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1.0 Intrdduction and Technical Need 
The estimation of flux of contaminants through the vadose zone to the groundwater under 

varying geologic, hydrologic, and chemical conditions is key to making technically credible and 
sound decisions regarding soil site characterization and remediation, single-shell tank retrieval, 
and waste site closures (DOE 2000). One of the principal needs identified in the science and 
technology roadmap (DOE 2000) is the need to improve the conceptual and numerical models 
that describe the location of contaminants today, and to provide the basis for forecasting future 
movement of contaminants on both site-specific and site-wide scales. 

The State of Knowledge (DOE 1999) and Preliminary Concepts’ documents describe the 
importance of geochemical processes on the transport of contaminants through the Vadose Zone. 
These processes have been identified in the internationall list of Features, Events, and Processes 
(FEPs) (NEA 2000) and included in the list of FEPS currently being developed for Hanford Site 
asseessments (Soler et al. 2001). The current vision for Hanford site-wide cumulative risk 
assessments as performed using the System Assessment Capability (SAC) (Kincaid et. al., 2000) 
is to represent contaminant adsorption using the linear isotherm (empirical distribution 
coefficient, &) sorption model. 

Integration Project Expert Panel (PEP) comments indicate that work is required to 
adequately justify the applicability of the linear sorption model, and to identify and defend the 
range of K d  values that are adopted for assessments. The work plans developed for the Science 
and Technology (S&T) efforts, SAC, and the Core Projects must answer directly the question of 
“Is there a scientific basis for the application of the linear sorption isotherm model to the 
complex wastes of the Hanford Site?” This paper is intended to address these issues. 

model is that this approach is strictly empirical and is often applicable only under a limited range 
of physical-chemical conditions. As a result, Kd values can be applied with confidence only to 
conditions under which the linear adsorption isotherm has been demonstrated to be applicable. If 
the sediment/soil mineralogy or physical properties, solution chemistry, or contaminant 
loadinghoncentration of the system to be modeled is significantly different from that for which 
the Kd values were determined, significant error could potentially occur in the estimated 
transport rates. This is because many factors can affect the degree to which a particular 
contaminant adsorbs to a particular sediment or soil. These factors include: sediment mineralogy 
and surface area, major ion concentration (complexation and competitive adsorption), pH of the 
solution, and concentration of the adsorbate in solution ,and on the adsorbent. Another important 
variable that can affect adsorption is kinetics. If the contact time between the contaminant in 
solution and the sedi is limited by hydrologic factors, equilibrium may not be attained. In 
this case, modeling quilibrium &values will overestimate the degree of adsorption. In 
some cases careful application of currently available geochemical knowledge can often 
significantly reduce the number of variables that must be considered for evaluating K,j values for 
each particular contaminant (see EPA 1999a, b for identification of key controlling parameters 
for several radionuclides). 

The reason that well documented justification is required for using the linear sorption (&) 

I GroundwaterNadose Zone Integration Project, Preliminary System Assessment Capability Concepts for 
Architecrure, Platform and Data Management, September 30,1999, http:l/www.bhi- 
erc.codvadose/Workgrps/SAC/Report/9-30rep.pdf 
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2.0 Background Adsorption Mechanisms 

controlling the transport of dissolved contaminants in the vadose zone and groundwater. 
Adsorption occurs as atoms, molecules, and ions exert forces on each other at this solid-water 
interface. Adsorption reactions are discussed primarily in terms of intermolecular interactions 
between solute and solid phases (Stumm and Morgan 1996). These interactions include: 

Adsorption, accumulation at the solid-water interface, is one of the primary processes 

1.) Surface complexation reactions (surface hydrolysis and the formation of coordinative 
bonds at the surface with metals and with ligands). 

2.) Electrostatic interactions at the surfaces, extending over longer distances than chemical 
forces. 

3.) Hydrophobic expulsion of hydrophobic substances (this includes nonpolar organic 
solutes), which are usually only sparingly soluble in water and tend to reduce their 
contact with water and seek relatively nonpolar environments, thus accumulating on solid 
surfaces and becoming adsorbed on organic sorbents. 

tension and adsorption are intimately related through the Gibbs adsorption law. 
Expressed simply this law indicates that substances that reduce surface tension will tend 
to adsorb at interfaces. 

particular), is a rather general phenomenon in natural waters and soil systems that has far- 
reaching consequences for the interaction of pa cles with each other and on the 
attachments of colloids (and bacteria) to surfaces. 

4.)  Adsorption of surfktants (molecules that contain a hydrophobic moiety). Interfacial 

5.) Adsorption ofpolymers and of polyelectrolytes (humic substances and proteins in 

The process in which chemicals become associated with solid phases is often referred to as 
sorption, especially when one is not sure whether one is dealing with adsorption (onto a two- 
dimensional surface) or absorption into a three-dimensianal matrix. 

The chemical properties of the solution in contact with the solid phase will have a 
substantial affect on its adsorption characteristics. For example, pH will have a major influence 
on the degree of surface hydrolysis, which in turn affecfs the nature and extent of surface charge. 
Ionic strength will affect the electrostatic nature of the surface and therefore the electrostatic 
interactions that can occur. In addition to these affects, the adsorption process itself will change 
the nature of the surfaces of the solid phase and will influence further adsorption. 

The chemical properties of the solution in contact with the solid phase will also affect 
adsorption as a result of interactions between dissolved species. For example, many metal ions 
form complexes with major anions in solution. The formation of these complex species can have 
a major influence on the charge and geometry of the original ion and as a result, significantly 
alter the sorptive properties of the ion of interest. A special case of complex formation is 
hydrolysis. Hydrolysis is the formation of complexes with hydroxide ion and is a strong function 
of pH. Ionic strength can be an important factor that affects the activity of all dissolved ions and 
as a result the extent of complex formation. Eh can also have a large influent on adsorption by 
altering the oxidation state of the contaminant and the adsorbent. 

2 
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3.0 Numerical Simulation of Sorption Processes 
Although most of the mechanisms that affect surface sorption described above are fairly 

well understood, data are not readily available for all the contaminants, sorbents and conditions 
required for Hanford conditions. Significant problems become apparent when attempting to 
apply mechanistic modeling approaches to the adsorption of contaminants in some of the 
complex systems that occur at the Hanford Site. Some of the most significant problems include 
the large number of contaminants of concern, the large number of potential adsorbents within 
Hanford sediment, interaction between adsorbent materials that could potentially affect there 
individual adsorption properties and the wide range of conditions that exist within the various 
waste sites at Hanford. Mechanistic data simply are not available for all the contaminants, 
adsorbents and conditions that would be required to model all the potentially important wastes 
sites at Hanford. In addition the resources required to develop these data would be very large in 
terms of both cost and time. Additional problems with the application of a mechanistic approach 
is that a variety of irreversible and rate controlled processes are own to impact adsorption at 
some sites and many of these kinetic processes are poorly quant d. For example, it is known 
fhat desorption & values for many contaminants are known to be significantly higher than their 
adsorption E(d values. This indicates that some irreversible adsorption processes may be taking 
place. Another important process is the irreversible alteration of mineral components of 
sediments beneath the high-level radioactive waste storage tanks that have been in contact with 
high pH tank waste. These alterations are poorly understood and are the subject of ongoing 
investigations. 

Although it is expected that mechanistic investigations of contaminant adsorption will 
provide invaluable data to improve our understanding o f  contaminant transport at the Hanford 
site, this approach alone is not likely to provide all the necessary data required to conduct timely 
transport modeling for all contaminants and conditions as required for ongoing Hanford site risk 
assessments. 

4.0 The Linear Sorption Model Approach and its Application at Hanford 
In the linear adsorption model, adsorption is described with a distribution coefficient or &: 

Kd = SIC,, 

where S is the concentration of the contaminant on the solid and C,, is the concentration of the 
contaminant in the aqueous phase. As indicated previously the primary drawback of this 
approach is that the model is purely empirical and should be applied only to conditions under 
which the & was measured. This restriction can be relaxed if a particular variable is known to 
have no or minimal influence on the adsorption of the clontaminant of interest. The advantages 
of this approach is that it is simple and it can be applied to complex matrices (such as soils and 
sediments) and solutions for which it would be difficult or impossible to obtain all the required 
mechanistic surface adsorption data. 

An important benefit of the linear adsorption approach at Hanford, is that a relatively 
extensive database of Kd values applicable to Hanford sediments is available for the 
contaminants of most concern over a fairly broad range of conditions (Cantrell et al. 2002). 
These data have been critically reviewed and cataloged and placed in an accessible database that 
will be periodically updated as new data become available. This Kd database (Cantre11 et a]. 
2002) includes available data on the solution chemistry, sediment mineralogy, physical 

3 
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propertiespf the sediment and other experimental parameters used in the determination of the & 
values. 

For most circumstances, the linear adsorption model 06. model) approach will be adequate 
for modeling transport through the Hanford system, especially for the far field and low impact 
sites where geochemical conditions remain fairly constant and contaminant loading of the 
adsorption sites is low. However, in some situations such as where large changes in chemical 
conditions occur within a small spatial zone (underneath a leaking high-level waste tank for 
example), the linear adsorption model may not be appropriate. In these circumstances, rapidly 
changing chemical conditions can result in large changes in reactivity of the contaminants with 
surface sites and in large changes in Kd values within a small spacial domain. &values are 
frequently dependent upon many chemical parameters such as pH, sodium ion concentration, 
contaminant concentration, etc. High contaminant concentrations can present problems for the 
linear adsorption model approach. An inherent assumption of the & adsorption model approach 
is that adsorption is linear. At high surface loadings adsorption typically becomes nonlinear, 
resulting in error when using the linear adsorption approach. These limitations of the linear 
adsorption model approach have been dramatically illustrated by the recent work conducted on 
Cs' adsorption on Hanford sediments under conditions expected underneath a leaking high-level 
waste tank (Zachara et al., 2002). Under these types of (circumstances (e.g., large variation in 
pH, sodium ion concentration, complexing agents, and contaminant loading) a more 
sophisticated approach to surface adsorption modeling is warranted. 

In addition to the direct influence of chemical variables on Kd values it should be noted that 
nearly all Ka value measurements are adsorption & values. In most modeling approaches the & 
value is assumed to be at equilibrium and reversible. This is not always true. For example, 
desorption K,j values are frequently higher than adsorption & values. This can result from a 
number of phenomenon. For example, aging of the sediiment after adsorption of a contaminant 
could potentially result in chemical alterations that could slow the release of adsorbed 
contaminants or encapsulate the contaminant. Phase changes on or within the sediment or 
subsequent precipitation of mineral phases onto the surfaces of the sediment are examples of 
chemical alterations that could lead to these affects. In addition to chemical affects, physical 
processes can influence adsorption. For example, over time contaminants can diffuse through 
micropores within sediments to reach adsorption sites that were not initially accessible. This can 
result in a slow increase in & values over time and also result in apparently higher desorption Kd 
values. 

It is envisioned that improvements will be periodically made to site-wide assessment tools 
(such as SAC) by focusing on the sites, contaminants, and conditions that have a combination of 
high potential risk and high uncertainty associated with the adsorption data. Through this 
approach, limited resources can be better allocated to the sites and conditions that are found to 
have the highest potential risk and the highest potential for risk uncertainty reduction by 
collecting more accurate adsorption data. 

conditions that more closely resemble that of the site being modeled or it could involve a more 
detailed mechanistic study to get a better understanding of the important transport processes and 
mechanisms involved. The actual approach to be taken will be situation dependent. 

Obtaining more accurate adsorption data may inviolve determination of & values under 

4 
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5.0 I(d V9lues as a Function of Waste Stream Designations and Impact Zones 
Currently 6 waste stream descriptions are being used in version 0 of SAC for purposes of 

assigning & values. Along with the waste stream designation each waste site is broken down 
into impact zones: high impact, intermediate impact and groundwater (background or 
insignificant impact). In order to better justify the on of the IC, values for each waste 
stream designation and impact zone, it has been de ed that quantitative values (chemical 
concentrations), for each waste stream category should be assigned. This will provide for a 
systematic approach for the assignment of & values that is less ambiguous and more technically 
defensible. Based on review of the six waste stream designations it was also determined that the 
six designations should be reduced to three. The current six waste stream designations are: 

1. High OrganicNery Acidic 
2. High Organicmear Neutral 
3. High SaltNery Basic 
4. Chelates/ High Salt 
5. Low OrganicfLow SalVAcidic 
6. Low Organicnow Salt/Near Neutral 

These can be simplified to the following three: 

1. High Salt 
2. Very Acidic 
3. Low Salt/Near Neutral 

The reasons for these simplifications are as follows. The high organic designation can be 
eliminated because waste streams that were termed “high organic” generally refer to TBP, 
hexone, NPH (kerosene), lard oil, carbon tetrachloride. Based on our geochemical experience, 
tabulations of metal-organic complex stability constants such as Martell (1971), Martell and 
Smith (1977), Smith and Martell (1982), and the fact that most of these organics are non-polar 
and relatively hydrophobic molecules, excepting TPB these organics cannot complex metals and 
radionuclides and will not be important in their transport. Based on these references and our 
geochemical experience we are confident that TBP is a weak complexant and after any dilution 
will not be capable of mobilizing metals and radionuclildes. Such nonpolar and/or hydrophobic 
organic compounds if disposed in large quantities and high concentration could potentially affect 

e and metal migration by creating a reducing zone, however, field evidence suggests 
that this did not occur to any significant extent at the Hanford Site (see Seme and Wood 1990 
and references therein). There is also no evidence of such organic compound impacts at other 
nuclear waste sites across North America (Seme et al. 1990 and 1995). 

The acidic waste stream is combined with the near neutral waste stream because waste streams 
that are not strongly acidic will be neutralized immediately (for all practical purposes). The 
ChelatesMigh Salt category is simplified to just High Salt because the effect of high salt is 
generally greater than that of the chelating agents and chelating agents were released at a 
relatively small number of sites. Only at very high concentrations of chelates are they capable of 
significantly mobilizing radionuclides and metals. In addition the chelates themselves can 

5 
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adsorb. Ttese arguments are supported by Kd measurements made in the presence of EDTA and 
other chelating agents (Cantrell et al. 2002; Seme et al. 2002). 

Unfortunately assignment of I& values for the very acidic waste is problematic. At Hanford 
it is believed that the only very acidic waste streams to be disposed were at U-Plant. The waste 
sites that are believed to have received very acidic waste are trenches 216-U-1,216-U-2, U-8, U- 
12 and possibly 216-U-17. Due to relatively wide range in pH values of the acidic wastes that 
were disposed and a lack of information on the relative amounts of wastes for a particular pH 
value i t  is almost impossible to estimate an appropriate & value for this waste category. At the 
current time it is suggested that I(d values appropriate for low salthear neutral be used for very 
acidic sites until better characterization data for the waste stream or acidic impacted waste sites 
become available. 

6.0 Conclusions and Recommendations 
The linear adsorption model or I(d approach is a useful and practical approach for modeling 

contaminant adsorption in transport performance assessments. This empirical approach has the 
advantages of being simple and the availability of a considerable database of Hanford specific & 
values measured under a variety of conditions. 

An inherent drawback of this approach is its empinical nature. Because the variation in a I& 
value cannot be confidently estimated beyond the range of chemical conditions under which it 
was measured, the utility of any I& measurement is good only for that specific set of conditions. 
This limitation is not a significant problem as long as the site-specific conditions being modeled 
do not deviate significantly from that for which I?J measurements are available. However, for 
situations in which the concentrations of chemical parameters change rapidly within a small 
spatial zone (e&, under a leaking high level waste tank), Kd values are not generally available 
for all the important contaminants as a function of all the important parameters in sufficient 
detail to provide transport modeling results that are sufficiently accurate. 

In this situation several approaches could be taken. Each of the possible approaches will 
require a more detailed knowledge of the geochemical parameters and mechanisms that control 
adsorption of a particular contaminant under site-specific conditions. The more scientifically 
rigorous approach would be to conduct detailed mechanistic adsorption studies to determine the 
influence of all the important geochemical parameters over a broad range of concentrations that 
could potentially influence adsdrption for each contamiinant of interest. This approach is likely 
to be costly and time consuming. 

A faster and more economical alternative to the more scientifically rigorous approach is to 
apply available mechanistic information to design an adsorption study in which Kd values are 
determined over a range of geochemical parameters that have the greatest influence on 
adsorption. These studies would be limited to contaminants that pose the greatest potential risk. 
It is likely that this approach would only be required fcir the limited number of waste sites where 
high concentration wastes were discharged or at leaking high level waste tank sites. Although 
this approach is not as ideal as a completely mechanistic approach, i t  would provide a method to 
obtain more reliable modeling results in a more economical and timely fashion. 

6 
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As a peans of increasing the scientific defensibility of using the I& approach for estimating 
adsorption in performance assessment modeling it is recommended that a detailed comparison be 
made with a transport model in which a more rigorous mechanistic approach to adsorption is 
used. For example, a comprehensive mechanistic Sr adsorptioddesorption study for Hanford 
sedimentary materials is currently being conducted at PIWL (Zachara et al. 2002 Draft 
Document). This data could be used as the basis for a modeling approach comparison. In this 
comparison, a site that has previously been well charactixized would be selected to aid in the 
comparison. The modeling approach used in a typical S8AC transport scenario would be run and 
these results would be compared with a modeling run for the same site which utilized the 
available mechanistic data to the greatest extent practical. This type of comparison would be 
very useful for establishing the magnitude of error that could be expected when using the more 
simplistic but more broadly applicable & approach for adsorption modeling in a transport code. 
Further comparisons with other example contaminants of concern such as uranium could be 
conducted as data became available. 
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DEPTH 
(Ft) 
5 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

UHlLU 
SAMPLE I>RILLER'S 
METHOD MOISTURE DESCRIPTION 

Sand & dirt 
Sand -gravel 
Sand - pea gravel 
Sand - pea gravel 
Pea gravel 
Pea gravel 
Pea gravel 
Pea gravel 
Pea gravel 
Sand - gravel 
Sand - gravel 
Sand - gravel - cobblestone 
Sand - grax el 
Sand ~ gra3el 
Sand - grat el 
Sand - gravel 
Sand - gravel 
Sand -gravel 
Sand - gravel 
Sand - gravel 
Sand -gravel 
Sand - gravel 
Sand - gravel - cobblestone 
Same as above 
Same as above 
Same as above 
Same as above 
Same as above 
Same as above 
Sand 
Sand 
Sand 
Sand 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 

CP-17089 Revision 0 

\ DRILL-LOC-SUM 

COMMENTS 

7' to 9' concrete 
Special 
Special 
Special 
Special 

Special 
Special 
Special 
Special 

Special 

Special 

Special 



299-Wl5-95.XLS 

DEPTH 
(W 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
88 
90 
92 
93 
94 
95 
96 
97 
98 
99 

CP-17089 Revision 0 

DRILL-LOG-SUM 

UKRU 

SAMPLE IIRILLER'S 
METHOD MOISTURE DE?SCRlPTION COMMENTS 

Sand & silt 
Sand & silt 
Sand & silt 
Sand & siht 
Sand & sili 
Sand & sili 
Sand & sill 
Sand & sili 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand 8: silt 
Sandy silt 
Sandy silt 
Sandy silt 
Sandy silt 
Sandy silt 
Sandy silt 
Sandy silt 
Sandy silt 
Sandy silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
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299-Wl5-95.XLS WELL-INFO 

FIELD VALUE/LINK SOURCE/QUALIFICATION 
WELL NAME 299-w15-95 
NS-COORD 
Ew-coom 

GRND-SURF-EL 

ASBUILT-PDF 
DRILL-LOG-PDF 

GEO-LOG-PDF 

GEOPHYS-LOG-LINK 

DRILL-LOG-SUM 

GEO-LOG-SUM 

GEOPHYS-LOG-SUM 
PARTICLE-SIZE 
CALCIUM-CARBONATE 
FOLWENT-CLASS 
MOISTURE 
BULK-DENSITY 
MINERALOGY 
BULK-ROCK-CHEM 

SAMPLE-ARCHIVE 

135631.354 HWlS 
566752.751 HWlS 

From HWiS Survey Data Report of August 2001 
(http://ERCO15.erc.d.g0v/CyberDocs/libra1ies/Def 
ault-Library/Comrnon/frameviewdsp.asp?doc=428 
901&lib=ERCDOCS&rendition=native&rnimetype= 

202.693 application%2Fpdf) 

http-eidhwisw HWlS 
Not Available 

bttp://I 72.1 7.20.14/eis/hwis~ HWlS 
http://pni45gnl.gov/boreholelo~~~WE 
ST/WI 5099 

DRILL-LOG-SUM 

GEO-LOG-SUM retrieved from HWlS 

Secondary Data sumarized from Hard copy drill 
logs stored in Sigma V/rm 2110 
Secondary Data sumarized from borehole log 

Download from 
(hltp://pnl45.pnl.gov/boreholeiogs/2OOWESTlW150 

GEOPHYS-LOG-SUM 954 
ROCSAN-VL Virtual Library 
ROCSAN-VL Virtual Library 
ROCSAN-VL Virtual Library 
Not Available 
Not Available 
Not Available 
Not Available 

1-100' Database/Sediment.library,archive.xls 
From AGGPubliclCOS Geo 

http://ERCO15.erc.d.g0v/CyberDocs/libra1ies/Def


299-W15-95.XLS 

CP-17089 Revision 0 

GEO-LOG-SUM 

D R l U  COLOR 
DEPTH SAUPLE WE+ SITE GEOLOGIST’S DESCRIPTION (Munsell Code - HCl 
( R )  METHOD MOISTURE (particle size distribution, sorting, mineralogy. roundness, el=.) WeVDw) REACTION 
I uo 
I01 DH 

Y9-103’: S.ISD. 9UJn sand. IOb,, silt. At 99 is clean. prsd. msd., li&r gc) - 
rh:n n w  reld m l c  tiom old caring, md black staining. 

102 
103 
104 
105 
106 
107 
108 

109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
I22 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
149 

146 
147 
148 
149 
150 
151 
152 
153 

ss S1. moist 103-105’: Slightly Silty SAND. 8.540% sand, 10-15% silt. Sand predom. 10YRS12 Strong 
(grey brown) 

SS SI. Moist 105-108’: Silty SAND. 70% sand, 30% silt. Sand 90% v. fn, 10% h., well 2.5Y5/3 Very Strong 
(It olive 

ss brown) 

med-fn, mod. sorted, SA; 20-30% basalt, 70-80% qtz, feld., tr. mica 

sorted, SA (subangular); 80% qWfeld, 20% mafic 

108-1 12.5’: Sandy SILT. As above but h e .  25% Sand (v. fn), 75% silt. TI. 
Moist Clay. Strong 

ss 
ss 
SS SI. Moist 112.5-1 16‘: Caliche w/gravel. lorn714 Violent 

ss 

ss 
DB 
ss 

ss si. Moist 121-128.5’: Sandy GRAVEL. 60% Gravel, 3540% Sand, tc-5% silt. 10YR512 

ss 

DB 

112’: Tr cse peb, caficlti f r a m n t s  

Gravel increase at 115’ (v. pale brown) 

D~ 116-121’: Silty Sandy GRAVEL. 50% Gravel, 30% sand, 20% silt. Poorly lOYR5il Weak 
(gray) sorted, gravel SR (subround), occ. Caliche coatings on gravel. 

IZI’ San& Gravel, no rxn to HCI -possible top ofRingold 

Gravel 20% v cse peb, 40?h cse, 30% med. 10% 61-v. fn. Sand 20% v. cse- 
cse, 60% med, 20% h -v. fn. Poorly sorted, gravel R-Sr (round to 
subrounded), 40% basalt. 60% granitic, qtzitdother; sand 70% qtzlfeld, 30% 
basalt. 

to ~ r y  (grays& brown) N ~ ~ ~ ,  

Dry 128.5-30’: Gravelly SAND. 70% f-med. 25% gravel, tr fines 

D~ ss 
DB subround; 

130-139’: SAND. 95% f-med. Snd, 5% basalic frags to 2” max; sand 75% f- 
med. 25% cse; 80% qtz. 20% basalt & other lithic eags, trace mica; subang- 

finingf 
D~ 139-142.5’: Silty SAND. 60% f-med. Sand; 55% lines, S%gravel. Sand is 

80% qtz, 20% basalt, trace mica, subangular to subrounded. Finesare dry, 
nonplastic. Gravel mostly basalt wiocca Quaizite. Rounded. 

142.5-143.5’: Gravelly SAND. 70% med-cse sand, 25% grav to 3 inch may, 
5% fmes. Sand is 80% qtz, subrounded-subang. 20% ang basalt kags; grav is 
mostly basalt w10ccas. qtzite. 

143.5-147’: Silty SAND w/gravel. 60% f-mrd. Sand, 25% silt (fines), 15% 
gravel to 4 inch m a .  Sand is 75% qtz, 25% basalt, particles %e subrounded 
to subangular, Gravel is subang-subrounded basalt wiocassional qtzite 
Gravel content rncrease Boulder noted at 1488 in gmphrc log 

gravel. 30% sand, 20 % silt. Gravel sm cob to fn peb; sand 20% v. cse. 40?? (lt, bmish 
cse, 20% med 20 % b v .  fn; poorly sorted; gravel subround, sand SA-SR; 
gravel 60% basalt, 40% granite & qrzite. Sand 70% qtdfeid, 30% 
basalt/other. 

Drzllim imdieatee oec thm lavere of Tend i< 0 2 1  

D13. 

ss 

DB Dry 147-156‘:SitlySandyGRAWL. [147-148’:1g. Cobtosmboulder].50% 1 0 ~ ~ 6 1 2  None 
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299-W15-95.XLS GEO-Lm-SUM 

DRILL/ COLOR 
DEPTH SAMPLE WELL S'TE GEOLOGIST S DESCRIPTION (Munsell Code - HCI 
( Ft ) METHOD MOISTURE (particle size dislnbullon. sorting, mmeralogy, roundness, etc.) Weary) REACTION 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 

SS 

DB 
None D~ - 156-170.5': Sandy GRAVEL. 40%Gravel, 50%Sand. 10% Silt. (-156.5- 

SI, ~~i~~ 157' 90% Sand). Gravel similar to above. Sand 10% v. cse-med, 70% fn. 
20% v. fn. Sand mod-well sorted, 85% qtzifeld, 15% basalt. Sand SA tr 
mica Did2 rateslows 
silt. 

lorn512 
(gray brown) 

159': Gravel contend increase -60%; 35% Sand. 5% 

163-163.5 fn sand, then back to Sandy Gravel. 

SI. ~ ~ & t  Sandy GRAVEL. 50% Gravel, 45% Sand 5 %  silt. Gravel 30% sm cob-v. 
cse pebble, 30% cse peb. 4033 med-fu; Sand 20% v. cse-med. 40% fn, 40% 
v. fn. Poorly sorted. Gravel 40% basalt, 60% ganitdqtdte; Sand 85% 
qtz/feld, 15% baslat. trmica' max size >10 cm. Gravel R-SR. 
168.5-169': Sand content increase -75%. 
169': back to Sandy Gravel 

None 1 0 ~ ~ 5 1 2  
(gray brown) 

S1.Moist 170.5'- 174':SAND. 100% Sand,tr. Silt. 10%med. Sand, SO%fn,40%v. 1 0 ~ ~ 5 1 2  None 
(grayish brown) SS 

DB SI. Moist I74'-186': Sandy GRAVEL. 4550% gravel, 45-50% sand, tr-5% silt. 10YR512 None 

h., well sorted. subangular; 8590% qwfeld, 10-15% baslat, tr mica. 
173.5' gravel starting again. 

Gravel 10% sm cob, 25% v.cse peb, 25% csc peb, 40% med0fn peb; Sand 
20% cse-med, 40% fn, 40% Y. fn. Poorly sorted; gravel R-SR, Sand SA; 
Sand 85% qtzifeld, 15% basaltlother lith. FraLgs; Gravel 30-40% basalt, 60- 
Driller notes "fight dnliing" 

bm) 

?ne/ -..,:L"Jd-:&",-*L-. .. "I, :..,l..-"*"J 

SS 

DB 

186-18rP: SAND. 5% Gravel, 95% Sand, tr silt. Sand 40% fn,60% v. h. 
si. ~~i~~ Well sorted. SA,;S0-85% qtzifeld. 15-20% basaltiother, tr mica. 

187-1875': Sandy GRAVEL. Similar to above. 
1 o m / 2  None 
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299-W15-95 
Depth Depth 
(ft BTOC) (ft BGS) GROSS K40 URANIUM T H O R I K  

3.26 0.64 0.52 
~~ 

167 13.2 0.35 
3.76 
4.26 
4.76 
5.26 
5.76 
6.26 
6.76 
7.26 
7.76 
8.26 
8.76 
9.26 
9.76 

10.26 
10.76 
11.26 
11.76 
12.26 
12.76 
13.26 
13.76 
14.26 
14.76 
15.26 
15.76 
16.26 
16.76 
17.26 
17.76 
18.26 
18.76 
19.26 
19.76 
20.26 
20.76 
21.26 
21.76 
22.26 
22.76 
23.26 
23.76 
24.26 
24.76 
25.26 
25.76 
26.26 
26.76 
27.26 

1.14 
1.64 
2.14 
2.64 
3.14 
3.64 
4.14 
4.64 
5.14 
5.64 
6.14 
6.64 
7.14 
7.64 
8.14 
8.64 
9.14 
9.64 

10.14 
10.64 
11.14 
11.64 
12.14 
12.64 
13.14 
13.64 
14.14 
14.64 
15.14 
15.64 
16.14 
16.64 
17.14 
17.64 
18.14 
18.64 
19.14 
19.64 
20.14 
20.64 
21.14 
21.64 
22.14 
22.64 
23.14 
23.64 
24.14 
24.64 

170 12 
168 11.2 
167 13.7 
168 16 
167 13.8 
173 14.2 
177 12.9 
172 14 
166 12.4 
165 13.2 
164 11 
163 13.5 
173 11.7 
175 13.2 
181 14 
183 13.2 
175 15.6 
172 10.5 
169 14.3 
170 15 
172 10.8 
180 13.6 
178 15.9 
176 14.1 
181 16.4 
180 14.2 
176 14.8 
171 13.4 
165 12.4 
150 12.6 
140 11.1 
140 11.3 
136 11.6 
134 10.1 
137 10.9 
135 9.23 
139 10.6 
136 9.77 
138 9.77 
136 9.49 
136 9.8 
136 11.2 
138 11.1 
138 10.4 
135 10.5 
132 10.5 
139 9.02 
139 11.1 

0.45 
0.54 
0.45 
0.85 
0.15 
0.04 
0.66 
0.51 
0.37 
0.57 
0.59 
0.34 

0.3 
0.82 
0.64 
0.96 
0.25 
0.63 
0.35 
0.61 
0.63 
0.63 
0.5 

0.58 
0.43 
0.31 
0.51 
0.17 
0.22 

0.4 
0.23 
0.34 

0.5 
0.34 
0.66 
0.1 9 
0.45 
0.39 
0.13 
0.41 
0.56 
0.52 
0.47 
0.64 

0.4 
0.39 
0.57 

0.47 
0.94 
0.85 
0.94 
0.75 
0.68 
0.49 
0.81 
0.77 
0.74 
0.53 
0.72 
10.72 
0.65 
0.99 
10.62 
0.52 
0.73 
0.69 
0.78 
0.51 
0.63 
0.56 
0.85 
0.46 
0.73 
0.66 
w .55 

0.7 
0.31 
0.59 

0.7 
0.53 
0.56 
0.48 
0.58 

0.5 
0.53 
0.43 
0 69 

0.3 
0.47 
0.48 
0.45 
0.31 

0.6 
0.35 
0.32 

CP-17089 Revision 0 

GEOPWS-Lm-SUM 



299-Wl5-95.XLS 

CP-17089 Revision 0 
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299-W15-95 
Depth Depth 
( ~ ~ B T O C )  ( ~ ~ B G s )  GROSS K ~ O  URANIUM THORIIE 

27.76 25.14 138 11.8 0.58 0.61 
28.26 
28.76 
29.26 
29.76 
30.26 
30.76 
31.26 
31.76 
32.26 
32.76 
33.26 
33.76 
34.26 
34.76 
35.26 
35.76 
36.26 
36.76 
37.26 
37.76 
38.26 
38.76 
39.26 
39.76 
40.26 
40.76 
41.26 
41.76 
42.26 
42.76 
43.26 
43.76 
44.26 
44.76 
45.26 
45.76 
46.26 
46.76 
47.26 
47.76 
48.26 
48.76 
49.26 
49.76 
50.26 
50.76 
51.26 
51.76 

25.64 
26.14 
26.64 
27.14 
27.64 
28.14 
28.64 
29.14 
29.64 
30.14 
30.64 
31.14 
31.64 
32.14 
32.64 
33.14 
33.64 
34.14 
34.64 
35.14 
35.64 
36.14 
36.64 
37.14 
37.64 
38.14 
38.64 
39.14 
39.64 
40.14 
40.64 
41.14 
41.64 
42.14 
42.64 
43.14 
43.64 
44.14 
44.64 
45.14 
45.64 
46.14 
46:64 
47.14 
47.64 
48.14 
48.64 
49.14 

138 12.5 
137 11.7 
138 10.1 
139 11.7 
138 12.5 
137 12.6 
137 9.12 
135 9.92 
137 9.25 
132 10.2 
131 11.1 
133 10.1 
133 10.3 
135 10.5 
136 9.98 
131 9.76 
137 9.77 
134 11.1 
133 12  
133 10.9 
132 9.66 
134 9.42 
144 10.2 
164 13.6 
184 13.7 
194 16.1 
200 16.2 
203 16.2 
203 15.5 
202 13.9 
202 16.1 
194 13.5 
185 13.3 
186 13.9 
179 15 
180 14.6 
179 13.6 
176 12.1 
175 14.7 
180 13.2 
183 14.7 
185 15.3 
183 12.9 
189 12.7 
192 16.1 
194 16.2 
196 15.4 
196 15.7 

0.64 
0.17 
0.75 
0.76 
0.46 
0.45 
0.31 
0.49 
0.41 

0.79 
0.33 
0.66 

0.5 
0.19 
0.34 
0.1 6 
0.35 
0.48 

0.39 
0.21 
0.58 
0.59 
0.17 
0.52 
0.41 
0.26 
0.51 
0.33 
0.44 
0.39 
0.37 
0.43 
0.46 
0.53 
0.29 

0.86 
0.39 
0.6 

0.55 
0.33 
0.58 
0.38 
1.04 
0.41 
0.59 

0.5 
0.66 
0.69 
0.67 
0.43 
0.57 
0.76 
0.33 
0.66 
0.52 
10.49 
0.43 
10.56 

0.5 
0.16 
0.41 

0.4 
0.39 
0.45 
0.46 
0.57 
0.41 
0.63 
0.62 
0.56 

0.6 
01.74 
0.88 
1.04 
0.74 
0.91 
0.82 
0.88 
0.59 
0.78 
0.65 
0.76 
1 04 
0 58 
0.15 
0 61 
0.73 
0.71 
0.46 
0.92 
0.73 

0.8 
0.78 

15 
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299-W15-95 
Depth Depth 
(ft BTOC) (ft BGS) GROSS K40 URANIUM T H O R l E  

52.26 49.64 191 16.7 0.85 0.5 
52.76 
53.26 
53.76 
54.26 
54.76 
55.26 
55.76 
56.26 
56.76 
57.26 
57.76 
58.26 
58.76 
59.26 
59.76 
60.26 
60.76 
61.26 
61.76 
62.26 
62.76 
63.26 
63.76 
64.26 
64.76 
65.26 
65.76 
66.26 
66.76 
67.26 
67.76 
68.26 
68.76 
69.26 
69.76 
70.26 
70.76 
71.26 
71.76 
72.26 
72.76 
73.26 
73.76 
74.26 
74.76 
75.26 
75.76 
76.26 

50.14 
50.64 
51.14 
51.64 
52.14 
52.64 
53.14 
53.64 
54.14 
54.64 
55.1 4 
55.64 
56.14 
56.64 
57.14 
57.64 
58.14 
58.64 
59.14 
59.64 
60.14 
60.64 
61.14 
61.64 
62.14 
62.64 
63.14 
63.64 
64.14 
64.64 
65.14 
65.64 
66.14 
66.64 
67.14 
67.64 
68.14 
68.64 
69.14 
69.64 
70.14 
70.64 
71.14 
71.64 
72.14 
72.64 
73.14 
73.64 

189 15.4 
200 1 7  
214 18.4 
222 17.8 
229 15.9 
230 17.2 
228 17.3 
226 13.7 
225 14.4 
215 13.2 
214 17.2 
208 16.3 
203 16.5 
196 12.9 
198 16.7 
198 14.6 
193 13.2 
201 16.4 
212 1 4  
220 15.1 
225 17.6 
221 19.2 
233 18  
226 17.9 
211 17.2 
203 14.1 
202 15.7 
196 12.9 
196 14.7 
191 13.4 
198 13.5 
197 15.3 
196 14.4 
188 14.3 
187 14 
196 16.2 
201 16.8 
206 16.2 
209 17.4 
212 17.8 
210 18.5 
214 17.4 
226 17.5 
223 18.7 
227 19 
225 20.2 
222 17  
222 21.2 

0.67 
0.75 
0.62 
0.56 

0.6 
0.56 

0.8 
0.59 
0.72 
0.27 
0.26 
0.57 
0.53 
0.92 
0.78 
0.48 
0.71 
0.43 
0.72 
0.32 
0.83 
1.07 
0.61 
0.67 
0.63 
0.48 
0.64 
0.51 
0.74 
0.64 
0.84 
0.99 
0.49 
0.67 
0.43 
0.79 
0.24 
0.72 
0.23 
0.49 
0.68 
0.73 
0.73 
0.93 
0.59 
0.78 
0.56 
0.53 

0.65 
1 

1.11 
0.83 
0 96 
0.67 
0.88 
1.01 
0.88 
0.53 
0.46 
0.99 
0.63 
10.65 
0.79 
0.49 
0.86 
0.87 
0.78 
0.97 
11.07 

1.2 
0.68 
0.84 
0.57 
0.71 
c1.58 
01.72 

0.9 
0.76 
1.04 
0.73 
0.87 
0.73 
0.73 
0.93 
0.71 
0.85 
1.06 
0 69 
0 75 

1 
0.66 
0.94 
1.01 
0.85 
1.26 
0.73 

CP-17089 Revision 0 
GEOPHYS-LCG-SUM 
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299-W15-95 
Depth Depth 
(ft BTOC) (ft BGS) GROSS K40 URANIUM T H O R i E  

76.76 
77.26 
77.76 
78.26 
78.76 
79.26 
79.76 
80.26 
80.76 
81.26 
81.76 
82.26 
82.76 
83.26 
83.76 
84.26 
84.76 
85.26 
85.76 
86.26 
86.76 
87.26 
87.76 
88.26 
88.76 
89.26 
89.76 
90.26 
90.76 
91.26 
91.76 
92.26 
92.76 
93.26 
93.76 
94.26 
94.76 
95,26 
95.76 
96.26 
96.76 
97.26 
97.76 
98.26 
98.51 

74.14 
74.64 
75.14 
75.64 
76.14 
76.64 
77.14 
77.64 
78.14 
78.64 
79.14 
79.64 
80.14 
80.64 
81.14 
81.64 
82.14 
82.64 
83.14 
83.64 
84.14 
84.64 
85.14 
85.64 
86.14 
86.64 
87.14 
87.64 
88.14 
88.64 
89.14 
89.64 
90.14 
90.64 
91.14 
91.64 
92.14 
92.64 
93.14 
93.64 
94.14 
94.64 
95.14 
95.64 
95.89 

#VALUE! 
99.75 97.13 
99.25 96.63 

99  96.38 

226 17.8 
222 16.2 
224 15.5 
218 16.5 
224 16.1 
226 15.7 
223 19.7 
218 18 
218 17  
215 21.5 
212 16 
212 16.7 
214 14.2 
213 13.5 
217 16.1 
212 15.6 
211 18.9 
206 15 
205 17.7 
216 15.4 
208 15.8 
212 15.7 
214 16 
213 17.6 
211 15.2 
205 18.1 
198 14.7 
204 13.8 
206 15.3 
205 16.2 
205 17  
212 17.5 
211 14 
212 17.4 
210 15.2 
214 17.6 
213 19.4 
214 16.8 
207 18.6 
209 17.6 
205 17.8 
207 17.3 
213 15.3 
209 $ 7  
204 14.1 

195 16.2 
193 15.3 
201 14.4 

0.67 
0.62 
0.49 
0.77 
0.41 

0.5 
0.65 
0.28 
0.54 
0.64 
0.53 
0.25 
0.5 

0.49 
0.55 
0.88 
0.66 

0.3 
0.32 
0.72 
0.54 
1.05 
0.76 
0.64 
0.61 
0.54 
0.74 
0.79 
0.61 
0.26 
0.18 
0.74 
0.38 
0.48 
0.76 
1.09 
0.4 

0.55 
0.18 
0.66 
0.84 
0.44 
0.91 
0.87 
0.82 

0.26 
0.13 
0.63 

0.63 
0.74 
0.63 
0.75 
1.02 
1.03 
0.65 
0.83 
0.71 
1.05 

1.1 
0.81 
0.24 
13.97 
13.52 
0.8 

10.53 
0.93 
0.83 
0.79 
.I .26 
.I .01 
0.83 
0.52 
0.63 

0.6 
0.66 
0.81 
1.13 
0.78 
0.74 
0.69 
0.79 
0.73 
0.66 
0.95 
0.43 
0.95 
0.52 
0.94 
0.73 
0 89 

10.9 
0 76 
0.78 

0.71 
0.46 
0.83 
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Depth Depth 
(ft BTOC) (ft BGS) GROSS K40 URANIUM THORIUM 

#VALUE! 
64.5 

64.25 
63.75 
63.25 
62.75 
62.25 
61.75 
61.25 
60.75 
60.25 
59.75 
59.25 
58.75 
58.25 
57.75 
57.25 
56.75 
56.25 
55.75 
55.25 

55 

40 
40.5 

4 t  
41.5 

42 
42.5 

43 
43.5 

44 
44.5 

45 
45.5 

46 
46.5 

47 

41 
40.5 

40 
39.5 

61.88 
61.63 
61.13 
60.63 
60.13 
59.63 
59.13 
58.63 
58.13 
57.63 
57.13 
56.63 
56.13 
55.63 
55.13 
54.63 
54.13 
53.63 
53.13 
52.63 
52.38 

37.38 
37.88 
38.38 
38.88 
39.38 
39.88 
40.38 
40.88 
41.38 
41.88 
42.38 
42.88 
43.38 
43.88 
44.38 

38.38 
37.88 
37.38 
36.88 

222 17.3 
228 17.8 
234 15.1 
227 14.3 
226 16.9 
224 13.9 
215 14.9 
196 13.8 
192 14.4 
191 15 
199 14.2 
201 15.8 
202 14.5 
209 16.3 
216 13.5 
223 15.4 
223 16.2 
223 15.9 
227 14.9 
234 17  
237 15.7 

179 12.7 
196 15.5 
200 13.8 
207 14.7 
209 16.3 
209 16.2 
206 15.9 
200 16.5 
197 15.3 
193 14.8 
184 14  
181 12.5 
181 14.2 
182 14.6 
184 12.7 

202 15 
198 14.1 
180 13.4 
159 11.2 

0.82 0.83 
0.81 1.06 
0.56 0.76 
0.63 1.07 
0.82 0.9 
0.76 1.07 
0.46 0.86 
0.62 0.83 
0.52 0.63 
0.45 0.9 
0.77 0.46 
0.97 0.66 
0.79 0.52 
0.93 0.6 
0.72 0.6 
1.08 10.88 
0.76 0.98 
0.88 0.66 
0.54 0.66 
0.84 0.72 
0.64 0.44 

0.85 0.79 
0.71 0.81 
0.94 0.83 
0.85 0.81 
0.65 0.81 
0.82 01.72 
0.81 0.8 
0.55 0.71 
0.76 0.56 
0.82 0.77 
0.62 0.79 
0.76 0.47 
0.68 0.66 
0.87 0.76 
0.66 0.77 

0.8 0.81 
1.01 0.8 
0.87 0 69 
0.76 0 67 

CP-17089 Revision 0 
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DEPTH 
(W 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
88 

92 
93 
94 
95 
96 
97 
98 
99 

go 

UnKU 
SAMPLE IJRILLER'S 
METHOD MOISTWE DE:SCRIPTION COMMENTS 

Sand & silt 
Sand & silt 
Sand & silt 
Sand & si1 t 
Sand & silt 
Sand & si1 t 
Sand & sibt 
Sand & silit 
Sand & sibt 
Sand & sill 
Sand & sill 
Sand & sill 
Sand & sill 
Sand & sill 
Sandy silt 
Sandy silt 
Sandy sib 
Sandy silt 
Sandy silt 
Sandy silt 
Sandy silt 
Sandy siIt 
Sandy silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
sand & silt 
Sand & sik 
Sand & silt 
S a d  & silt 
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GEO-LCG-SUM 

DRUU COLOR 
DEPTH SAMPLE W n L  SITE GEOLOGIST'S DESCRIPTION (Munsa Code ~ HCI 
( Ft ) METHOD MOISTURE (particle size distribution, sorting, mmeralogy. roundnebs, etc.) WeuDly) REACTiON 
100 
101 DB 
102 
103 
104 ss SL moist 103-105': Slightly Silty SAND. X5-90% sand, 1045% silt. Sandpredom. 

106 SS Sl. Moist 105-108': Silty SAND. 70% sand, 30% silt Sand 90% v. h 10% fn., well 2.5YSi3 Very Strong 
107 sort24 SA (subangular); 80% qtdfeld, 20% matic @. olive 
108 ss h w d  

99-103': SAND. 90% sand, 10% silt. At 99' is clean, pred med., ligbt grey - 
then rnst read scale h m  old cash& and black staining. 

1 0 m 1 2  strong 
105 med-fn, mod. sorted, SA; 20-30% basalt, 70L80%qtz) feld, tr. mica (grey brown) 

-_ 
108-1 12.5': Sandy SILT. As above but fine. 25% Sand (v. fn), 75% silt. Tr. 

109 Moist Clay. strong 
110 ss 
111 
112 ss 112': Tr cse peb, caliche framnents 
113 
114 SS S1. Moist 112.5-116': Calichew/gravel. 
115 Gravel increase at 115' 
116 ss 

10YR7/4 Violent 
(v. pale brown) 

117 D~ 116-121': Silty Sandy GRAVEL. 50% Gravel, 30% sand, 20% silt. Poorly 1Oyw1 Weak 
(gray) 118 ss 

119 DB 
120 ss 
121 

122 SS SI. Moist 121-128.5': Sandy GRAVEL. 60% Gravel 35-40% Sand, tc-5% silt. 1 o m 1 2  
123 
124 SS 
125 
126 DB 
127 
128 
129 
130 
131 ss 
132 

134 
135 
136 
137 

sorted, gravel SR (subraund), occ. Caliche coatings on gravel. 

121' Sari@ Gravel, norm to HCI -possible top of Ringold 

Gravel 20% v cse peb, 40% cse, 30% med, 10% fn-v. fn. Sand 20% v. cse- 
cse, 60% med, 20% fn -v. fit Poorly sorted, gravel R-SI (round to 
subrounded), 40% basalt, 60% granitic, qtzitehther; sand 70% qtu'feld, 30% 
basalt. 

to D~ brown) N ~ ~ ~ ,  

Dry 
D~ 

128.5-30': Gravelly SAND. 70% f-med. Sand, 25% gravel, tr fmes 
130-139: SAND. 95% f-med. Snd, 5% basalic frags to 2" m a ;  sand 75% f- 
med. 25% cse; 80% qtz, 20% basalt & other lithic b g s ,  trace mica; subang- 

133 DB subroun& 

138 
139 

142 

143 
144 
145 * 
146 ss 
147 

148 DB Dry 
149 
150 
151 
152 
153 

fining 7 
139-142.5': Silty SAND. 60% f-med. San& 35% fines, 5% gavel. Sand is 
80% qtz, 20% basalt, trace mica, subangular it0 subrounded. Finesare dry, 
nonplastic. Gravel mostly basalt wlooca. Quatzite. Rounded. 

142.5-143.5': Gravelly SAND. 70% med-cse sand, 25% grav to 3 inch may, 
5% fines. Sand is 80% qtz, subrounded-subang. 20% ang basalt h g s ;  grav is 
mostSy basalt w/occas. qtzite. 

1435147': Silty S A N D  wlgravd. 60% f - m d  Sand, 25% silt (fines), 15% 
gravel to 4 inch max. Sand is 75% Sti; 25% b d t ,  particles are subrounded 
to subangular, Gravel is snbang-subroun 
Gravel content increase Boulder noted at l4dft  in graphic lag 
147-156 Sitly Sandy GRAVEL. [147-148': lg. Cob to sm boulder]. 50% 
gravel 30% sand, 20 % silt. Gravel sm cob to fn peb; sand 20% v, cse, 40% (lt, bmiSh my) 
cse, 20% med 20 % fn-v. sl; poorly sorted; gravel subround, sand SA-SR 
gravel 60% basalt, 40% granite & qrzk Sand 7Q% qtdfeld, 30% 
basaldother. 

DriZlinP indicaim occ thin lmem ofsand Id 21 

basalt wlocassional qtzite 

6/2 None 
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DRlLU COLOR 
DEPTH SAMPLE WELL SITE GEOLOGIST'S DESCRIPTION (Munsell Code ~ HCI 
[ F t )  METHOD MOISTURE (particle slzsdilhibulion, swtlng, rninw;llogy, roundness, e k )  WevDry) REACTION 
154 " 

15s 
156 
157 
158 
159 
160 
161 
162 
1 63 
164 
165 
166 
167 
168 
169 
170 
171 
I72 
173 
174 
175 
176 
177 
178 
179 
180 
I81 
182 
183 
184 
185 
186 
187 
188 

ss 

D3 

ss 

DB 

ss 
DB 

D~ 156-170.5': Sandy GRAVEL.. 40% Gravel, 50% Sand, 10% Silt. (-156.5- 1 o y ~ 5 / 2  None si, ~ ~ i ~ t  157' 90% Sand). Gravel similar to abve. F d  10% v. csemed, 70% h, 
20% v. fn. Sand mod-well sorted, 85% qtzlfeld, 15% basalt. Sand S& tr 
mica. Bill rate slows. 
si$. 

brown) 

159': Gravel content increase -60%; 35% Sand, 5% 

163-163.5: ii~ sand, then back to Sandy Gravel. 

SI. Moist Sandy GRAVEL. 50% Gravel, 45% Sand 5% silt. Gravel 30% sm cob-v. 
cse pebble, 30% cse peb. 40% med-fq Sand1 20% v. cse-med. 40% fn, 40% 
v. 61. Poorly sorted. Gravel 40% baait, 60% granitdqtzite; Sand 85% 
qtzlfeld, 15% baslat, tr mica' max size >IO cm. Gravel R-SR 
1685169': Sand wntent increase -75%. 
169 back to Sandy Gravel 

1 o y ~ 5 / 2  None 
(pray 

SI. 170.5' - 174': SAND. 100% Sand, tr. Silt. 10% med. Sand, 50% h, 40% v. 
fn., well sorted, subangular, 85-90% qtdfeld, 10-15% baslat, trmica. 
173.5' gavel Starting again. 

1 0 y ~ 5 ~  
(grayish brown) 

None 

St. Moist 174'486': Sandy GRAVEL. 45-50% gravel, 4540% sand, tr-5% sik. lOYF3/2 None 
Gravel 10% sm cob, 25% v.cse peb, 25% cse peb, 40% medOfn peb; Sand 
20% cse-med, 40% fi, 40% v. k Poorly sorted; gavel R-SR, sand SA; 
Sand 85% qtzlfeld, 15% basalt/otber titb. Fmgs; Gravel 3040% basalt, 60- 
Driller notes Si& drilling" 

(pry bm) 

1n01 -..:&",d;'"Ld.-. .. a, :..A,.-..> 

186-187': SAND. 5% Gravel, 95% Sand, tr silt. Sand 40% fn, 60% v. fn. 

187-187.5': Sandy GRAVEL. Similar to above. 
si. ~ ~ i ~ t  Well sorted, SA$O-SS% qtdfdd, 1520% b,%alt/otber, tr mica. 10YR5/2 None 
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(ft BTOC) (ff BGS) GROSS K40 URANIUM RIORI IX  
Depth Depth 
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GEOPHYS-LOG-SUM 

3.26 0.64 
3.76 
4.26 
4.76 
5.26 
5.76 
6.26 
6.76 
7.26 
7.76 
8.26 
8.76 
9.26 
9.76 
10.26 
10.76 
11.26 
11.76 
12.26 
12.76 
13.26 
13.76 
14.26 
14.76 
15.26 
15.76 
16.26 
16.76 
17.26 
17.76 
18.26 
18.76 
19.26 
19.76 
20.26 
20.76 
21.26 
21.76 
22.26 
22.76 
23.26 
23.76 
24.26 
24.76 
25.26 
25.76 
26.26 
26.76 
27.26 

1.14 
1.64 
2.14 
2.64 
3.14 
3.64 
4.14 
4.64 
5.14 
5.64 
6.14 
6.64 
7.14 
7.64 
8.14 
8.64 
9.14 
9.64 
10.14 
10.64 
11.14 
11.64 
12.14 
12.64 
13.14 
13.64 
14.14 
14.64 
15.14 
15.64 
16.14 
16.64 
17.14 
17.64 
18.14 
18.64 
19.14 
19.64 
20.14 
20.64 
21.14 
21.64 
22.14 
22.64 
23.14 
23.64 
24.14 
24.64 

167 13.2 
170 12 
168 11.2 
167 13.7 
168 16 
167 13.8 
173 14.2 
177 12.9 
172 14 
166 12.4 
165 13.2 
164 1 1  
163 13.5 
173 11.7 
175 13.2 
181 14 
183 13.2 
175 15.6 
172 10.5 
169 14.3 
170 15 
172 10.8 
180 13.6 
178 15.9 
176 14.1 
181 16.4 
180 14.2 
176 14.8 
171 13.4 
165 12.4 
150 12.6 
140 11.1 
140 11.3 
136 11.6 
134 10.1 
137 10.9 
135 9.23 
139 10.6 
136 9.77 
138 9.77 
136 9.49 
136 9.8 
136 11.2 
138 11.1 
138 10.4 
135 10.5 
132 10.5 
139 9.02 
139 11.1 

0.35 
0.45 
0.54 
0.45 
0.85 
0.15 
0.04 
0.66 
0.51 
0.37 
0.57 
0.59 
0.34 
0.3 
0.82 
0.64 
0.96 
0.25 
0.63 
0.35 
0.61 
0.63 
0.63 
0.5 
0.58 
0.43 
0.31 
0.51 
0.17 
0.22 

0.4 
0.23 
0.34 
0.5 
0.34 
0.66 
0.19 
0.45 
0.39 
0.13 
0.41 
0.56 
0.52 
0.47 
0.64 
0.4 
0.39 
0.57 

0.52 
0.47 
0.94 
0.85 
0.94 
0.75 
0.68 
0.49 
0.81 
0.77 
0.74 
0.53 
0.72 
0.72 
0.65 
0.99 
0.62 
10.52 
10.73 
10.69 
13.78 
0.51 
10.63 
10.56 
0.85 
0.46 
0.73 
0.66 
0.55 
0.7 
0.31 
0.59 
0.7 
0.53 
0.56 
0.48 
0.58 
0.5 
0.53 
0.43 
01.69 
0.3 
0.47 

0.45 
0.31 
0.6 
0.35 
0.32 

0.48 
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(ft B l o c )  (ft BGS) GROSS K40 URANIUM 7HoRm- 
Depth Depth 

27.76 138 11.8 25.14 
28.26 
28.76 
29.26 
29.76 
30.26 
30.76 
31.26 
31.76 
32.26 
32.76 
33.26 
33.76 
34.26 
34.76 
35.26 
35.76 
36.26 
36.76 
37.26 
37.76 
38.26 
38.76 
39.26 
39.76 
40.26 
40.76 
41.26 
41.76 
42.26 
42.76 
43.26 
43.76 
44.26 
44.76 
45.26 
45.76 
46.26 
46.76 
47.26 
47.76 
48.26 
48.76 
49.26 
49.76 
50.26 
50.76 
51.26 
51.76 

25.64 
26.14 
26.64 
27.14 
27.64 
28.14 
28.64 
29.14 
29.64 
30.14 
30.64 
31.14 
31.64 
32.14 
32.64 
33.14 
33.64 
34.14 
34.64 
35.14 
35.64 
36.14 
36.64 
37.14 
37.64 
38.14 
38.64 
39.14 
39.64 
40.14 
40.64 
41.14 
41.64 
42.14 
42.64 
43.14 
43.64 
44.14 
44.64 
45.14 
45.64 
46.14 
46.64 
47.14 
47.64 
48.14 
48.64 
49.14 

138 12.5 
137 11.7 
138 10.1 
139 11.7 
138 12.5 
137 12.6 
137 9.12 
135 9.92 
137 9.25 
132 10.2 
131 11.1 
133 10.1 
133 10.3 
135 10.5 
136 9.98 
131 9.76 
137 9.77 
134 11.1 
133 12 
133 10.9 
132 9.66 
134 9.42 
144 10.2 
164 13.6 
184 13.7 
194 16.1 
200 16.2 
203 16.2 
203 15.5 
202 13.9 
202 16.1 
194 13.5 
185 13.3 
186 13.9 
179 15 
180 14.6 
179 13.6 
176 12.1 
175 14.7 
$80 13.2 
183 14.7 
185 15.3 
183 12.9 
189 12.7 
192 16.1 
194 16.2 
196 15.4 
196 15.7 

0.58 
0.64 
0.17 
0.75 
0.76 
0.46 
0.45 
0.31 
0.49 
0.41 

0.79 
0.33 
0.66 

0.5 
0.19 
0.34 
0.16 
0.35 
0.48 

0.39 
0.21 
0.58 
0.59 
0.17 
0.52 
0.41 
0.26 
0.51 
0.33 
0.44 
0.39 
0.37 
0.43 
0.46 
0.53 
0.29 

0.86 
0.39 

0.6 
0.55 
0.33 
0.58 
0.38 
1.04 
0.41 
0.59 

0.61 
0.5 

0.66 
0.69 
0.67 
0.43 
0.57 
0.76 
0.33 
0.66 
0.52 
0.49 
0.43 
0.56 

0.5 
0.16 
0.41 
0.4 

10.39 
10.45 
0.46 
13.57 
0.41 
10.63 
0.62 
11.56 
0.6 

0.74 
0.88 
‘I .04 
0.74 
0.91 
0.82 
0.88 
0.59 
0.78 
0.65 
0.76 
1.04 
0.58 
0.15 

01.73 

0.46 
0.92 
0.73 

0.8 
0.78 

01.61 

0.71 

CP-17089 Revision 0 

GEoPws~LoG~suM 
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299-W15-95 
Depth Depth 
WBTOC) ut BGS) GROSS K ~ O  URANIUM nioRm 

52.26 49.64 191 16.7 0.85 0.5 

CP-17089 Revision 0 

GEOPWS-LDG-SUM 

52.76 
53.26 
53.76 
54.26 
54.76 
55.26 
55.76 
56.26 
56.76 
57.26 
57.76 
58.26 
58.76 
59.26 
59.76 
60.26 
60.76 
61.26 
61.76 
62.26 
62.76 
63.26 
63.76 
64.26 
64.76 
65.26 
65.76 
66.26 
66.76 
67.26 
67.76 
68.26 
68.76 
69.26 
69.76 
70.26 
70.76 
71.26 
71.76 
72.26 
72.76 
73.26 
73.76 
74.26 
74.76 
75.26 
75.76 
76.26 

50.14 
50.64 
51.14 
51.64 
52.14 
52.64 
53.14 
53.64 
54.t4 
54.64 
55.14 
55.64 
56.14 
56.64 
57.14 
57.64 
58.14 
58.64 
59.14 
59.64 
60.14 
60.64 
61.14 
61.64 
62.14 
62.64 
63.14 
63.64 
64.14 
64.64 
65.14 
65.64 
66.14 
66.64 
67.14 
67.64 
68.14 
68.64 
69.14 
69.64 
70.14 
70.64 
71.14 
71.64 
72.14 
72.64 
73.14 
73.64 

189 15.4 
200 17 
214 18.4 
222 17.8 
229 15.9 
230 17.2 
228 17.3 
226 13.7 
225 14.4 
215 13.2 
214 17.2 
208 16.3 
203 16.5 
196 12.9 
198 16.7 
198 14.6 
193 13.2 
201 16.4 
212 14 
220 15.1 
225 17.6 
221 r9.2 
233 18 
226 17.9 
211 17.2 
203 14.1 
202 15.7 
196 12.9 
196 14.7 
191 13.4 
198 13.5 
197 15.3 
196 14.4 
188 14.3 
187 14 
196 16.2 
201 16.8 
206 16.2 
209 17.4 
212 17.8 
210 18.5 
214 17.4 
226 17.5 
223 18.7 
227 19 
225 20.2 
222 17 
222 21.2 

0.67 
0.75 
0.62 
0.56 
0.6 

0.56 
0.8 

0.59 
0.72 
0.27 
0.26 
0.57 
0.53 
0.92 
0.78 
0.48 
0.71 
0.43 
0.72 
0.32 
0.83 
1.07 
0.61 
0.67 
0.63 
0.48 
0.64 
0.51 
0.74 
0.64 
0.84 
0.99 
0.49 
0.67 
0.43 
0.79 
0.24 
0.72 
0.23 
0.49 
0.68 
0.73 
0.73 
0.93 
0.59 
0.78 
0.58 
0.53 

0.65 
1 

1.11 
0.83 
0.96 
0.67 
0.88 
1.01 
0.88 
0.53 
0.46 
0.99 
0.63 
0.65 
0.79 
0.49 
Q.86 
0.87 
0.78 
0.97 
1.07 
1.2 

11.66 
10.84 
0.57 
0.71 
0.58 
0.72 

0.9 
0.76 
‘I 334 
0.73 
0.87 
0.73 
0.73 
0.93 
0.71 
0.85 
1.06 
0.69 
0.75 

1 

01.94 
1.01 
0.85 
1.26 
0.73 

01.66 

3 b  
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GEOPHYS-LCG-SUM 

299-W15-95 
Depth Depth 
(ff BTOC) (ft BGS) GROSS K40 WlANlUM T H O R l K  

76.76 74.14 226 17.8 0.67 0.63 
77.26 
77.76 
78.26 
78.76 
79.26 
79.76 
80.26 
80.76 
81.26 
81.76 
82.26 
82.76 
83.26 
83.76 
84.26 
84.76 
85.26 
85.76 
86.26 
86.76 
87.26 
87.76 
88.26 
88.76 
89.26 
89.76 
90.26 
90.76 
91.26 
91.76 
92.26 
92.76 
93.26 
93.76 
94.26 
94.76 
95.26 
95.76 
96.26 
96.76 
97.26 
97.76 
98.26 
98.51 

74.64 
75.14 
75.64 
76.14 
76.64 
77.14 
77.64 
78.14 
78.64 
79.14 
79.64 
80.14 
80.64 
81.14 
81.64 
82.14 
82.64 
83.14 
83.64 
84.14 
84.64 
85.14 
85.64 
86.14 
86.64 
87.14 
87.64 
88.14 
68.64 
89.14 
89.64 
90.14 
90.64 
91.14 
91.64 
92.14 
92.64 
93.14 
93.64 
94.14 
94.64 
95.14 
95.64 
95.89 

#VALUE! 
99.75 97.13 
99.25 96.63 

99 96.38 

222 16.2 
224 15.5 
218 16.5 
224 16.1 
226 15.7 
223 19.7 
218 18 
218 1 7  
215 21.5 
212 16 
212 16.7 
214 14.2 
213 13.5 
217 16.1 
212 15.6 
211 18.9 
206 15 
205 17.7 
216 15.4 
208 15.8 
212 15.7 
214 16 
2 t 3  17.6 
211 15.2 
205 18.1 
196 14.7 
204 13.8 
206 15.3 
205 16.2 
205 17 
212 17.5 
211 14 
212 17.4 
210 15.2 
214 17.6 
213 19.4 
214 116.8 
207 18.6 
209 1'7.6 
265 17.8 
207 17.3 
213 16.3 
209 17 
204 14.1 

195 16.2 
193 15.3 
201 14.4 

0.62 
0.49 
0.77 
0.41 
0.5 

0.65 
0.28 
0.54 
0.64 
0.53 
0.25 

0.5 
0.49 
0.55 
0.88 
0.66 
0.3 

0.32 
0.72 
0.54 
1.05 
0.76 
0.64 
0.61 
0.54 
0.74 
0.79 
0.61 
0.26 
0.18 
0.74 
0.38 
0.48 
0.76 
1.09 
0.4 

0.55 
0.18 
0.66 
0.84 
0.44 
0.91 
0.87 
0.82 

0.26 
0.13 
0.63 

0.74 
0.63 
0.75 
1.02 
1.03 
0.65 
0.83 
0.71 
1.05 

1.1 
0.81 
0.24 
0.97 
0.52 
0.8 

10.53 
0.93 
0.83 
13.79 
1.26 
I .01 
0.83 
0.52 
0.63 

0.6 
0.66 
0.81 
'1.13 
0.78 
0.74 
0.69 
0.79 
0.73 
0.66 
0.95 
0.43 
0.95 
0.52 
01.94 

0.89 
0.9 

0.76 
0.78 

0.71 
0.46 
0.83 

01.73 

37 
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299-W15-95 
Depth Depth 
(ft BTW) (ft BGS) GFtoss K40 URANIUM T m X l I m  

#VAlUE! 
64.5 
64.25 
63.75 
63.25 
62.75 
62.25 
61.75 
61.25 
60.75 
60.25 
59.75 
59.25 
58.75 
58.25 
57.75 
57.25 
56.75 
56.25 
55.75 
55.25 

55 

40 
40.5 
41 

41.5 
42 

42.5 
43 

43.5 
44 

44.5 
45 

45.5 
46 

46.5 
47 

41 
40.5 
40 

39.5 

61.88 
61.63 
61.13 
60.63 
60.13 
59.63 
59.13 
58.63 
58.13 
57.63 
57.13 
56.63 
56.13 
55.63 
55.13 
54.63 
54.13 
53.63 
53.13 
52.63 
52.38 

37.38 
37.88 
38.38 
38.88 
39.38 
39.88 
40.38 
40.88 
41.38 
41 38 
42.38 
42.88 
43.38 
43.88 
44.38 

38.38 
37.88 
37.38 
36.88 

222 17.3 
228 17.8 
234 15.1 
227 14.3 
226 16.9 
224 13.9 
215 14.9 
196 13.8 
192 14.4 
191 15 
199 14.2 
201 15.8 
202 14.5 
209 16.3 
216 13.5 
223 15.4 
223 16.2 
223 15.9 
227 14.9 
234 17 
237 15.7 

179 12.7 
196 15.5 
200 13.8 
207 14.7 
209 16.3 
209 16.2 
206 15.9 
200 16.5 
197 15.3 
193 14.8 
184 14 
181 12.5 
181 14.2 
182 14.6 
184 12.7 

202 15 
198 14.1 
180 13.4 
159 11.2 

0.82 0.83 
0.81 1.06 
0.56 0.76 
0.63 t .07 
0.82 0.9 
0.76 1.07 
0.46 0.86 
0.62 0.83 
0.52 0.63 
0.45 0.9 
0.77 0.46 
0.97 0.66 
0.79 0.52 
0.93 0.6 
0.72 0.6 
1.08 10.88 
0.76 10.98 
0.88 0.66 
0.54 0.66 
0.84 13.72 
0.64 0.44 

0.85 0.79 
0.71 0.81 
0.94 0.83 
0.85 0.81 
0.65 0.81 
0.82 0.72 
0.81 0.8 
0.55 0.71 
0.76 0.56 
0.82 0.77 
0.62 0.79 
0.76 0.47 
0.68 0.66 
0.87 0.76 
0.66 0.77 

0.8 0.81 
1.01 0.8 
0.87 01.69 
0.76 01.67 

CP-17089 Revision 0 
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bkwH 
(Ff) 
9 
IU 
11 
12 
13 
14 
13 
16 
17 
18 
19 
2u 
21 
22 
23 
24 
25 
28 
29 
is 
29 
30 
31 
31 
33 
34 
55 
36 
37 
38 
39 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

Sand & d k  
~ & d  - $nitel 
Sarid - pea gavel 
Sand - &id @aVd 

Pea pravel 
Pea grAve1 
Peri bavei 
said. @ewe1 
s a d  * gtflvel 
Sand - grrwbl- cbbblestutie 
Sand - @lVd 
Sand. grsml 
Sand - pUWd 
Sarid -@&%I 
Stinnil - @me1 
band - @aud 

Sand - @we1 
Sand - gravei 
Sand 2 gravel - cobblestone 
Same 8s al&e 
Same Br, allme 
W e  &s ahve  
Same as almve 
Same as above 
Same as almve 
Sand 
Sand 
Sand 
Send 
sand & stit 
 and &i silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silit 
Sand & silit 
Sand & sik 
Sand & silt 
Sand & sib: 
Sand & sili. 
Sand & sill: 
Sand & silt: 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 
Sand & silt 

Sp&lal 

Special 

Wial 

39 
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FIELD 
WELLNAME 
NS-COORD 
EWCOORD 

GRND-SURF-EL 
ASBUILT-PDF 
DRILL_10G_PW 
GEI-LOG-PDF 

GEOPHYS-LOG-LINK 

DRILL-LOG-SUM 

GEO-LOG-SUM 

GEOPHYS-LOG-SUM 
PARTICLE-SEE 
CALCIUhLCkRBONATE 

MOISTURE 
BUU-DENSITY 
MlNEFlALffiY 
BULK-ROCK-CHEM 

SAMPLE-ARCHIVE 

m u v w m r - c L A s s  

CP-17089 Revision 0 

WEU-INFO 

VALUElLlNK SOURCEMUAUFGA~N 
299-W15-95 

135631.354 HWS 
56ti752.751 WMS 

FrQm HWlS Survey Data Report of August 2001 
(http lIERCO1 S.erc rl.govlCYberDow/Ltbranes/Default 
~Llbrary/C0mm0nArameviewdspasp?doc=428901 &hb 
=ERCDOCS&rendit100=Mh~&m~e~yp~appl~cai~~~%2 

202 693 Fpdi) 
httD: / / I  72.1 7 . 2 0 . 1  4/eiS/hWlSaDD HWS 
Not Available 

DRILLLOG-SUM 

GEO_LOG_SUM 

GEOPHB~LCX-SUM 
ROCSAI-VL 
ROCSAI-VL 
-AN-VL 
Not Avalable 
Not Available 
Not Avadable 
Not Avariable 

1-100' 

Secondary Data sumarlzed fmm Hard copy drill lass 
stored m Sgma Vlrm 2110 
Secondary Data Sumanzed fmm borehole IOQ retrieved 
from HWlS 
Download from 
~h~:l lpn~45.~nl .gov~oreholelogsNOCWEST 509 

Virtual Library 
Virtual Library 
Virtual Llhrary 

5 0  

From AGGPublidCOS Geo 
DatabasetSediment.li4rary.ar~1ve.xls 
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DISTRIBUTION SHEET 

To From 
DISTRIBUTION Thomas W. Fogwell 
Project TitleNVork Order 

~ 

Page 1 of 1 

Date 6/30/03 

COMPLETION OF WHITE PAPER ON THE APPLICABILITY OF THE LINEAR 
SORPTION ISOTHERM MODEL, CP-17089, REVISION 0 

Text 
Name MSIN With All 

Attach. 

R. D. Hildebrand (DOE) . A6-38 X 

J. G. Morse (DOE) A6-38 X 

A6-38 X 

. 
~ 

_- K. M. Thompson (DOE) 

R. W. Bryce (PNNL) ff E6-35 X 

K. J. Cantrell (PNNL) cl K6-91 X 

W. J. Deutsch (PNNL) K K6-81 X 

C. T. Kincaid IPNNL) d I K9-33 I X 

K6-91 

K6-81 
, 

K. M. Krupka (PNNL) &/ 

G. V. Last (PNNL) * 
R. J. Serne (PNNL) n' P7-22 

T. W. Foqwell (FH) I E6-35 I X 

B. H. Ford (FH) I E6-35 I X 

V. J. Rohav IFH) 1 E6-35 I X 

M. I. Wood ( F H )  H8-44 

F. J. Anderson (CHGJ E6-35 

F. M. Mann (CHG) 1 E6-35 I X 

W. J. McMahon ICHG) I E6-35 I X 

C. W. Miller (CHGI I H9-03 I X 

E6-35 

H9-03 

D. A. Myers (CHG) 

D. C. Weekes (CHGJ 

K. R. Fecht (BHI) I HO-02 I X 

R. Khaleel (FFSi 1 E6-17 I X 
~ 

E6-35 

B5-18 

L. D. Walker (FH) 

D. G. Singleton (DPTEC) 

M. P. Connel1.y (CHG) E6-35 

EDT No. I 
ECN No. 

I I 

I I 

A-6000-135 (10197) 


