMPlNG RATE 
DATEwm 
l-fP€ofrm 
R I M P m N G  
sEanc c a m  

RHPL W M P  CAP- 
M L  W M P  S E l l l N G  1 
AVERAGE W M P M E  

> - 
WATER WAUTY 



Geraghty 
& Miller, Inc. WELL LOG 

Page 3 of P 
PROJECT RADFORD 
CLIENT NUS 
me Repared 8/13/80 By W-E-T- - 
OWNER Corps of Engineers 
WELL No. B-lR 
=ATION S i t e  B - Flvash Disposal 

S i t e  i n  use 

TOW SETTING 
GROUNO ELEV. 1854.87 

SAMPLE 
INTERVAL 

4 0 

DESCRIPTION 

45 

5 0 

W 
U g 5 5  
R 
3 
Y1 

0 z 
4 
3 , . 
S 
w, 60 
k- 
W 
W 
L L  

z 
f ' 65 X 

7 0 

7 5 

80 

i- 

DRILLING STARTED 8/13/80 
River Jack DRILLING COMPLETED 8/15/80 

DRILLER M -  J- Dean 

Same as above 

Same as above 

Same as above 

Same as above 

P l P E  OF RIG G I - 7 5  

REMARKS 



p a q e 3 0 t 4  

Geraghty PROJECT RADFORD 
CLIENT NUS 

& Miller, I ~ c .  WELL LOG me e a r e d  8/13/80 BY W.E.T. 

SAMPLE 
INTERVAL DESCRIPTION 

8 0 

1 

OWNER Corps o f  Engineers 
W E U  No. B-1R 
LOCA;TION S i t e  3 - Flyash D i s ~ o s a l  

S i t e  i n  use 

TOP0 SETTING 
GROUND ELEV. 87 

MILLING STARTED -80. 
85 DRILLING COMPLETED 8/15/80 

DRIUER 

Lost Circulat ion (10-15 gpm) 

9 0 Limestone, brecciated,  dolomitic,  

W 
U e 95 Same as above 
K 

2 
0 
Z 
a 
A 

g 100 

c- 
W 
W 
LL 

z 
f 

105 Same as above 
0 

110 

115 Same as above 

120 

TYPE OF RIG 

REMARKS 

b 



Geraghty 
& Miller, Inc. WELL LOG 

P a g e 4 o t  4 
PROJECT 

CLIENT NUS 
Date ~ e 0 o r e d 8 / 1 3 / 8 0  BY W.E.T. 

SAMPLE 
INTERVAL DESCRIPTION 

120 

125 Limestone, b recc ia ted ,  some 
greenstone and sandstone 
inc lus ions  

Water Table 

130 

W 
U 
135 

K 
3 
V) 

0 z 
a 
A 

3 2 140 Same as above 

c- 
W 
W 
li 

z - 
x- 
t 145 
W 
0 

OWNER Corps of Engineers 
WELL NO. B - I R  
LOCATION S i t e  B - Flvash  D i s ~ o s a l  

S i t e  i n  use 
TOW SETTING 
GROUNDELEV. 1854.87 

DRILLING STARTED 8/13/80 
DRILLING COMPLETED 8/15/80 
m l l L ~ ~  M. J. Dean 
l Y P E  OF RIG CME-75 

I l l  
11 REMARKS I I 



Sand grading t o  medium with some 

Sand, f i n e ,  s i l t y ,  micaceous, 

Sand grading in to  medium t o  

- 
- 
- 
- - Change from 5" f i s h t a i l  b i t  t o  
- 3" NX core  ba r re l  
- 

Tnn nf  R n r k  - 
Lost c i r cu la t ion  - put i n  3" 
cas ing  and regained c i r cu la t ion  

Limestone, weathered, so lu t ion  
channels,  s l i g h t l y  brecc ia ted ,  
gray 

Geraghty PROJECT --uRDBF 

& Miller, Inc. WELL LOG 
CLIENT NUS 
Dam Rapad 8/6/90 By G.F.S. 

OWNER C O ~ D S  of  En-. o r q  

WEU NO. B- 2 
UXAT~ON S i t e  B - Flvas?. L a n d f u  

i n  use 

TOPO fETflNG 
GRCUHO ELEV. l7 6 9 .  47 

n ,  

SAMPLE 
DESCRIPTION INTERVAL 

0 

A-t - 

- 

5 

10 
CLLSING MAM. 
CASING LENGTH 
SCREEN DlAM 
S Q Z E E N ~ G  75-90 ft 

8 15 ~ S U X B T T P E  .010 PVC 
P WELL STATUS Com~leted 
a 
3 
V) 

a r rn w GROUT 
A 

3 
G F K X r r m  

2 20 Bentonite 
m 

5 
W 
I& 

E 

E 
a 25 W 
a 

Smlc m 10 
WIT M E m U R a  

30 
PuMPlNG o€P-rH TO WATER 
DURATION OF m 
PUMRNG RATE 
UTE ff TEST 

3 5 

4 0 

B-10 



Geraghty 
& Miller, Inc. WELL LOG 

p a g e 2  ot L 
PROJECT 
CLIENT NUS 
Dote Prepared A16180 gy G.F.S. 

SAMPLE 
INTERVAL DESCRIPTION 

Same as above 

Soft seam down to 66 f t  

-------- 
Limestone, weathered, calcite 
veins, black 

Water Table 

OWNER Corns o f  Ensineers 
WELL No. B-2 
LOCATION S i t e  B - Flyash Landfi l l  

i n  use  
TOPO SETTING 
GROUND ELEV. 1769.47 

DRILLING STARTED 8 / 6 / 8 0  

DRILLING COMPLETED 8 / 6 / 8 0  
DRILLER M J .  Dean 
TYPE OF RIG 



Geraghty 
A & Miller, Inc. WELL LOG 

P a g e 7 o t L  
PROJECT ORD 

CLIENT NUS 
Oote hewred 8/6/80 By G.F.S. 

SAMPLE 
INTERVAL DESCRIPTION 

OWNER Corns of F u  r s  

WELL No. B-2 
LOCATION 3-w - C '  1 

in use 
TOW SETTING 

1769.47 GROUND ELEV. 

- 
- 
- 
- 

W 
U 
C - 
Q 

3 - 
P - 
z 
a - 
2 

3 - 
S 
W - 
m 
F - 
W 
W - 
LL 

z - 
I' - 
+ 
L - 
W 
0 - 

- 
- 
- 
- 
- 
- 
- 
- 
- - 
- 
- - 

--.1 

DRlUNG STARTED 
DRlUNG COMPLETED 8/6/80 
D R ~ ~ R  M. J. Dean 

Same as above 
B o f t o m  Ot Hole 

TYPE OF RIG CME-75 

REMAiWS 



Geraghty 
- & Miller, Inc. 

PROJECT 

CLIENT NUS 
WELL LOG Date Prepand 8/4/80 gy  G-F- S 

SAMPLE 
INTERVAL DESCRIPTION 

Same as above 

Some River Jack 

micaceous, brown 

Same as above 

- 
- 
- 
- 

Same as above 

- 
- 
- 
- 

Changed from 5" f i s h t a i l  b i t  t o  - 3"  NX core  b a r r e l  

- 
TOD of ROck 

No recovery (Limestone) 

' 
Lost c i r c u l a t i o n  (10-15 gpm) 

OWNER C O ~ S  of Engineers 
WELL No. B- 3 
GCATION S i t e  B - Flyash Landfi l l  

m use 

T O W  SETTING 
GROUND ELEV. 1 -IF - II 
DRILLING STARTED 8/4/80 
DRlUlNG COMPLETED 8/5/80 
DRILLER M. J .  Dean 
TYPE OF RIG W - 7  5 

WELL DATA 
5" t o  33 f t ;  3" t o  90 f t  I I 

TOTAL DEPTH go ft 
W I N G  DIAM. 7 in T i m r n  DVP 

CASING LENGTH 75 f t  
SCREW DIAM. 2 in 
SCREEN SETTING 7 5-90 f t  
mEEN SKIT 8 n P E  .010 pvc 
WELLSTATUS Com~leted 

GROUT 
TYPE OF GRWT Neat cement 
GROUT DEPTH 0-50 f t  
VOLUME 2 cu f t  
TYPE OF P U G  Bentonite 

PLUG DEPTH 49-50 f t  
VOLUME 1 l b  

I I DNELOPM ENT 1 1 
METHOD Air 
RATE 0.75 g p ~  

LENGTH 7- 

TEST DATA 
STATlCOEPTHlDWATER 7 7 . 7 2  
DATE MEASURED 8/12/80 
PUMPING DEPTH TO WATER 
WRATION OF 
PUMPING RATE 

DATEOFTEST 
TYPE OF TEST 
PUMP SETTlNG 
SPEClflC CAPACITY 

FlNAL PUMP C A P M  
f lNAL  PUMP SETTING 
AVERAGE PUMPAGE 

WATER OUAUTY 



Geraghty 
& Miller, Inc. WELL LOG 

~ a g e 2 o f  3 
PROJECT RADFORD 
CLIENT NUS 
Date Prepared 8/4/80 G.F.S. 

SAMPLE 
INTERVAl DESCRIPTION 

40 

OWNER Corns of Ensineers 
WELL No. B- 3 
=ATION Site B - Flyash Landfill 

in use 

TOP0 SETTING 
GROUND ELEV. 1765.09 

b 

No recovery 
DRILLING STARTED 8/4/80 

4 5 DRILLING COMPLETED 8/5/80 

DRILLER M- J. Dean 

5 0 

No recovery 

W 3 55 
a 
3 
0 
2 

4 
3 
3 

60 

t- 
W w Limestone, weathered, some iron 
LL stains,  some calcite veins, gray z 
r' 
t g 65 

70 

Same as above 

75 

Water Table 

80 

TYPE OF RIG 

REMARKS 

bL 



Geraghty 
& Miller, Inc. WELL LOG 

PROJECT RADFORD 
CLIENT NUS 

Dote hewred By 



Geraghty PROJECT RADFORD 
CLIENT NUS 

& Miller, I ~ c .  WELL LOG Dare Prcpomd 7/31/80 B, G.F.S. 

SAMRE 
INTERVAL DESCRIPTION 

Same as above 

Some p e b b l e s  

Same as above 

Same as above 
- 
- 
- 
- 

Same as above 

- Changed from 5" f i s h t a i l  b i t  t o  

- 3" NX core b a r r e l  

- 
Top o f  Rock 

Last C i r c u l a t i o n  (10-15 gpm) 

Limestone ,  weathered ,  some 
d o l o s t o n e ,  i r o n  stains, c a l c i t e  
v e i n s ,  gray 

o ~ ~ E ~  CO-s of  Enuineers  

WELL No. q-A 

LOCATION S i t e  B - Flvash  L a n d f i l l  
i n  u se  

TOW SETTING 
GROUND ELEV. 1764. 64 I I 
DRILLING STARTED 2/31/80 
DRILLING COMPLETED 8/4/80 
DRILLER M. J. Dean 
TYPE OF RIG GW-75 

WELL DATA 
HOLEDIAM.Sgl t o  39.5 G t :  7"  to 90 G+ 

TOTAL DEPTH 00 ft 
tOSING DIAM. 2 pvc 
CASING LENGTH 75 f t  
SCREEN DIAM. 7 i n  
SCREEN SETTING 75-90 f t  
SCREEN SLOT 8 TYPE .-, 

WELL STATUS 

GROUT 
TYPE OF GROUT Neat cement 

GROUT DEPTH 0-55 f t  
VOLUME 2 cu  f t  
TYPE OF R U G  Benton i t e  
R U G  DEPTH 54-55 it 
VOLUME 1 lb 

DEVELOPMENT 
METHOD A i r  

RATE 0 - 1  1 
LENGTH 80 min 

TEST DATA 1 
STATIC D E P M  TO WATER 77, 
DATE MEPSURED- 
RlMPlNG DEPTH TO WATER 
WRATION OF TEST 
PUMPING RATE 

DATE OF TEST 
TYPE OF TEST 
RIMP SETnNG 
SPECInC CAPACITY 

FINAL PUMP CAPAUTY 
FINAL PUMP SElSlNG 
AVERAGE PUMPAGE 

WATER QUALITY I 



p a g e Z  of 3 
Geraghty PROJECT RADk'ORD 

CLIENT NUS 
& Miller, I ~ c .  WELL LOG m e  Repared 7/31/80 By G.F.S. 

OWNER Corps of Engineers 
SAMPLE WELL No. B-4 INTERVAL MSCRl PTlON 

L~CaTION S i t e  B - Flyash Landf i l l  

T O W  SETTING 
GROUND ELEV. 1764. 

DRILLING STARTED 7/31/80 
DRILLING COMPLETED 

Regained c i r cu la t ion  - ran 3 i n  
casing down t o  31 f t  

Same a s  above 

Lost c i r c u l a t i o n  (10-15 gpm) 

Same as above 

Regained c i r cu la t ion  - ran 3 i n  
casing down t o  61 ft 

Same as above 

Lost c i r c u l a t i o n  (10-15 gpm) 

Water Table 



3 3 Poge - of - 
PROJECT Geraghty 

cC4 & Miller, Inc. WELL LOG CLIENT NUS 
Dafe Prepared -/nn ey G - F . S . 

OWNER Corps O f  Enqineers 
WELL No. B-4 
LOCATION Site 9 - Flv-11 - ,  

in use 
TOP0 SETTING 1 7 6 4 . 6 4  
GROUND ELEV. 

SAMPLE 
INTERVAL DESCRIPTION 

Same as above 

': - 

DRILLING STARTED 7 / 3 1 / 8 0  
DRILLING COMPLETED 9 /4 /80  
DRILLER M- J. Dean 

TYPE OF RIG CME'75 L REMARKS 

1 ' 8-18 

- 

1 

Same as above 

Bottom of Hole - 
- 
- 
- 

W 
0 s - 
a 
3 - 
0 - 
Z 

4 - 
3 - 
2 - 
m 
c- - 
W 
W - 
LL 

z - 
2' c a - 
W 
0 - 

- 
- 
- 
- 
- 
- 
- 
- 
- - 
- 
- .  



H.1. N.. DH-1 

(CL) w, some s i l t ,  l i t t l e  
sand & gravel size rock 
fragments, red b m .  C gel .  



Hele Me. ..-, , 
OIV1.I0* I N S t A L L A T I O m  SWEET 1 

DRILLING LOG N A 0  NAO or 2 SMEETS 
I. PROJSCT 10. ~ I X E  AND rrrr o r  DIT 3" f i s h t a i l ;  NX D I A  

Radford AAP 5 T X m ? R m r € € -  - 
d WSL 

-- . -  
ham Core Dr i l l ing  IS. TOTAL YO. o r  OVER. I DI*TUIDCO i UMOI~TUUDCD 

aURoEM SAMCLCS TAXEN i 0 i 0 
1Un-lA 1 -- - 

%'I.?!!€ %Re&.cR 
la. T O T A L  MUMaER CORE aOXES 3 
IS,  E L E V A T I O *  O R W N O  WATER 

& DIRECTIOM OC MOLE I m T A I T C D  
79.5 

I& D A T E  MOLE ! C O U ~ L C T ~ ~  
~ V C U T ~ C A L  OIUCLIM~D mas. CUOY went. ! 

7 TMICKMESS O r  OVERaURDEM 
16. T O T A L  CORE RCCOVCIIY P O I  I O R l H G  

I. DECTM M I L L E D  INTO ROCK 
I 

1s. SIOMATURE O r  IMSCECTOR 

s. T O T A L  DEPTH o r  MOLE 120.0 

LLEVATIOY 

1747 

1745 

1737 

1723 

- - - - 
33.3- - - 

LIGLNo 

b c 

s m e  limcstoae. bur more 
wearhered. p a r t i a l l y  
fragmented 

B-20 

'OR' 18 36 rnavlour C ~ T ~ O B I ~  ARE o - ~ c ~ r .  
M A R  7 1  

Same Soi l  P r o f i l e  a s  DH-1 

Top of rock limestone, gray. 

C L I O l C l C A T I O Y  O r  M A T U I A U  I Cons I 0 1 1  on RCMARRS 
mruur rJ  nECQv- ) IuCLE rOlufm I- I- b.r 4 h  el U Y  NO. UDIIIY. .@0. I f  * l d & t l c a d  

100 

C I O J L C T  

1 

50% 

35k1 - - - - - - - - - - - - - - 
4 3 x .  - - - - - - - - - 

 FILL w ~ " - ~ A ~ ~ o R ~  AN I DH-LA 

Run 7 
Box 263 

10.0 

broken 

Soft  mud seam 

Limestone. gray, no apparent 
bedding, f n ,  grained, mod 
hard t o  s o f t ,  mod. t o  badly 
weathered, very broken m d  
fragmented 

. 

- - 
' 5 7 . 8 -  

a - - 

NX core RQD - 0 ' 

. 
MOLE YO. 

Run 1 

-- 

252 

g~aaff~d,sli&=k:~. and : 
3 

NX core Q D  - 0 

4 

- - - - - 

- - - - - - - - - - 
3 
a - 

* 

- - - - 
Same l ~ e s t o n e ,  no t  u br  
but stfll mod. v a t h e r e d  
many c a l c i t e  heated fac 
fn. grained, mod. hard, 
sec t ions  of core FPdIcaie 

th in  bedding ftgp&fl2$ i$ nume~ous ca c 
n o w  zones of i r regu la r  t lgh  
folding 

1.0 

g ; 
1.0 

- - - - -  

- 
* 

Mud seam no recovery 

t 
NXcore R Q D - 0  

10.0 



3 1  
DIVI I IOM . . . - . -. - - . . - . . 

DRILLING L* 1 NAO or 2 r w c c r s  

I. C I W C C T  DIA 

- 
BILL MONROE (% ELEVATIO*  O I O U M 0  W A T C I  

b. O I I E C T l O Y  OC MOLL ! S T 1 1 1 1 0  ! C O I C L C T S D  
I 

s, OI~LLIMO AOIMCY 

~~~~ CORE DRILLING 
'L YOLC NO. (A. -- - r- au.! 

d L I . h d  i DB-IA 
'L ~ u c  o r  ORILLER 

---------- 

12. I A N U C A C T U R C W S  OEIIOMATIOM OC W I L L  
I 

CUE-7 5 
IS. TOTAL NO. oc OVER. I D I l T U m s ~ D  j V ~ D ~ S T U ~ ~ I D  

~ U R O E M  SAUCLII TAUEM ! 0 i 0 
14. T O T A L  M U U m I r  C0.C m0xr.s 3 

, 
7. rwcuucsr o r  ovcrourorw 33 0 
J. D E P T H  O I l L L I O  INTO ROCK 8 7 . 0  

I?. ELEVATIOM TOP OC YOLK 1780 
11. T O T A L  C O I L  R C C O V E I Y  CO*  W11MG % 

r 1). S l G M b T U R I  OC I M I C C C T O I  
S. T O T A L  

L L I V A T l Q  

>691.5  

%%: 
CRY . 

100 

66 

1660 

MG 
Y A n  71 

O L W U  OC MOLE 120.0 I 
:,"y"pF~ 

NO- 

Run 7 

yk 
10.0 

Run 8 
Box 3 

6.6 

Run 4 
Box 3 

OCPTY 

b 

- - - 
- - - - - - - - - - - - - 

,-- - - 
1 - - - - - - - - - - 

120' - - - - - - - - - - - - - 
- - - - - 

18 36 r r r v ~ o u ~  

LXGLYD 

c 

1 I U A 1 U S  
,D.U~- -., b.., .Ih 
-.lrl. 08s. It . i @ f I u d  

# 

NX Core 
RQD - 0 

CLmIC'CAT1O* m. . r l r id  OC uATu8AU 

4 

1 - - - - - 
4 - - - - 
- - - - - - - - - - - - - - 
- 

NX Core 
RQD - 0 

4 72 

- - - - - - 
r 

Same, veathered and 
part ia l ly  fragmented lime- 
stone 

limestone becomes even w r e  
fragmented v/depth; broken 
along numerous c d c i c e  
healed fractures (auto- 
brecciated) 

- - - - - - - - - - - - - - - - 

BOH 

B-21 

c a ~ n a r  rnc  o r o ~ r t c .  

I5 

192 

252 

NX Core 
RQD - 0 

- - - - - - - - 

,Wiu "B"-RADFORD MP y0bf i3 '~  

- 

1.4 
Run 

- - - - - - - - - - - 
1 

11 NX Core 
BOX RQD * 0 t 

1 .0  

- - - - 
d 

- - - - - - - - - - - - - - - - - - - - 







Hole n..LF-B DH-2 

f r a m e n t s .  Lt. p a y  t o  
t o  dk. grey. 

OIVISIOM 

DRILLING LOG NAD 
I. C I O J E C T  

RCRA - LANDFILL B 
rLoCrTloW 

1 1 7 .  ILEVATIO~ TOP o r  MOLE 
. T w l c n n c r r  or ovr rwnorn  54.7 - 1.. TOTAL CORE ~ E C O V C R T  rca o o n ~ n ~  40.3 ' . O E W M  ORILLLO INTO ROCR 50.3 1s. S IOnATURL o r  InSCCCTOm 

. TOTAL OEPTM o r  MOLI 105.0' 

Run 
3 

IYITALLA~OW r n r c r  2 ' 
HA0 or 3 SMEITS 

#. rlrr *wO T Y U  or  .IT 2" OD. SS: NX D I A  
11. OAT-- w 

E L  
IL U A * U C A C T U I L W S  OU10MA710*  OC ORILL  

(LIVATIQ 

• 

Run 
4 

k 6 5  
C. L.-0 RQD-OZ - 
Perm. t e s t  65.0'-70.0' 
K-0.02 f t . /day - = 68 
C. L. 0.6' RQD-01 - 
Perm. t e s t  70.0' - - 
K-0.04 f t . /day - - 

!= 

55.  up U A  weo~~~e-a ~ u b a  ~h+m--~- - 4 .  
C. L.-5.0' Perm. t e s t  
54.7-59.7 K-18.8 f t . / d a p  

0 Run 
1 

- - - - 
Top of hard rock . -5 9 . 

0. LIPaSrONE frangcmcntal, - -- C. L.-1.9' RQD-OZ - 
8 l i g h t l y  calcareous, moder- Perm. t e s t  60.0 '45.0 '  f 
a t e l y  hard, denre texture. K-0.28 f t . /day - 
s l i g h t l y  to  unweathered, 64 Run 

- - 
broken in to  gravel s i z e  2 - - 

OEPT* 

b 

50.0- - - - - - - - 

LMESTONE, fragmental. c a l  
careoaur ~ ~ d e r a t e l y  hard 
denre t u t u r e ,  b r e c c h t e d ,  
badly veathered, highly 

9 

L o m t L L 1 n a  A O E M C ~  

CIJHHINCtiAn DRILLING & GROUTING COW. 
4. MOLL NO. (A. .*.- - d- t1u.l 

-dl*- : LF-B DH-2 
L n u *  or O~ILLKR 

MARVIN DEAN 
L OIRLCTIOM 01 M L C  

~ W R m r I C A L  OIMCLIMLD DL.. rnor v r m r .  

vuggy. numerous c a l c i t e  
h u l e d  seama, grag- I 

QIE-75 
1% TOTAL no. o r  OVER. l m s r u r m r o  j u ~ w a r u m m r m  

~ o m o r u  r r r r ~ c r  TARCU ! i .  2 
14. T O T A L  UUIm.l COfE . O I L S  3 
1% CLCVA~IOM afouro  ATE^ (83.0) 

lSTA3T.D ICOYCL1I.D 
oATrwoLE i 1 J u l y  1980 i 8  July  1980 

LLGEnO 

r 

BRECCIA, calcareous. modex 
a t e l y  hard. coarse, frag- 
mented s tructure.  badly 
veathered, V. vuggy dk. 
gray. 

Run 
5 

C L U a I C I C A T I O *  o r  U A T U I A L I  ' CORK 01 RCUARRS 
murm8.d .ECOV- SAMPLE lROly 1- -.. b.., .I. el 10. --a. I I  .*I- 

d . I 
Weignt of rod drop 2U.U , 
54.0' Penn. t e s t  50.0'  
54.0' K-24.0 f t . /day 

Run 
6 - 

I 

Run 
7 

- - 

Run 
8 

C. L. 0.5' RQD 50% 
Perm. t e s t  75.0'-80.0' 
K-0.02 f t . /day F" 

LIMESTONE i n  gravel s ize .  --- 

7 1 

C. L. 1.2' RQD 63% 
i s l o l a t e d  areas  of th in  = 
bedding @ SO0.  - - 
Perm. t e s t  80.0'-85.0' - 
-- - 

8 - 
C. L. 0 RQD 61% - - - - 

8 
C. L. 0.8' RQD-71% - 
i so la ted  areas  of blue. - 
green. g e l l w  coloring I Perm. t e s t  85.0'-90.0' 

- 
K-0 Perm. t asc  90.0'- 
95.0' 11-0.02 ft . /day 
Perm. t e s t  93.8-98.8 

1 K-0.06 f t - /day  

3 1 1 ~ s  oon ~a->u i  .L 

B R E C C I A W  LAIESMNF., frag 
mn-1 s l i g h t l y  u l c a r a o u s  
1.0 od. turd;Cde$T tu- 

3 4 . (  

--I - tura .  brecciated. rca t te red  - f r a c t u r a r ,  s l i g h t l y  to  bad - - - 
l g  v u t h e r e d .  Vuggy. n m  - - - 

-00.0- our c a l c i t e  f i l l e d  ruma i -~ - 
I C m o J e C \ c ~  - LAHDFILL B 

MOLE NO. WG 'ORM 18 36 PRCVIQII E(;~o*s ARC OB~OLETC. 
Y A M  7 1  1 LP-8 DH-2 

r-swcun 8-24 



&I* We. LF-B DH-2 
DIVIIIOI 

DRILLJWG LOG N h D  
7. r rmccr  

I W T ~ A L L A ~ O W  n c ~ c r  3 
NAO or 3 warrr 

m. S l x r  u o  w u  or DlT 2" OD. SS: NX D I A  
RCRA - LANDFILL B r -  

ZLOe*t(O*". - a. ORILN 
C V N N ~ ~  DRILLING b GROUTING CORP. 

a. MOLE we. (A. h.l .I *- MU., 
& N . d  . 

; 
M V I N  ShTAN 

L OLICCTION OC MOLL 

~ V C ~ T I C A L  OINCLIUCD om.. .IOU V C ~ T .  

n s L  
12. I A Y U C A C T U I C I ' I  O L U G I A T I Q *  0. O l l l L L  

m - 7 5  
1% TOTAL no. oc eve) IO~.NI.CO ! UnoIsTummgo 

mUROCW S A I C L C I  TAULN ] 9 i 2 
IQC TOTAL m u m m a  core w x u  - 3 
IS. CLCVATIOI  OIOUNO WATER (83.0) 

ISTAaTLD 1 C D V L E T C D  

I'. I 1 July 1980 j 8 July 1980 
IT. CLCVATIO* TO* OC MOLL 

7. TNICKNLIS OC OVCID 

a. 0 . m ~  MILLLO IWTO 

r. TOTAL ocmn oc MOLL 105.0'  
RcmARK¶ 

S L L V A T I O (  ocm* LLCCWO fa-w 2:cT: ELZ ,&,,I- 'h b... w h o ,  
CLIL18CICAT10M mATUaAU 

NO. rUM11..r-.u.ka.I- . b c 1 
1ao.a. B-NE 

9 

- - 
I 

- - - - 
- - - - 
- - 

105.0- 
- 
1 0 .  - 

1 

- 
BOH 105.0 

- - - 
Water at cornpetion-81.5' 

- - - 
J Water after 24 hrs. - 83.0' - - - - - - - - - - - - - - - - 

- - 
- - - - - - - - - - - - - - 
- - 
- - 
- - - - - - - 
- - 
- - 
- - 
- - 
- - - - 
- - 
1 

- - 
- - 
- - 
- - - - 
- - - - - - - - - - - - - 
- - - - 
- - - - 
- b 

- - 
- - 
- - 
- - - - - - 
- - - - 
- - 
- - - - - - - - 
- - 
- - 
- - - - - - - 

0-25 
- - 
r 

*IWCCT MOLL me. 

~ ~ A ~ ~ M  18 36 m ~ c v ~ o u r  c m n o m r  AR. o r o ~ c r c .  
RCR4 - LANDFILL B I LF-B DH-2 

M S L U C O I I )  





~- ~ . ~ ~ 

A 
12. I A n U r  A C T U I C I ' S  O L l l G M A T l O n  O r  DRILL  

L DIILLIMG AOCMCY SPRAGUE 6 BENlJOOD BOC 
, 11. T O T A L  MO. O F  O V C I -  IO 'STUIaCO : Y*OISTUIDCD 

r u ~ o r n  srurLcs TAKEN i 
d W . & d  i 1 

Holm Me. LF-B-DH-3 

L 
h NAYS OF DIILLER 4. TOTAL m u m m l n  COIL m o x r s  B 

BOB MONROE IL L L C V A T I O ~  O I O U N O  WATER (80.0) 
L O I I C C I ~ O M  O r  MOLL I& O A T S  M O L L  ! S T A R T I D  ICOY*CITXO 

~ V ~ I T I C A L  OI~CLINCO o c s  . PIOY w c n r .  i 1 Jtnv 80 i 12 JULY 80 

OIVISIO~ 
DRILLING LOG NAD 

I. WIOJCCT 

R C U  L a n d f i l l  B 
F LOCATION ( C I I . W ~  .. S ~ - I ~ J  

n. L L ~ V A T I O M  roe o r  MOLE 

I.. TOTAL cone nrcournr ron m o r t w c  49.8 83% 
I*. SIGNATUIC OF I M S P I C T O I  

IMSTALLATION SWCET 1 
NAO O r  3 SNLLTS 

re. SIXC rno rrrr or BIT 2" OD. SS: NX D L 4  
11. DATUM SMOWM (mu r ,UIJ "... 

* 1 
F i s h t a i l  0.0-4.7 ' I= 

I. r o r r L  DCP-m o r  MOLE 112 6 

Core Rock h.7'-5.0' k 
n o .  

l L l V A T l O Y  O I P 1 M  ,LLGLMQ ! 
1.0- 

f - 

S p l i t  Sooon 10-20-32 
F i s h t a i l  6.5-17.3 

Topsoil  
(SF) g, fn-crs,  l i t t l e  
g rave l ,  c r  of silt ,  dry, 

Boulders Encountered 
from 7.5-11.3 

CL*III"CAT'On Or MATUIAU 
( D u v m r d  

yellow 
6 Boulder --. 
5 .b 

(CL) x. tr of sand. 
fn-crs,  l i t r l e  g rave l ,  med . 100 S-1 

p l a s t .  moist. mottled yellow 
t o  orange 

(SP) a, fn-crr ,  ye l lov  

:zc2 
CRY 

0 S-3 S o l i t  Spoon 

F i s h t a i l  16.5'-20.0' E: (CL) w, tr of waathered 
rock  fragments,  low p h s t .  
It mois t ,  yellow 

F i s h t a i l  21.5'-25.0' 
Perm Test  20.0'-25.0' 
It-1.0 f t / d a y  

(CL) AS ABOVE, v i t h  tr of 
f n  rand 100 S-5. ( S p l i t   spoon^ 1-1-2 

1 F i s h t a i l  26.5'-30.0' 
I 

- - 

1 I Perm Test  25.0'-30.0' 1 

FtSt+?t1,c33~?~~23~?~* K724 f t / d a v  

100 S-6 S p l i t  Spoon 1 = 1.5' , 

F i s h t a i l  36.5'40.0' 
Perm Test 35.0'40.0' 
K 20.9 f t / d a y  ' 

(a) AS ABOVE 

Perm Test 00.0'45.0' 
K718.5 f t / d a y  

1 1 50.4 I I I I 
18 36  ,mevrous c o t n o a s  AII O.LOLCTC. 

P I O J E C ?  M O L L  NO. 

. MA11 71 I RCI* LANDFILL B LF-B-OH-: 
f -sLUCmn 



D R .  - , N I  
0IVI.IOU I N S T A L L A T I O Y  

I t Ine I n. 
" 'rD NIV) 

10. SIZE AUO TY- o r  a l r  2 OD SS' . . 
11. O A T u r  r o r  E L E v A T n  ~ ~ o r n  (mu, a~ 

U C T  ak 
I t  U A M U C A C T U I E I ' S  OCSIGnATIOn  OF DRILL 

L OIILLIYC ~ G E N C Y  SPRAGUE 6 HENWOOD 6OC 
nQTT T la .  T O T A L  no. SAYmCES OC OVER- TAKEN \ D1lYUm.cO i u * a l ~ Y U ~ . C C  

d UI. M d  
i LFB-DH-3 

I. * *me  o r  O n I L L c n  
td. TOTAL nuumcn C O ~ L  m o x e s  Ir 

BOB MONROE 1s. c L c v r T l o n  cnouuo w r r c n  (80.9) 
e. D l l S C T l O N  OC MOLE I l T . I T C D  

la. O b T L  M O L L  
ICOY.L~YEO 

~ v C ~ ~ # C A L  CIP#CLIWCD OR.. C ~ O Y  WCIT. 11 JULY 80 : 12 JULY 8 0  
1'7. L C E V A T I O Y  TO-  OC HOCC 

4 I*. TOTAL conr R L C ~ V C R T  POI SORIMC 49 .8  83 -. 
I# .  S I G U A T U I C  O ?  IPISCCCTOR 

s. ~ O T A L  O C C T *  o r  n o ~ c  7 1 ' 7  L 

S CORC .OX OW 1 R C Y A I K S  
(Du.rorrd CRY no. . b 

-,t* e a r .  r l  aa#mHc-n) 

sJ.4 
I 

I I I 
* 

, b e d d h g  absent ,  
ca lcaeous  in  

hard,  dense t u t u r e .  r c a t t e r e  

m e  c a l c i t e  healed.  
l i g h t l y  weathered, mggy, 
roken up i n t o  g rave l  size, 

n - o RQE-o 

\ loo Run ~AcL-0 ROD-0 

100 Run 14Water l e v e l  a t  77.3 '  on 
10 Ju ly  Perm Test  75.0'- 
80.0' K-0.11 f t l d a y  

I 
I 

CL - 0 RQD-0 
100 Run 1 

a - o RQD-o 
Perm Test 80.0-85.0 
K - 0.1 f t l d a y  

100 Run lEPerm Test 83.0-88.0 
K - 0.08 f t l d a y  - 
CL - 0.2' RQD - 36'1 
Perm Test 88.0-93.0 
K - 0.10 f t l d a y  

ense. s c a t t e r e d  f r a c t u r e s .  

I 

ILTSTONE, t h i n l y  l l o i r u t e d ,  CL - 1.8' RQD-0 
l i g h t l y  u l c a r e a u s ,  a f t ,  Perm Test 93.0-98.0 K-0 
i n e  t ex tu re .  bedding 
e n t l y  dipping. Jo in t ed  66 Run 1E 
long bedding p l a n e s . s l i g h t 1 ~  

3 
- .  

h00.0 10 badly veath.  l t  grn t o  t an  ) 
r w o r c c T  

I 
9 6  FORM 18 36 r R g v l o u s  s o l m a r  ~ n r  o u o r r ~ c .  

U b l l  7 1  n .rn R C I U  - M F I L L  3 1 LrOIiH- 



Hole No. LF-0-DH-3 
I ,-......,.,, I DIVISIQM I IUSTALLATIO~ ~ s m s r r  

PRILLIILI LU, I NAn I NAn ~ O C  3 SWCC% 
1. CIOJLCT 10. rlzr u o  T Y ~  oc 1 1 1  2'' OD. S S :  NX DIA 

I t .  DATUM C O I  €Trvnm 5*0*M (C~PL, 
Y C T  

~. - - -  .~ - -. ----- ~.. - 

& dl. nr*d 7 , L 
i LF-B DH-3 

L MAYC OC D I ~ L L L I  
14. T O T A L  M U Y O C I  C O I C  mOXLS 4 

BOB MONROE 
t l .  C L L V A T 1 3 M  G I O U M O  W A T C I  (80.0) 

L ~ I I C C ' I O Y  OC MOLL  ! l T A I T S D  
I*. D A T C  U O L L  

ICO"*L.T*O 

0 ~ 0 .  CIQ VSIT. ! 1 JULY 80 12  N t Y  80 

L DRILLING A O C ~ C Y  

CUNNINCHAM D R I L L I N G  6 CORING C O R .  
L m a L C  NO. (A. -- a I-- tall .!  

- u 
12. Y A M U C A C T U I L I ' S  OCSIGMATlOM OC O I l L L  

SPRACLTE 6 HWUOOD LOC 
13. TOTAL NO. oc OVCI. ; ~ ~ T U I S S O  j U*OIITUI~SD 

I U I O C M  S A Y C L L l  TARS*  : n 





Form W YI) 

BORING LOG 

r 

FROHUNG & ROBERTSON, INC. 
FULL SERVICE LABOHAlORIES- ENGINEERING CHEMICAL 
'ONE HUNOCKD VEIRS OF SERYCIT 

Repon No ROL-62188 DATE November, 1984 
client Hercules, I nc. 

+ 

Pro,m Radford Army Anmunition Plant; Monitoring Yel ls,  Horseshoe Area Radford, VA 

eonng NO FAL -1 I ~ o t a ~ h g t h  43.5' Ekvrt~on:  cutt ton See ~ 1 a n  
TYPJ d Boring Hal low-stem a ~ a e r  Is tmed 11-5-84 ~ornpleted 11-6-84 

*bn '- 
lbnlla y 

R E M K S  

organic 
GR~UNDWATER DATA 

8+mpler bouncing, not  dr iven 

t 

'NO of blows 
In lncrerncntr 

E k n ~ o n  oTh - 
1 .O 

3 = - - - - - - 
6.5 

3 - 

- 
OsCk 
(-1 

.4.5 

-6.0 

MStRlPTlON OF UATLRIAL3 
(CIuu(iamon) 

Red brown t o  brown clayey SILT (ML) roots  

Sof t  red-brown SILT, l i t t l e  f i n e  sand, t race 
mica (ML) 
-ALLUVIUM- 

5.W 
B t a  

324 

- -RESIDUUM- - 
I - - 
3 - - - 
.I. - - 
I 

.I - 
- 
.I 

- - - - - - - 
-. 

3 

- = 

Red and ye l low mott led clayey SILT, t race 
f i n e  sand, occasional r e l i c t  s t ruc tu re  (R) 

45= 

44 

1 
21 

234 

A. 

t u r l o f  18 
~ c t I r 1 1 o n  

.I - - 
= 

L i g h t  gray t o  dove and blue t h i n l y  
laminated a r g i l  laceous LIESTONE w i t h  
vugs and numerous ca l  cite-healed fractures. 

9.5 

11.0 

14.5 

16.0 

19.5 

20.0 

24.5 

26.0 

Auger re fusa l  8 28.5' 

Laminae d i sp lay  much contort ion. Trace of 
a lga l  s t ruc tu re  a t  about 30.0' 

-3 - - - - 
.I - 
a 

r m  d for I 1 4 0  Ib hrrnrnw drapplng 3l In to dnvr 21n 0 D . I  375 In I D -9W.r 
The rum of the last two ~ncr+rn+ntr of pmetrrtlon IS te rmd the stvKUrd 

33.5' d 
, / 

Water l e v e l  measured @ 33.5' 

an- ln th-6 Sula  l"=S un\ass o t h ~ t x  noted 
resotmC@ N 



BORING LOG 

..C 

FROEHLING & ROBERTSNU, INC. 
FULL SERVICE LABOHATORIES ENGINEERING 2nkUICAl  
-ONE HUNDF)ED YEARS OF SERVICE- 



BORING LOG FROEHLING & ROBERTSOIY, INC. 
FULL SERVICE LABOHATORIES ENGINEERING CHEMICAL 
-ONE HUNDRED ram OF s m m r  

Revon No ROL-62188 DATE November, 1984 
Cllmt Hercules, Inc. 

P r q W  Radford Amy Amunit lon Plant; Monitoring Wells, Horseshoe Arcs  Radford, VA 

Lou t~on  

10-19-84 - 
Ik.c) 

4.5 

6.0 

9.5 

311.0 

14.5 

16.0 

19.5 

21.0 

24.5 

26.0 

-29.5 
30.5 

34.5 

18 ~ncnostn 
m ~ r t m c a  

scam 
R- 

, q - - 

tnr-6 
N 

kt ~ l a n  

Ibnlkr: w s f n S  sr 
REMIAKS 

GROUNDWATER DATA 

' 30/0.01 
Water leve l  measured @ 31.4' 
on 11-1-84 

' #/O.O1 
Began coring @ 34.5' 

d 

S d r  1'=9 unlms otherwise noted 

- D m  
B l a r  

45, 

- 

456 

'lo' 

787 

"0 
R 

I' * 

- 

total of 
penarahon 

k l n g  NO FAL-2 1 ~ m m ~ ~ . p t h  44.1 E I W ~ I O ~ :  

T ~ p . o f  Boring Hollow-stem pypcr 1~tan.d: 10-18-84 C o r n p b ~ d  

OESCRIPTION O f  MATERIALS 
(CIua~hut)on) E b m ~ o n  DQcn 

0.0 

L 
'No of Mows 
In ~ncrmentr  

-( Brown sandy SZLT, roots. organlcs 

Ye1 low brown sf 1 t y  f i ne  SAND trace f l ne  
gravel sf i g h t l  y micaceous 

-ALLUVIW - - - 
3 - - 
-. - 
I 

-- - 
3 - 

grades t o  

- Yellow brown s i l t y  medlum t o  f i ne  sand, = s l i gh t l y  mlcaceous (Driftwood) - 

n coarse t o  f i ne  sandy coarse 
RAVEL, s l  l g h t l  y mlcaceous 

3 -. grading back t o  - - 
m - - - Brown coarse t o  f i n e  sandy SILT, l i t t l e  clay, = s l i g h t l y  micaceous 
.I 

23.9 
6 n y  b m .  shaley LIMESTONE, badly weathered 
to  clayey SILT - -RESIWW - - 

-.I - 
34.5 - 
35.01_ Auger 6 spoon refusal;  begin coring - 

rmq d for r 140 Ib hrrnrnuuropplng JO In to dnwo21n 0 D . 1  375 In I 0 urnplum 
The sum 01 the l u t  hro tncremnts ot pmetrmt~on a to& the rtmndrrd 



Form No YL) 

BORING LOG 
FULL SERVICE LABOHATORIES ENGINEERING (II-IFMITAI 
-ONE HUNDRED Y E I R S  OF SERVICE- 

Repofl No. ROL-62188 DATE November. 1984 
1 



Form wa S I N C E  

BORING LOG FRMHUNG & ROBERTSON, M. 
FULL SERVICE LMQWTORIES* ENGINEERING CHtMlCAl 
'ONE HUNORED Y E A R S  OF SERVICE' 



BORING LOG 

rC4 

FRMHLlNG & ROBERTSOeY, INC. 
FULL SERVICE LABOHATORIES ENGINEERING CrtEMICAl 
W E  H U N M E D  Y-RS OF SERVICE- 

I 1 I I I I 1 I 
'No. of blow r m  d for a 140 lb nammu dropp~ng 31 In to dnve2 In 0.0.1.375 In 1.0 nmoler r lot81 of 10 i n c ~ ~ n t h r m b  !kale 1,'=5' u n l w  olnerw~se notto 
in incremcnrs The sum 01 the ~ast rwo Increments of pcnetrat~on IS k r m d  !he standard oenetrstlon rssntance. N 



Form 10 YD 

BORING LOG FROEHLING & R W R T a ,  INC. 
FULL SERVICE LAB0HnTORlE.S ENGINEERING C H € M I C ~ L  
-ONE HUNOilED Of SERVICE' 



US ARMY ENVIRONMENTAL HYG I ENE AGENCY 

DRILLING LOG 

PROJECT 38-26-0128 DATE 2 Nov 80 

LOCAT I ON RAAP, Flyash No. 2 L a n d f i l l  DRILLERS Gates, Sandrin . 
Smi thson, Warren 

DRILL RIG Acker 11, 4 i nch  BORE HOLE BH1 
Cont i  nuous F1 i g h t  Auger 

USAEHA Form 9 5 ,  12 Aug 74  

D-2 



US ARMY ENVIRONMENTAL HYGI ENE AGENCY 

DRILLING LOG 

PROJECT 
38-26-0128 

DATE 2 Nov 80 

LOCAT I ON 
RAAP, Flyash No. 2 Landfill 

DRILLERS Gates, Sandrin 

Smi thson, Warren 

USAEHA Form 95 ,  12 Aug 74 
0-3 

DRILL RIG Acker 11, 4 inch BORE HOLE BH 1 
Continuous Flight Auger 

a 

DEPTH 
I 

- 
- 
- 
- 

20 f t  

- 
- 
- 
- 

25 f t  

- 
- 
- 
I 

30 f t  

SAMF LE 
,TYPE 
BLOWS 
PER 6 I N  

Elevation 

DESCRIPTION 

Some material 
(getting damper, m/plastic) 

Same material 
( lo ts  of micaceous' clay) 

of Hole 1,807 f t  MSL 
3 

REMARKS 

Gravel sound 

Gravel sound 
Dri 11 i ng easy 



US$MjY ENV I ROIWJ* HYG I ENE '~~ 'ENCY 

DRILLING LOG 

PROJECT 
38-26-0128 DATE 2  Nov 80 

LOCAT I O N  RAAP, Flyash No. 2 L a n d f i l l  DRILLERS Gates, Sandrin, 

Smithson, Warren 

DRILL R I G  Acker 11, 4  inch BORE HOLE BH1 
Continuous F l  i g h t  Auger 

USAEHA Form 95 ,  12 Aug 74 

0-4 

REMARKS 

g e t t i n g  harder t o  
d r i  11 , gravel  noise 
t i g h t  

WT c lose  

DESCRIPTION 

Same mater i  a1 
v/pl  a s t i c  
g e t t i n g  wet te r  

Same ma t e r i  a  1  

Same mater ia l  
u / p l a s t i c  
Soi 1  saturated 

a 

DEPTH 

I 
- 
- 
- 
- 

35 ft 

'I 

- 
- 

40 ft 

- 
- 
II 

45 f t  
F 

SAMF LE 
,TYPE 
BLOWS 
PER 6 I N  

MB 36-41 

I .  



US ARMY ENVIRONMENTAL HYGIENE AGENCY 

DRILLING LOG 

PROJECT 38-26-0128 DATE 2 Nov 80 

LOCAT I ON M A P ,  Flyash No. 2 L a n d f i l l  DRILLERS Gates , Sandri n , 
Smi thson, Warren 

DRILL R I G  Acker 11, 4 inch  BORE HOLE BHI 
Continuous Fl i g h t  Auger 

USAEHA Form 9 5 ,  12 Aug 74 

D - 5  

L 

DEPTH 

- 
- 
- 

50 ft 

- 
- 
- 
- 

55 f t  
I 

- 
- 
- 
- 

60 ft 

SAMF LE 
,TYPE 
BLOWS 
PER 6 I N  DESCRIPTION 

Elbrook Dolomite 

Refusal 
Powdered dolomi te on Auger 

TD 56 f t  

REMARKS 

hard d r i  11 i ng 
4241 PSI 



US ARMY ENVIRONMENTAL HYGIENE AGENCY 

DRILLING LOG 

PROJECT - 38-26-0128 DATE 1 
RAAP, Flyash No. 2 Landfi l l  DRILLERS Gates.  Sandrin. LOCAT I ON 

Smi  thson,  Warren 

USAEHA Form 9 5 ,  12 Aug 74 



US ARMY ENV I RONMENTAL HY G I ENE AGENCY 

DRILLING LOG 

38-26-0128 
PROJECT DATE 2 Nov 80 

W p ,  Flyash NO. 2 L a n d f i l l  DRILLERS LOCAT. I ON 
Smithson, Warren 

DRILL R I G  Acker 11, 4 i nch  BORE HOLE BH2 
Continuous F l i g h t  Auger 

USAEHA Form 9 5 ,  12 Aug 74 
0-7 

1 

DEPTH 

- 
- 
- 
- 

20 ft 

- 
- 
- 
I 

25 ft 

- 
- 
- 
- 

30 f t  

SAMF LE 
,TYPE 
BLOWS 
PER 6 IN 

MB 
21-25 

DESCRIPTION 

Same mater ia l  
g e t t i n g  more p l a s t i c  
sporadic gravel  

REMARKS 

hard d r i l l i n g  a t  19 f t  ... 

hard d r i  11 i ng 

Refusal , E l  brook Do1 om1 t e  

TO = 25 f e e t  

i 



US ARMY ENVIRONMENTAL HYGIENE AGENCY 

DRILLING LOG 

PROJECT 
38-26-0128 DATE 2 Nov 80 

LOCAT I ON 
RAAP, Flyash No. 2 L a n d f i l l  DR I LLERS Gates, Sandri n, 

Smi  thson , Warren 

DRILL R I G  
Acker 11, 4 i nch  BORE HOLE B H ~  
Continuous F l  i g h t  Auger 

- - -  

USAEHA Form 95,  12 Aug 74 



US ARMY ENVIRONMENTAL HYG I ENE AGENCY 

DRILL ING LOG 

PROJECT - 38-26-0128 DATE 2 Nov 80 

LOCAT I ON RAAP, Flyash No. 2 Landfill DRILLERS ~ a t e s  , Sandri n, 

Smi thson, Warren 

D R I L L  R I G  Acker II,  4 inch BORE HOLE BH3 
Continuous F l  i g h t  Auger 

USAEHA Form 9 5 ,  12 Aug 74 
D-9 

* 
I 

DEPTH 

- 
- 
. 

20 f t  

- 

- 
- 

25 f t  , 

- 

- 
- 

30 f t  

SAMF LE 
,TYPE 
BLOWS 
PER 6 IN 

MB 
22-27 

' 

DESCRIPTION 

Gravel lense 

Same material 
Reddi s h-brown clay 
w/small gravel and large sand 

getting damper 
more plastic 

Same mterial 

REMARKS 

Gravel sound 



US ARMY ENV I RONMENTAL HY G I ENE AGENCY 

DRILLING LOG 

PROJECT 38-26-0128 DATE 2 Nov 80 

LOCAT I O N  RAAP, Flyash No. 2 L a n d f i l l  DRILLERS Gates, Sandri n, 

Sm i  thson, Warren 

Acker 11, 4 inch  BORE HOLE BH3 DRILL R I G  Continuous F l i g h t  Auger 

USAEHA Form 95,  12 Aug 74 D-10 

A 

2 

REMARKS , 

WT may be a t  30 f t  

DESCRIPTION 

Refusal :El brook Do1 omi t e  

TD = 31 ft 

f 

DEPTH 

- 
- 
- 

35 ft 

- 
- 
- 
- 

I 

- 
- 
- 
- 

t 

SAMF LE 
JYPE 
BLOWS 
PER 6 IN 



US ARMY ENVIRONMENTAL HYGIENE AGENCY 

DRILL ING LOG 

PROJECT 
38-26-0128 DATE 1 Nov 80 

LOCAT I ON 
RAAP, Flyash No. 2 Landfill DRILLERS Gates, Sandrin, 

Smi thson , Warren 

USAEHA Form 9 5 ,  12 Aug 74 
D-11  



US ARMY ENVIRONMENTAL HYG I ENE AGENCY 

DRILLING LOG 

PROJECT 
38-26-0128 DATE 1 Nov 80 

LOCAT I O N  R R A P , F l y a s h N o . 2 L a n d f i l l  DRILLERS Gates, Sandri n ,  

Smithson, Warren 

DRILL R I G  Acker 11, 4 inch BORE HOLE BH4 

Continuous F l igh t  Auger 

USAEHA Form 9 5 ,  12 Aug 74 

REMARKS J 

Dr i l l i ng  easy 

Gravel sound 

sporadic  grave1 s 

DESCRIPTION 

Red, s i l t y  c l a y  

Red c lay  w/small k inch pea gravel 
(damp, more p las t ic : )  

Same ma t e r i  a1 

4 

DEPTH 
I 

- 
- 
- 
- 

20 f t  

- 
- 
- 
- 

25 f t  

SAMF LE 
,TYPE 
BLOWS 
PER 6 IN 

ST/P 
5,000 

PSI 
4,241 

PSI 

I 

MB 
25-30 

- 
- 
- 

30 f t  



US ARMY ENVIRONMENTAL HY G I  ENE AGENCY 

D R I L L I N G  LOG 

38-26-0128 
PROJECT DATE 

1 Nov 80 

LOCAT I ON RAAP, FlyashNo. 2Landfi11 DRILLERS Gates, Sandri n ,  

Smi thson, Warren 

D R I L L  R I G  
Acker 11, 4 inch BORE HOLE BH4 

Continuous Fl ight  h g e r  

USAEHA Form 95 ,  12 Aug 74 D-13 

+ 

REMARKS 

Close t o  water t ab le  

... 

No sample return, 
clay probably plastered 
against side of hole 

Bit destroyed 

TD - 45 ft 
El brook Do1 omi t e  
Formation 

DESCRIPTION 

Same ma t e r i  a1 
(damper and more p las t i c )  
some gravel, some s t  1 t 

Drilling gett ing hard 
3,000 PSI 
gett ing wetter 

slow d r i l l i ng  
5,300 PSI 
Refusal 

SAMF LE 
JYPE 
BLOlJS 
PER 6 IN 

! 

r 

DEPTH 

I - 
i - 
- 
- 

35 f t  

- 
- 
- 
- 

40 f t  

- 
- 
- 

v - 
, 45  f t  



US ARMY ENVIRONMENTAL HYGI ENE AGENCY 

DRILL ING LOG 

PROJECT 38-26-0128 DATE 8' 
RAAP, F lyash  No. 2 L a n d f i l l  DRILLERS Gates. Sandrin. LOCAT I ON 

Smi  thson, Warren 

USAEHA Form 9 5 ,  12 Aug 74 D-14 



US ARMY ENVIRONMENTAL HYG I ENE AGENCY 

D R I L L I N G  LOG 

PROJECT 38-26-0128 DATE 3 Nov 80 

LOCAT I ON RAAP, Flyash No. 2 L a n d f i l l  DRILLERS Gates, Sandrin. 

Smi thson, Warren 

D R I L L  R I G  Acker 11, 4 inch  BORE HOLE BHS 
Continuous F l i g h t  Auger 

USAEHA Form 95,  12 Aug 74 
D-15 

DEPTH 

- 
.I 

- 
- 

20 ft 

- 
- 

SAMF LE 
TYPE 
BLOWS 
PER 6 I N  

7.800 PSI 

A 

DESCRIPTION 

Same mater ia l  

Get t ing wet ter  
more p l a s t i c  

c 

- 
25 ft 

- 
- 
- 

30 ft 

REMARKS 

Change i n  engine p i t c h  
v 

Saturated 

Weathered E l  brook Do1 omi t e  

TD = 31 ft 



us ARMV ENVIRONMENTAL HYGI ENE AGENCY 
qvp cFi&bua;; :,d +,+-* 

DRILLING LOG 

PROJECT 38-26-0128 DATE 2 

LOCATION RAAP, Flyash No. 2 L a n d f i l l  DRILLERS Gates, Sandri n 

Smi thson , Warren 

DRILL R I G  Acker 11, 4 i n c h  BORE HOLE BH6 

Continuous F l  i g h t  Auger 

USAEHA Form 95,  12 Aug 74 
D-16 



US ARMY ENVIRONMENTAL HYGI WE AGENCY 

DRILLING LOG 

PROJECT - 38-26- 0128 DATE 3 Nov 80 

LOCAT I ON RAAP, Flrash No. 2 Landfill DRILLERS Gates, Sandrin. 

Smi thson, Warren 

DRILL  RIG Acker 11, 4 inch 
Continuous Flight Auger 

BORE HOLE - 

USAEHA Form 95,  12 Aug 74 D-17 

f 

REMARKS 
3 

v 

DESCRIPTION 

Clay saturated 

Blue Ls chips wlclay 
return 
(weathered Do1 omi t e )  
El brook Do1 omi t e  

Weathered El brook Do1 omi te  

TD = 26 f t  

DEPTH 
I 

v -  

, 

3 

20 f t  

- 
- 
- 
3 

25 ft 

- 
- 
- 

-30 f t  

SAMF LE 
,TYPE 
BLOWS 
PER 6 IN 

moisture 
BT 

MB 
16-21 



US ARMY ENVIRONMENTAL HYG I EN€ AGENCY 

DRILLING LOG 

PROJECT * 
38-26-0128 DATE 1 Nov 80 

M A P ,  Flyash No. 2 Landfill DRILLERS Gates. Sandrin. LOCATION - .  

Smi thson, Warren 

DRILL R I G  Acker 11, 4 inch 
Continuous Flight Auger 

BORE HOLE 

USAEHA Form 9 5 ,  12 Aug 74 0-1 8 



US ARMY ENVIRONMENTAL HYGIENE AGENCY 

DRILLING LOG 

38-26-0128 PROJECT DATE 1 Nov 80 

LOCAT I ON RAAP, Flyash No. 2 Landfill DRILLERS Gates, Sandrin 

Smi thson, Warren 

DRILL R I G  Acker II, 4 inch BORE HOLE BH7 
Continuous Fl ight Auger 

USAEHA Form 9 5 ,  12 Aug 74 0-1 9 

- 

REMARKS 

Broke a drilling tooth 
gravel grinding sound 

broke through gravel 

DESCRIPTION 
Gravel 

1-4 inch gravel 

Brown, s i l t y  clay 
(very wet, plastic) 

1 

* 

DEPTH 

- 
- 
- 
- 

20 f t  

- 
- 
- 
- 

25 f t  
- 

- 
- 
- 
- 

30 f t  
* 

ShMF LE 
,TYPE 
BLOWS 
PER 6 IN 

W 



US ARMY ENV I RONMENTAL HY G I ENE AGENCY 

DRILLING LOG 

PROJECT 38-26-0128 DATE 8 

DRILLERS Sun- LOCAT I ON RAAP, Flyash No. 2 L a n d f i l l  

Smi thson, Warren 

DRILL R I G  Acker II, 4 i nch  BORE HOLE BH7 

Continuous F l  i g h t  Auger 

US= Form 9 5 ,  12 Aug 74 D-20 

REMARKS 

TD = 42 f t  
E l  brook Do1 omi t e  
Formation 

DESCRIPTION 

Same mater ia l  

NOTE: Seem t o  have been d r i l l  i n g  
i n  weathered dolomite f o r  t h e  
l a s t  10 ft. 

Lime mud t o  t h e  surface 

4 

DEPTH 

- 
- 
- 
- 

35 f t  

- 
w 

- 
- 

40 ft 

- 
42 ft 

- 
II 

45 f t  

SAMF LE 
JYPE 
BLOWS 
PER 6 IN 



US ARMY ENV I RONMENTAL HYG I ENE AGENCY 

DRILLING LOG 

PROJECT 38-26-0128 DATE 1 NOV 80 

LOCAT I ON MAP, Flyash No. 2 L a n d f i l l  DRILLERS Gates, Sandr in ,  

Smi thson,  Warren 

DRILL R I G  Acker 11, 4 i n c h  BORE HOLE 8H8 
Continuous F l i g h t  Auger 

USAEHA Fonn 9 5 ,  12 Aug 74 



US ARMY ENVIRONMENTAL HYGI W E  AGENCY 

DRILLING LOG 

PROJECT 38-26-0128 DATE 1 Nov 80 

LOCAT I ON R A A P , F l y a s h N o . 2 L a n d f i l 1  DRILLERS Gates,Sandrin.  

S m i  thson, Warren 

DRILL RIG Acker 11, 4 inch BORE HOLE B H ~  
Continuous Fl ight  Auger 

USAEHA Form 9 5 ,  12 Aug 74 D-22 

t 

DEPTH 

- 
- 
- 

20 ft 

- 
- 
u 

- 
25 ft 

- 
- 
II 

- 
30 ft 

-1 

SAMF LE 
,TYPE 
BLOWS 
PER 6 I N  

MB 
16-21 

I 

DESCRIPTION 

k - + pea gravel i n  red c lay  

get t ing  damper 

Gravel s  get t ing  1 arger 
4 - 1 inch gravels 

Mater ia l  get t ing  f i n e r  

REMARKS 

Gravel noise 

Sample not coming t o  
surface 



US ARMY ENVIRONMENTAL HYGIENE AGENCY 

DRILLING LOG 

PROJECT 
38-26-0128 DATE 1 NOV 80 

LOCAT I ON 
RAAP, Flyash No. 2 Landfill DRILLERS Gates, Sandri n , 

Smithson, Warren 

Acker II, 4 inch BORE HOLE BH8 
tontinuous Flight Auger 

t 

USAEHA Form 9 5 ,  12 Aug 74 D-23 

REMARKS 

TD - 36 f t  
El brook Do1 o m i  te  
Formati on 

DESCRIPTION 

Difficult drilling 
Broke through a hard lense 

Silty clay 
(saturated, more plastic) 

Refusal 

& 

DEPTH 

- 

-MB 

V - 
35 f t  

-' 

- 
- 
- 

40 ft 

w 

- 
u 

I 

* 

SAMF LE 
JYPE 
BLOWS 
PER 6 I N  

32-36 

4 



US ARMY ENVIRONMENTAL HYG I ENE AGENCY 

DRILLING LOG 

PROJECT 38-26-0128 DATE 2 Nov 80 

LOCAT I ON MAP, Flyash No. 2 Landf i l l  DRILLERS Gates,  Sandrin ,  

Smi thson,  Warren 

DRILL R I G  Acker 11, 4 inch BORE HOLE BH9 
Continuous F l i g h t  Auger 

E leva t ion  of Hole 1.765.3 f t  MSL 

USAEHA Form 9 5 ,  12 Aug 74 D-24 



US ARMY ENVIRONMENTAL HYG I ENE AGENCY 

DRILLING LOG 

PROJECT 38-26-0128 
DATE 2 NOV 80 

LOCAT I ON F W P ,  Flyash No. 2 Landfill DRILLERS Gates, Sandrin, 

Smi t hson , Warren 

DRILL R I G  Acker 11, 4 inch BORE H O L E  B H ~  
Conti nuous F l  ight Auger 

USAEHA Form 9 5 ,  12 Aug 74 0- 25 

1 

DEPTH 
I 

- 
- 
- 
- 

20 f t  
I 

- 
- 
- 
- 

25 f t  
I 

- 
- 
.II 

30 f t  

SAMF LE 
,TYPE 
BLOWS 
PER 6 IK 

MB 
21-26 

DESCRIPTION 

Same material 
(reddi sh-brown t int ,  weathered) 

Same material 
gettlng wetter 

clay w/gravel ($ - 1% inch) 

REMARKS 

gravel noise 



US ARMY ENVIRONMENTAL HYGIENE AGENCY 

.DRI LLING LOG 
',- 

PROJECT 38-26-0128 DATE 2 NOV 80 

LOCATION RAAP, Flyash No. 2 L a n d f i l l  DRILLERS Gates- Sandrfn. 

Smi thson, Warren 

DRILL R I G  Acker 11, 4 inch BORE HOLE BH9 
ontinuous F l i g h t  Auger 

USAEHA Form 95 ,  12 Aug 7 4  D-26 

t 

DEPTH 

- 
- 
- 
- 

35 ft 

- 
- 
- 
- 

40 ft 

- 
- 
.I 

- 
45 ft 

DESCRIPTION 

Same mater ia l  
g e t t i n g  wetter, more p l a s t i c  
(some sand) 

Same mater ia l  

Same mater ia l  

SAMF LE 
,TYPE 
BLOWS 
PER 6 I N  

4 

REMARKS 
I 

D r i  1 1 ing easy 
. 



US ARMY ENVIRONMENTAL HYGIENE AGENCY 

DRILL ING LOG 

PROJECT 38-26-0128 DATE 2 Nov 80 

LOCAT ION RAAP, Flyash No. 2 Landfill D R I  LLERS Gates, Sandrin , 
Smi thson, Warren 

D R I L L  RIG Acker 11, 4 inch 
Continuous Fl ight Auger 

BORE HOLE 

USAEHA Form 95 ,  12 Aug 74 D-27 

REMARKS 

di f f icul t  drilling .. 

DESCRIPTION 

Refusal 

El brook Do1 omi t e  Formation 

L 

DEPTH 
I 

- 
- 
0 

- 
50 ft  

- 
- 
- 
- 

- 
- 
- 
.I 

> 

SAMF LE 
,TYPE 
BLOWS 
PER 6 IN 



- Geraghty 
& Miller, Inc. WELL LOG 

PROJECT RADFORD a 

CLIENT NUS 

~ a r n  hepared 8/8/80 BY c-F q 

SAMPCE 
INTERVAL 

0 

DESCRIPTION 

Sand grades to medium 

Sand grades to coarse 

Lost Circulation (10-15 gpm) 

Water Table 

anged from 5" fishtail bit to 
NX core barrel 

OWNER Corps of Engineers 

WELL No. D-1 
W - ~ ~ O N  Lacoon D - Settlina Ponds 

II TOW SETTING 
GROUND ELEV. - 68 I I 
DRILLING START ED 8 / 8 / 8 0  
DRlUlNG COMPLETED 8/11/80 
D R ~ ~ E R  M. J. Dean 

l Y P E  OF RIG (-477-7 E 

WELL DATA 
W L E  DIAM. 5"  to 7 9 . 5  ft : 3" to 3 5  ft 
TOTAL D W T H  3 5  ft 
CASING DAM. 
CASING LENGTH 2 0  f t  
SCREEN OIAM. 7 -  in 
SCREEN S ~ N G  20-3 5 ft 
XREP( s m  a TTPE .010 PVC 
WELL STATUS Completed 

GROUT 
TYPE ff GROUT hlpn t r o m ~ n +  

GROUT D m  f t  

VOLUME 6 ril ft 

m f f P L l J G u  
R U G  DEPTH 1 4 - 1 5  ~t 
VOCUME 1 l b  

b 4 

DEVELOPMENT 

TEST DATA 
STATlC C€PlH TO WATER-: 
OATE MWRED u/14/qn 
RIMPING OEmn TO WATER 
DURATIW OF 
PUMPING R A E  
DATEWrrsT 
TYPE OF TEST 
PUMP -NG 
SPEURC CAPACITY 

RNAL PUMP CAPLYXTY 
FlNAL PUMP SITTING 
AVERAGE RIMPAGE 

WATER QUALITY 



Same a s  above 

Water Table 

Sand grades t o  coarse 

Same as above 

Lost c i r cu la t ion  (10-15 gpm) 
Chanued from 5" f i s h t a i l  b i t  t o  
3" NX core b a r r e l  - Top of Rock 
Regained c i r cu la t ion  

Limestone, badly weathered, l o t  of 
c a l c i t e ,  black 

I 

Same a s  above 

- Bottom of Hole 

- 
- 
J I  I 

Geraghty PROJECT RADFORD 

WELL LOG CLIENT ??US -- & Miller, Inc. Date Repand 8. By c c . 

OWNER Corns of Enaineers 
S A M R E  

INTERVAl DESCRIPTION 

0 
TOPO SETTING 
GRCUNO ELEV. 

10 
TOTAL OEPTH 
a I N G  DIAM. 
CASING LENGTH 20 ft 
XREEN DIAM. 
SCREEN SETTlNG 20-35 f t  

W S t R W S L D T 8 P l P E  -010 pvc 2 15 
K 
3 
V1 

W U T  D m  0-15 f t  

Bentonite 

FUMP~W DEPTH m WATER 
OURATION OF TEST 
PUMPlNG RATE 
DATE OF fEST 



Geraghty 
A & Miller, Inc. 

PROJECT RADFORD 

WELL LOG 
CLIENT NUS 
b t r  ~cparsd  8/7/80 BY G.F.S. 

S A M R E  
INTERVAL 

0 

DESCRIPTION 

S i l t ,  c l a y e y ,  da rk  brown 

Sand,  f i n e ,  s i l t y ,  micaceous ,  

Sand g r a d e s  t o  medium 

Dolos tone ,  c a l c i t e  c r y s t a l s  and 

Same as above 

OWNER Corns of Enoineers  
WELL No. D- 3 
m T I O N  Lacoor, D - S e t t l i n a  Pond 

-- 

TOFU SETTING 
GROUND ELEV. 1699. 97 

DRILLING STARTED 
DRlUlNG COMPLETED 8/7/80 
DRllLER 
TYPE OF RIG C-40 

WELL DATA 
0 1 ~ ~ .  5 "  t o  1 9  f t ;  3"  t o  3 5  f t  

fOTAL C € F n i  35 f t  
CPSlNG DAM. 2 i n  Timco PVC 

CLISING LENGTH 20 ft 
SCREEN DIAM. 2 i n  

~ N G  20-35 f t  
!xEEm SLDT 8 TTPE ,010 PVC 
w a L  STATUS C ~ m ~ l e t e d  

GROUT - OF G ~ T  Neat cement 

GROUT 0-15 ft 
VOCUME .6 cu ft 
ryp~ m p ~ ~  Benton i t e  
R U G  D€PlH 14-15 ft 
W M E  1 l b  

DEVELOPMENT 
METHO0 Air 
RATE 0.25 gpm 
LENGTH 25 min 

TEST DATA 
STLITlC m TO WATER a 
MTE MEILSUREO R / l d / Q O  
RIMPlNG DBTH TO WATER 
OURAfKm O f  TEST 
R I M A S  RATE 
MEWTEST 

n w  PUMP CLIPLMY 
F iNALPUMPmNG 
AVERAGE PUMPAGE 

-II 

WATER WAUTY 



Geraghty 
& Miller, Inc. 

PROJECT PADFORD 

WELL LOG 
a l E N T  NUS 
~ a t m  ~ e p a n d  8/7/80 ,- 

1 1  OWNER -3 ]I 
S A M R E  

INTERVAL DESCRIPTION II WELL No. 0-4 
W ~ O N  Laa00n D - S e t t l i n c  Ponds /I 

11 iz use I I - 
- 

TOW SEiTlNG 
GROUND ELEV. 1713- 44 

Sand, f i n e ,  s i l t y ,  some c l ay ,  
micaceous , brown 

1 I I Clay, s i l t y ,  brown 
ORlUNG STARTED 8/7/80 
DRlLLlNGCOMPLETED 8'7/80 

DRILLER M. J .  Dean 

TTPE OF RIG mc- 7 : 

Clay b a l l s ,  t a r r y ,  s e p t i c  odor,  
dark gray  WELL DATA 

HU D I A M . ~ "  t o  23 f t ;  3"  t o  35 f t  
TOTAL D€PlH 3 5  ft 
W I N G  DAM. 2 i n  Timco PVC 
U S I N G  LENGTH 20 ft 
SCREEN DIAM. 2 i n  
-EN S m N G  20-35 f t  
smm sun a TYPEA~ n D V ~  

WELL STATUS Corn~l e ted 

Sand, f i n e  t o  medium, rnicaceous, 
well  s o r t e d ,  o f f a h i t e  t o  t an  

Water Table 

rrPE OFGROUT 
GROUT D m  

rrPE O f  P U G  Bentonite 
R U G  DEPTH 14-15 f t  

Ust C i r cu l a t i on  (10-15 gpm) 

Regained Circulat ion (10-15 gpm) 
Top of Rock 

Limestone DEVELOPMENT 

LENGTH 46 min 
NO Recovery 

It TEST DATA i l 
STATlC DEPTH r0 WATER 14.43 
ME MEASURED A / 1 4 / ~ n  
RIMP(NG o m w  m WATER 
CURAllW OF TEST 
PUMPING RATE 
MTECFrn  
T'rPEOFTEsr 
R R l P m N G  
sxanc C A ~  

1 

RNAl PUMP CAPLYXTY 
FINAL PUMP s m N G  
AVER=€ WMPAGE 

h s t  C i r cu l a t i on  (10-15 gpm) 

NO Recovery 

Bottom of  Hole 

It WATER WAUTY 



. Geraghty - & Miller, Inc. WELL LOG 
PROJECT RADFORD 
CLIENT NUS 

Data h w m d  FI/7/sn By G.P.S. 

DESCRIPTION 

W N M  C O P B S ? z & g i n p p - =  
WELL No. - D-5 

W T I O N  Laaoon D - Settlinc ?on- 
0 

Clay, silty, micaceous, brown - TOPO SETTING 

- GROVND ELEV. 1696- l2 

- 
- Sand, fine, some silt, micaceous, 

well sorted, brown 5 -g3 
- 
- 
- - 

TOTAL DEPTH 
CPSlNG MAM. 2 i n  Timco PVC - Water Table CASING LENGTH 20 ft P Changed from 5" fishtail bit to - SCREEN DIAM. 2 l n  

3"  NX core barrel SETTING 20-35 ft 
Too of ~ o c k  S C R E E N S U T T ~ ~ Y P E  -010 PVC 

Limestone, soft, weathered, some WELL STATUS Comoleted 

calcite, some solution channels, 

GROUT D m  
- 6  cu ft 

PlPE OF PWG Bentonite 
14-15 ft 

same as above 

RJMPING DEPrn TO WATER 
OURATKN OF TEST 
PUMPING RATE 
WTECFTEST 
TYPE OF TEST 

Same as above 



Geraghty - & Miller, Inc. 
PROJECT 9AnFnRn 

WELL LOG CLIENT ?UIS 
Date Repared 8 /R 181) 

SAMPLE 
INTERVAL DESCRIPTION 

LDCATION Laaoon D - Settlina Ponds 

TOP0 SETTING 
G W N D E L E V .  1699-64 

TOTAL DEPTH 7 ?  f t  
CASING DIAM. 3 i n  T i m c n  PVr 

CASING LENGTH 
SCREEN DIAM. 

l Y P E  OF GROUT Neat cement 
GROUT DEPTH 0-15 ft 

5" fishtail bit to 
W E  OF R U G  Bentonite 
PLUG DEPTH 14-15 ft 

Mudstone, pea sized, green 

STATIC DEPTH 

RJMPlNG DEPTH TO WATER 
WRATION O F  TEST 
PUMPING RATE 

DATEOFTEST 
l Y P E  OF TEST 



Geraghty 
e & Miller, Inc. 

PROJECT FJGFORD 

WELL LOG UIENT NUS 
Date Prepared 8/12/80 gy 6 . F . S .  

SAMRE 
INTERVAL DESCRIPTION 

Lost circulation (10-15 gpm) 

River Jack 

Changed from 5" f i sh ta i l  b i t  to  
3" NX core barrel 

No recovery 

Water Table 

Lost Circulation (10-15 gpm) 

Lhestone, weathered, sof t ,  some 
calci te ,  chalky, l ight  gray 

STLITlC DEPTH TO WATER .- 
MTE MEASURED 8 /1 Ei /81) 

RlMPtNG DEPTH TO WATER 
DURATlON OF TEST 
PUMPiNG RATE 
MTEWTESf 



Geraghty - & Miller, Inc. WELL LOG 

S A M R E  
INTERVAL 

micaceous , brown 

Same as above 

Sand grades  t o  c o a r s e  

Same as above 

Changed from 5" f i s h t a i l  b i t  t o  
3" NX c o r e  b a r r e l  

i r o n  stains, some s o l u t i o n  
channe l s ,  gray 

Same as above 
Bottom o f  Hole - 

- - 
- 

PROJECT mFORD 
CLIENT NUS 

~ a t a  ~aparsd 8/11/80 G.F.s. 

1 f 11 W N E R  Corps of Engineers - - 
WELL No. IJ- u 

Lagoon D - S e t t l i n g  Ponds 

TOP0 SET7ING 
G W N D  ELEV. 1 7 1 1 . 7 5  

DRILLING STARTED 8/11/80 
DRILLING C O M P L T E D ~ / ~ ~ / ~ ~  
DRILLER M. J. Dean 
TfPE OF RIG CME-7 5 

WELL DATA 
HOLE DlAM.5" tn 7 4  f t .  7 "  *n 7 5  FL 

TOTAL DEPTH 35 f t  
CUING DAM. 2 i n  T k o  PVC 

CASING LENGTH 20 f t  
SCREEN MAM. 2 i n  

I /  WELL STATUS c ~ m p l e t e d  

TYPE w G ~ T  Neat cement 
GROUf DEPTH ft 

VOLUME 6 cu ft 
TYPE OF R U G  Bentonite 
R U G  DEPTH 14-15 ft 

I p W M E  1 l b  

DEVELOPMENT 
A i r  

- 5  9Pm - -  . 
6 5  mln 

TEST DATA 
STATlCDEPTHTOWATER 7 P  1 7  

MTE U W R E D  Q /I 7 / ~ n  
RIMPING DEPTH TO WATER 
W R A m  OF TEsr 
RIMPlNG RATE 

MTEWTEST 
TYPEOFTEST 
RJMP SETTlNG 
sPEcinc CAFWTT 

FINAL PUMP CAPLICrrY 
flNAL WMP SETTlNG 
AVERSE PVMPAGE 

+ - 
WATER WAUTY 



Hal* N& DH-3 

D... .IW *.IT.  

I ?  LLLVATIOM T O P  01 MOLL 
7. TMICUMLSS 01 O V L I . U I D L M  

1715.7 
I 8  T O T A L  C D I L  I t C O V L I T  1- DOI IMG 5.2 ' 

8. OLCTM O I I L L C O  I N T O  I O C X  
38 a- 

#. T O T A L  O L C I U  01 MOLL 

RcYATIQ ocmM LLOLMD C L ~ I ~ I C A T I O M  01 YATUIAU *OX I~UAIUS 
ID-- ~d XLCOV- SAYPLC (DVUIN I - .  -r b . ~  I* .I 

no. .I.. I f  . . ~ I I U . C )  . b . 4 . Q - 9 
3" Topsail - - 
(KL.) S I L T , l i t t l e  v .  fn-fn 100 S-1 S p l i t  S ~ o o n  4-3-3 - 7 .  - nand, t r  c l a y .  l o v  p l a s t  

advanced v/6" f i s h t a i l  
m o i s t ,  y e l .  brn 

K - (0-5')  - 0 

t a n ,  i r r e g u l a r  b e d d h g  
dipping  LO0-SO0 ( t e c t o n i c  
a c t i v i t y  apparent)  v-fn 
grd,  s o f t  t o  md.hard.  
p a r t i a l l y  fragmented 
moderately t o  badly m a t h .  
mainly c r l c G  healed  
f r a c t u r e s  and vugs 

the f o r  v e l l  i n s t a l l a t i  
was 2 . 5  h r s .  

8-61 





DIVISION 

DRILLIMG LOG NAD NAO 
1. PROJLCT 

K.KA s m  - LACOON D 
0 

N 318.700 El , 4 0 7 , 6 1 0  
J. ORILLI~C AQCMCY 

ML 
'1% ~NUI~~TUILI'S OUIGNATIO* OF DRILL 

SPIUGUE 6 HENUOOD OOC 
CUNNINGHAM CORE DRILLING ( r l .  TOTAL YO. OF ovcn- lo*~u-nn j U N O ~ S T ~ ~ . ~ O  

L MOLL NO. (A. .kr. - *.y IIII.! 
d El. -4 

! DH-4 
UARDCN S A I P L U  T A I L 1  ! - 4 i 0 

L N M L  OC ORlLLCR 
- 14. TOTAL NUIDCR CORE W)XLS 1 

BOB 
L D I I L C T I O *  OC -LC ] * T A * T n D  ! CO--LLTLO Is. OATS M O L L  

[ IOWS~TICAL ~ I N C L I N ~ O  ma.. ~ n w  v m n ~ .  ) 1 7 J U L Y 8 0  i 1 8 J U L V 8 0  
17. L L L V A T I O N  T O P  OC MOLL 1 7 1 3  7 
Ir. T ~ T A L  c o r r  r r c o v c m v  C o n  ~ R I M O  8 . 5  gq  . 

0. OLCTM ORILLLO INTO R O C I  IS. ~ I O M A t ~ c ~ s P c C T O  

s. T O T A L  OLCTM OV M O L L  3 4 . 3  L 

ILLY*TIQ OcPT* 
C L A U I V I C A T I O N  O I  I A T U I A U  ' meX OR REMARIS 

IDo-u w RcCDV- U M P L l  ~ ~ U I C Y  t k  -r *.a w h  .I 
U Y  10. 

b 
- u... 11 *tem411m.ml . C 4 + * 0 - 2" Topsoil - - (KL) SILT, l i t t l e  v. fa-fa 100 5-1 Split  Spoon16-6-5 - - sand, bm, s l t  p las t .  moist 

K (0-5) - 0 
(SH) SAND, fn-fn some mica 
S i l t ,  t r .  Clay, Sit P ~ P S ~  

moist, yel.brn 

K (10-15) - 2.05 ft/day 
(CP) Gravels 6 Cobbles, 
some fn-crs sand, tr silt 

Water after l h h r s .  

10-25.9 -3 314" 
2 5 . 9  - 35.3  -3" 

time of well ins ta l la t io  
vas 2 . 7 5  hrs. 





PROJECT RADFO RD Geraghty - & Miller, Inc. WELL LOG CLIENT NUS 
h + r ~ m d  7/23/80 B ~ G . F . s .  

S A M R E  
INTERVAL MSCRIPT ION 

- 
- 
- 
- 

Same a s  above 
- 
- River Jack 

- 
Changed from 5" f i s h t a i l  b i t  t o  
3" NX co re  b a r r e l  

S i l t ,  sand,  some g r ave l  
River Jack  

Sand, f i n e ,  s i l t y ,  micaceous, 

River J ack  

Water Table 

Same as above 

) I  OYNEil Corps of Engineers 

I I WELL No. H- 1 
-TON Lacoon H - S e t t l i n g  Ponds 

I I i n  use 

TOW SETTING 
GROUND ELEV. 1712.48 

-- 

DRILLING STARTED 7/23/80 
DRlUlNG COMPLETED 7/24/80 
DRIUR M. J. Dean 
l Y P E  OF RIG C-ME-75 

WELL DATA 
HOLE DIAM. 5"  to 1 5  ft. 3" to 40 f+ 
TOTAL D m  40 f t  

CPSlNG DAM. 7 i n  Tivcr-, PVr 

USING LENGTH 25 f t  

SCREEN DIAM. 3 i n  

SCREEN SEITNG 25-40 f t  
XREEN s m a r f P E  -010 PVC 
W- ~ A W S  Completed 

GROUT 
OF GROUT Neat cement 

G R a r r  D m  0-20 f t  
VOLUME 1 cu f t  
NPE OFPLUG Bentoni te  
R U G  DEPTH 19-20 f t  
VOLUME 115 

1 

DEVELOPMENT 
hm'HOD A i r  
RATE 0 - 1  g g n  

LENGTH 1- 

TEST DATA 
S A T l C  DEPTH TO WATER 3 1  go 

M T E  MEASURED 8/13/80 
WMPlNG OEPTH TO WATER 
WRATION OF 
RIMPING RATE 

M T E W W  
T Y P E O F m  
RJMP SETTlNG 
SPEUFlC CAPAUTY 

f l N A l  RJMP CAPAtrrY 
FINAL RJMP SETTING 
A W A C E  RJMPAG€ 

4 

WATER QUALITY 



Geraghty PROJECT 
RADFORD 

& Miller, Inc. WELL LOG 
CLIENT 

rh Oat0 Rcpand 7 4  BY r: c c 

S A M R E  
INTERVAL DESCRIPTION 

River Jack 
Sand grades to  coarse 

Change from 5" f i s h t a i l  b i t  t o  
3" NX core barrel  

Same a s  above 

River Jack 

Lost Circulation (10-15 gpm) 
Water Table 
N o  recovery 

River Jack 

No recove a Bottom of Hole 

OWNER Corps of Engineers 
H-L 

WELL No. 

i n  use 

TOW SETTING 
GROUND ELEV. 1709.90 

ORlUlNG STARTED 124 180 
DRlUlNG COMPLETED 7/24/80 
DR]uER R. A. Monrae 
TfPE OF RIG C-40 

W LL DATA 
5"  to 7 8  ft; 3" to 40 f t  

11 TOTAL DEPTH 40 f t  

I I CASING DAM. 2 i n  Timco PVC 

UUINGLENGTH 25 f t  
11 SCREEN DIAM. 2 - - in 

I I SCREEN SElTlNG 25-40 

SCREEN s m  a TYPE 010 pvc 

11 WELL STATUS 

GROUT 
TYPE OF GROUT NP+-+ 
GROUT D m  ft 

VOCUME 1 r.1 f+ 

TYPEOFRUG 
19-70 f+ 
1 1.3 

It DEVELOPMENT 
METHOO A i r  
RATE 0.5 a m  
LENCTH 45 min 

TEST DATA 
STAflC MPTH TO WATER 3 7 - 3 9  
DATE MEASURED R / 1  7 /Rn 
WMANG OEmH TO WATER 
OURATICN O f  TEST 
PUMPlNC RATE 

DATE WTEST 
TYPE ff TEST 
RMP mffi 
SPECIFIC CAPLUTTY 

FINAL RIMP SETTING 



Geraghty PROJECT RADFORD 
CLIENT NUS & Miller, Inc. WELL LOG 7 /25 /80  8y G.F.S. 

OWNER C o r ~ s  of Enaineers 

WELL No. H'3 
U ~ T ~ O N  Lauoon t! - Sectlina Ponds 

rn u s e  

TWO SETTING 
GROUND ELEV. 1709 .  66 

r 

DRILLER r 

H a E D I A M . 5 "  to 3 5  f+: '3 I' to 4 0  f, L 

TOTAL D w I H  
CCLSING DIAM. 7 i n  Tinrn DVC 

USING LENGTH 
SCREEN DIAM. 7 in 
-EN SEIllNG25-*- 

Changed from 5" f i s h t a i l  b i t  t o  WELL STATUS 
7" NX core barrel  

River Jack 

GROUT DEPTH 0-20 f t  

Lost c i rcula t ion (10-15 gpm) R U G  DEPTH 

Limestone, solution channels, 

STATIC OEPTH TO WATER 
Water Table W E  M W R E D  

RJMPlNG DEPTH TO WATER 
DURATION OF TEST 
RJMRNG RATE 
MEWTEST 
TTPL OF fEST 
RJMP SETTING 

FINAL RlMP CAPAUTY 

B-67 

I' 

SAMRE 
INTERVAL DESCRIPTION 

micaceous , brown 



PROJECT 
RADFORD 
.--- Geraghty 

& Miller, Inc. WELL LOG CLIENT NU5 

Data Rbparad 7/25/80 gy G.F.S. 

SAMPLE 
INTERVAL 

m N ~ ~  COTS of Engineers 
WELL No. ti-4 
LOCATION =7rnn - 

DRILLING COMPLETED 7/25/80 

Same as above 
W I N G  DAM. 
CASlNG LENGTH 25 
SCREEN DIAM. 

Same as above SCREEN SUTT 

Change from 5" f i shta i l  b i t  to 
3" NX core barrel 

TYPE OF GROUT 
GROUT D m  

Same as  above OF Bentonite 

Lost circulation (10-15 gpm) 

River Jack 
NO recovery 

River Jack SrATlC DEPTH TD 

Water Table MTE MESURE0 
RlMPlNG DEmH TO WATER 
DJRATM OF Tm 
RIMPlffi  RATE 
DATE CF TETr 
TYPLWTES 



Wacer level vanes with 
river elevation between 
23.5  and 26 .5  

tnwmucmn 
- - - .  . 





(SH) AS ABOVE 

(SM) AS ABOm 

Made 3 runs 80% 
recwery RQWO no 

Hod. to badly weathered 

I .  U 

P MSL 
V 7 1  7590  F1402(195 

a. ORILLIMC .QL*CY 

CUNNINGFLU! CRILLING 6 GROUTING 
L MOLL NO. (1. HII .I L- 1111.1 
I HI. M d  i LH-DH-2 

S. Y b Y C  OC ORILLLR 
- 

MARVIN DEAN 
6. OIRCCT~OM OC ROLE 

~ V S W T - C A L  QIUCLINSQ 0.0. *mom 1 . m ~ .  

11- YANUFACTURCR'S  DCSIC*At lOn OC ORILL 

(3IE - 75  
13. TOTAL NO. oc OVER. ; D O I ~ U ~ ~ C O  j U * I I ~ T V I ~ C O  

*URDCM SAY-LLS TAKCY i 7 0 

I.. T O T A L  MUIrnCR CORE *OXLS 1 
t r  CLLVATIOM GROYMO W A T L R  1683 7 

!STA~?ID 
I*. DATC MOLL ; I C O I L L I I ~ O  

y y  80 





INDEX A-6485-5 

FC4 

RCRA 
Facflity lnvlestlgation 

P 

ASSOCIATES, Inc. Virginia 
CBK ROC 18 DEC 91 08485005 3 

Radford Army Ammunition Plant 
Radford, Virginia 

Monltoring Well Locations & Eiewtlons 
for 

Domes & Moore 
Top Elev. Top Elev. Top Elev. Ground Elev. Coordinares 
Inner (pvc) Cuter Concrete A t  Well (Northing 

Si te Wel I Pipe Casing 

SWMU-10 

Ecsting) 

31 9,145 
1,407,606 

319,112 
1,407,702 

31 8,631 
1,407,800 

31 9,070 
1,407,776 

31 8,741 
1,407,605 

318,836 
1,407,437 

31 9.1 22 
1,407,687 

31 9.276 
1,410,626 

31 9,195 
1,409,898 

31 8,977 
1,409,732 

31 9,015 
1,410,103 

31 9,026 
1,410,475 

31 9,091 
1,410,872 

31 9.1 15 
1,411,091 

Pad (Average) 

COORDINATES ( 1927) SHOWN. SHEET NO. 1 OF 1 

1701 -74 1 
NO PAD 

NO PAD 

NO PAD 

NO PAD 

NO PAD 

NO PAD 

1699.1 1 

1701.76 

1693.81 

1695.56 

1695.51 

1694.31 

1694.11 

91 VA STATE 

ANDERSON 
Surveyors Blacksburg. 

1703.84 

170261 

171 6.20 

1OMWl 

D-3 

1701.28 

1700.51 

1713.42 

1 700.78 

1713.16 

1709.96 

1700.70 

1698.66 

1701.21 

1693.41 

1695.1 8 

1695.26 

1693.M 8 7 

1693.x 7 7 

Corrcc.+tO 
3 T U  ,-. *dd ,[I 

pL .*' = 

PLANE 

170210 

171 5.38 

171227 

1703.00 

1701.61 

170284 

1 695.02 

1696.60 

1696.60 

1696.27 

1695.42 

RMSED 12/31 

1703.62 

170295 

CALC 

D-4 I 1714-38 

170253 

171 5.85 

171 2 0 8  

170264 

1701.44 

1702.62 

t 694.47 

1696.40 

1696.40 

1696.05 

1695.21 

I 

SWMU-13 

CHECKED 

DDH4 

DG-1 

D3D 

I 

13MW 

13MW2 

13MW3 

13MW4 

13MW5 

13MW6 

13MW7 

DATE DOCUMENT NO. 



Surveyors 
Planners 

RQU 
FacNty Imdgut!m 

I 
Radfd k m y  knmunftlm Plant 

I 

Radford, Vlrginla 1 
1 

Yonitorhq Wl Locatha  & Eldons I 

for ! 
Dam- & Maors I 

- - I 

l o p  Elev. Top Elev. l op  Eiev. Ground Elev. Coorainates I 
Inner (pvc) Ziu ter Concrece A t  'vVeil ( N o r t n ~ n g  1 I 

Si te We!l F ip e 

1780.04 

1779.69 

1758.64 

1 754.59 

1773.1 7 

1787.48 

1786.58 

1753.27 

1740.14 

1908.11 

1907.02 

188251 

SWU-0 OMWl 

DCCT AT 666=: 

Casing 

1780.24 

1779.61 

1758.59 

1754.58 

1773.32 

1787.52 

1 787.47 

1753.35 

1740.48 

1908.33 

1907.24 

188271 

ANDERSON 
AND Blacksburg. VA 

Greensboro. NC 

I P-1 

Pad 

1777.96 

NO PAD 

NO PAD 

NO PAD 

1771.58 

1785.31 

1785.20 

1750.77 

1738.23 

1906.56 

1904.97 

1 881.25 

M U  17 

DRAWN 

KJD 

P-2 

P-3 

P-4 

WC: -1 

WCl -2  

S4W-1 

88 

MMW4 

17PZ1 

40MW2 

ASSOCIATES, Inc. 

(Average) Easr'r cj) I 

SCALE 
- 20 JAN 92 

1777.6 

1777.1 

1756.8 

1753.2 

1771.2 

1785.1 

1 784.8 

1 750.7 

1738.2 

1906.1 

1904.7 

1881 .I 

08485018 

315,632 
1,407,586 1 

315,520 
1,407,326 ; 

315,842 1 
1,407,547 ' 

315,938 
1,407,607 I 

31 5,890 
1,407,681 

31 5,977 
1,407,782 

31 5,975 
1,407,795 

31 6,049 
1,407,939 

316,103 
1,408,219 

31 3,361 
1,403,439 

31 3,185 
1,404,071 

31 3,663 

3 
INDEX NC ~ - a 4 8 5 -  

ACAD 0848501 8 

DATE 

1 1,403,550 

DOCUMENT NO. 



Surveyors 
Planners 

b 

INDEX NO. A-8485- 

ACAD 08485026 

RCRA 
Facfllty Invest1gatlon 

Radford Amy Ammunition Plant 
Radford, Virginia 

Monitoring Well Locations & Elevations 
for 

Dames & Moore 

Top Elev. Top Elev. Top Elev. Ground Elev. Cccrdinates 
Inner ( ~ v c )  Outer Concrete At Well (Northing 

Sire Well Pipe Cas~ng Pac (~verage j  Ecs~ing) 

I 
SWU-32 1 32MWl 

I 
I 

SWU-40 ; 4QMW2 
I ' 40MW4 j 
I 

SWMU-43 I 4 3 M M  

43MW2 

43MW3 

43MW4 

43MW5 

43M W6 

PLCT A T  .666=1 

ANDERSON 6111 AND 

, 
DRAWN SCALE DATE DOCUMENT NO. 

Blacksburg, VA 
Greensboro. NC KJD - 

ASSOCIATES, Inc. 24 JAN 92 08485020 

_i 

1738.31 

188251 

1908.1 1 

1705.87 

1707.62 

1703.35 

170278 

170294 

1703.88 

321,026 
1,404,613 

31 3,663 
1,403,550 
31 3,361 

1,403,439 

31 8 . X  
1,411,372 

31 8,206 
1,410,585 

31 8,402 
1,410,435 

318,440 
1.41 0,643 

31 8,539 
1.41 1,209 
31 8,584 

1,411,422 

1738.64 

188271 

1908.33 

1706.1 0 

1707.86 

1703.57 

1703.01 

17031 6 

1704.09 

1736.59 

1881.25 

1906.56 

1704.25 

. 1705.40 

1701.58 

1701.50 

1700.99 

1701.69 

1736.40 

1881.1 

1906.1 

1703.90 

1704.95 

1701.15 

1700.90 

1700.40 

1701.24 



Surveyors 
Planners 



Surveyon 
Planners 

- - 

RrnA 
Faclity InvsstIgation 

Radford Army Arnmunitfon Plant 
Radford, Virginia 

Monitoring Well Locations & Elevations 
for 

Dames & Moore 
Top Elev. Top Elev. Top Elev. Ground f lev. Coordinates 

ACAO 08485019 

-- - 

(Northing 
Eostinc) 

320.089 
:,409,683 

320,040 
1,409,893 
320,441 

1,409,886 
I 

320,561 1 
1,410,410 1 
320,285 

1,410,383 
320,056 

1,410,230 

320,826 
1,410,333 
320,669 

1.41 0,575 

320,256 
1.41 0,509 

320.1 98 
1,409,917 
320,490 

1,410,423 

320,667 
1,410,367 

320,504 
1,410,431 

320.671 
1,410,379 
320,144 

1,410,286 

320.381 
1,410,511 

320,634 
1.41 0,412 

320,560 
1,410.421 

320.869 
1,409,937 

320,820 
1,409,557 

Site Well 
Inner (pvc) 
Pipe 

1823.1 3 

1834.77 

1840.1 4 

1808.1 8 

1822.1 0 

1 824.57 

181 5.82 

181 0.99 

1824.77 

1836.76 

181 261 

181 8.05 

181 295  

1818.71 

1826.28 

1810.19 

181 5.82 

1808.88 

1 827.1 8 

1821.56 

CDH-1 APPEARS TO 

28/51 /52 

DfSTRoYm. FORUER mnON WAS 
N 520,441 E 1,410,000 (FRW OLD 
MAPPING, ABA 9( 6268 DATm 6/28/88) 

PCC? AT .666=1 

51 MW1 

51 M W2 

C-1 

C-2 

Outer 
Casing 

1823.35 

1834.99 

1839.71 

1808.53 

1821.65 

1826.84 

1816.15 

1810.99 

1825.1 4 

1838.48 

181 270 

181 8.04 

181297 

1818.65 

1825.89 

181 3.34 

1815.80 

1809.05 

1827.33 

1821 -77 

HAM BEEN 

I C-3 

C-4 

16-1 

16-2 

16-3 

16-4 

WC-1 A 

W-2A 

WC-18 

WC-2B 

CDH-2 

CDH-3 

MW-8 

MW-9 

28MM 

20MW2 

NOTE rmL 

ANDERSON 
Blacksburg. VA 
Greensboro. NC 

SCALE 
- 

DRAWN 

KJD 

Concrete 
Pad 

1821.49 

1 833.41 

NO PAD 

NO PAD 

NO PAD 

1 824.96 

181 4.55 

1809.32 

1823.35 

1836.1 0 

181 0.58 

181 6.45 

NO PAD 

181 7.04 

NO PAD 

NO PAD 

181 3.52 

NO PA0 

1825.96 

181 9.97 

ASSOCIATES, Inc. 

At Well 
(Averaqe) 

1821.24 

1833.29 

1836.94 

1806.99 

1 81 9.09 

1824.74 

1814.54 

1809.24 

1823.51 

1835.84 

181 0.54 

181 6.07 

1811.29 

1816.97 

1823.79 

181 0.71 

181 3.42 

1806.54 

1825.71 

1819.91 

20 JAN 92 
DATE 

08485019 
DOCUMENT NO. 

INDEX NO. A-8485- 



APPENDIX E.2 

Physical Soil Testing and Hydraulic Conductivity Data 



GRADATION CURVE 
Boring lOMWl sample 4 at 15 to 17 feet 

37.5 9.5 20 0.43 a15 aom a m  am= a m  a m  0 . m 4  
Grain Slze In Millimeters 



RAAP RFI Wt soil and dish 201.3 
06702-077-155 Dry soil & dish 178.9 

Dish 107.7 
Boring lOMWl Sample 4 at 15-17 feet 

Moisture Content = 31.5 

SIEVE & HYDROMETER ANALYSIS 
SIEVE PORTION 

Dry weight of TOTAL sample= 71.2 
sample split -810 sieve = 40.68 

Sieve # 
1.5 inch 
314 inch 
318 inch 
# 4 
# 10 
# 20 
# 40 
# 60 
# 100 
# 200 

Total 
Weight Percent 
Retained Finer 

100.00% 
0 100.00% 
0 100 .OO% 
0 100.00% 
0 100.00% 

0.04 99.90% 
0.25 99.39% 
2.54 93.76% 

13.44 66.96% 
24.34 40.17% 

Constants this test 
Gs= 2.65 20c=.01365 21c=.01348 22c=.01332 

18c=.01399 19c=.01382 
When 5 grams of Sodium 
Hexametaphosphate used correction - - 6 

HYDROMETER ANALYSIS 

Elapsed 
time 

0.5 
1 
2 
5 

16 
30 
60 

120 
250 
500 

1456 

Particle 
Dia. mm 

0.0700 
0.0501 
0.0359 
0.0229 
0.0128 
0.0094 
0.0067 
0.0048 
0.0033 
0.0024 
0.0014 

Percent 
Partial 

36.87 
31.96 
27.29 
23.35 
22.12 
19.67 
17.70 
15.24 
14.50 
12.29 
10.32 

Total 
Percent 
Finer 
36.87 
31.96 
27.29 
23.35 
22.12 
19.67 
17.70 
15.24 
14.50 
12.29 
10.32 



A T L U B E R G  LIMITS T E S T  D A T A  

U E L L  C L ~ i S I F I C A ' I ' l N  - - - - - - - - - - - - - - -  
L t 3 O a A i O P Y  C L A S S 1  F I C A T 1 3 N  - - - - - - - - - - - - 

FIELD DENSITY 8 7 .  - - - .--/- -/.-. 

~ 
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E L I  E U T / O W N E R  P F-FL 

1 2 D E T E R M  I 3 A T  I O N  

D I S H  

WT 3 F  3 1 5 8  7 W E T  S O 1  L 
................................................................................... 

W T  O F  D I S H  + D R Y  S O I L  ............................................... 
W T  O F  u C l S T U R E  

WT O F  D l S n  ............................................... 
WT O F  0 2 7  S O l L  
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1 
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SUMMARY 

2 
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I 
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2 
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GRADATION CURVE 
Boring lOMWl sample 2 at 5 to 7 feet 



RAAP RFI Wt soil and dish 175.4 
06702-077-155 Dry soil & dish 162.7 

Dish 104.7 
Boring lOMWl Sample 2 at 5-7 feet 

Moisture Content = 21.9 

SIEVE & HYDROMETER ANALYSIS 
SIEVE PORTION 

Dry weight of TOTAL sample= 58 
sample split -#lo sieve = 40.67 

Sieve # 
1.5 inch 
3/4 inch 
3/8 inch 
# 4 
# 10 
# 20 
# 40 
# 60 
# 100 
# 200 

Weight 
Retained 

Total 
Percent 
Finer 
100.00% 
100.00% 
100.00% 
100.00% 
100.00% 
100.00% 
99.93% 
96.58% 
79.20% 
55.77% 

Constants this test 
Gs= 2.65 20c=.01365 21c=.01348 22c=.01332 

18c=.01399 19c=.01382 
When 5 grams of Sodium 
Hexametaphosphate used correction - - 6 

HYDROMETER ANALYSIS 

Elapsed 
time 

0.5 
1 
2 
5 

16 
30 
6 0 

120 
250 
500 

1464 

Particle 
Dia. mm 

0.0677 
0.0489 
0.0351 
0.0225 
0.0126 
0.0093 
0.0066 
0.0047 
0.0033 
0.0023 
0.0014 

Percent 
Partial 

49.18 
41.80 
35.65 
30.74 
29.26 
24.59 
22.62 
19.67 
17.21 
15.00 
12.05 

Total 
Percent 
Finer 
49.18 
41.80 
35.65 
30.74 
29.26 
24.59 
22.62 
19.67 
17.21 
15.00 
12.05 
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GRADATION CURVE 
Boring 17 SB 1, sample at 10 feet 

I i ............................. aO- moisture 31 ,3 Oh ....................................................... i--- .................................. 4 ................... 
i i 

i ................... ............................ .................................................... ...i ................. ... ..............,.. 
i .............................. ....................................................... i ........... .. ................... + .................. j 

t i ! 
i ................... i .................. ............................. .................................... i .................................... .. +. ,. : i ................... ....................................................... ;- .................................... 4 ................... 4 
i #4 ... .... 
i #200 

0 I I I -- I 

37.5 a5 20 a 43 
19.0 4.8 0.85 0.25 0.075 

Graln Slze In Millimeters 



RAAP RFI 
Usathama 
Virg in ia  

Boring 17 SB 1 
Sample a t  10 f e e t  

W t  s o i l  and d i s h  
Dry s o i l  & di sh  
Dish 

Moisture Content = 31.3 

SIEVE ANALYSIS 

Dry weight of t o t a l  sample= 68.7 

weight 
S i e v e  # retained 
1.5 inch 0 
3/4 inch 0 
3/8 inch 0 
# 4 1.7 
# lo 4.4 
# 20 7.7 
# 40 11 
# 60 13.6 
# 100 15.8 
# 200 19 

% 
Finer 
100.00% 
100.00% 
100.00% 
97.53% 
93.60% 
88.79% 
83.99% 
80.20% 
77 .OO% 
72.34% 



GRADATION CURVE 
Boring 17 SB 2, sample at  10 feet 



- 
RAAP RFI 
Usathama 
Virg in ia  

Boring 17 S B  2 
Sample a t  10 f e e t  

W t  s o i l  and d i s h  199 
Dry s o i l  & d i s h  185.2 
Dish 102.3 

Moisture Content = 16.6 

SIEVE ANALYSIS 

Dry weight of t o t a l  sample= 82.9 

weight % 
Sieve  # retained Finer 
1.5 inch  0 100.00% 100.0 37.5 
3/4 inch  0 100.00% 100 .O 19.0 
3/8 inch  1.2 98.55% 98.6 9.5 
# 4 6.5 92.16% 92.2 4.8 
# 10 10.2 87.70% 87.7 2.0 
# 20 15 81.91% 81.9 0.85 
# 40 19.5 76.48% 76.5 0.43 
# 60 23.4 71.77% 71.8 0.25 
# 100 26.4 68.15% 68.2 0.15 
# 200 30.2 63.57% 63.6 0.075 



GRADATION CURVE 
Boring 17 SB 3, sample at 3.0 feet 

4.8 a85 
Grain Slze In Millimeters 



RAAP RFI 
Usathama 
Virginia 

Boring 17 SB 3 
Sample at 3.0 feet 

Wt soil and dish 197.1 
Dry soil & dish 176.4 
Dish 102.3 

Moisture Content = 27.9 

SIEVE ANALYSIS 

Dry weight of total sample= 74.1 

weight % 
Sieve # retained Finer 
1.5 inch 0 100.00% 100.0 
3/4 inch 0 100.00% 100.0 
3/8 inch 0 100 .OO% 100.0 
# 4 1.7 97.71% 97.7 
# 10 3.9 94.74% 94.7 
# 20 7.5 89.88% 89.9 
# 40 10.5 85.83% 85.8 
# 60 12.4 83.27% 83.3 
# 100 14.1 80.97% 81.0 
# 200 16.2 78.14% 78.1 



GRADATION CURVE 
Boring 32 MW 1, sample at 10-12 feet 



RAAP RFI 
Usathama 
Virginia  

Boring 32 MW 1 
Sample a t  10-12 f e e t  

Moisture Content = 7 .O 

Dry weight of t o t a l  sample= 

W t  s o i l  and d i sh  
Dry s o i l  & di sh  
Dish 

SIEVE A N A L Y S I S  

82.4 

weight 
S i eve  # retained 
1.5 inch 0 
3/4 inch 0 
3/8 inch 23 
# 4 35 
# 10 43.8 
# 20 50 
# 40 61.7 
# 60 68.5 
# 100 71.6 
# 200 74.6 

% 
Finer 
100.00% 
100.00% 
72.09% 
57.52% 
46.84% 
39.32% 
25.12% 
16.87% 
13.11% 
9.47% 



GRADATION CURVE 
Boring 32 MW 2B, sample at 6.5-7 feet 

37.5 95 20 0.43 0.1 5 
19.0 4.8 0.85 0.25 0.075 

Graln Size In Mllllrneters 



RAAP RFI 
Usathama 
Virg in ia  

Boring 32 MW 2B 
Sample a t  6.5-7 f e e t  

W t  s o i l  and d i sh  164.3 
Dry s o i l  S d i s h  152 
Dish 105.8 

Moisture Content = 26.6 

SIEVE A N A L Y S I S  

Dry weight of t o t a l  sample= 46.2 

weight % 
S i e v e  # retained Finer  
1.5 inch 0 100.00% 
3/4 inch 0 100.00% 
3/8 inch 0 100.00% 
# 4 0 100.00% 
# 10 0.2 99.57% 
# 20 1.2 97.40% 
# 40 2.3 95.02% 
# 60 5.1 88.96% 
# 100 12.3 73.38% 
# 200 21.1 54.33% 



GRADATION CURVE 
Boring 40 MW 1, sample at  0-2 feet 

4.8 0,85 0.25 
Grain Size In Millimeters 



RAAP RFI 
Usathama 
Virginia 

Boring 40 MW 1 
Sample at 0-2 feet 

Wt soil and dish 198.1 
Dry soil & dish 182.3 
Dish 109.2 

Moisture Content = 21.6 

SIEVE ANALYSIS 

Dry weight of total sample= 73.1 

weight % 
Sieve # retained Finer 
1.5 inch 0 100.00% 100.0 
314 inch 0 100.00% 100.0 
318 inch 4.8 93.43% 93.4 
# 4 11.5 84.27% 84.3 
# 10 19.7 73.05% 73.1 
# 20 24.5 66.48% 66.5 
# 40 27.4 62.52% 62.5 
# 60 29.4 59.78% 59.8 
# 100 30.9 57.73% 57.7 
# 200 33 54.86% 54.9 



GRADATION CURVE 
Boring 40 MW 2, sample at 10-12 feet 



RAAP RFI 
Usathama 
Virginia  

Boring 40 MW 2 
Sample a t  10-12 f e e t  

W t  s o i l  and d i s h  215.9 
Dry s o i l  & d i s h  170.5 
Dish 111.4 

Moisture Content = 76.8 

SIEVE ANALYSIS 

Dry weight of t o t a l  sample= 59.1 

weight 
S i eve  # retained 
1.5 inch 0 
3/4 inch 0 
3/8 inch 1.6 
# 4 5.8 
# 10 10.1 
# 20 12.1 
# 40 13.2 
# 60 14 
# 100 14.9 
# 200 16 

% 
Finer 
100.00% 
100.00% 
97.29% 
90.19% 
82.91% 
79.53% 
77.66% 
76.31% 
74.79% 
72.93% 



GRADATION CURVE 
Boring 40 MW 3, sample at 0-2 feet 

37.5 9.5 20 0% 43 0.1 5 
1 9.0 4.8 0.85 0.25 0.075 

Grain Slze In Mlllirneters 



m 
RAAP RFI 
Usathama 
Virginia 

Boring 40 MW 3 
Sample at 0-2 feet 

Wt soil and dish 
Dry soil & dish 
Dish 

Moisture Content = 20.7 

SIEVE ANALYSIS 

Dry weight of total sample= 111.6 

weight 
Sieve # retained 
1.5 inch 0 
3/4 inch 0 
3/8 inch 0 
# 4 0.7 
# 10 2.3 
# 20 5.6 
# 40 8.4 
# 60 10.8 
# 100 12.6 
# 200 15.9 

% 
Finer 
100.00% 
100.00% 
100.00% 
99.37% 
97.94% 
94.98% 
92.47% 
90.32% 
88.71% 
85.75% 



GRADATION CURVE 
Boring 40 MW 3, sample at 38-49 feet 

37.5 2.0 0.1 5 
1 9,O 4.8 0.85 0.25 0.075 

Graln Slze In Mlllirneters 



RAAP RFI 
Usathama 
V i r g i n i a  

Boring 40 MW 3 
Sample a t  38-49 f e e t  

W t  s o i l  and d i s h  202.5 
Dry s o i l  & d i s h  180.1 
Dish 111.4 

Moisture Content = 32.6 

SIEVE ANALYSIS 

Dry weight of t o t a l  sample= 68.7 

weight 
S i e v e  # r e t a i n e d  
1.5 i n c h  0 
3/4 inch 0 
3/8 inch  0 
# 4 3.5 
# 10 6.1 
# 20 9.4 
# 40 12.7 
# 60 15 
# 100 16.4 
# 200 19.1 

% 
Finer 
100.00% 100.0 
100.00% 100.0 
100.00% 100.0 
94.91% 94.9 
91.12% 91.1 
86.32% 86.3 
81.51% 81.5 
78.17% 78.2 
76.13% 76.1 
72.20% 72.2 



RAAP RFI 
Usathama 
Virginia 

Boring 40 MW 4 
Sample at 5-7 feet 

Wt soil and dish 190.4 
Dry soil & dish 161.4 
Dish 108.3 

Moisture Content = 54.6 

SIEVE ANALYSIS 

Dry weight of total sample= 53.1 

weight 
Sieve # retained 
1.5 inch 0 
3/4 inch 0 
3/8 inch 0 
# 4 0.1 
# 10 2 
# 20 4.6 
# 40 6.3 
# 60 7.4 
# 100 8.3 
# 200 10.2 

% 
Finer 
100.00% 100.0 
100 .OO% 100.0 
100 .OO% 100.0 
99.81% 99.8 
96.23% 96.2 
91.34% 91.3 
88.14% 88.1 
86.06% 86.1 
84.37% 84.4 
80.79% 80.8 



GRADATION CURVE 
Boring 40 MW 4, sample at 5-7 feet 



GRADATION CURVE 
Boring 41 MW 1, sample at 0-2 feet 
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RAAP RFI 
Usathama 
Virg in ia  

Boring 41 MW 1 
Sample a t  0-2 f e e t  

W t  s o i l  and d i s h  198.7 
Dry s o i l  & d i s h  181.8 
Dish 107.9 

Moisture Content = 22.9 

SIEVE ANALYSIS 

Dry weight of t o t a l  sample= 73.9 

weight % 
S i e v e  # reta ined  Finer 
1.5 inch 0 100.00% 100.0 37.5 
3/4 inch 0 100 .OO% 100.0 19.0 
3/8 inch 0 100.00% 100.0 9.5 
# 4 0 100.00% 100.0 4.8 
# 10 1.9 97.43% 97.4 2.0 
# 20 6 91.88% 91.9 0.85 
# 40 10.6 85.66% 85.7 0.43 
# 60 15.3 79.30% 79.3 0.25 
# 100 19.4 73.75% 73.7 0.15 
# 200 24.1 67.39% 67.4 0.075 



GRADATION CURVE 
Boring 41 MW 2, sample at 20-22 feet 

4.8 0.85 0.25 
Graln Size In Millimeters 



.- 

RAAP RFI 
Usathama 
Virg in ia  

Boring 41 MW 2 
Sample a t  20-22 f e e t  

W t  s o i l  and d i s h  
Dry s o i l  6 d i s h  
Dish 

Moisture Content = 35.8 

SIEVE ANALYSIS 

Dry weight of t o t a l  sample= 74.6 

weight 
S i e v e  # reta ined  
1.5 inch 0 
3/4 inch 0 
3/8 inch 0 
# 4 0 
# 10 0.1 
# 20 1.4 
# 40 3.6 
# 60 5.7 
# 100 7.7 
# 200 11.5 

% 
Finer 
100.00% 
100.00% 
100.00% 
100.00% 
99.87% 
98.12% 
95.17% 
92.36% 
89.68% 
84.58% 



GRADATION CURVE 
Boring 41 MW 3, sample a t  15-17 feet  

25- . 

37.5 Q5 20 0.43 0.1 5 
19.0 4.8 a 85 0.25 0,075 

Graln Size In Mllllmeters 



e 
RAAP RFI 
Usathama 
Virginia 

Boring 41 MW 3 
Sample at 15-17 feet 

Wt soil and dish 227.3 
Dry soil 6 dish 209.2 
Dish 96.3 

Moisture Content = 16.0 

SIEVE ANALYSIS 

Dry weight of total sample= 112.9 

weight % 
Sieve # retained Finer 
1.5 inch 0 100.00% 100.0 37.5 
3/4 inch 41.3 63.42% 63.4 ' 19.0 
3/8 inch 53.2 52.88% 52.9 9.5 
# 4 55.3 51.02% 51.0 4.8 
# 10 61 45.97% 46.0 2.0 
# 20 65.6 41.90% 41.9 0.85 
# 40 69 38.88% 38.9 0.43 
# 60 72.3 35.96% 36.0 0.25 
# 100 75.9 32.77% 32.8 0.15 
# 200 79.8 29.32% 29.3 0.075 



GRADATION CURVE 
Boring 43 MW 1, sample at 11-11.5 feet 



Lq 

RAAP RFI 
Usathama 
Virginia 

Boring 43 MW 1 
Sample at 11-11.5 feet 

Wt soil and dish 184.2 
Dry soil & dish 168.4 
Dish 105.1 

Moisture Content = 25.0 

SIEVE ANALYSIS 

Dry weight of total sample= 63.3 

weight 
Sieve # retained 
1.5 inch 0 
3/4 inch 0 
3/8 inch 0 
# 4 0 
# 10 1.2 
# 20 3.1 
# 40 4.4 
# 60 9.4 
# 100 19.2 
# 200 32.7 

% 
Finer 
100.00% 
100.00% 
100.00% 
100.00% 
98.10% 
95.10% 
93.05% 
85.15% 
69.67% 
48.34% 



GRADATION CURVE 
Boring 43 MW 2, sample at 5-7 feet 

4.8 0.65 
Grain Sire In Millimeters 



a 
RAAP RFI 
Usathama 
Virg in ia  

Boring 43 MW 2 
Sample a t  5-7 f e e t  

W t  s o i l  and d i s h  204.7 
Dry s o i l  & di sh  188.7 
Dish 108.3 

Moisture Content = 19.9 

SIEVE ANALYSIS 

Dry weight of t o t a l  sample= 80.4 

weight % 
S i e v e  # reta ined  Finer 
1.5 inch  0 100.00% 100.0 
3/4 inch  0 100.00% 100.0 
3/8 inch  0 100.00% 100 .O 
# 4 2.2 97.26% 97.3 
# 10 3.1 96.14% 96.1 
# 20 3.4 95.77% 95.8 
# 40 5.3 93.41% 93.4 
# 60 18.3 77.24% 77.2 
# 100 36.1 55.10% 55.1 
# 200 52.3 34.95% 35.0 



GRADATION CURVE 
Boring 43 MW 3, sample at 10-12 feet 

37.5 20 0.1 5 
19.0 4.8 0.85 0.25 0.075 

Graln Size In Mllllmeters 



A 

RAAP RFI 
Usathama 
Virginia 

Boring 43 MW 3 
Sample at 10-12 feet 

Wt soil and dish 244.2 
Dry soil 6 dish 224.9 
Dish 108.3 

Moisture Content = 16.6 

SIEVE ANALYSIS 

Dry weight of total sample= 116.6 

weight % 
Sieve # retained Finer 
1.5 inch 0 100.00% 100.0 37.5 
3/4 inch 0 100 .OO% 100.0 19.0 
3/8 inch 0 100.00% 100.0 9.5 
# 4 0 100 .OO% 100.0 4.8 
# 10 0 100.00% 100.0 2.0 
# 20 0.1 99.91% 99.9 0.85 
# 40 1.2 98.97% 99.0 0.43 
# 60 22 81.13% 81.1 0.25 
# 100 54.1 53.60% 53.6 0.15 
# 200 82.2 29.50% 29.5 0.075 



GRADATION CURVE 
Boring 43 MW 4, sample at 5-7 feet 
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Graln Size In Mllllmeters 



r 

RAAP RFI 
Usathama 
Virginia 

Boring 43 MW 4 
Sample at 5-7 feet 

Wt soil and dish 214.3 
Dry soil & dish 195 
Dish 109 

Moisture Content = 22.4 

SIEVE ANALYSIS 

Dry weight of total sample= 86 

weight 
Sieve # retained 
1.5 inch 0 
3/4 inch 0 
3/8 inch 0 
# 4 0 
# 10 0 
# 20 0.4 
# 40 1.6 
# 60 7.6 
# 100 18.4 
# 200 37 

% 
Finer 
100.00% 
100.00% 
100.00% 
100.00% 
100.00% 
99.53% 
98.14% 
91.16% 
78.60% 
56.98% 



GRADATION CURVE 
Boring 43 MW 4, sample at 15-17 feet 
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19.0 4.8 85 0.25 0.075 

Graln Slze In Mllllmeters 



A 

RAAP RFI 
Usathama 
Virglnia 

Boring 43 MW 4 
Sample at 15-17 feet 

Wt soil and dish 194.6 
Dry soil & dish 184.5 
Dish 108.2 

Moisture Content = 13.2 

SIEVE ANALYSIS 

Dry weight of total sample= 76.3 

weight % 
Sieve # retained Finer 
1.5 inch 0 100.00% 100.0 
3/4 inch 0 100.00% 100 .O 
3/8 inch 0 100.00% 100.0 
# 4 0 100.00% 100 .o 
# 10 0 100.00% 100.0 
# 20 0.1 99.87% 99.9 
# 40 1.9 97.51% 97.5 
# 60 32.6 57.27% 57.3 
# 100 50.8 33.42% 33.4 
# 200 61.6 19.27% 19.3 



GRADATION CURVE 
Boring 43 MW 6, sample at 0-2 feet 

37.5 9.5 20 0.43 0.1 5 
19.0 4,8 0.85 0.25 0.075 

Grain Size In Millimeters 



RAAP RFI 
Usathama 
Virg in ia  

Boring 43 MW 6 
Sample a t  0-2 f e e t  

W t  s o i l  and d i s h  165.5 
Dry s o i l  & d i s h  153.1 
Dish 106.1 

Moisture Content = 26.4 

SIEVE ANALY S I S 

Dry weight of t o t a l  sample= 47 

weight % 
S i e v e  # reta ined  Finer 
1.5 inch 0 100.00% 100.0 
3/4 inch 0 100.00% 100.0 
3/8 inch  0 100 .OO% 100.0 
# 4 0 100.00% 100 .o 
# 10 0.6 98.72% 98.7 
# 20 1.3 97.23% 97.2 
# 40 2.4 94.89% 94.9 
# 60 7.6 83.83% 83.8 
# 100 15.3 67.45% 67.4 
# 200 24.7 47.45% 47.4 



GRADATION CURVE 
Boring 45 MW 1, sample at 10-12 feet 



RAAP RFI 
Usathama 
Virg in ia  

Boring 45 MW 1 
Sample a t  10-12 f e e t  

W t  s o i l  and d i s h  2 40 
Dry s o i l  & d i s h  224.3 
Dish 109.2 

Moisture Content = 13.6 

SIEVE A N A L Y S I S  

Dry weight of t o t a l  sample= 115.1 

weight 
S i e v e  # retained 
1.5 inch 0 
3/4 inch 0 
3/8 inch 4 
# 4 7.1 
# 10 8.3 
# 20 9 
# 40 21 
# 60 47.8 
# 100 68.4 
# 200 87 

% 
Finer 
100.00% 100.0 
100.00% 100.0 
96.52% 96.5 
93.83% 93.8 
92.79% 92.8 
92.18% 92.2 
81.75% 81.8 
58.47% 58.5 
40.57% 40.6 
24.41% 24.4 



GRADATION CURVE 
Boring 45 MW 2, sample at 5.5-6 feet 

4.8 0.85 0.25 
Grain Size In Millimeters 



h 

RAAP RFI 
Usathama 
Virginia 

Boring 45 MW 2 
Sample at 5.5-6 feet 

Moisture Content = 9.2 

Dry weight of total sample= 

Wt soil and dish 
Dry soil & dish 
Dish 

SIEVE ANALYSIS 

69.2 

weight 
Sieve # retained 
1.5 inch 0 
3/4 inch 0 
3/8 inch 0 
# 4 0 
# 10 0 
# 20 0.1 
# 40 5.1 
# 60 29.2 
# 100 51.8 
# 200 62.1 

% 
Finer 
100.00% 
100.00% 
100 .OO% 
100.00% 
100.00% 
99.86% 
92.63% 
57.80% 
25.14% 
10.26% 



GRADATION CURVE 
Boring 45 MW 3, sample at 26-27 feet 

4.8 0.85 
Grain Size In Millimeters 



RAAP RFI 
Usathama 
Virg in ia  

Boring 45 MW 3 
Sample a t  26-27 f e e t  

W t  s o i l  and d i s h  208.8 
Dry s o i l  & d i s h  185.4 
Dish 106.7 

Moisture Content = 29.7 

SIEVE ANALYSIS 

Dry weight of t o t a l  sample= 78.7 

weight 
s i e v e  # reta ined  
1.5 inch 0 
3/4 inch  0 
3/8 inch  16.9 
# 4 21 
# 10 24.7 
# 20 28.8 
# 40 32.3 
# 60 36 
# 100 39.1 
# 200 43.4 

% 
Finer 
100.00% 
100.00% 
78.53% 
73.32% 
68.61% 
63.41% 
58.96% 
54.26% 
50.32% 
44.85% 



GRADATION CURVE 
Boring 54 MW 1, sample at 5-7 feet 

4.8 a85 
Grain Size In Mlllirneters 



RAAP RFI 
Usathama 
Virginia 

Boring 54 MW 1 
Sample at 5-7 feet 

Wt soil and dish 246.6 
Dry soil & dish 223.6 
Dish 106.3 

Moisture Content = 19.6 

SIEVE ANALYSIS 

Dry weight of total sample= 117.3 

weight % 
Sieve # retained Finer 
1.5 inch 0 100.00% 
3/4 inch 0 100.00% 
3/8 inch 0 100.00% 
# 4 0.9 99.23% 
# 10 1.8 98.47% 
# 20 2.2 98.12% 
# 40 3.3 97.19% 
# 60 16.3 86.10% 
# 100 42.6 63.68% 
# 200 64.6 44.93% 



GRADATION CURVE 
Boring 54 MW 2, sample at 5-7 feet 

37.5 95 2.0 0.1 5 
19.0 4.8 a 85 0.25 0.075 

Grain Size In Mllllrneters 



RAAP RFI  
Usathama 
V i r g i n i a  

Boring 54 MW 2 
Sample a t  5-7 f e e t  

W t  s o i l  and d i s h  266.4 
Dry s o i l  & d i s h  241.8 
Dish 108.3 

Moisture Content = 18.4 

SIEVE ANALYSIS 

Dry weight of t o t a l  sample= 133.5 

weight % 
S i e v e  # reta ined  Finer 
1.5 inch  0 100.00% 100.0 37.5 
3/4 inch  0 100.00% 100.0 19.0 
3/8 inch  0 100.00% 100.0 9.5 
# 4 0 100.00% 100.0 4.8 
# 10 0 100.00% 100.0 2.0 
# 20 0.1 99.93% 99.9 0.85 
# 40 4 97.00% 97 .O 0.43 
# 60 35.3 73.56% 73.6 0.25 
# 100 72.6 45.62% 45.6 0.15 
# 200 95.8 28.24% 28.2 0.075 



GRADATION CURVE 
Boring 54 MW 3, sample at  15-17 feet 



C4 

RAAP RFI 
Usathama 
Virginia 

Boring 54 MW 3 
Sample at 15-17 feet 

Wt soil and dish 208.1 
Dry soil & dish 189.7 
Dish 108.2 

Moisture Content = 22.6 

S I EVE ANALY S I S 

Dry weight of total sample= 81.5 

weight % 
Sieve # retained Finer 
1.5 inch 0 100 .OO% 100 .O 
3/4 inch 0 100.00% 100.0 
3/8 inch 0 100.00% 100.0 
# 4 0 100.00% 100 .o 
# 10 0.1 99.88% 99.9 
# 20 0.2 99.75% 99.8 
# 40 1.8 97.79% 97.8 
# 60 14.5 82.21% 82.2 
# 100 38.1 53.25% 53.3 
# 200 53.8 33.99% - 34.0 



GRADATION CURVE 
Boring 74 MW 1, sample at 16.5-17 feet 

4.8 am 0.25 
Graln Size In Millimeters 



- 
RAAP RFI 
Usa t hama 
Virg in ia  

Boring 74 MW 1 
Sample a t  16.5-17 f e e t  

W t  s o i l  and d i s h  
Dry s o i l  & d i s h  
Dish 

Moisture Content = 4.8 

S I E V E  ANALYSIS 

Dry weight of t o t a l  sample= 84.2 

weight 
S i e v e  # retained 
1.5 inch 0 
3/4 inch  0 
3/8 inch  0 
# 4 0 
# 10 0.3 
# 20 3.4 
# 40 55.3 
# 60 73.5 
# 100 77.3 
# 200 79.4 

% 
Finer 
100.00% 
100.00% 
100.00% 
100.00% 
99.64% 
95.96% 
34.32% 
12.71% 
8.19% 
5.70% 



Summary of Permeability Test Caiculations 
Radford Army Ammunition Plant, Radford, Viginia(1) 

(1 ) Bouwer and Rice, 1976 



P l o t  o f  R l s l n g  Head P e r m e a b l l t t y  T e s t  D a t a  - W e l l  10MW1 
R a d f o r d  Army Ammun t t  ton PI an t ,  R a d f o r d ,  V 1 r g  tn l a  



PI o  t o f '  F a  I I l n g  H e a d  P e r m e a b  1 1  l t y  T e s t  D a t a  - We I I 
R a d f ' o r d  A rmy  Arnrnun L t  Lon PI a n  t ,  R o d f o r d ,  V 1 r g  tn  l a  

200 400 600 
Tl rne  ( s e c o n d s )  



RESULTS OF PERMEABILITY TESTS MADE AT SITE D 
Ic4 

Soil Depth Pe-zaeabili ty 
Boring (ft) Lithologic Description (cm/sec) 

DH- 2 

DH- 4 

silt 

sand 

clay 

sand 

gravel 

limestone 

limes tone 

silt 

silt and sand 

silt 

silt and sand 

silt and sand 

limestone 

silt 

silt 

silt 

silt and sand 

sand 

silt 

sand 

gravel and limestone 

limes tone 

limestone 

silt and sand 

sand 

sand 

gravel 

gravel 

limes tone 
- - 

* Laboratory test; all others made in field. 
+ Reported as 0, but probably less than 3.28 x cm/rcc. This is the mini- - measurable with the equipment used. 

Source: USACE, 1981 




