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APPENDIX E 

BOREHOLE GEOPHYSICS 

1.0 

This appendix supplements section 3.2 Borehole Geophysics within the main report. 

DATA ACQUISITIQiN 

Data was acquired in  accordance with SOP 4.5, Borehole Geophysical Loggings 

(Rockwell International, 1989). Typically data  acquisition has required six logging runs: 

R U N  1: 

R U N  2: 

R U N  3: 

R U N  4: 

R U N  5: 

R U N  6: EM-39 Induction. 

Fluid temperature and  fluid resistivity. 

SP, IP, 16 inch and  64 inch normal. 

IFull wave form sonic. 

Guard Resistivity, Neutron Density, Natural  Gamma Ray. 

Gamma-Gamma Density and Caliper. 

The  combination of measuring devices a re  consistent ( for  example, f luid temperature 

and fluid resistivity are  always run together) but the order the runs have varied in response 

to lhold conditions. An additional run, a diplog, was made on 33-89BR. This sonde was run 

on a trial basis for  this hole. To date  the raw data  for  the diplog has niot been processed. 

Because the diplog was r u n  on a n  experimental basis a t  the request and  cost of the logging 

company, COLOG, and because the results of that  run  are  not to date  interpretable, the diplog 

probe and  logging results will not be discussed fur ther  in this report. 

Data was acquired digitally by COLOG Inc., of Golden, Colorado under the oversight 

of a representative of EBASCO SERVICES INCORPORATED. Synopses of borehole 

Draft Background Geochemical Characterization Report 
Rocky Flats Plant, Golden, Colorado 
p:\wp5\doca\rockwell\bkgd-toc.104 

October 9, 1989 
Appendices 



geophysical operations were prepared by EBASCO and are presented below by well. No 

synopsis is  available for the first logging run on 37-89BR (28 April 1989), for wells 41-89BR 

and 43-89BR. 
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EBASCO SERVICES INCORPORATED 
143 Union Boulevard, Suite 1010. Lakewood. CO 80228-1824. (303) 988-2202 

March7,1989 
RIGP-EDEN- 89-04  

Mr. Brent k v i s  
Rockwtllhtanatiod 
NonhAmcricanSpaccOperanons 
Rackymtsmt 
P.O. Box 464 
Gol&11.c0 80403 

On Eularch 3,1989, I oversaw borehole geophysical logging operations at borehole 32-89BR north 
of the Rocky Flats Plant. A synopsis of events were as follows: 

Event 

0959 

1021 
1106 
1227 
1318 
143 1 
1515 Onsite logging operations completed. 
1532 I departed site. 

Arxived at site. &log was completing fluid resistivity and ttmperarure 
log. 
Starced logging with SP, resistivity, and IP tools. 
Started logging with sonic tool. 
Started logging with gamma ray, neutron, and guard resistivity tools. 
Started logging with gamma-gamma density tool. 
Started logging with EM39 induction mol. 

I wen! to Colog's office to get field plots of the logs and to review dam 

Noted problems which will not effect data quality 8n: 

1) A resistivity measurement of the drilling fluid was not possibl, due to the below 
fIltcdng remperannts in the mud pit This measurement would be helpful for 
calcniating the formation porosities and permeabilities 

2) The EM39 burehole induction logger is still requiring mful attention during logging 

able to depth shift the data using the guard and 16" d resistivity data as a 
lefance.  This should not effect overall data quality. 

to get a~c~pafc depths. overall, the EM data B T ~  about 2-3 feet off. &log wiil be 



March 7,1989 

Page 2 
RIGP-EDEN-89-048 

The geophysical logging operations went well despite the very cold tempcraNIles, high winds, and 
ongaing snow storm If you have any questions, feel free to contact me at 988-2202. 

Sincerely yours, 
EBASCO SERVICES INCORR3WiTED 
n n 

A. Irons’ 
Sr. Assoc. Geophysicist 

cc: T. Greengard 
M. Arndt 
C. Davenport 
J. Bergmann 
H. Bienkowski 
R. Crowder 
T. Deignan 
P. White 
RIGP File 
Chon File 



EBASCO SERVICES INCORPORATED 
143 Union Boulevard. Suite 1010. ILakewooa. CO 80228-1824. (303) 988-2202 

RIGP-EDEN423 
February 22,1989 

Mr. Brent Lwis  
Rockwell Inmnational 
North American Space Operations 
Rocky Flats Plant 
P.O. Box 464 
Golden, CO 80403 

Subject: Geophysical Logging Oversight at 33-89BR 

Dear Brenc 

On February 16,1989, I oversaw borehole geophysical logging operations at borehole 33-89BR 
north of the Rocky Flats Plant A synopsis of events were as follows: 

- Ti 
0934 
095 1 

1133 
1149 

1218 
1255 
1329 
1446 

1535 
1620 
173 1 
1815 
1824 

- Event 
Arrived at drill site 
It was decided to clear a blockage in hole at 109 feet by 
using the drill rig. Rig was froze up. Waiting on rig to 
become operational. 
Rig finished reaming out hole and pipe pulled 
Logging operations started with temperature and fluid 
resistivity tools. 
SP, resistivity and IP wls lowered down hole. 
Sonic probe lowered down hole. 
Alternate sonic probe lowered down hole. 
Neutron, guard resistivity, and gamma ray tools lowered down 
hole. 
Gamma-gamma density and caliper probe lowered down hole. 
Pipmeter probe lowered down hole. 
EM39 induction tool lowered down hole. 
Logging operations completed- 
&log is packing up, I &parted site. 

Noted problems which will probably not effect data quality m: 
1) The 3 6  sonic probe did not record su€€icient quality data for the automatic event 

picking algorithm. &log switched to the a lmate  48" probe which solved the 
problem. 

2) The digital depth recorder on the Mount Sopris System was inconect by 0.2 to 0.3 feet 
consistently in the same direction after logging. This should not affect data quality. 

3) The EM39 borehole induction logger is marc difficult to set up. A ~ p d  with a depth 
meter must be set up over the hole. This requires moving the drill rig off of the hole. 
The depth meter wheel on the tripod was not rotating properly initially. This was 
corrected by a Colog person pulling on the downgoing cable. The log depth was 
incorrect by 0.7 feet after logging. This should not affkt  data quality, but EM logging 
should be monitored closely to prevent degradation in data quality. 

i 



4) SP and 64" normal resistivity logs have spiked events at certain depth intervals. Bob 
Cmwcier of Colog offered that this may be caused by a combination of fluid resistivity 
and rugosity in the hole. I need more time to review data to evaluate effect on overall 
data quality and origin of the problem. 

The geophysical logging operations went well owing to Colog's experience and commitment to 
acquire quality dam If you have any questions, feel free to wnract me at 988-2202. 

Sincerely yours, 
EBASCO SERVICES INCORPORATED 

~arry A. h n s  
Sr. Assoc. Geophysicist 

cc: TomGreengard 
MikCArndt 
Clark Davenport 
Jeanell Bergmann 
Henry Bienkowski 
Robert Crowder 
'Tim Diegnan 
Paul White 
RIGP File 
Chron File 
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EBASCO SERVICES INCORP0RABED 
143 Union Boulevard. Suite 1010. Lakewood. co 80228-1824. (303) 988-2202 

RIGP-EDEN- 89468 
March 21,1989 

Mr. Bnnt Lewis 
Rackwtlihtcrnational 

Rocky Flats Plant 
Bldg. 250 
P.Q. Box 464 
Goldern, CO 80403 

NorthAmcncan - space operanons 

Subject: Geophysical Logging Oversight at 34-89BR 

On March 13,1989, I oversaw borehole geophysical logging operations at borehole 34-89BR 
nonh of the Rodcy Rats Plant. A synopsis of events wcre as follows: 

- TIME EVENT 

0830 Arrived at drill site. 
0840 
0922 
0949 
1040 
1140 
1200 
1250 
1305 

1332 
1426 
1500 

Drillers reaming hole and pulling pipe. 
Logging operanons started with temperam and fluid resistiviry tools. 
SP, resistivity, and IP tools lowered down hole. 
Sonic probe lowered down hole. 
Neutron, guard resistivity, and gamma ray tools lowered down hole. 
Luose connection on probe hinders quality data acquisition. 
Section on probe replaced with BPF Section and reassembled 
BPF section alleviates problem; neuuon, guard resisrivity, and gamma ray tools 
lowered down hole. 
Gamma - gamma density and caliper probe lowered down hole. 
EM 39 induction mol lowered down hole. 
COLOG leaving I d e p d  site. 

1) The digital depth recorder on the Mount Sopris System was incorrect by 0.1 to 0.3 feet 
consistently in the same direction after logging. This should not adversely effect data 

EM39 borehole induction log depth was incanect by 1.6 feet Data were shifted by 
C O W  to alleviate the problem, and the data exhibits good correiation with the resistivity 
tools. 

guality. 

2) 



3) 

4) 

The gamma/guard resistivity/neumn tool contained a loose pin connection in the mol 
housing, which caused gamma count readings to be unreasonably high. The problem was 
colrected by replacing a section of the probe with a section from a different probe. High 
quality data was acquired after the tool was fixed. 

Log responses exhibit characteristics of a "sandy" interval from approximately 125 - 135 
feet  Another sandy interval occurs just below casing; however, c e h  log responses are 
affected by casing, and care should be taken when quantitatively hterpfethg certain log 
data near OT in casing. Notice the mudcake buildup in the 127 - 132 feet interval on the 
caliper log. This implies the adjacent sandy interval exhibits relatively good permeability. 

cc: C. Davenport 
L. Irons 
T. Greengard 
UArndt 
H. Bienkmvski (Weston) 
J. Bergman (Weston) 
R Crowder (Colog) 
R E P  File 
Chron Fde 

Sincerely yours, 

EBASCO SERVICES INCORF'OUTED 

L / 

Geophysicist 



EBASCO SERVUCES INCORPORATED E 
143 Union Bouievard. Sulie 1010. Lartewooa. CO 80228-1824. (303) 988-2202 

. - ,  ~ 
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RIGP-EDEN-89-106 
Apni6,1989 

Mr. Brent h w i s  
RsckWtllInrernarionai 
Nodl Anrcncan spaceopaarions 
RockyFiatsPlant 
Bldg. 250 
P.O. Box 464 
Golden, CO 80403 

- .  -_--  

Subjecr: Geophysical Logging Oversight at 35-89BR 

On April 4,1989, I oversaw borehole geophysical logging operations at borehole 35-89BR north 
of the Rocky Fiats Plant. A synopsis of events were as follows: 

TlME 
0815 
0848 
0859 
0942 
1101 
1220 
1316 
1410 
1505 

EVENT 
Arrived at drill site 
Drillers f i shed  pulling pipe. 
Tempe~am and fluid resistivity probe lowered down hole. 
SP, IP, and resisriVity tools lowered down hoie. 
Sonic probe lowered Qwn hole. 
Neutron, guard resistivity, and gamma ray tools lowercd down hole. 
Gamma-gamma density and caliper probe lowered down hole. 
EM 39 induction mol lowered down hole. 
I departed site. 

Comments: 

1) The digid depth remder on the Mount Sopris System was incantcr by 0.1 to 0.4 fett 
ccmsistedy in the same direction after logging. This shouki not admseiy effect data 
quality. 

2) EM 39 borehole induction log depth was incontct by 0.1 ftct The data were depth - 
shifted by C O W ,  and a close corrtlanon exists bewax the EM 39 dam and the 
resistivity data. 

7 



cc: C.Davenpm 
L. Irons 
T. Greengard 
MAmdt 
€3. Bienkowsh (Weston) 
J. Bergman (Weston) 
RIGP Fie  



EBASCQ SERVICES INCORPORATED 

RIGP-DEN496 
March 29,1989 

W. Brurt kwis 
IZa&VellIu- 
NofhAmrxlcan - SpaCeOpcranons 
ROdcyFhPlant 
Bldg 250 
P.O. Box 464 
G O l b  co $0402 

3 6  c168 
Subjcct Geophysical Lagging Oversight aty-89BR 

DearBrcnt: 

On March 23,1989 I oversaw barthole geophysical data logging operations by Colog Inc. in 
borehole 36-89 BR located northeast of the Plant area. An abbreviated synopsis of events follows: 

ZaE 
08 15 

0820 

0848 

0923 

0947 

. 1037 

1111 

1154 

1284 

1234 

1242 

Activity 

I anivcd onsite. Drill n e w  was preparing hole for logging. &log amiliary truck 
is onsite, however logging auck has not arrived. 

&log logging truck arrived onsite. 

Fluid nsisrivity/temperanrre probe ready to log. 

SP/nsistivity/IP probe started logging uphole. 

Sonic probe started logging uphole. 

N e u m 4 ~ g u a r d  probe startcd logging uphole. 

Gamma-- density probe staRtd logging UphOlc 

EM-39 induction probe StaRCd logging downhole 

EM439 induction probe started logging uphole. 

&log finished logging apesationS. Additional processing of data was bting 
perfarmtd. 

I departed site. 

Tht following commcns conccrniag data quality are prtsenrak 

Depth dif'ferences vaxicd from 0.0 to 02 fect on first logging runs, including rhe 
EM-39. This is a si@icant improvemnt 



3) 

4) 

EM-39 downhole data are not as good as uphole data. This is due to the lightness 
of probe. The EM-39 probe would sometimes hang on the borehole wall then 
drop. Uphole data should be used for analysis and display. 

Sonic data arc poor quality above water table. Td is not unusual. 

The interval between 58.4 to 60.9 feet has higher densities (2.5-296) than the 
remainder of the formation. Bob C m d r  mennmed that the induction inphase 
data indicates a change in magnetic susceptibility 111 the same depth interval, 
suggesting the presence of magnetite. This m e  could be volcanic in origin. such 
as a flow or volcaniclastic deposit The gamma ray decreases across this zone as 
far a sandstone. The resistivity data suggests thx this zone is hard Anorher 
possibility is reduced iron cementation. I sugge.1 a Iuok at this interval of the core 
with a binocular microscope to better assess thezs physical propemes. 

Larry A. Irons 
Sr. Assoc. Geoph:,sicist 

oc: C.Davenport 
T. Greengard 
M. Arndt 
H. Bienkowski 
J. Bergmann 
RIGP fde 
Chron file 

__.-.-- . . _. .. 
. ,  . .  . 
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EBASCQ SERVICES INCORPORATED I 

143 Union Boulevard. Suite 1010. Lakewood. co 80228-1824. (303) 988-2202 4D 
RTGP-EDEN-89-189 
May 25,1989 

Mr. Brent Lewis 
Rockwell htemational 
North- ' SpaceOperations 
Rocky Flats Plan1 
Bldg. 250 
P.O. Box 464 
Golden, CO 80403 

Subjecc Geophysical Logging Oversight at 37-89BR 

Dear Brent: 

On May 1 lth and 12th, 1989, I oversaw borehole geophysical logging operations at borehole 37- 
89BR southeast of the Rocky Fiats Plant. A synopsis of events were as follows: 

IrME 
0843 
0952 

1026 
1139 
1409 
1535 
1552 
1826 

5-12-89 

EVENT 
Arrive at site; drillers pulling pipe. 
Temperaapc and fluid resistivity probe lowered down hole. (Problem with 
tcmperatmt elecaonics; COLOG calls their office to attain a new probe). 
SP, resistivity, and IP tools lowered down hole. 
Sonic probe lowered down hole. 
Natural gamma, guard resistivity, and neuuon tools lowered down hole. 
N. Smith (COUX;) arrives with new temperanue/nuid ~sistivity probe. 
C3mma-g- density and caliper probe lowere? chn hoie. 
Depart site. 

0705 Arriveatsite. 
0736 
0922 
1054 Departsite. 

Temperature4fluid resistivity probe lowered down hale. 
EM 39 induction tool lowered down hole. 



Comments: - ---- 

1) The digital depth recorder on the Mount S o p  system was incorrect (within reasonable 
limits) consistently in the same direction after logging. This will not adversely affect data 
q d t y -  

2) The sonic probe and the temperanxe/fluid resistivity probe became stuck in the borehole at 
approximately 585 - 590 feet. The temperatureMuid resistivity data should be considered 
anomalous in this area. Sonic data was only acquired to 590 f eeL  

3) The drillers placed “fresh” water in the borehole at 0946 on 5-1 1-89. More water was 
added before loggmg operations commenced on 5-12-89. The fluid resistivity log should 
be interpreted with caution, especially as an indicator of the true value of Rw, in the upper 
section of the hole. 

4) The lower 100 feet of the Laramie Foxmation contains numerous distinct intervals. These 
intervals are apparent on the resistivity and density traces as areas of high resistivity and 
low density. The average density of soft coal is I .32 g/cc; the density trace exhibits distinct 
intervals possessing densities of approximately 1.35 gicc. Several of these intervals are 
persistent throughout the Rocky Flats Plant area, and are termed coals #2,3, and 4 
(Spencer, 1961). 

cc CDavenpon 
L. Irons 
T. Greengad 
M. Amdt 
€L Bidcowski (Weston) 
J. Bergman (weston) 
R. Crow& (Colog) 
RIGP File 
Qrron Frie 



EBASCO SERVICES IMCORPORAED E 
143 UNon Boulevard. Suite 1010. Lakewood. Co 80228-1824. (303) 988-2202 

RIGP-EDEN-89- 124 
April 18,1989 

Mr. Brent Lewis 
R ~ c h d l I n d o n a l  
N o r t h A m e r i c a n S p a c e ~  

Bldg. 250 
P.O. Box 464 
Goldem CO 80403 

Rocky Flats Rant 

Subjecr Geophysical Logging Oversight at 38-89BR 

DearBrenc 

O n  Apnl13,1989, I oversaw borehole geophysical logging operations at borehole 38-89BR north 
of the Rocky Flats Plant A synopsis of events were as follows: 

- TIME 

0810 
0845 
0925 
1012 
1128 
1157 
125s 
1325 
1415 

Comments: 

3) 

EVENT 

Arrived at site drillers pulling pipe. 
Tempexamre and fluidresistiviry probe lowered down hole 
SP, IP, and resistivity tools lowered down hole 
Sonic probe lowered down hole 
Neutron, guard resistivity, and gamma ray tools l o w e d  down hole 
Gamma - gamma density and caliper probe lowered down hole 
EM 39 induction mol lowered down hole 
New EM 39 tool lowered down hole 
colog leaving, I departed site 

The digital depth recorder on the Mount Sopris System was incorrect by 0.1 to 0.3 feet 
amsistcntly in the same direction after logging. This should not adversely effect data 

EM39 borehole induction log depth was incorrect by 0.3 feet The data were depth shifred 
by COLOG, and a close correlation exists betwetn the EM 39 data and misnvity data 

A new "weighted" EM 39 probe was put into me by C O W ,  however, the instrument 
needst0 go throughcalibmionprocedures beforeit can be utiked. 

qnality- 



4) Two sandy intervals are present in well 38-89BR The first inmd is near 96 feet, and the 
second sandy unit is located at 107 fett The second unit exhibits c h d e s  which 
may makt it possible to screen the inoerval. 

cc C. Davenport 
L. Irons 
T. Greengard 
M. Amdt 
H. Bienkowski (Weston) 
J. Bergman (Weston) 
R Chowder (Colog) 
FUGP File 
Chron Fde 

Sincerely yours, 

EBASCO SERVICES I N C O ~ ~ ~  



EBASCO SERVICES INCCWQRATED E 
143 Union Sourevam. Suite 1010. Lakewooa. CO 80228-1824. (303) 988-2202 

RIGP-EDEN- 89-069 
March21,1989 

Mr. Brent Lewis 
Rockwelllnternational 

Bldg. 250 
P.O. Box 464 
Golden, CO 80403 

NOrthAmcncan * space operations 
RodryFlatsmant 

Subject: Geophysical Logging Oversight at 41-89BR 

DearBnnc 

On March 9,1989, I oversaw borehole geophysical logging apcrarions at borehole 41-89BRA 
southeast of the Rocky Fiats Plant A synopsis of events were as follows: 

TlME 
1200 
1240 
1340 
1415 
1428 
1445 
1510 
1525 
1542 
1605 
1635 
1645 
1655- 
1715 
1723 
1745 

comments: 

EVENT 
Arxivcd at drill site. 
Background radiation suntey perfomxi by C O W .  
Rig reaming out hole and pulling pipe. 
Hole filled with water. 
Logging operations started with SP, IF', and resistivity tools. 
Neutron, guard resistiviry, and gamma ray tools lowed down hole. 
Gamma - gamma density and caliper probe lowered down hole. 
Sonic probe lowered down hole. 
Excessive noise present in wawform from far receiver. 
Sonic probe lowered down hole again. 
Excessive noise still present in wavefom h m  far receiver. 
Tempcram and fluid resistivity tools 10- down hole. 
Sonic pbe  renms in attempt to alleviate excessive noise in waveform from fas 
receiver. 
EM 39 induction tool lowered down hole. m m  leaving; I depaIted site. 

1) The digital depth recorder on the Mount Sapris system was incorrect by 0.1 to 02  feet 
consistenrly in the same dimxion after logging. This should not adversely effect data 
quality- 

. 
' /  



3) 

5 )  

'6) 

EM39 borehole induction log depth was incorrect by 0.4 feet Data were shifted by 
C O W  to remedy the problem, and EM 39 data exhibit close correlation with the 
resistivity tools. 

Excess noise was present in the far receiver waveform of :he sonic probe. The tool was 
run a number of times with the same outcome. The noise *s not tool oriented because 
signals were high quality on surface tests of the insaume- - Most likely, the excess noise 
is due to adverse borehole rugosity conditions (crooked h ie and/or eminent caving in of 
borehole). The sonic velocity is excessively high. Perhaps manual picking of arrival times 
can alleviate the high velocity data. 

The ground elecwde for the 64 inch normal and guard ret--StiVty tools emerged from the 
baahole afDer only 15 feet of actual logging had been done. Resistivity values aqyired 
h m  these tools should be intapreotd with caution h n  2 depth of 35 feet to the surface. 
The 16 inch normal andinduction tools can be evaluated with confidence until 

The neutron porosity log needs filtering on the log displz. .. This procedure will have no 
bearing on the original neutron data. 

approxi.mately 10 feet of the surface. 

The tempuam log should not be utilized for interpreraE:-n purposes because the borehole 
was filled with W i g  fluid immediately prior to logging operations. 

Bmehole 41-89 BRkaved in a short time &er logging operations were concluded. 

Purpose of logging nxn was to provide sonic and density data on weathered claystone to tie 
inm the upcoming seismic reflection program. 

@+; x13t 

cc: C Davenport 
L.Irons 
T. Greengard 
MAmdr 
H Bicnkowsici (Weston) 
J. Bergman (Weston) 
R Cmwder (colog) 
NGP File 
ChIOnFile 

Sincerely yours, 

EBASCO SERVICES INCORPORATED 

c I 

Geophysicist 

I b  



2.0 DESCRIPTION OF BOREHOLE GEOPHYSICAL PROBES 

TemDerature Probe 

The first probe used in any borehole is usually the temperature probe. This probe 

continuously records the thermal gradient of the lborehole fluid immediately surrounding the 

thermistor as the probe is lowered from the surface to the bottom of the hole. 

The logging equipment is calibrated to present data in degrees Celsius. Temperature 

data provides information as to the source of inner borehole flow and static water levels. 

Fluid Resistivitv Probe 

Fluid resistivity logs record the borehole fluid resistivity directly as the borehole fluid 

passes between electrodes within the probe. Changes in fluid resistivity can indicate the in-  

flow or out-flow of water as well as the water quality. 

Both the temperature and fluid resistivity probes are best run in a borehole which has 

not been disturbed for 24 hours. However, hole conditions a t  the background wells required 

drillling rods to remain in the hole to just prior to logging. The disruption of the fluid column 

just prior to logging by pulling rods and the simultaneous introduction of fresh water to the 

hole to displace the drilling can mask evidence of changes in the borehole fluids. 

SP Probe 

The Spontaneous Potential (SP) probe measures variations in the natural electrochemical 

potential! The potential, (electrochemical) measured in millivolts, results if a contrast exists 

between the resistivities of the borehole fluid and the formation pore water. I t  can result 

Draft Background Geochemical Characterizations Report 
Rocky Flats Plant, Golden, Colorado 
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from oxidation-reduction (redox) from sulfide mineralization (e.g. pyrite) or from a 

"streaming" potential which results from fluid flow into or  out of the formation. 

Where salinity contrasts are significant, the SP curve can be used to differentiate 

permeable and impermeable lithologies (e.g. sandstones versus claystones). 

IP Probe 

The Induced Polarization (IP) probe applies an  intermittent current downhole and 

measures the subsequent residual voltage produced by the polarization of the surrounding 

borehole. Polarization commonly occurs in minerals with high cation exchange capacity (e.g. 

clays or zeolites) and a t  the interface between pore fluid and conductive minerals (e.g. metallic 

sulfides). 

Normal Probes 

The 16 and 64 inch normal probes apply a current of constant intensity within the 

borehole and measure the resistivity of the formations to this current. The current induced 

by a normal probe is unfocussed, consequently resistivity values are often underestimated 

where large resistivity contrasts exist between formation beds. 

Normal probes like all resistivity probes require a conductive borehole fluid. 

The distances of 16 and 64 inches refer to the spacing between two electrodes within 

the probe. The 16 inch spacing measures the resistivity over a narrower band than the 64 inch 

spacing and can result in better bed definition. The 64 inch spacing measures the resistivity 

deeper into the formation and provide a better formation resistivity in the absence of thin 

beds- 
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Sonic Probc 

The sonic probe generates a sound wave which travels through drilling fluid and 

formation to a receiver. The sonic waves received are  measured with respect to sonic velocity, 

amplitude, and wave shape. 

The sonic probe used in this study is comprised of a single transmitter and two 

receivers with a transmitter-to-receiver spacing of 36 inches. Because only a single transmitter 

is in this probe, the tool is sensitive to borehole rugosity and sonde tilt. 

Guard Resistivitv Probe 

Like the normal probes the guard resistivity probe measures formation resistivity. This 

probe utilizes guard electrodes placed' above and below a measuring electrode to focus the 

induced current horizontally into the formation. Because this is a focused resistivity log, thin- 

bed boundaries and formation resistivities are better defined. 

Like all resistivity probes, the guard resistivity probe requires a conductive borehole 

fluid. 

;Neutron Densitv Probe 

As the neutron probe is drawn up the borehole, neutrons are emitted from an  

Americium-241 Beryllium source into the surrounding strata. Some of these neutrons are 

slowed down or thermalized, by collisions with atomic nuclei in the surrounding strata, while 

other neutrons are returned to a detector and are recorded in counts per second. Because 

hydrogen is the most effective thermalizing element. a decrease in returned neutrons indicates 

an increase in hydrogen. This increase in hydrogen may imply an  increase in water filled 

porosity or an increase in chemically bound hydrogen associated with clays. 

Draft Background Geochemical Characterizations Report 
Rocky Flats Plant, Golden, Colorado 
,p:\wp5\docs\rockwell\bkgappn.29 

Appendix E 
November 1, 1989 



The neutron probe usedl in this study is a single detector probe therefore it is sensitive 

to hole rugosity. 

Natural Gamma Rav Probe 

The natural gamma probe detects gamma radiation that naturally occurs in all rock and 

records the radiation in counts per second. The llog, which shows relative changes in radiation 

is used for  lithologic identification and stratigraphic correlation and is not directly sensitive 

to weathering. 

Gamma-Gamma Densitv Probe 

As the gamma-gamma probe is drawn up through the borehole, gamma rays are  radiated 

from a radioactive source (Cesium-137) into the surrounding material. Some rays are scattered 

and absorbed by collisions with electrons within the material; other rays return to a radiation 

detector and1 are counted. The number of returned rays is inversely proportional to the 

approximate bulk density of the surrounding material. Densities of rock along the walls of 

a borehole are identified by a number of counts per second with a lesser density giving higher 

counts. By using a compensated density probe (2 detectors) and calibrating the system to 

known values, the counts can lbe translated to actual density values. 

The gamma-gamma probe is run against the wall of the borehole or against the inside 

wall of well casing. A mechanical arm which acts as the caliper probe decentralizes the 

gamma-gamma probe. 

Ca lke r  Probe 

The caliper lprobe is a single arm mechanical probe that is used to determine variation 

in the diameter of a borehole. The diameter generally increases in cavities and, depending on 
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the drilling technique used, in weathered zones. A n  apparent decrease in borehole diameter 

may result from mud or drill-cutting accumulation along the sides of the borehole and in the 

bottom of a boring. Data from the caliper log is used (1) to vertically locate cavities and 

weathered zones and  (2) to correct changes in borehole diameter which directly affects the 

response of the gamma-gamma log and the sonic log. The caliper probe may also be used to 

determine the condition and variation in diameter of casing. 

Induction Probc 

The induction probe utilizes alternating current to induce an  alternating magnetic field 

within the formation. This alternating magnetic field induces secondary currents within the 

formation, which in turn create secondary magnetic fields. The induction probe is sensitive 

to these secondary magnetic fields. The signal received by the induction log is proportional 

to the amount of secondary current extant in the formation. This secondary current is 

proportional to the formation conductivity. Although the induction probe directly measures 

formation conductivity, this data is transformed to formation resistivity in the log output to 

facilitate comparison of the induction curve with resistivity curves. 

Unlike resistivity devices, the induction probe can be run in non-conductive borehole 

fluids. 

3.0 ANALYTICAL METHODS 

The primary purpose of logging "ackground wells is to facilitate the selection of 

completion intervals. The target zone of completion is the uppermost permeable zone at  least 

three feet thick. Consequently the analysis of borehole geophysical logs was restricted to the 

area around the uppermost permeable zones. 
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Analysis of borehole geophysical logs begins with inspection for direct evidence of 

zones of permeability. In the absence of such evidence, the presence of relatively permeable 

zones has been assumed to correspond to sandstones with relatively high porosities and low 

clay content. 

3.1 Determination of Permeable Zones 

Four curves were examined for direct evidence of permeability zones. None of these 

curves were a consistent indicator of permeability, however. 

Both the Temperature and  Fluid Resistivity curves characterize the borehole fluid. 

Localized changes within the fluid column indicate a mixing of borehole and formation 

waters laterally adjacent to a permeable zone. This phenomenon however is masked in many 

boreholes within this study because of mixing within the borehole caused by the removal of 

drilling rods from the hole just prior to logging. 

The SP curve is a qualitative indicator of permeability where sufficient differences 

in salinity exist between the drilling fluid and1 formation water. However, both the formation 

water and1 drilling fluid used to drill1 the background wells are fresh. This results in little 

salinity contrast and characterless SP curves. 

The Caliper curve can indicate the presence of mudcake in boreholes which are neither 

rugose nor oversized. Mudcakc is a product of outflow of borehole fluid into the adjacent 

formation and is consequently an  indicator of permeability. 

Overall mudcake buildup may have been inhibited because no drilling additives were 

added to the drilling fluid (water) and consequently any drilling mud present was the product 

of natural' breakdown of the drilled claystones. In addition, because the mud was not 
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artificially weighted up, only a small hydraulic head existed between the borehole fluid and 

formation water. 

3.2 Estimation of Porosity and Clay Volume 

3.21 Porosity Logs 

Three apparent porosity curves have been generated by COLOG for the background 

wells. The Gamma-Gamma (sandstone) porosity BG, curve is based upon a matrix density 

of 265 g/cc and a fluid density of 11 g/cc. The Neutron (limestone) porosity, BN,, is based 

upon tool specific correlations for  neutron counts and borehole diameter. For the purpose of 

porosity analysis the Neutron (sandstone) porosities, BN,, have been estimated for BN, > 5% 

as BN, = @NL + 4 porosity units. This calculation is based upon chart Por-13 in Schlumberger 

(1984). Sonic sandstone porosities, BS, are based on the sonic travel time and an algorithm 

proposed by Raymer, Hunt and Gardner (1980). 

3 

3.2.2 Original crossplot and Clay Volume 

Porosity analysis within the bedrock sandstones is complicated by the ubiquitous 

presence of clay. In order to estimate the porosity and clay volume in sandstones, crossplots 

of BG, and BN, were generated for individual wells prior to selection of the screened interval. 

As shown in Figure F-1, adjusted porosity values were based upon a clay line established from 

selected log data from claystones and an assumed clay density of 2.35 g/cc. Original 

calculations made prior to screen selection for  background wells are  presented below. 

Crossplot porosity and clay volume were not calculated for  32-89BR and 33-89BR. 
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3 - 2 3  Recalculated Crossplot Porosity and Clay Volume 

Upon completion of the background borehole geophysical logging, a crossplot of BN,, 

and @G, Figure F-2, was constructed from the data ,provided by the eight wells listed in Table 

F-1. Well 37-89BR was not included in this crossplot because of its anomalous depth and the 

prescnce of the Fox Hills Formation. In order to utilize the sand-silt-clay model described as 

the Saraband model by Schlumberger (19871, a triangle was superposed on the data. Vertices 

at  gN, = #G, = 0 and a t  BG, = #N, = 100 represent end points of that line segment upon 

which log data from clean quartzose sandstones should fall. Points to the right of this line 

segment indicate a quartz sand-clay combination. The third vertex represents an imporous 

claystone whose location is determined by the plot of sampled data points. The imporous 

claystone point was interpreted from this plot to be BN, = 68, BG, = 20. 

The calculations for the volume of clay (Vcl) are: 

VCl = A e0dd@d = 4 @ 0 b / ( 8  

whered Bob = BN, - BG, for the sampled point, 

and d Bd = BN, - BG, for the claystone vertex. 

***Note fld = 68 - 20 = 48. 

The calculations for adjusted porosity are: 

Bdj = #G, - Vcl x 20 

where BG, is the observed BG,, and 

20 = BG, of the claystone vertex. 

Recalculated adjusted porosities and volumes of clay based upon the above formulae 

are presented for each well over the zones of logged below. 
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FIGURE E-1 

ORIGINAL CROSSPLOT POROSITY AND 
CLAY VOLUME CALCULATIONS 

20 

10 20 50 

0Nss (%) 

60 

0 observed 0Gss and 
0Nss for known clay 

PROCEDURE: 

8 dGss and 0Nss for clean clays are crossplotted. 

e A line parallel to the sand line is fitted through this data and 
off set recorded. 

e Vcl = abob/offset 

where Vcl = volume clay 
a%ob = 6Nss - gGss for the sampled point 

e 0odj = 0.18+Vcl 

where 0adj = adjusted porosity. 

The constant 0.18 is based upon an assumed cloy density of 
2.35 gdcc (correct for montmorillonite). 
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TABLE E-1 

BACKGROUND WELLS CROSSPLOTTED 'IN FIGURE F-2 

- Well Interval' CrossDlotted (feet below Ground Level) 

32-89BR 

33-89BR 

34-89BR 

35-89BR 

36-89BR 

38-89BR 

4 1 -89BR 

43-89BR 

42 - 195 

43 - 151 

44 - 167 

42 - 207 

51 - 106 

2 6 -  128 

51 - 108 

38 - 98 

Over the crossplotted intervals data were selected at  0.5 feet intervals (e.g. 42.0, 42.5, 

43.0, 195.0) 
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WELL 32- 
INTERVAL 

DEPTH* 

195.0 
194.5 
194.0 
193.5 
193.0 
192.5 
192.0 
191.5 
191.0 
190.5 
190.0 
189.5 
189.0 
188.5 
188.0 
187.5 
187.0 
186.5 
186.0 
185.5 
185.0 
184.5 
184.0 
183.5 
183.0 
182 . 5 
182.0 
181.5 
181.0 
180.5 
180.0 
179.5 
179.0 
178.5 
178.0 
177.5 
177.0 
176.5 
176.0 
175.5 
175.0 
174.5 
174.0 
173.5 
173.0 
172.5 
172.0 
171.5 
171.0 
170.5 
170.0 
169.5 

168.5 
168.0 
167.5 
167.0 
166.5 
166.0 
165.5 
165.0 
164.5 
164.0 
163.5 
163.0 
162.5 
162.0 
161.5 
161.0 
160.5 

169.0 

89BR 
I: 42-195 

NEUT POR* 

44.0 
46.8 
44.8 
40.0 
36.8 
37.8 
38.0 
38.3 
39.5 
40.0 
38.5 
37.0 
39.2 
39.0 
36.2 
36.2 
35.4 
35.2 
35.1 
36.7 
40.1 
44.3 
45.5 
44.5 
45.3 
45.7 
48.2 
52.3 
51.0 
52.4 
51.0 
47.4 
44.2 
41.8 

‘24.7% 

41.2 
43.6 
43.9 
44.8 
41.4 
43.1 
43.9 
46.3 
46.2 
44.0 
42.8 
46.0 
53.5 
54.6 
53.8 
53.2 
58.3 
57.3 
54.3 
52.9 
53.5 
55.1 
50.3 
45.3 
47.0 
46.4 
47.7 
47.4 
48.9 
48.4 
48.4 
48.2 
48.1 
50.4 
48.4 

RECALCULATED POROSITY 

G-G POR* 

2 .4 
22.7 
20.1 
16.9 
16.2 
16.2 
20.8 
21.4 
17.5 
20.1 
19.5 
18.8 
18.8 
19.5 
20.1 
14.3 
16.2 
18.2 
19.5 
17.5 
14.3 
15.6 
15.6 
18.8 
16.9 
15.6 
15.6 
18.8 
18.8 
22.7 
23.4 
22.1 
14.9 
21.4 
17.5 
21.4 
20.1 
20.8 
23.4 
22.1 
17.5 
19.5 
16.9 
15.6 
16.9 
20.8 
20.1 
20.8 
22.7 
26.0 
18.8 
18.8 
20.8 
18.2 
18.8 
18.2 
18.2 
16.2 
19.5 
16.2 
20.1 
16.2 
14.9 
19.5 
16.9 
23.4 
21.4 
16.9 
21.4 
15.6 

( S S l  % 
NEUT POR 

5 .7 
48.0 
50.8 
48.8 
44.0 
40.8 
41.8 
42.0 
42.3 
43.5 
44.0 
42.5 
41.0 
43.2 
43.0 
40.2 
40.2 
39.4 
39.2 
39.1 
40.7 
44.1 
48.3 
49.5 
48.5 
49.3 
49.7 
52.2 
56.3 
55.0 
56.4 
55.0 
51.4 
48.2 
45.8 
45.2 
47.6 
47.9 
48.8 
45.4 
47.1 
47.9 
50.3 
50.2 
48.0 
46.8 
50.0 
57.5 
58.6 
57.8 
57.2 
62.3 
61.3 
58.3 
56.9 
57.5 
59.1 
54.3 
49.3 
51.0 
50.4 
51.7 
51.4 
52.9 
52.4 
52.4 
52.2 
52.1 
54.4 
52.4 

‘SSJ  % 

AND VOLUME 
V CLAY A 

(FRAc-3 0.6 
0.53 
0.64 
0.66 
0.58 
0.51 
0.44 
0.43 
0.52 
0.49 
0.51 
0.49 
0.46 
0.49 
0.48 
0.54 
0.50 

0.41 
0.45 
0.55 
0.59 
0.68 
0.64 
0.66 
0.70 
0.71 
0.70 
0.78 
0.67 
0.69 
0.69 
0.76 
0.56 
0.59 
0.49 
0.57 
0.56 
0.53 
0.49 
0.62 
0.59 
0.70 
0.72 
0.65 
0.54 
0.62 
0.77 
0.75 
0.66 
0.80 
0.91 
0.85 
0.84 
0.79 
0.82 
0.85 
0.79 
0.62 
0.72 
0.63 
0.74 
0.76 
0.70 
0.74 
0.60 
0.64 
0.73 
0.69 
0.77 

0.44 

CLAY 

.DJ POR 
(SS) 3 
8.00 
12.18 
7.35 
3.59 
4.68 
6.01 
12.02 
12 . 87 
7.21 

10.38 
9.26 
8.98 
9.58 
9.60 
10.61 
3.50 
6.24 
9.33 
11.27 
8.55 
3.29 
3.70 
1.97 
6.06 
3.72 
1.53 
1.38 
4.92 
3.22 
9.28 
9.63 
8.37 
-0.24 
10.28 
5.77 
11.54 
8.70 
9.49 
12.80 
12.37 
5.19 
7.64 
2.99 
1.17 
3.95 
9.96 
7.68 
5.48 
7.78 
12.71 
2.86 
0.73 
3.88 
1.45 
2.98 
1.81 
1.13 
0.38 
7.07 
1.76 
7.53 
1.46 

-0.24 
5.57 
2.08 
11.30 
8.62 
2.22 
7.70 
0.27 



e 
160.0 
159.5 
159.0 
158.5 
158.0 
157.5 
157.0 
156.5 
156.0 
155.5 
155 . 0 
154 . 5 
154 . 0 
153 . 5 
153 . 0 
152 . 5 
152 . 0 
151.5 
151.0 
150.5 
150.0 
149.5 
149 . 0 
148.5 
148.0 
147.5 
147.0 
146.5 
146.0 
145.5 
145.0 
144.5 
144.0 
143.5 
143.0 
142.5 
142.0 
141.5 
141.0 
140.5 
140.0 
139.5 
139.0 
138.5 
138.0 
137.5 
137.0 
136.5 
136.0 
135.5 
135.0 
134.5 
134 . 0 
133.5 
133 . 0 
132 . 5 
132.0 
131.5 
131.0 
130.5 
130.0 
129.5 
129.0 
128.5 
128 . 0 
127.5 
127 . 0 
126.5 
126.0 
125.5 
125.0 
124.5 
124.0 
123.5 

50.5 
50.5 
54.2 
51.0 
51.4 
50.7 
47.7 
46.2 
47.0 
48.4 
49.9 
50.9 
51.8 
53.1 
52.5 
54.4 
51.5 
51.9 
52.9 
58.2 
55.6 
55.4 
56.6 
53.1 
55.4 
55.0 
52.5 
52.3 

53.2 
52.0 
53.5 
55.3 
56.4 
58.1 
59.8 
60.8 
62.0 
63.8 
60.6 
55.1 
54.9 
53.7 
55.6 
55.7 
47.5 
35.7 
31.2 
31.4 
30.6 
31.0 
34.9 
40.6 
46.9 
53.7 
48.2 
47.4 
48.3 
56.4 
66.8 
66.2 
57.7 
52.5 
48.4 
49.8 
44.7 
38.9 

41.0 
43.3 
54.6 
59.4 
62.8 
65.3 

50.8 

38.9 

20.8 
21.4 
20.8 
25.3 
18.2 
23.4 
21.4 
17.5 
18.2 
18.2 
20.8 
20.8 
18.2 
24.7 
19.5 
20.8 
16.9 
23.4 
23.4 
23.4 
24.0 
24.0 
16.9 
19.5 
14.3 
16.9 
20.1 
22.7 
18.8 
23.4 
24.0 
23.4 
16.9 
23.4 
29.2 
28.6 
27.9 
29.2 
24.7 
24.0 
20.8 
24.0 
20.1 
20.1 
20.1 
27.3 
20.1 
16.9 
22.7 

20.1 
22.7 
18.2 
24.0 
29.2 
33.8 
20.8 
25.3 
21.4 
20.1 
31.2 
25.3 
20.8 
23.4 
20.1 
24.0 
16.9 

20.8 
23.4 
24.7 
29.2 
27.9 
27.9 

20.8 

18.8 

54.5 
54.5 
58.2 
55.0 
55.4 
54.7 
51.7 
50.2 
51.0 
52.4 
53.9 
54.9 
55.8 
57.1 
56.5 
58.4 
55.5 
55.9 
56.9 
62.2 
59.6 
59.4 
60.6 
57.1 
59.4 
59.0 
56.5 
56.3 
54.8 
57.2 
56.0 
57.5 
59.3 
60.4 
62.1 
63.8 
64.8 
66.0 
67.8 
64.6 
59.1 
58-9 
57.7 
59.6 
59.7 
51.5 
39.7 
35.2 
35.4 
34.6 
35.0 
38.9 
44.6 
50.9 
57.7 
52.2 
51.4 
52.3 
60.4 
70.8 
70.2 
61.7 
56.5 
52.4 
53.8 
48.7 
42-9 
42.9 
45.0 
47.3 
58.6 
63.4 
66.8 
69.3 

0.70 
0.69 
0.78 
0.62 
0.78 
0.65 
0.63 
0.68 
0.68 
0.71 
0.69 
0.71 
0.78 
0.68 
0.77 
0.78 
0.80 
0.68 
0.70 
0.81 
0.74 
0.74 
0.91 
0.78 
0.94 
0.88 
0.76 
0.70 
0.75 
0.70 
0.67 
0.71 
0.88 
0.77 
0.68 
0.73 
0.77 
0.77 
0.90 
0.85 
0.80 
0.73 
0.78 
0.82 

0.51 
0.41 
0.38 
0.26 
0.29 
0.31 
0.34 
0.55 
0.56 
0.59 
0.38 
0.64 
0.56 
0.81 
1-06 
0.81 
0.76 

0.61 
0.70 
0.51 
0.54 
0.50 
0.50 
0.50 
0.71 
0.71 
0.81 
0.86 

0.83 

0.75 

6.73 
7.64 
5.18 
12 . 97 
2.68 
10.33 
8.81 
3.91 
4.53 
3.91 
6.97 
6.56 
2.52 
11.16 
4.04 
5.11 
0.79 
9.82 
9.43 
7.20 
9.21 
9.29 

-1.33 
3.83 

-4.52 
-0.64 
4.98 
8.76 
3.85 
9.31 
10.71 
9.16 
-0.79 
7.95 
15.53 
13.91 
12.55 
13.88 
6.73 
7.13 
4.81 
9.51 
4.49 
3.70 
3.63 
17.16 
11.97 
9.26 
17 . 44 
15.01 
13 . 96 
15.98 
7.18 
12-83 
17 . 37 
26.08 
8.02 
14 . 10 
5.20 
-0 . 99 
14 . 92 
10 . 17 
5.88 
11.27 
6.09 
13 . 77 
6-06 
8.80 
10.69 
13 . 42 
10 . 54 
15.00 
11.70 
10.66 



123.0 
122.5 
122.0 
121.5 
121.0 
120.5 
120.0 
119 . 5 
119.0 
118.5 
118 . 0 
117 . 5 
117.0 
116 . 5 
116.0 
115.5 
115.0 
114.5 
114.0 
113.5 
113.0 
112.5 
112.0 
111 . 5 
111.0 
110 . 5 
110 . 0 
109.5 
109 . 0 
108 . 5 
108 . 0 
107.5 
107.0 
106.5 
106.0 
105.5 
105.0 
104.5 
104.0 
103.5 
103.0 
102.5 
102.0 
101.5 
101.0 
100.5 
100.0 
99.5 
99.0 
98.5 
98.0 
97.5 
97.0 
96.5 
96.0 
95.5 
95.0 
94.5 
94.0 
93.5 
93.0 
92.5 
92.0 
91.5 
91.0 
90.5 
90.0 
89.5 
89.0 
88.5 
88.0 
87.5 

86.5 
87.0 

65.4 
65.9 
58.3 
61.0 
58.2 
50.7 
52.6 
61.3 
61.4 
55.2 
54.8 
60.7 
59.8 
55.8 
56.5 
55.8 
56.3 
54.8 
55.2 
56.2 
55.7 
54.9 
55.6 
55.1 
54.5 
55.5 
55.8 
55.6 
53.5 
56.3 
57.2 
54.9 
57.3 
56.0 
56.0 
53.6 
54.6 
55.7 
58.1 
57.2 
54.3 
52.3 

45.1 
46.6 
52.3 
49.4 
48.5 
52.9 
56.0 
57.1 
55.8 
54.0 
55.1 
54.2 
51.1 
50.0 
48.6 
46.4 
51-2 
54.1 
59.8 
60.3 
54.0 
54.5 
57.3 
59.2 
57.5 
51.1 
43.3 
44.4 
47.4 
46.0 

48.9 

55.8 

28.6 
33.8 
29.2 
21.4 
27.9 
24.7 
21.4 
24.7 
26.6 
24.7 
23.4 
22.1 
26.6 
24.0 
22.1 
25.3 
22.7 
23.4 
24.7 
24.0 
22.7 
22.7 
24.0 
22.1 
22.7 
21.4 
24.7 
21.4 
20.1 
19.5 
24.7 
17.5 
21.4 
21.4 
20.8 
17.5 
24.0 
19.5 
18.8 
18.8 
20.1 
19.5 
15.6 
20.1 
19.5 
18.8 
21.4 
24.0 
22.1 
19.5 
20.8 
21.4 
26.0 
22.7 
22.7 
20.1 
20.8 
20.1 
20.8 
21.4 
22.1 
24.7 
25.3 
27.9 
26.6 
24.7 
23.4 
25.3 
24.7 
26.0 
21.4 
22.1 
21.4 
21.4 

69.4 
69.9 
62.3 
65.0 
62.2 
54.7 
56.6 
65.3 
65.4 
59.2 
58.8 
64.7 
63.8 
59.8 
60.5 
59.8 
60.3 
58-8 
59.2 
60.2 
59.7 
58.9 
59.6 
59.1 
58.5 
59.5 
59.8 
59.6 
57.5 
60.3 
61.2 
58.9 
61.3 
60.0 
60.0 
57.6 
58.6 
59.7 
62-1 
61.2 
58.3 
56.3 
52.9 
49.1 
50.6 
56.3 
53.4 
52.5 
56.9 
60.0 
61.1 
59-8 
58.0 
59.1 
59.8 
58-2 
55-1 
54.0 
52.6 
50.4 
55.2 
58.1 
63.8 
64.3 
58.0 
58.5 
61.3 
63.2 
61.5 
55.1 
47.3 
48.4 
51.4 
50.0 

0.85 
0.75 
0.69 
0.91 
0.71 
0.62 
0.73 
0.85 

0.72 
0.74 
0.89 
0.77 
0.74 
0.80 
0.72 
0.78 

0-72 
0.75 
0.77 
0.75 
0-74 
0.77 

0.81 

0.74 

0.75 
0.79 
0.73 
0.80 
0.78 
0.85 
0.76 
0.86 
0.83 
0.80 
0.82 
0.84 
0.72 
0.84 
0.90 
0.88 
0.79 
0.77 
0.78 
0.60 
0.65 
0.78 
0.67 
0.59 
0.72 
0.84 
0.84 
0.80 
0.67 
0.76 
0.77 
0.79 
0.71 
0.70 
0.66 
0.60 
0.69 
0.70 
0.80 
0.76 
0.65 
0.70 
0.79 
0.79 
0.77 
0.61 
0.54 
0.55 
0.62 
0.59 

11.56 
18.73 
15.44 
3.28 
13.63 
12.18 
6.76 
7.77 
10.48 
10.31 
8.63 
4.31 
11.14 
9.13 
6.09 

10.96 
7.06 
8.64 
10.28 
8.98 
7.35 
7.65 
9.22 
6.67 
7.82 
5.56 
10.03 
5.52 
4.56 
2.46 
9.45 
0.29 
4.81 
5.36 
4.46 
0.83 
9.61 
2.72 
0.78 
1.19 
4.25 
4.13 
0.04 
8.08 
6.53 
3.20 
8.09 
12.17 
7.59 
2-61 
3.96 
5.45 
12.63 
7.59 
7.29 
4.26 
6.49 
6.04 
7.54 
9.36 
8.30 
10 . 77 
9.29 
12.78 
13 . 55 
10.58 
7-58 
9-56 
9.34 
13 . 84 
10.66 
11.10 
8.96 
9.54 

3 



86.0 
85.5 
85.0 
84.5 
84.0 
83.5 
83.0 
82.5 
82.0 
81.5 
81.0 
80.5 
80.0 
79.5 
79.0 
78.5 
78.0 
77.5 
77.0 
76.5 
76.0 
75.5 
75.0 
74.5 
74.0 
73.5 
73.0 
72.5 
72.0 
71.5 
71.0 
70.5 
70.0 
69.5 
69.0 
68.5 
68.0 
67.5 
67.0 
66.5 
66.0 
65.5 
65.0 
64.5 
64.0 
63.5 
63.0 
62.5 
62.0 
61.5 
61.0 
60.5 
60.0 
59.5 
59.0 
58.5 
58.0 
57.5 
57.0 
56.5 
56.0 
55.5 
55.0 
54.5 
54.0 
53.5 
53.0 
52.5 
52.0 
51.5 
51.0 
50.5 
50.0 
49.5 

44.6 
46.4 
49.6 
58.9 
62.0 
56.5 
49.4 
46.6 
45.1 
45.9 
43.7 
42.3 
44.3 
45.3 
44.1 
42.4 
45.8 
50.4 
50.4 
50.9 
50.4 
51.1 
51.3 
55.2 
57.7 
62.9 
73.1 
72.9 
61.0 
53.9 
49.3 
50.7 
45.6 
46.8 
53.1 
60.3 
59.8 
60.7 
53.1 
46.2 
51.0 
53.1 
56.6 
63.0 
66.0 
65.3 
61.3 
59.7 
62.9 
66.9 
63.8 
63.7 
69.9 
66.4 
63.0 
57.2 
60.9 
56.1 
57.7 
61.7 
64.5 
63.6 
64.0 
61.0 
58.5 
58.2 
60.6 
58.9 
61.8 
82.5 
76.8 
79.7 
84.4 

60.8 

16.2 
22.1 
23.4 
23.4 
24.0 
24.0 
22.7 
22.1 
19.5 
26.6 
20.8 
22.7 
22.1 
22.1 
22.7 
20.8 
22.1 
18.8 
20.8 
22.1 
20.1 
19.5 
24.0 
21.4 
25.3 
33.8 
39.0 
39.6 
33.1 
24.7 
24.0 
20.8 
22.1 
23.4 
22.7 
24.7 
23.4 
29.9 
22.7 
26.6 
23.4 
22.7 
22.1 
26.6 
27.9 
26.6 
27.3 
25.3 
31.8 
24.7 
29.9 
28.6 
25.3 
35.1 
26.6 
27.9 
26.0 
30.5 
21.4 
29.2 
25.3 
40.3 
26.0 
26.0 
26.6 
29.9 
27.3 
27.3 
30.5 
16.2 
64.9 
44.8 
40.3 
43.5 

48.6 
50.4 
53.6 
62.9 
66.0 
60.5 
53.4 
50.6 
49.1 
49.9 
47.7 
46.3 
48.3 
49.3 
48.1 
46.4 
49.8 
54.4 
54.4 
54.9 
54.4 
55.1 
55.3 
59.2 
61.7 
66.9 
77.1 
76.9 
65.0 
57.9 
53.3 
54.7 
49.6 
50.8 
57.1 
64.3 
63.8 
64.7 
57.1 
50.2 
55.0 
57.1 
60.6 
67.0 
70.0 
69.3 
65.3 
63.7 
66.9 
70.9 
67.8 
67.7 
73.9 
70.4 
67.0 
61.2 
64.9 
64.8 
60.1 
61.7 
65.7 
68.5 
67.6 
68.0 
65.0 
62.5 
62.2 
64.6 
62.9 
65.8 
86.5 
80.8 
83.7 
88.4 

0.67 
0.59 
0.63 
0.82 
0.88 
0.76 
0.64 
0.60 
0.62 
0.49 
0.56 
0.49 
0.55 
0.57 
0.53 
0.53 
0.58 
0.74 
0.70 
0.68 
0.71 
0.74 
0.65 
0.79 
0.76 
0.69 
0.79 
0.78 
0.66 
0.69 
0.61 
0.71 
0.57 
0.57 
0.72 
0.83 
0.84 
0.72 
0.72 
0.49 
0.66 
0.72 
0.80 
0.84 
0.88 
0.89 
0.79 
0.80 
0.73 
0.96 
0.79 
0.82 
1-01 
0.74 
0.84 
0.69 
0.81 
0.71 
0.81 
0.68 
0.84 
0.59 
0.87 
0.87 
0.80 
0.68 
0.73 
0.78 
0.67 
1.03 
0.45 
0.75 
0.91 
0.94 

2.7 
10.3 
10.7 
6.9 
6.5 
8.8 
9.9 
10.1 
7.1 
16.9 
9.5 
12.9 
11.1 
10.7 
12.1 
10.1 
10.5 
4.0 
6.7 
8.4 
5.8 
4.6 
10.9 
5.6 
10.1 
19.9 
23.0 
24.0 
19.8 
10.8 
11.8 
6.6 
10.6 
11.9 
8.4 
8.1 
6.5 
15.3 
8.4 
16.8 
10.2 
8.3 
6.0 
9.8 
10.4 
8.8 
11.4 
9.3 
17.2 
5.4 
14.0 
12.2 
5.1 
20.3 
9.8 
14.0 
9.7 
16.2 
5.3 
15.6 
8.5 
28.5 
8.6 
8.4 
10.6 
16.2 
12.7 
11.7 
17.0 
-4.4 
55.9 
29.8 
22.1 
24.8 

t 



36.4 78.8 0.88 18.67 
24.0 66.8 0.89 6.21 
28.6 56.3 0.58 17.02 
25.3 48.1 0.47 15.85 
23.4 42.2 0.39 15.53 
29.2 36.6 0.15 26.17 
26.6 36.3 0.20 22.61 
25.3 35.8 0.22 20.95 
21.4 34.8 0.28 15.88 
24.0 32.4 0.18 20.53 
20.1 30.2 0.21 15.94 
19.5 32.2 0.26 14.19 

12 . 25 
22.7 38.6 0.33 16.13 
30.5 61.3 0.64 17 . 69 

49.0 74.8 
48.5 62.8 
48.0 52.3 
47.5 44.1 
47.0 38.2 
46.5 32.6 
46.0 32.3 
45.5 31.8 
45.0 30.8 
44.5 28.4 
44.0 26.2 
43.5 28.2 
43.0 
42.5 34.6 
42.0 57.3 

30.6 18.8 34.6 0.33 

* FROM D I G I T A L  RECORD O F  BOREHOLE GEOPHYSICAL LQG 
NEUT POR SS) = NEUT POR LS + 4 
ADJ POR (SS) = G-A POR (SS) - (V CLAY (FRAh.) * 20 ) 
V CLAY (F 6A C . )  = NEUT PO6 (AS) - G-G POR S S ) )  / 48 
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151.0 
150 .5  
150 .0  
149 .5  
149.0 
148 .5  
148.0 
1 4 7 . 5  
147 .0  
146 .5  
146.0 
145 .5  
145.0 
144 .5  
144.0 
143.5 
143.0 
142 .5  
142.0 
141 .5  
141.0 
140.5 
140.0 
139 .5  
139.0 
138.5 
138.0 
137 .5  
137.0 
136.5 
136.0 
135.5 
135.0  
134 .5  
134.0 
133 .5  
133 .0  
132.5 

131.5 
131.0 
130 .5  

129 .5  
129.0 
128 .5  
128.0 
127.5 
127.0 
126.5 
126.0 
125.5 
125.0 
124.5 
124.0 
123.5 
123.0 
122.5 
122.0 
121.5 
121.0 
120.5 
120.0 
119.5 
119.0 
118.5 
118.0 
117 .5  
117.0 
116.5 

132  0 

130.0 

WELL 33-89BR 
INTERVAL: 43-151 

DEPTH* NEUT POR* 

(9i.Z 
30.5 
35.7 
36.5 
35 .1  
34.7 
34.5 
35.0 
34.0 
31.6 
31.6 
34 .1  
35.7 
3 7 . 1  
38 .9  
42.8 
47 .9  
5 0 . 1  
48 .1  
47.5 
49 .5  
47.4 
44.6 
43.4 
42.7 
4 1 . 8  
42.9 
44.4 
43.5 
39.8 
37.8 
36.6 
36.5 
37.0 
36.0 
32 .9  
33.2 
39.7 
48.3 
49.2 
47 .0  
47.9 
47.6 
44.7 
4 5 . 1  
4 9 . 1  
5 0 . 1  
46 .2  
44.2 
42.0 
38.6 
37 .3  
36 .7  
3 6 . 1  
35.6 
36.4 
38.7 
4 7 . 1  
54.7 
56.6 
52.7 
50.8 
52.3 
52.9 
52.5 
50.4 
46.0 
42.2 
41 .6  
43.0 

RECALCULATED POROSITY 
G-G POR* 

1 .5 
1 5 . 6  
14 .3  
18 .2  
1 4 . 9  
1 6 . 9  
1 4 . 9  
1 3 . 6  
1 7 . 5  
1 7 . 5  
18 .2  
18.8 
19 .5  
14 .9  
16 .9  
11 .0  
1 5 . 6  
16 .9  
1 5 . 6  
1 4 . 3  
18 .2  
16 .9  
1 7 . 5  
18 .2  
17 .5  
17.5 
1 6 . 2  
1 2 . 3  
1 3 . 0  
1 9 . 5  
2 0 . 1  
1 6 . 9  
17.5 
18 .2  
1 8 . 2  
1 4 . 3  
1 3 . 6  
11 .7  
16 .9  

(ssq 

1 4 . 9  
16.9 
18.8 
1 7 . 5  
11.0 
18 .2  
1 7 . 5  
16.2 

9 . 1  
14 .9  
16 .2  
22 .1  
16 .9  
16 .9  
18 .2  
14 .9  
18.8 
14 .9  
18.8 
24.7 
11 .0  
22.7 
19.5 
16 .9  
19.5 
20.8 
21.4 
1 4 . 3  
16 .2  
2 0 . 1  
2 2 . 1  

NEUT POR 

31.6 
34 .5  
39.7 
40.5 
39.1 
38.7 
38.5 
39.0 
38.0 
35.6 
35.6 
38.1 
39.7 
41.1 
42.9 
46.8 
51.9 
5 4 . 1  
52 .1  
51.5 
53.5 
5 1 . 4  
48.6 
47.4 
46.7 
45.8 
46.9 

47 .5  
43.8 
41.8 
40.6 
40.5 
41.0 
40.0 
36.9 
37.2 
43.7 
52.3 
53 .2  
51.0 
51.9 
51 .6  
48.7 
4 9 . 1  
53.1 
5 4 . 1  
50.2 
48.2 
46.0 
42.6 
41.3 
40.7 
40 .1  
39.6 
40.4 
42.7 
51.1 
58.7 
60.6 
56.7 
54.8 
56.3 
56.9 
56.5 
54.4 
50.0 
46.2 
45.6 
47.0 

(SS % 

48.4 

AND VOLUME CLAY 

v CLAY 

0 . 2  
0.39 
0.53 
0.46 
0.50 
0 .45  
0.49 
0.53 
0.43 
0.38 
0.36 
0.40 
0.42 
0.54 
0.54 
0.74 
0.76 
0.78 
0.76 
0.78 
0.74 
0.72 
0.65 
0 . 6 1  
0 .61  
0.59 
0.64 
0.75 
0.72 
0 .51  
0.45 
0.49 
0.48 
0.48 
0.45 
0.47 
0.49 
0.67 
0.74 
0.80 
0 .71  
0.69 
0 .71  
0.78 
0.64 
0.74 
0.79 
0.86 
0.69 
0.62 
0.43 
0 . 5 1  
0.50 
0.46 
0 . 5 1  
0.45 
0.58 
0.67 
0 . 7 1  
1.03 
0 . 7 1  
0.74 
0.82 
0.78 
0.74 
0.69 
0.74 
0.63 
0.53 
0.52 

(FRAC.3 
ADJ POR 

13.99 
7.73 
3.68 

4.86 
7.81 
5.11 
3.09 
8.99 

10.02 
10.91 
10.80 
11 .05  

4.06 
6.05 

-3 . 8 6  
0.45 
1.38 
0.38 

-1.23 
3 .45  
2.50 
4.58 
6 . 0 1  
5 .40  
5 .76  
3 .48  

-2.70 
-1.40 

9.35 
11 .10  

7.00 
7.98 
8.67 
9.11 
4.87 
3.82 

-1.63 
2.15 

-1.02 
2.68 
5.03 
3.33 

-4.65 
5.30 
2.72 
0.47 

-8.04 
1 .07  
3.83 

13.54 
6.72 
6.98 
9.04 
4.68 
9.86 
3.36 
5.39 

10 .53  
-9 . 61 

8 .59  
4.77 
0.46 
3.88 
5.90 
7.68 

-0.61 
3.74 
9.52 

11.69 

(SS) !% 

8-89 



116.0 
115.5 
115.0 
114.5 
114.0 
113.5 
113.0 
112.5 
112.0 
111.5 
111.0 
110.5 
110.0 
109.5 
109.0 
108.5 
108 . 0 
107 . 5 
107.0 
106.5 

105.5 
105.0 
104 . 5 
104.0 
103.5 
103.0 
102.5 
102.0 
101.5 
101.0 
100.5 
100.0 
99.5 
99.0 
98.5 
98.0 
97.5 
97.0 
96.5 
96.0 
95.5 
95.0 
94.5 
94.0 
93.5 
93.0 
92.5 
92.0 
91.5 
91.0 
90.5 
90.0 
89.5 
89.0 
88.5 
88.0 
07.5 
87.0 
86.5 
86.0 
85.5 
85.0 
84.5 
84.0 
83.5 
83.0 
82.5 
82.0 
82.5 
81.0 

106 0 

80.5 
80.0 
79.5 

44.8 
46.6 
53.5 
59.3 
55.1 
51.6 
51.0 
49.3 
50.1 
53.5 
57.1 
56.0 
58.8 
63.5 
60.6 
72.8 
82.7 
81.2 
72.0 
66.5 
65.6 
69.2 
71.1 
66.7 
60.7 
56.7 
53.2 
50.7 
46.2 
43.8 
41.2 
37.3 
36.4 
38.6 
39.0 
37.0 
37.3 
41.1 
47.1 
49.7 
51.2 
54.0 
53.0 
51.8 
55.8 
56.5 
55.0 
54.2 
55.4 
56.2 
54.7 
53.7 
57.2 
61.3 
62.7 
62.3 
59.2 
57.0 
59.2 
57.4 
52.6 
48.5 
45.4 
41.9 
39.4 
39.6 
43.9 
51.2 
56.1 
59.1 
58.7 
56.7 
54.6 
55.8 

24.7 
22.7 
24.7 
23.4 
25.3 
2 Z . i  
26.0 
18.2 
14.9 
19.5 
26.0 
2.6 

47.4 
35.7 
29.9 
51.3 
68.2 
42.2 
43.5 
18.2 
35.1 
39.0 
36.4 
27.3 
26.6 
23.4 
22.1 
22.1 
19.5 
19.5 
16.2 
10.4 
13.6 
16.9 
18.2 
17.5 
19.5 
21.4 
16.9 
16.2 
19.5 
26.6 
27.9 
24.0 
18.2 
31.2 
23.4 
33.1 
18.8 
22.7 
25.3 
20.8 
24.7 
21.4 
28.6 
25.3 
22.7 
20.1 
22.1 
21.4 
19.5 
18.8 
18.8 
22.7 
18.8 
16.2 
20.1 
16.9 
21.4 
26.0 
26.6 
23.4 
24.7 
20.8 

48.8 
50.6 
57.5 
63.3 
59.1 
55.6 
55.0 
53.3 
54.1 
57.5 
61.1 
60.0 
62.8 
67.5 
64.6 
76.8 
86.7 
85.2 
76.0 
70.5 
69.6 
73.2 
75.1 
70.7 
64.7 
60.7 
57.2 
54.7 
50.2 
47.8 
45.2 
41.3 
40.4 
42.6 
43.0 
41.0 
41.3 
45.1 
51.1 
53.7 
55.2 
58.0 
57.0 
55.8 
59.8 
60.5 
59.0 
58.2 
59.4 
60.2 
58.7 
57.7 
61.2 
65.3 
66.7 
66.3 
63.2 
61.0 
63.2 
61.4 
56.6 
52.5 
49.4 
45.9 
43.4 
43.6 
47.9 
55.2 
60.1 
63.1 
62.7 
60.7 
58.6 
59.8 

0.50 
0.58 
0.68 
0.83 
0.70 
0.70 
0.60 
0.73 
0.82 
0.79 
0.73 
1.19 
0.32 
0.66 
0.72 
01. 53 
0.39 
0.89 
0.68 
1.09 
0.72 
0.71 
0.81 
0.90 
0.79 
0.78 
0.73 
0.68 
0.64 
0.59 
0.60 
0.64 
0.56 
0.54 
0.52 
0.49 
0.46 
0.49 
0.71 
0.78 
0.74 
0.65 
0.61 
0.66 

0.61 
0.74 
0.52 
0.85 
0.78 
0.70 
0.77 
0.76 
0.91 
0.79 
0.85 
0.84 
0.85 
0.86 
0.83 
0.77 
0.70 
0.64 
0.48 
0.51 
0.57 
0.58 
0.80 
0.81 
0.77 
0.75 

0.87 

0.78 
0.71 
0.81 
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79.0 
78.5 
78.0 
77.5 
77.0 
76.5 
76.0 
75.5 
75.0 
74.5 
74.0 
73.5 
73.0 
72.5 
72.0 
71.5 
71.0 
70.5 
70.0 
69.5 
69.0 
68.5 
68.0 
67.5 
67.0 
66.5 
66.0 
65.5 
65.0 
64.5 
64.0 
63.5 
63.0 
62.5 
62.0 
61.5 
61.0 
60.5 
60.0 
59.5 
59.0 
58.5 
58.0 
57.5 
57.0 
56.5 
56.0 
55.5 
55.0 
54.5 
54.0 
53-5 
53.0 
52.5 
52.0 
51.5 
51.0 
50.5 
50.0 
49.5 
49.0 
48.5 
48.0 
47.5 
47.0 
46.5 
46.0 
45.5 
45.0 
44.5 
44.0 
43.5 
43.0 

52.6 
68.5 
79.7 
76.1 
67.3 
64.6 
67.0 
71.6 
78.2 
81.6 
76.9 
69.7 
62.9 
62.4 
59.8 
56.8 
57.6 
58.7 
58.9 
61.2 
59.9 
56.7 
58.9 
60.9 
60.6 
56.8 
53.7 
53.5 
54.5 
56.6 
58.1 
57.4 
49.4 
45.8 
49.6 
54.7 
62.6 
67.7 
66.6 
54.7 
40.3 
34.6 
34.0 
34.1 
32.2 
29.3 
30.1 
35.2 
39.2 
39.5 
38.4 
33.9 
32.8 
33.4 
33.3 
33.3 
33.9 
36.1 
37.1 
40.1 
43.0 
46.7 
46.6 
45.1 
43.0 
42.2 
38.0 
43.7 
47.4 
47.2 
47.8 
48.1 
49.3 

24.0 
20.1 
65.6 
44.8 
33.1 
30.5 
31.8 
35.7 
41.6 
53.3 
44.8 
35.1 
29.2 
31.8 
20.1 
27.9 
27.3 
26.0 
24.7 
22.7 
22.7 
23.4 
24.0 
29.2 
24.7 
27.3 
24.7 
24.0 
26.0 
22.7 
29.2 
26.6 
25.3 
26.6 
24.7 
26.0 
30.5 
35.7 
39.0 
29.2 
30.5 
23.4 
27.9 
20.1 
16.2 
18.2 
18.8 
20.8 
22.1 
24.7 
23.4 
20.8 
23.4 
16.9 
20.8 
20.8 
23.4 
23.4 
21.4 
23.4 
24.0 
27.3 
25.3 
24.0 
22.1 
22.1 
22.7 
26.0 
26.6 
26.0 
26.6 
29.9 
27.9 

56.6 
72.5 
83.7 
80.1 
71.3 
68.6 
71.0 
75.6 
82.2 
85.6 
80.9 
73.7 
66.9 
66.4 
63.8 
60.8 
61.6 
62.7 
62.9 
65.2 
63.9 
60.7 
62.9 
64.9 
64.6 
60.8 
57.7 
57.5 
58.5 
60.6 
62.1 
61.4 
53.4 
49.8 
53.6 
58.7 
66.6 
71.7 
70.6 
58.7 
44.3 
38.6 
38.0 
38.1 
36.2 
33.3 
34.1 
39.2 
43.2 
43.5 
42.4 
37.9 
36.8 
37.4 
37.3 
37.3 
37.9 
40.1 
41.1 
44.1 
47.0 
50.7 
50.6 
49.1 
47.0 
46.2 
42.0 
47.7 
51.4 
51.2 
51.8 
52.1 
53.3 

0.68 
1.09 
0.38 
0.74 
0.80 
0.79 
0.82 
0.83 
0.85 
0.67 
0.75 
0.81 
0.79 
01. 72 
0.91 
0.68 
0.72 
0.76 
0.80 
0.88 
0.86 
0.78 
0.81 
0.74 
0.83 
0.70 
0.69 
0.70 
0.68 
0.79 
0.68 
0.73 
0.59 
0.48 
0.60 
0.68 
0.75 
0.75 
0.66 
0.61 
0.29 
0.32 
0.21 
0.37 
0.42 
0.31 

0.38 
0.44 
0.39 
0.40 
0.36 
0.28 
0.43 
0.34 
0.35 
0.30 
01. 35 
0.41 
0.43 
0.48 
0.49 
0.53 
0.52 
0.52 
0.50 
0.40 
0.45 
0.52 
0.53 
0.53 
0.46 
0.53 

0.32 

10.47 
-1.71 
58 . 05 
30.11 
17.21 
14 . 63 
15.48 
19.10 
24.63 
39.76 
29.76 
18.96 
13 . 52 
17.41 
1.93 
14.23 
12 . 95 
10.70 

5.04 
5-58 
7-84 
7.83 
14.34 
8.05 
13.31 
10.91 
10.09 
12 . 44 
6.95 
15.54 
12 . 12 
13.62 
16.98 
12.63 
12.36 
15.48 
20.73 
25.77 
16.93 
24.77 
‘17.06 
23.72 
12.66 
7.91 
11-90 
12.47 
13 . 09 
13 . 29 
16 . 84 
15.46 
13.67 
17.80 
8.33 
13 . 89 
17.33 
16.42 
13 . 25 
14.75 
14.46 
17.49 

11.69 
12 . 04 
16.94 
16.33 
15 . 48 
16.12 
20.61 
17.34 

8-75 

13. a8 

14.80 
13 58 

14.72 



* FROM DIGITAL RECORD OF BOREHOLE GEOPHYSICAL LOG 
NEUT POR SS) = NEUT POR LS 
V CLAY ( F 6 A C . )  = NEUT Poi (h'; 4, G-G POR SS)) / 4 8  ADJ POR (SS) = G-d POR (SS) - ( V  CLAY (FRA & .) * 2 0  ) 



WELL 34-8 
INTERVAL : 

DEPTH* 
167.0 
166.5 
166.0 
165.5 
165.0 
164.5 
164.0 

163 . 0 
162.5 
162.0 
161.5 
163.0 
160.5 
160.0 
159.5 
159.0 
158.5 
158.0 
157.5 
157.0 
156.5 
156.0 
155.5 
155.0 
154.5 
154.0 
153.5 
153 . 0 
152 . 5 
152.0 
151.5 
151.0 
150.5 
150.0 
149.5 
149 . 0 
148 . 5 
148 . 0 
147.5 
147.0 
146.5 
146.0 
145.5 
145.0 
144.5 
144 . 0 
143.5 
143.0 
142.5 
142.0 
141.5 
141.0 
140.5 
140.0 
139.5 
139.0 
138 . 5 
138.0 
137.5 
137 . 0 
136.5 
136.0 
135.5 
135.0 
134 . 5 
134 . 0 
133.5 
133 . 0 
132.5 

163 5 

9 BR 
44-1 
NEUT 

( 

67 
’ POR* 

52.6 
51.4 
50.3 
52.9 
51.4 
50.3 
48.5 
52.0 
51.0 
50.6 
52.5 
51.7 
53.0 
53.6 
51.4 
46.1 
43.4 
43.5 
42.6 
44.2 
46.9 
45.3 
46.2 
44.6 
48.2 
43.3 
41.0 
42.9 
44.9 
45.7 
42.9 
45.3 
46.5 
49.2 
48.7 
48.8 
51.8 
56.1 
57.9 
59.5 
57.1 
56.9 
53.3 
51.5 
51.7 
50.7 

55.4 
60.5 
61.9 
62.1 
55.5 
58.5 
60.0 
59.1 
60.0 
61.7 
61.1 
63.2 
62.4 
65.5 
67.9 
68.4 
66.8 
66.2 
65.4 
60.3 
55.5 
50.0 

2b.i 

51.8 

RECALCULA?: ED 
G-G POR* N 

(SS) % 
26.0 
21.4 
20.1 
18.2 
18.2 
20.1 
18.2 
19.5 
19.5 
20.1 
18.8 
20.1 
18.2 
20.1 
14.9 
17.5 
18.2 
18.2 
16.9 
19.5 
18.8 
16.9 
15.6 
18.8 
17.5 
11.0 
7.2 
10.4 
14.3 
17.5 
16.2 

18.8 
19.5 
20.1 
24.7 
20.1 
21.4 
24.0 
24.0 
22.1 
20.8 
21.4 
22.1 
18.2 
16.9 
16.9 
23.4 
18.2 
21.4 
24.7 
21.4 
18.2 
22.1 
21.4 
25.3 
22.1 
24.0 
24.0 
24.0 
29.2 
31.8 
29.9 
29.9 
27.3 
30.5 
29.9 
23.4 
21.4 
21.4 

18.8 

POROSITY 
EUT POR 

54.8 
56.6 
55.4 
54.3 
56.9 
55.4 
54.3 
52.5 
56.0 
55.0 
54.6 
56.5 
55.7 
57.0 
57.6 
55.4 
50.1 
47.4 
47.5 
46.6 
48.2 
50.9 
49.3 
50.2 

52.2 
47.3 
45.0 
46.9 
48.9 
49.7 
46.9 
49.3 
50.5 
53.2 
52.7 
52.8 

60.1 
61.9 
63.5 
61.1 
60.9 
57.3 
55.5 
55.7 
54.7 
59.4 
64.5 
65.9 
66.1 
59.5 
62.5 
64.0 
63.1 
64.0 
65.7 
65.1 
67.2 
66.4 
69.5 
71.9 
72.4 
70.8 
70.2 
69.4 
64.3 
59.5 
54.0 

(SS) % 

48.6 

55.8 

55.8 

AND VOM 

v CLAY 

0.6 
0.73 
0.73 
0.75 
0.81 
0.73 
0.75 
0.69 
0.76 
0.73 
0.75 
0.76 
0.78 
0.77 
0.89 
0.79 
0.66 
0.61 
0.64 
0.56 
0.61 
0.71 
0.70 
0.65 
0.65 
0.86 
0.84 
0.72 
0.68 

0.70 
0.58 
0.63 
0.65 
0.69 
0.58 
0.68 
0.72 
0.75 
0.79 
0.86 
0.84 
0.82 
0.73 

0.81 
0.79 
0.68 
0.86 
0.90 
0.86 
0.93 
0.86 
0.89 
0.79 
0.87 
0.87 
0.86 
0.90 
0.78 
0.78 
0.88 
0.89 
0.91 
0.83 
0.82 
0.85 
0.79 
0.68 

(FRAC.b 

0.65 

0.78 

0.84 

Jr+xE 

A 

CLAY 

iDJ POR 
13 . 99 
6.78 
5.43 
3.14 
2.07 
5.46 
3.13 
5.72 
4.28 
5.60 
3.92 
5.00 
2.55 
4.77 

-2.82 
1.74 
4.90 
6.01 
4.14 
8.20 
6.60 
2.73 
1.53 
5.77 
4.59 

-6.12 
-9.56 
-4.03 
0.72 
4.45 
2.29 
7.15 
6.14 
6.57 
6.34 

13.02 
6.54 
7.11 
8.99 
8.24 
4.82 
3.98 
4.97 
7.39 
2.65 
0.72 
1.14 
9.86 
1.02 
3.50 
7.52 
2-83 
0.96 
5.22 
3.70 
9.58 
4.63 
6.66 
6.91 
6.05 

13.71 
16.14 
12 . 37 
12.13 
9.12 
13 . 97 
13.40 
6.31 
5.58 
7.86 

(SS) % 



132.0 
131.5 
131.0 
130.5 
130.0 
129.5 
129.0 

128.0 
127.5 
127.0 
126.5 
126.0 
125.5 
125.0 
124.5 
124.0 
123.5 
123.0 
222.5 
122.0 
121.5 
121.0 
120.5 
120.0 
119.5 
119.0 
118.5 
118.0 
117.5 
117.0 
116.5 
116.0 
115.5 
115.0 
114.5 
113.5 
113.0 
112.5 
112.0 
111.5 
111.0 
110.5 
110.0 
109.5 
109.0 
108.5 
108 0 
107.5 
107.0 
106.5 
106.0 
105.5 
105.0 
104.5 
104.0 
103.5 
103.0 
102 . 5 
102.0 
101.5 
101.0 
100.5 
100.0 
99.5 
99.0 
98.5 
98.0 
97.5 
97.0 
96.5 
96.0 
95.5 

128 5 

114 0 

43.2 
40.8 
36.2 
34.9 
31.0 
28.7 
30.3 
30.6 
29.0 
29.9 
32.0 
32.4 
32.6 
33.6 
33.6 
34.4 
34.8 
31.4 
32.2 
32.7 
39.3 
47.6 

80.1 
76.6 
66.7 
58.4 
58.3 
57.7 
59.6 
57.2 
54.0 
51.1 
45.8 
35.9 
29.4 
36.1 
39.3 
37.3 
40.7 
44.6 
50.1 
58.7 
64.9 
61.1 
64.2 
64.2 
60.2 
67.3 
70.0 
51.8 
43.8 
41.7 
39.6 
38.2 
41.4 
45.9 
44.8 
45.1 
45.2 
44.3 
42.4 
42.0 
42.5 
40.1 
38.8 
38.8 
40.1 
38.1 
37.4 
34.3 

60.8 

34.7 
34.2 
35.2 

20.8 
15.6 
15.6 
17.5 
22.7 
27.3 
21.4 
24.7 
29.9 
25.3 
23.4 
20.1 
27.3 
22.7 
22.7 
16.2 
14.9 
14.3 
20.1 
19.5 
17.5 
19.5 
27.3 
38.3 
46.1 
30.5 
23.4 
24.7 
24.0 
25.3 
21.4 
13.0 
13.6 
7.2 
12.3 
16.9 
19.5 
18.8 
16.9 
14.3 
16.2 
14.3 
20.1 
21.4 
25.3 
15.6 
32.5 
26.6 
31.2 
44.2 
39.0 
21.4 
22.7 
20.1 
23.4 
21.4 
24.7 
24.7 
24.7 
22.1 
20.8 
22.7 
24.0 
25.3 
26.6 
17.5 
20.1 
21.4 
18.2 
18.8 
16.2 
18.2 
17.5 
17.5 

47.2 
44.8 
40.2 
38.9 
35.0 
32.7 
34.3 
34.6 
33.0 
33.9 
36.0 
36.4 
36.6 
37.6 
37.6 
38.4 
38.8 
35.4 
36.2 
36.7 
43.3 
51.6 
64.8 
84.1 
80.6 
70.7 
62.4 
62.3 
61.7 
63.6 
61.2 
58.0 
55.1 
49.8 
39.9 
33.4 
40.1 
43.3 
41.3 
44.7 
48.6 
54.1 
62.7 
68.9 
65.1 

68.2 
64.2 
71.3 
74.0 
55.8 
47.8 
45.7 
43.6 
42.2 
45.4 
49.9 
48.8 
49.1 
49.2 
48.3 
46.4 
46.0 
46.5 
44.1 
42.8 
42.8 
44.1 
42.1 
41.4 
38.3 
38.7 
38.2 
39.2 

68.2 

0.55 
0.61 
0.51 
0.45 
0.26 
0.11 
0.27 
0.21 
0.07 
0.18 
0.26 
0.34 
0.19 
0.31 
0.31 
0.46 
0.50 
0.44 
0.34 
0.36 
0.54 
0.67 
0.78 
0.95 
0.72 
0.84 
0.81 
0.78 
0.79 
0.80 
0.83 
0.94 
0.86 
0.89 
0.57 
0.34 
0.43 
0.51 
0.51 
0.63 
0.67 
0.83 
0.89 
0.99 
0.83 
1.10 
0.74 
0.78 
0.84 
0.62 
0.35 
0.55 
0.48 
0.49 
0.39 
0.50 
0.53 
0-50 
0.51 
0.57 
0.57 
0-49 
0.46 
0.44 
0.36 
0.53 
0.47 
0.47 
0.50 
0.47 
0.46 
0.43 
0.43 
0-45 

9.76 
3.41 
5.32 
8.61 
17.62 
25.00 
16.06 
20.57 
28.55 
21.74 
18.13 
13.34 
23-38 
16.54 
16-55 
7.03 
5.01 
5.49 
13-42 
12.30 
6-80 
6.11 
11.63 
19.24 
31.76 
13.80 
7.11 
9.01 
8.32 
9.40 
4.84 
-5.77 
-3 . 62 
-10.63 
0.86 
9.99 
10.90 
8.62 
6.74 
1.62 
2.74 

-2.31 
2.38 
1.65 
8.77 
-6.33 
17.59 
10.97 
14.44 
31.72 
31.94 
10.43 
13.16 
10.33 
15.53 
11.44 
14.16 
14.61 
14.49 
10.78 
9.33 
12.88 
16.49 
19.35 
7.02 
10.68 
11.97 
8.22 
9.42 
7.06 
9.61 
8.93 
8.52 

14. a7 



95.0 
94.5 
94.0 
93.5 
93.0 
92.5 
92.0 
91.5 
91.0 
90.5 
90.0 
89.5 
89.0 
88.5 
88.0 
87.5 
87.0 
86.5 
86.0 
85.5 
85.0 
84.5 
84.0 
83.5 
83.0 
82.5 
82.0 
81.5 
81.0 
80.5 
80.0 
79.5 
79.0 
78.5 
78.0 
77.5 
77.0 
76.5 
76.0 
75.5 
75.0 
74.5 
74.0 
73.5 
73.0 
72.5 
72.0 
71.5 
71.0 
70.5 
70.0 
69.5 
69.0 
68.5 
68.0 
67.5 
67.0 
66.5 
66.0 
65.5 
65.0 
64.5 
64.0 
63.5 
63.0 
62.5 
62.0 
61.5 
61.0 
60.5 
60.0 
59.5 
59.0 
58.5 

33.4 
38.8 
48.9 
53.1 
61.8 
64.5 
67.5 
67.7 
61.1 
55.5 
56.7 
61.9 
61.2 
63.8 
70.0 
68.3 
60.9 
57.4 
54.9 
54.0 
55.1 
55.3 
53.3 
51.8 
50.2 
54.0 
52.4 
51.5 
52.8 
54.2 
49.8 
49.6 
50.4 
49.0 
47.7 
51.3 
55.9 
57.0 
57.2 
55.5 
56.3 
63.4 
59.2 
55.4 
53.1 
50.6 
50.6 
60.6 
63.7 
60.0 
55.2 
55.3 
52.5 
50.2 
45.4 
48.3 
51.5 
50.3 
47.6 
48.6 
49.4 
51.9 
53.8 
47.0 
43.3 
45.4 
47.3 
47.7 
49.0 
52.7 
53.6 
51.0 
42.0 
37.7 

16.2 
16.9 
24.0 
20.8 
21.4 
32.5 
32.5 
26.0 
29.9 
25.3 
23.4 
23.4 
24.7 
24.7 
21.4 
29.2 
24.0 
20.1 
22.1 
19.5 
22.7 
25.3 
22.7 
19.5 
24.0 
18.8 
16.9 
26.6 
22.7 
20.8 
18.2 
24.0 
16.2 
.18.8 
14.9 
20.8 
16.2 
19.5 
25.3 
29.9 
26.0 
25.3 
32.5 
24.0 
26.0 
20.8 
19.5 
29.2 
26.6 
25.3 
26.0 
23.4 
17.5 
22.1 
20.8 
20.1 
20.8 
22.7 
18.2 
22.1 
22.1 
22.1 
21.4 
20.8 
18.8 
18.2 
22.1 
23.4 
16.2 
19.5 
22.7 
21.4 
25.3 
25.3 

37.4 
42.8 
52.9 
57.1 
65.8 
68.5 
71.5 
71.7 
65.1 
59.5 
60.7 
65.9 
65.2 
67.8 
74.0 
72.3 
64.9 
61.4 
58.9 
58.0 
59.1 
59.3 
57.3 
55.8 
54.2 
58.0 
56.4 
55.5 
56.8 
58.2 
53.8 
53.6 
54.4 
53.0 
51.7 
55.3 
59.9 
61.0 
61.2 
59.5 
60.3 
67.4 
63.2 
59.4 
57.1 
54.6 
54.6 
64.6 
67.7 
64.0 
59.2 
59.3 
56.5 
54.2 
49.4 
52.3 
55.5 
54.3 
51.6 
52.6 
53.4 
55.9 
57.8 
51.0 
47.3 
49.4 
51.3 
51.7 
53.0 
56.7 
57.6 
55.0 
46.0 
41.7 

0.44 
0.54 
0.60 
0.76 
0.92 
0.75 
0.81 
0.95 
0.73 
0.71 
0.78 
0.89 
0.84 
0.90 
1-10 
0.90 
0.85 
0.86 
0.77 
0.80 
0.76 
0.71 
0.72 
0.76 
0.63 
0.82 
0.82 
0.60 
0.71 
0.78 
0.74 
0.62 
0.80 
0.71 
0.77 
0.72 
0.91 
0.86 
0.75 
0.62 
0.72 
0.88 
0.64 
0.74 
0.65 
0.70 
0.73 
0.74 
0.86 
0.80 
0.69 
0.75 
0.81 
0.67 
0.60 
0.67 
0.72 
0.66 
0.70 
0.64 
0.65 
0.70 
0.76 
0.63 
0.59 
0.65 
0.61 
0.59 
0.77 
0.77 
0.73 
0.70 
0.43 
0.34 

7.43 
6.11 

12.02 
5.66 
2.94 
17.45 
16.19 
6.95 
15.18 
11.10 
7.83 
5.66 
7.80 
6.72 

-0.49 
11.26 
7.02 
2.95 
6.73 
3.43 
7.58 
11.18 
8.34 
4.35 
11.46 
2.51 
0.44 
14.58 
8.55 _ . _ _  

5.20 
3.36 

11.73 
0.33 
4.61 

-0.36 
6.39 

-1.94 
2.18 
10.39 
17.51 
11.67 
7.80 
19.69 
9.31 
13.00 
6.68 

14.47 
9.51 
9.24 
12.15 
8.41 
1.31 
8.72 
8.84 
6.73 
6.31 
9.59 
4.25 
9.37 
9.05 
7.99 
6.29 
8.21 
6.97 
5.19 
9.90 
11.56 
0.93 
3.99 
8.19 
7.45 
16.73 
18.51 

4.86 



58 .0  
5 7 . 5  
57 .0  
56 .5  
56 .0  
55 .5  
55 .0  
54 .5  
54 .0  
53 .5  
5 3 . 0  
52.5 
52 .0  
51 .5  
51 .0  
50.5 
50.0 
49 .5  
49.0 
48 .5  
48 .0  
47.5 
47 .0  
46 .5  
46 .0  
45.5 
45. 0 
44.5 
44 .0  

39 .6  
42 .8  
4 4 . 5  
4 3 . 5  
4 9 . 8  
48 .2  
4 7 . 1  
46 .2  
47 .7  
52 .8  
56 .7  
5 6 . 2  
5 5 . 9  
59 .3  
63 .2  
6 4 . 1  
68 .9  
62 .8  
56 .9  
55 .8  
5 3 . 2  
5 2 . 7  
5 3 . 0  
4 9 . 0  
4 0 . 7  
40 .4  
4 0 . 6  
4 2 . 7  
4 2 . 8  

2 0 . 8  
1 6 . 2  
2 2 . 1  
1 6 . 9  
2 6 . 0  
26 .6  
2 6 . 0  
2 0 . 1  
2 6 . 0  
2 6 . 0  
2 6 . 6  
2 8 . 6  
26 .0  
25.3 
33 .8  
32 .5  
2 9 . 9  
34 .4  
2 4 . 7  
26 .0  
2 6 . 0  
2 6 . 6  
29 .9  
22 .7  
2 6 . 6  
25 .3  
3 0 . 5  
24 .7  
2 4 . 0  

43 .6  
46 .8  
4 8 . 5  
4 7 . 5  
53 .8  
52 .2  
51 .1  
50 .2  
5 1 . 7  
5 6 . 8  
6 0 . 7  
60.2 
5 9 . 9  
63 .3  
67.2 
68.1 
72 .9  
66.8 
60 .9  
5 9 . 8  
57 .2  
5 6 . 7  
5 7 . 0  
5 3 . 0  
44 .7  
44 .4  
4 4 . 6  
46 .7  
46 .8  

0.48 
0.64 
0 .55  
0.64 
0.58 
0.53 
0 .52  
0 .63  
0 .54  
0 .64  
0 . 7 1  
0 . 6 6  
0 . 7 1  
0 .79  
0 .70  
0.74 
0.90 
0.68 
0 .76  
0 . 7 0  
0 .65  
0 .63  
0 .57  
0 .63  
0 .38  
0 . 4 0  
0 . 2 9  
0 .46  
0 . 4 7  

11.28 
3 . 5 1  

4.12 
14.39 
15.98 
15 . 52 

7.62 
15.25 
13 . 13 
12.44 
15.38 
11.85 

9.53 
19.86 
17.62 
11.96 
20 .91  

9.58 
11.90 
12 . 99  
14.101 
18.56 
10.13 
19.10 
17.38 
24.66 
15 .51  
14.53 

11.08 

* FROM D I G I T A L  RECORD OF BOREHOLE GEOPHYSICAL LOG 
NEUT POR SS) = NEUT POR L S  + 4 
V CLAY (F6AC.) = NEUT P O 6  (AS) - G-G POR S S ) )  / 4 8  
ADJ POR (SS) = G-& POR (SS) - (V CLAY (FRAh.) * 2 0  ) 



207.0 
206.5 

205.5 
205.0 
204.5 
204.0 
203.5 
203.0 
202.5 
202.0 
201.5 
201.0 
200.5 
200.0 
199.5 
199.0 
198 . 5 
198 . 0 
197.5 
197 . 0 
196.5 
196.0 
195.5 
195.0 
194 . 5 
194 . 0 
193.5 
193.0 
192 . 5 
192.0 
191.5 
191-0 
190.5 
190.0 
189 . 5 
189.0 
188.5 
188.0 
187.5 
187.0 
186.5 
186.0 
185.5 
185.0 
184.5 
184.0 
183.5 
183.0 
182.5 

181.5 
181.0 

180.0 
179 . 5 
178 . 5 
178 - 0 
177 . 5 
177 . 0 
176.5 
176.0 
175.5 
175.0 
174 . 5 
174.0 
173.5 
173.0 
172 . 5 

206.0 

182 0 

180.5 

179 0 

WELL 35-89BR RE CALCULATED POROS I TY 
INTERVAL: 42-207 

DEPTH* NEUT POR* 

45.5 
44.6 

5 4 . 2 %  
G-G POR* 

24.0 
18.2 
18.8 
17.5 
16.2 
18.8 
20.8 
20.1 
20.1 
18.2 
20.8 
16.2 
20.8 
24.0 
24.7 
19.5 
17.5 
16.2 
17.5 
18.8 
18.8 
16.2 
14.9 
15.6 
14.9 
16.9 
15.6 
13.0 
17.5 
18.2 
16.9 
19.5 
19-5 
18.2 
18.2 
17.5 
16.2 
17.5 
16.2 
18.8 
14.9 
14.9 
14.9 
14.3 
20.8 
22.7 
21.4 
25.3 
25.3 
27.3 
26.0 
22.1 
24.7 
23.4 
20.1 
18.8 
19.5 
18.2 
19.5 
21.4 
24.0 
26.6 
22.7 
24.7 
26.0 
22.1 
18.8 
18.8 
22.7 
22.7 

(SS) a 

39.7 
36.1 
34.2 
37.5 
45.4 
48.3 
44.2 
40.7 
39.5 
40.2 
42-5 
43.6 
40.8 
36.4 
34.1 
34.1 
34.4 
33.9 
36.2 
44.7 
56.1 
63.5 
64.8 
63.6 
65.2 
68.3 
69.4 
66.7 
60.4 
57.6 
59.4 
61.6 
58.8 
59.6 
65.6 
69.3 
68.4 
68.3 
66.3 
60.0 
54.9 
53.2 
54.9 
55.9 
55.3 

AMD VOLUME CLAY 

v CLAY 

0.5 
0.65 
0.62 
0.63 
0.62 
0.52 
0.44 
0.44 
0.40 
0.39 
0.38 
0.60 
0.67 
0.74 
0.75 
0.78 
0.78 
0.82 
0.77 
0.67 
0.57 
0.58 
0.70 
0.73 
0.63 
0.48 
0.43 
0.44 
0.42 
0.57 
0.65 
0.51 
0.44 
0.44 
0.46 
0.52 
0.57 
0.48 
0.42 
0.32 
0.40 
0.40 
0.40 
0.46 
0.50 
0.70 
0-88 
0.82 
0.80 
0.79 
0.88 
0.99 
0.88 
0.77 
0.78 
0.84 
0.85 
0.83 
0.92 
0.94 
0.87 
0.87 
0.71 
0.68 
0.72 
0.75 
0.69 
0.68 

(FRAC.4 

0.88 

0.95 

ADJ POR 

12.72 
5.13 
6.44 
4.96 
3.81 
8.43 
11.91 
11.24 
12.06 
10.34 
13.26 
4.33 
7.30 
9.18 
9.65 
3.93 
1.99 

-0.17 
2.11 
5.39 
7.40 
4.61 
0.94 
0.97 
2.32 
7.37 
7.05 
4.17 
9.23 
6.82 
3.82 
9.20 
10.63 
9.29 
9.01 
7.15 
4.83 
7.86 
7.84 
12.49 
6.95 
6.85 
7.04 
5.16 
10.81 
8.83 
3.90 
8-90 
9.39 
11.47 
8.37 
2.38 
7.16 
7.95 
4.51 
1.95 
1.91 
1-25 
2.78 
3.03 
5.18 
9.23 
3.76 
7.34 
11.80 
8.41 
4.53 
3.81 
8.90 
9.16 

(SS) .% 



172.0 
171.5 
171.0 
170.5 
170.0 
169.5 
169.0 
168.5 
168.0 
167.5 
167.0 
166.5 
166.0 
165.5 
165.0 
164.5 

163.5 
163.0 
162 . 5 
162.0 
161.5 

160.5 
160.0 
159 . 5 
159 . 0 
158 . 5 
158.0 
157.5 
157.0 
156.5 
156.0 
155.5 
155 . 0 
154.5 
154.0 
153.5 

152 . 5 
152 . 0 
151.5 
151.0 
150 . 5 
150.0 
149.5 
149.0 
148.5 
148.0 
147.5 
147.0 
146.5 
146.0 
145.5 
145.0 
144.5 
144.0 
143.5 
143.0 
142.5 
142.0 
141.5 
141.0 
140.5 
140.0 
139.5 
138 . 5 
138 . 0 
137.5 
137 . 0 
136.5 
136.0 
135.5 

164 0 

161.0 

153 0 

139 0 

51.6 
47.6 
43.8 
43.4 
43.5 
42.7 
44.6 
46.7 
47.8 
48.9 
49.0 
47.9 
46.9 
45.9 
45.4 
46.0 
48.0 
49.1 
49.8 
48.9 
47.8 
47.3 
46.4 
46.0 
46.6 
47.7 
50.3 
52.7 
54.3 
53.3 
54.3 
55.4 
56.2 
58.7 
59.8 
60.4 
55.7 
51.0 
49.5 
47.4 
46.8 
47.2 
47.9 
52.0 
54.0 
53.4 
53.1 
55.8 
59.9 
61.9 
60.2 
56.4 
55.3 
55.5 
52.8 
48.1 
45.0 
45.5 
49.7 
54.7 
57.3 
56.7 
53.8 
52.6 
53.9 
56.3 
59.0 
58.4 
55.4 
53.5 
53.0 
51.1 
48.5 
48.5 

20.8 

19.5 
20.8 
20.8 
16.2 
20.1 
16.9 
18.8 
18.2 
17.5 
18.8 
21.4 
20.8 
20.1 
18.2 
21.4 
16.9 
17.5 
21.4 
17.5 
19.5 
23.4 
16.2 
20.8 
22.1 
24.7 
22.7 
24.7 
13.6 
21.4 
27.3 
24.7 
23.4 
20.1 
23.4 
22.7 
22.1 
19.5 
21.4 
18.2 
22.7 
21.4 
18.2 
26.0 
25.3 
20.1 
22.7 
25.3 
24.7 
24.7 
24.0 
24.0 
20.8 
23.4 
23.4 
19.5 
20.1 
23.4 
26.6 
29.9 
26.0 
24.7 
22.1 
24.0 
28.6 
29.9 
28.6 
23.4 
26.0 
25.3 
21.4 
22.1 
18.8 

18.8 
55.6 
51.6 
47.8 
47.4 
47.5 
46.7 
48.6 
50.7 
51.8 
52.9 
53.0 
51.9 
50.9 
49.9 
49.4 
50.0 
52.0 
53.1 
53.8 
52.9 
51.8 
51.3 
50.4 
50.0 
50.6 
51.7 
54.3 
56.7 
58.3 
57.3 
58.3 
59.4 
60.2 
62.7 
63.8 
64.4 
59.7 
55.0 
53.5 
51.4 
50.8 
51.2 
51.9 
56.0 
58.0 
57.4 
57.1 
59.8 
63.9 
65.9 
64.2 
60.4 
59.3 
59.5 
56.8 
52.1 
49.0 
49.5 
53.7 
58.7 
61.3 
60.7 
57.8 
56.6 
57.9 
60.3 
63.0 
62.4 
59.4 
57.5 
57.0 
55.1 
52.5 
52.5 

0.73 
0.68 
0.59 
0.55 
0.56 
0.64 
0.59 
0.70 
0.69 
0.72 
0.74 
0.69 
0.61 
0.61 
0.61 
0.66 
0.64 
0.76 
0.76 
0.65 
0.71 
0.66 
0.56 
0.70 
0.62 
0.62 
0.62 
0.71 
0.70 
0.91 
0.77 
0.67 
0.74 
0.82 
0.91 
0.85 
0.77 
0.69 
0.71 
0.62 
0.68 
0.59 
0.63 
0.79 
0.67 
0.67 
0.77 
0.77 
0.80 
0.86 
0.82 
0.76 
0.73 
0.81 
0.70 
0.60 
0.61 
0.61 
0.63 
0.67 
0.65 
0.72 
0.69 
0.72 
0.71 
0.66 
0.70 
0.75 
0.66 
0.66 
0.70 
0.63 
0.70 

0.69 

6.27 
5.16 
7.69 
9.69 
9.65 
3.54 
8.25 
2.80 
5.10 
3.71 
2.76 
5.06 
9.15 
8.64 
7.94 
4.94 
8.70 
1.79 
2.40 
8.33 
3.24 
6.23 
12 . 13 
2.19 
8.35 
9.73 
12.34 
8.58 
10.67 
-4 . 55 
6.07 
13.88 
9.87 
7.02 
1.95 
6.29 
7.34 
8.35 
5.31 
8.93 
4.59 
10.88 
8.73 
2.44 
12 . 65 
11.98 
4.72 
7.28 
9.27 
7.52 

8.87 
9.34 
4.63 
9.45 
11.41 
7.18 
7.88 
10.75 
13 . 28 
16.78 
11.51 
10 . 87 
7.70 
9.93 
15.36 
16 . 05 
14 . 47 
8.36 
12.83 
12.13 
7.39 
9.40 
4.78 

8.22 



135.0 
134.5 
134.0 
133.5 
133.0 
132.5 
132.0 
131.5 
131.0 
130.5 
130.0 
129 . 5 
129 . 0 
128.5 
128.0 
127 . 5 
127.0 
126.5 
126.0 
125.5 
125.0 
124 . 5 
124.0 
123.5 
123.0 
122.5 
122.0 
121.5 
121.0 
120.5 
120.0 
119.5 
119.0 
118.5 
118.0 
117.5 
117.0 
116.5 
115 . 5 
115.0 
114.5 
114.0 
113 . 5 
113.0 
112.5 
112.0 
111.5 
111.0 
110.5 
110.0 
109.5 
109.0 
108.5 
108.0 
107.5 
107.0 
106.5 
106.0 
105.5 
105.0 
104.5 
104.0 
103 5 
103.0 
102.5 
102.0 
101.5 
101.0 
100.5 
100.0 
99.5 
99.0 
98.5 

116.0 

50.6 
51.7 
54.7 
59.5 
59.2 
51.9 
47.1 
49.3 
50.8 
44.4 
35.3 
30.6 
30.4 
33.0 
40.9 
52.4 
60.2 
62.9 
63.7 
63.7 
67.1 
66.8 
60.2 
59.1 
62.9 
61.4 
56.1 
53.7 
53.2 
51.6 
48.0 
44.4 
44.7 
44.3 
40.9 
69.4 
82.6 
75.9 
67.2 
65.2 
64.3 
65.9 
65.2 
61.2 
60.9 
61.0 
56.5 
47.5 
39.2 
34.9 
34.1 
32.4 
31.5 
32.8 
35.5 
38.9 
40.9 
45.2 
51.9 
56.2 
57.2 
57.0 
57.4 
58.1 
56.9 
56.1 
56.3 
56.5 
55.6 
55.9 
56.5 
56.9 
56.5 
56.0 

20.1 
21.4 
21.4 
20.1 
20.8 
22.1 
22.7 
21.4 
23.4 
21.4 
22.1 
21.4 
23.4 
20.1 
22.7 
25.3 
25.3 
26.0 
29.2 
25.3 
25.3 
16.9 
11.7 
22.1 
25.3 
22.7 
16.9 
20.1 
22.7 
23.4 
22.7 
20.1 
21.4 
24.0 
22.1 
14.9 
56.5 
40.9 
25.3 
29.9 
28.6 
25.3 
23.4 
23.4 
24.0 
28.6 
29.2 
27.9 
19.5 
14.3 
19.5 
18.8 
20.8 
25.3 
23.4 
21.4 
24.0 
24.0 
20.1 
25.3 
27.3 
23.4 
23.4 
26.0 
20.8 
20.1 
22.7 
23.4 
22.7 
23.4 
24.7 
24.7 
22.7 
21.4 

54.6 
55.7 
58.7 
63.5 
63.2 
55.9 
51.1 
53.3 
54.8 
48.4 
39.3 
34.6 
34.4 
37.0 
44.9 
56.4 
64.2 
66.9 
67.7 
67.7 
71.1 
70.8 
64.2 
63.1 
66.9 
65.4 
60.1 
57.7 
57.2 
55.6 
52.0 
48.4 
48.7 
48.3 
44.9 
73.4 
86.6 
79.9 
71.2 
69.2 
68.3 
69.9 
69.2 
65.2 
64.9 
65.0 
60.5 
51.5 
43.2 
38.9 
38.1 
36.4 
35.5 
36.8 
39.5 
42.9 
44.9 
49.2 
55.9 
60.2 
61.2 
61.0 
61.4 
62.1 
60.9 
60.1 
60.3 
60.5 
59.6 
59.9 
60.5 
60.9 
60.5 
60.0 

0.72 
0.71 
0.78 
0.90 
0.88 
0.71 
0.59 
0.66 
0.65 
0.56 
0.36 
0.27 
0.23 
0.35 
0.46 
0.65 
0.81 
0.85 
0.80 
0.88 
0.95 
1.12 
1.09 
0.85 
0.87 
0.89 
0.90 
0.78 
0.72 
0.67 
0.61 
0.59 
0.57 
0.51 
0.47 
1.22 
0.63 
0.81 
0.96 
0.82 
0.83 
0.93 
0.95 
0.87 
0.85 
0.76 
0.65 
0.49 
0.49 
0.51 
0.39 
0.37 
0.31 
0.24 
0.34 
0.45 
0.43 
0.52 
0.74 
0.73 
0.71 
0.78 
0.79 
0.75 
0.84 
0.83 
0.78 
0.77 
0.77 
0.76 
0.75 
0.75 
0.79 
0.80 

5.76 
7.17 
5.91 
2.06 
3.09 
7.98 
10.91 
8.17 
10.31 
10.18 
14.90 
15.95 
18 . 78 
13 . 11 
13.49 
12.38 
9.13 
8.92 
13.20 
7.68 
6.28 

-5 . 58 
-10 . 17 

5.00 
7.99 
4.97 

-1.11 
4.50 
8.37 
9.97 
10.54 
8.35 
10 . 08 
13 . 93 
12 . 59 
-9.43 
43 . 98 
24 . 65 
6.21 

13 . 50 
12. 03 
6.76 
4.30 
5.96 
6.99 

13.41 
16.17 
18.11 
9.61 
4.04 
11.72 
11.50 
14.64 
20.55 
16.65 
12.47 
15.33 
13 . 56 
5.24 
10 . 82 
13.12 
7.72 
7.55 
10.91 
4.05 
3.47 
7.07 
7.91 
7.38 
8.18 
9.76 
9.59 
7.00 
5.35 



98.0 
97.5 
97.0 
96.5 
96.0 
95.5 
95.0 
94.5 
94.0 
93.5 
93.0 
92.5 
92.0 
91.5 
91.0 
90.5 
90.0 
89.5 
89.0 
88.5 
88.0 
87.5 
87.0 
86.5 
86.0 
85.5 
85.0 
84.5 
84.0 
83.5 
83.0 
82.5 
82.0 
81.5 
81.0 
80.5 
80.0 
79.5 
79.0 
78.5 
78.0 
77.5 
77.0 
76.5 
76.0 
75.5 
75.0 
74.5 
74.0 
73.5 
73.0 
72.5 
72.0 
71.5 
71.0 
70.5 
70.0 
69.5 
69.0 
68.5 
68.0 
67.5 
67.0 
66.5 
66.0 
65.5 
65.0 
64.5 
64.0 
63.5 
63.0 
62.5 
62.0 
61.5 

56.1 
56.5 
57.6 
58.0 
57.4 
57.1 
55.9 
58.5 
59.0 
58.3 
59.4 
59.4 
58.4 
57.3 
53.9 
51.6 
51.9 
53.2 
55.3 
57.5 
57.2 
53.3 
52.3 
53.2 
56.7 
57.5 
56.1 
50.7 
49.5 
52.3 
53.3 
52.6 
50.4 
49.7 
48.2 
46.6 
47.1 
49.3 
50.4 
49.6 
47.5 
46.9 
47.3 
47.9 
47.6 
47.8 
51.7 
56.5 
57.0 
55.5 
56.1 
56.8 
60.7 
62.6 
56.1 
50.3 
49.3 
48.3 
46.8 
48.0 
51.7 
53.1 
51.9 
48.7 
46.5 
48.0 
48.1 
47.9 
47.8 

51.1 
53.3 
54.2 
55.3 

48.8 

20.1 
19.5 
23.4 
20.8 
20.8 
21.4 
23.4 
23.4 
27.9 
27.3 
26.6 
26.6 
24.7 
25.3 
25.3 
23.4 
22.7 
22.1 
20.1 
16.2 
6.5 
5.2 
2.6 
16.9 
20.8 
23.4 
20.8 
23.4 
23.4 
23.4 
26.0 
24.7 
22.7 
22.1 
18.8 
22.1 
22.1 
22.7 
22.1 
24.7 
22.7 
22.1 
21.4 
18.8 
23.4 
22.7 
19.5 
21.4 
23.4 
24.7 
26.0 
26.0 
24.0 
29.9 
27.9 
23.4 
24.7 
20.8 
21.4 
21.4 
24.0 
25.3 
21.4 
19.5 
22.1 
22.7 
24.0 
18.2 
21.4 
20.1 
22.1 
23.4 
24.0 
21.4 

60.1 
60.5 
61.6 
62.0 
61.4 
61.1 
59.9 
62.5 
63.0 
62.3 
63.4 
63.4 
62.4 
61.3 
57.9 
55.6 
55.9 
57.2 
59.3 
61.5 
61.2 
57.3 
56.3 
57.2 
60.7 
61.5 
60.1 
54.7 
53.5 
56.3 
57.3 
56.6 
54.4 
53.7 
52.2 
50.6 
51.1 
53.3 
54.4 
53.6 
51.5 
50.9 
51.3 
51.9 
51.6 
51.8 
55.7 
60.5 
61.0 
59.5 
60.1 
60.8 
64.7 
66.6 
60.1 
54.3 
53.3 
52.3 
50.8 
52.0 
55.7 
57.1 
55.9 
52.7 
50.5 
52.0 
52.1 
51.9 
51.8 
52.8 
55.1 
57.3 
58.2 
59.3 

0.83 
0.85 
0.80 
0.86 
0.85 
0.76 
0.81 
0.73 
0.73 
0.77 
0.77 
0.79 
0.75 
0.68 
0.67 
0.69 
0.73 
0.82 
0.94 
1.14 
1.09 
1.12 
0.84 
0.83 
0.79 
0.82 
0.65 
0.63 
0.69 
0.65 
0.67 
0.66 
0.66 
0.69 
0.59 
0.60 
0.64 
0.67 
0.60 
0.60 
0.60 
0.62 
0.69 
0.59 
0.60 
0.75 
0.81 
0.78 
0.73 
0.71 
0.73 
0.85 
0.77 
0.67 
0.64 
0.60 
0.66 
0.61 
0.64 
0.66 
0.66 
0.72 
0.69 
0.59 
0.61 
0.70 
0.63 
0.68 
0.69 
0.71 
0.71 
0.79 

0.83 

0.59 

3.47 
2.40 
7.47 
3.62 
4.88 
8.15 
7.09 
13.29 
12 . 67 
11.33 
11.30 
8.98 
10.36 
11.74 
9.95 
8.89 
7*44 
3.82 

-2. 64 
-16.28 
-16.50 
-19.77 

0.09 
4.13 
7.50 
4.40 
10.34 
10.82 
9.67 
12.93 
11.38 
9.53 
8.90 
4.93 
10.20 
10.00 
10.01 
8.60 
12.63 
10.76 
10.08 
8.97 
5.07 
11.63 
10.64 
4.41 
5.15 
7.71 
10.16 
11.77 
11.48 
7.07 
14.56 
14.53 
10.49 
12.78 
7.66 
9.20 
8.70 
10.83 
12 . 08 
7-07 
5.66 
10.22 
10.54 
12.33 
4.15 
8.79 
6.53 
8.34 
9.24 
9.78 
5.66 

3*86 



61.0 
60.5 
60.0 
59.5 
59.0 
58.5 
58.0 
57.5 
57.0 
56.5 
56.0 
55.5 
55.0 
54.5 
54.0 
53.5 
53.0 
52.5 
52.0 
51.5 
51.0 
50.5 
50.0 
49.5 
49.0 
48.5 
48.0 
47.5 
47.0 
46.5 
46.0 
45.5 
45.0 
44.5 
44.0 
43.5 
43.0 
42.5 
42.0 

56.3 
55.8 
54.1 
52.2 
51.0 
52.2 
54.6 
58.3 
59.7 
52.3 
44.2 
40.5 
38.7 
36.7 
34.5 
34.5 
35.4 
36.1 
37.6 
39.6 
40.4 
42.1 
44.4 
46.2 
47.6 
47.9 
48.5 
49.2 
51.1 
52.7 
56.0 
58.9 
60.0 
59.0 
57.2 
58.3 
63.2 
64.7 
64.4 

23.4 
26.0 
24.7 
24.0 
22.1 
22.7 
20.1 
24.7 
26.6 
26.6 
20.8 
22.1 
21.4 
20.1 
20.1 
20.8 
23.4 
22.1 
20.8 
21.4 
22.1 
19.5 
24.7 
25.3 
26.6 
22.7 
22.7 
24.7 
27.9 
27.3 
28.6 
28.6 
29.2 
26.6 
26.0 
26.0 
24.0 
28.6 
28.6 

60.3 
59.8 
58.1 
56.2 
55.0 
56.2 
58.6 
62.3 
63.7 
56.3 
48.2 
44.5 
42.7 
40.7 
38.5 
38.5 
39.4 
40.1 
41.6 
43.6 
44.4 
46.1 
48.4 
50.2 
51.6 
51.9 
52.5 
53.2 
55.1 
56.7 
60.0 
62.9 
64.0 
63.0 
61.2 
62.3 
67.2 
68.7 
68.4 

0.77 
0.70 
0.70 
0.67 
0.69 
0.70 
0.80 
0.78 
0.77 
0.62 
0.57 
0.47 
0.44 
0.43 
0.38 
0.37 
0.33 
0.38 
0.43 
0.46 
0.46 
0.55 
0.49 
0.52 
0.52 
0.61 
0.62 
0.59 
0.57 
0.61 
0.65 
0.72 
0.72 
0.76 
0.73 
0.76 
0.90 
0.84 
0.83 

7.99 
11.88 
10.76 
10.64 

8.81 
4-10 
8.99 
11.19 
14.29 
9.34 

12.75 
12.56 
11.58 
12 50 
13.39 
16.70 
14 . 57 
12 . 12 
12 . 19 
12 . 80 
0.41 

14 . 80 
14 . 95 
16.24 
10.58 
10.34 
12 . 80 
16.62 
15.02 
15.49 
14.27 
14 . 74 
11-50 
11.32 
10.86 
6.03 
11.84 
11.96 

8-38 

* FROM D I G I T A L  RECORD O F  BOREHOLE GEOPHYSICAL LOG 
NEUT POR SS) = NEUT POR Ls v cmy (Ax.) = ANEUT Po6 & s i  4 
ADJ FOR (SS) = G- POR (SS) - (V 



84.5 
84.0 
83.5 
83.0 
82.5 
82.0 
81.5 
81.0 
80.5 
80.0 
79.5 
79.0 
78.5 
78.0 
77.5 
77.0 
76.5 
76.0 
75.5 
75.0 
74.5 
74.0 
73.5 
73.0 
72.5 
72.0 
71.5 

06 
I POR* 
E) % 
64.3 
60.3 
54.5 
56.4 
53.4 
55.7 
57.1 
62.1 
63.0 
56.8 
59.3 
58.1 
56.3 
58.3 
55.8 
50.1 
52.2 
51.3 
53.5 
56.3 
63.9 
65.4 
51.9 
43.5 
41.0 
36.7 
36.5 
39.7 
39.9 
40.0 
40.1 
41.5 
43.6 
45.0 
41.2 
40.5 
38.3 
37.8 
39.1 
38.9 
40.2 
42.4 
40.4 
42.0 
40.9 
36.7 
42.3 
41.8 
40.7 
36.9 
30.4 
38.4 
46.9 
47.4 
46.8 
43.6 
39.6 
47.2 
51.4 
50.1 
47.2 
44.6 
48.8 
47.5 
47.2 
48.7 
48.0 
47.2 
48.3 
48.1 

RECALCULA 

7.2 
13.0 
26.6 
22.7 
20.8 
23.4 
22.1 
23.4 
22.1 
21.4 
25.3 
28.6 
27.3 
30.5 
17.5 
16.9 
20.8 
21.4 
19.5 
20.1 
18.8 
17.5 
19.5 
18.8 
17.5 
16.2 
18.8 
22.1 
22.7 
22.1 
19.5 
22.1 
22.7 
21.4 
22.1 
20.8 
16.9 
25.3 
23.4 
21.4 
18.2 
13.6 
16.9 
20.1 
20.1 
23.4 
22.7 
23.4 
22.7 
21.4 
22.1 
17.5 
20.8 
21.4 
18.8 
22.1 
18.2 
17.5 
20.1 
20.1 
16.2 

.TED 
N 
POROSIT 
EUT POR 

6 .3 
64.3 
58.5 
60.4 
57.4 
59.7 
61.1 
66.1 
67.0 
60.8 
63.3 
62.1 
60.3 
62.3 
59.8 
54.1 
56.2 
55.3 
57.5 
60.3 
67.9 
69.4 
55.9 
47.5 
45.0 
40-7 
40.5 
43.7 
43.9 
44.0 
44.1 
45.5 
47.6 
49.0 
45.2 
44.5 
42.3 
41.8 
43.1 
42.9 
44.2 
46.4 
44.4 
46.0 
44.9 
40.7 

( S S A  % 

46.3 
45.8 
44.7 
40.9 
34.4 
42.4 
50.9 
51.4 
50.8 
47.6 
43.6 
51.2 
55.4 
54.1 
51.2 
48.6 
52.8 
51.5 
51.2 
52.7 
52.0 
51.2 
52.3 
52.1 

Y AND VOLI 

v CLAY 
(FRAc*3 0.7 

0.78 
0.72 
0.78 
0.75 
0.76 
0.81 
0.93 
1.12 
1.12 
1.05 
0.74 
0.78 
0.86 
0.76 
0.67 
0.68 
0.69 
0.75 
0.73 
0.82 
0.88 
0.53 
0.62 
0.58 
0.41 
0.40 
0.51 
0.50 
0.52 
0.55 
0.54 
0.60 
0.65 
0.60 
0.53 
0.42 
0.40 
0.44 
0.49 
0.46 
0.49 
0.48 
0.50 
0.50 
0.50 
0.44 
0.47 
0.48 
0.47 
0.43 
0.53 
0.64 
0.65 
0.57 
0.52 
0.42 
0.59 
0.71 
0.67 
0.70 
0.58 
0.65 
0.68 
0.61 
0.72 
0.72 
0.65 
0.67 
0.75 

JME 

A 

CLAY 

X F  POR 

18 . 47 
10.93 
9.66 
7.05 
6.43 
8.24 
5.84 
2.83 

-9.51 
-15.20 
-7 . 98 
11.83 
7-09 
3.49 
8.22 
8.75 
9.71 
8.23 
6.39 
10.77 
12.17 
9.72 
19.93 
5.04 
5.19 
12 . 49 
13 . 50 
9.38 
10.23 
8.33 
6.47 
8.62 
6.86 
4.44 
4.17 
8.15 
13. 67 
14 . 79 
13.31 
9.73 
12 . 87 
12 . 87 
11.87 
12.11 
10.75 
6.98 
16.59 
14.05 
11.75 
8.72 
4.99 
6.25 
7.30 
7.11 
11.95 
12.36 
14.97 
10.85 
7.29 
8.73 
3.49 
9.17 
8.34 
5.22 
9.93 
3.79 
3.16 
7.17 
6.72 
1.29 

(SS) % 



71.0 
70.5 
70.0 
69.5 
69.0 
68.5 
68.0 
67.5 
67.0 
66.5 
66.0 
65.5 
65.0 
64.5 
64.0 
63.5 
63.0 
62.5 
62.0 
61.5 
61.0 
60.5 
60.0 
59.5 
59.0 
58.5 
58.0 
57.5 
57.0 
56.5 
56.0 
55.5 
55.0 
54.5 
54.0 
53.5 
53.0 
52.5 
52.0 
51.5 
51.0 

48.2 
43.6 
41.7 
39.8 
38.4 
41.5 
43.5 
44.4 
43.7 
42.8 
42.6 
42.1 
44.0 
48.0 
46.8 
45.7 
43.2 
41.4 
41.4 
37.3 
36.3 
36.4 
35.0 
30.0 
26.6 
36.0 
38.4 
41.3 
49.0 
54.2 
50.9 
46.3 
41.8 
39.7 
46.7 
49.2 
43.5 
45.6 
48.0 
53.4 
50.0 

23.4 
24.0 
18.8 
21.4 
18.8 
22.7 
19.5 
18.8 
16.9 
20.1 
19.5 
20.1 
21.4 
22.7 
18.8 
19.5 
20.8 
20.1 
19.5 
20.8 
20.1 
8.4 
-8.4 
-20.1 
-13. 6 
11.0 
22.1 
20.8 
25.3 
24.0 
22.1 
22.7 
22.7 
17.5 
18.8 
21.4 
24.7 
22.7 
23.4 
23.4 
29.2 

52.2 
47.6 
45.7 
43.8 
42.4 
45.5 
47.5 
48.4 
47.7 
46.8 
46.6 
46.1 

52.0 
50.8 
49.7 
47.2 
45.4 
45.4 
41.3 
40.3 
40.4 
39.0 
34.0 
30.6 
40.0 
42.4 
45.3 
53.0 
58.2 
54.9 
50.3 
45.8 
43.7 
50.7 
53.2 
47.5 
49.6 
52.0 
57.4 
54.0 

48.0 

0.60 
0.49 
0.56 
0.47 
0.49 
0.48 
0.58 
0.62 
0.64 
0.56 
0.57 
0.54 
0.55 
0.61 
0.67 
0.63 
0.55 
0.53 
0.54 
0.43 
0.42 
0.67 
0.99 
1.13 
0.92 
0.60 
0.42 
0.51 
0.58 
0.71 
0.68 
0.58 
0.48 
0.55 
0.66 
0.66 
0.48 
0.56 
0.60 
0.71 
0.52 

11.39 
14.23 
7.62 
12 . 11 
9.03 
13.23 
7.81 
6.53 
4.03 
9.02 
8.16 
9.31 
10.36 
10.55 
5.51 
6.88 
9.79 
9.62 
8.68 
12.24 
11.72 
-4 . 88 
-28 . 20 
-42.67 
-32.04 
-1.02 
13.62 
10.58 
13.79 
9.77 
8.40 
11.23 
13.11 
6.61 
5.57 
8.19 
15.17 
11.54 
11.45 
9.22 
18.88 

* FROM DIGITAL RECORD O F  BOREHOLE GEOPHYSICAL LOG 
NEUT POR SS) = NEUT POR L S  + 4 v CLAY (FXiAC.) = NEUT P O 6  (AS) - G-G POR S S ) )  / 48 
ADJ POR (SS) = G - i  POR (SS) - (V CLAY (FRA A .) * 20 ) 



WEU 37-8 
INTERVAL : 
DEPTH* 

640.0 
639 .5  
639.0 
638 .5  
638 .0  
637 .5  
637.0 
636.5 
636.0 
635.5 
635.0 
634 .5  
634 .0  
633 .5  
633 . 0 
632.5  
632 .0  
631 .5  
631 .0  
630.5 
630 .0  
629 .5  
629 .0  
628 .5  
628.0 
627.5 
627 .0  
626 .5  
626.0 
625 .5  
625 .0  
624.5 
624 .0  
623.5 
623.0 
622 . 5 
622 . 0 
621.5 
621.0 
620.5 
620.0 
619.5 
619.0 
618 . 5 
618.0 
617 . 5 
617.0 
616.5 
616.0 
615.5 
615.0 
614.5 
614 . 0 
613.5 
613 . 0 
612.5 
612.0 
611.5 
611.0 
610.5 
6x0 . 0 
609 . 5 
609.0 
608.5 
608.0 
607 . 5 
607.0 
606.5 
606.0 
605.5 

9BR 
32-640 
NEUT POR* 

7 . 6  
8 0 . 3  
8 1 . 2  
81 .3  
8 2 . 1  
82 .4  
8 1 . 0  
82 .3  
8 1 . 8  
8 1 . 7  
82 .8  
8 2 . 7  
7 9 . 7  

'=A % 

8 0 . 3  
8 0 . 5  
8 1 . 9  
72 .5  
5 1 . 2  
37 .7  
34 .2  
37 .4  
4 7 . 1  
48 .7  
41 .0  
36 .5  
36 .2  
35 .5  
36 .3  
36 .5  
35.7 
35 .9  
35 .4  
36 .0  
36 .9  
36 .9  
36.6 
36 .4  
3 7 . 0  
3 7 . 1  
3 6 . 1  
36 .0  
36.4 
35 .7  
35 .0  
35 .0  
35 .5  
34.7 
34 .8  
36 .0  
36.7 
36 .3  
37 .0  
36 .8  
36 .9  
35 .9  
36 .6  
35 .2  
3 4 . 4  
34 .4  
3 5 . 1  
34 .9  
3 5 . 2  
35 .2  
36 .5  
3 8 . 5  
38 .6  
36 .2  
34 .8  
34 .0  
3 4 . 5  

RECALCULATED POROSITY 

G-G POR* 

6 .9 
7 2 . 3  
7 4 . 6  
7 4 . 5  
7 5 . 0  
7 6 . 7  
7 7 . 9  
7 8 . 0  
7 6 . 8  
7 6 . 1  
7 6 . 5  
7 7 . 5  
7 6 . 6  
7 4 . 9  
7 4 . 3  
7 2 . 3  
5 4 . 0  
34 .7  
2 5 . 8  
2 2 . 3  
2 4 . 0  
2 9 . 9  
32 .2  
29 .3  
27 .2  
26 .7  
26 .4  
27 .6  
28 .2  
27 .5  
26 .2  
28 .3  
30 .3  
3 1 . 1  
30 .9  
30 .4  
30 .6  
31 .0  
29 .6  
28 .8  
28 .4  
29 .3  
28 .7  
2 8 . 9  
29 .5  
28 .7  
26 .6  
27 .2  
29 .8  
30 .5  
29 .2  
30 .2  
29 .3  
3 0 . 1  
30 .0  
29 .8  
31.2 
3 1 . 6  
31 .2  
32 .2  
31 .2  
30 .5  
28 .7  
28 .8  
2 8 . 1  
26 .4  
2 8 . 5  
29 .9  
30 .2  
2 9 . 0  

( S S l  
NEUT POR 

( S S  % 

8 4 . 3  
8 5 . 2  
8 5 . 3  
8 6 . 1  
8 6 . 4  
8 5 . 0  
8 6 . 3  
8 5 . 8  
8 5 . 7  
8 6 . 8  
8 6 . 7  
8 3 . 7  
8 4 . 3  
8 4 . 5  
8 5 . 9  
7 6 . 5  
5 5 . 2  
4 1 . 7  
3 8 . 2  
4 1 . 4  
5 1 . 1  
5 2 . 7  
4 5 . 0  
4 0 . 5  
4 0 . 2  
3 9 . 5  
4 0 . 3  
4 0 . 5  
39 .7  
3 9 . 9  
3 9 . 4  
4 0 . 0  
4 0 . 9  
4 0 . 9  
40 .6  
40 .4  
4 1 . 0  
4 1 . 1  
4 0 . 1  
40 .0  
4 0 . 4  
39 .7  
39 .0  
3 9 . 0  
3 9 . 5  
38 .7  
3 8 . 8  
4 0 . 0  
4 0 . 7  

7A.6 

4 0 . 3  
4 1 . 0  
4 0 . 8  
4 0 . 9  
3 9 . 9  
4 0 . 6  
3 9 . 2  
3 8 . 4  
3 8 . 4  
3 9 . 1  
3 8 . 9  
3 9 . 2  
3 9 . 2  
4 0 . 5  
4 2 . 5  
4 2 . 6  
4 0 . 2  
3 8 . 8  
3 8 . 0  
3 8 . 5  

AND VOLUME CLAY 
v CLAY 

0 . 3  
0 . 2 5  
0 .22  
0 . 2 2  
0 . 2 3  
0 . 2 0  
0 . 1 5  
0 .17  
0 .19  
0 .20  
0 . 2 1  
0 . 1 9  
0 . 1 5  
0 . 2 0  
0 . 2 1  
0 . 2 8  
0 .47  
0 .43  
0 . 3 3  
0 . 3 3  
0 . 3 6  
0 . 4 4  
0 . 4 3  
0 . 3 3  
0 . 2 8  
0 .28  
0 .27  
0 . 2 6  
0 . 2 6  
0 . 2 5  
0 .28  
0 . 2 3  
0 . 2 0  
0 . 2 0  
0 . 2 1  
0 . 2 1  
0 . 2 0  
0 . 2 1  
0 .24  
0 . 2 3  
0 .24  
0 .23  
0 . 2 3  
0 . 2 1  
0 . 2 0  
0 .23  
0 . 2 5  
0 .24  
0 . 2 1  
0 . 2 1  
0 .23  
0 .23  
0 .24  
0 .23  
0 . 2 1  
0 .23  
0 .17  
0 .14  
0 . 1 5  
0 . 1 4  
0 .16  
0 . 1 8  
0 . 2 2  
0 .24  
0 . 3 0  
0 . 3 4  
0 .24  
0 . 1 8  
0 .16  
0 . 2 0  

(rnC.4 
ART POR 

54.50 
67.27 
70 .16  
70.02 
70.37 
72.66 
74.89 
74 . 48 
73 .05  
72 . 06 
72.21 
73.58 
73 . 67 
70 .99  
69.98 
66.63 
44 . 68 
26.09 
19.12 
15.73 
16.68 
20.99 
23.72 
22 .80  
21.62 
21.02 
20 .93  
22.27 
23 .00  
22.44 
20 .55  
23.68 
26 .23  
27.06 
26.68 
26.18 
26.54 
26.85 
24 .74  
24 .12  
23 . 57 
24.72 
24 . 18 
24 . 64 
25.56 
24 .15  
21.49 
22 .41  
25.58 
26.24 
24.50 
25 .70  
24.47 
25.55 
25 .89  
25.25 
2 7 . 9 1  
2 8 . 8 1  
28.14 
29.39 

26.85 
24.38 
23 .95  
22 .04  
19 . 67 
23 .61  
26.25 
26.97 
25.08 

(SS) % 

28 04 



605.0 
604.5 
604.0 
603.5 
603.0 
602.5 
602.0 
601.5 
601.0 
600.5 
600.0 
599.5 
599.0 
598 . 5 
598.0 
597.5 
597.0 
596.5 
596.0 
595.5 
595.0 
594 . 5 
594 0 
593 . 5 
593.0 
592.5 
592 . 0 
591.5 
591.0 
590.5 
590.0 
589.5 
589.0 
588.5 
588 . 0 
587.5 
587.0 
586.5 
586.0 
585.5 
585.0 
584.5 
584.0 
583.5 
583.0 
582.5 
582.0 
581.5 
581.0 
580.5 
580.0 
579.5 
579.0 
578.5 
578.0 
577 . 5 
577 . 0 
576.5 
576.0 
575 . 5 
575 0 
574.5 
574.0 
573 . 5 
573.0 
572.5 
572 . 0 
571.5 
571.0 
570.5 
570.0 
569.5 
569.0 
568.5 

34.8 
34.5 
35.2 
37.2 
37.4 
35.9 
34.9 
35.0 
35*3 
35.6 
34.6 
35.7 
36.0 
36.1 
36.1 
35.6 
36-0 
34.8 
34.4 
34.5 
34.5 
34.7 
35.4 
35.1 
35.6 
35.6 
34.9 
34.5 
35.4 
36.2 
37.5 
36.6 
36.6 
36.4 
35.5 
35.7 
35.1 
35.1 
35.1 
35.4 
35.3 
32.8 
33.7 
34.3 
34.3 
34.3 
35.3 
36.5 
35.7 
34.5 
33.8 
33.6 
32.5 
32.0 
32.4 
31.9 
31.3 
31.1 
30.7 
28.5 
33.3 
53.0 
70.8 
78.2 
75.2 
62.1 
50.6 
41.6 
32.7 
27.7 
25.8 
27.0 
28.0 
26.3 

27.6 
30.1 
28.7 
28.6 
28.2 
27.3 
28.5 
29.5 
27.9 
27.6 
28.0 
30.1 
31.0 
29.4 
28.5 
29.2 
30.4 
31.5 
30.5 
30.3 
31.2 
30.2 
31.4 
32.2 
29.6 
26.5 
27.3 
27.9 
28.7 
28.4 
30.2 
31.3 
32.1 
31.5 
29.2 
29.2 
28.5 
27.9 
30.8 
29.4 
27.6 
29.9 
30.7 
26.8 
25.9 
28.2 
29,9 
29.1 
29.7 
29.6 
28.8 
27.7 
26.2 
27.0 
25.7 
26.7 
27.6 
25.8 
27.5 
34.1 
54.0 
71.8 
72.5 
56.7 
40.0 
29.1 
24.4 
23.9 
23.9 
22.3 
22.6 
24.5 
23.6 

28.7 

38.8 
38.5 
39.2 
41.2 
41.4 
39.9 
38.9 
39.0 
39.3 
39.6 
38.6 
39.7 
40.0 
40.1 
40.1 
39.6 
40.0 
38.8 
38.4 
38.5 
38.5 
38.7 
39.4 
39.1 
39.6 
39.6 
38.9 
38.5 
39.4 
40.2 
41.5 
40.6 
40.6 
40.4 
39.5 
39.7 
39.1 
39.1 
39.1 
39.4 
39.3 
36.8 
37.7 
38.3 
38.3 
38.3 
39.3 
40.5 
39*7 
38.5 
37.8 
37.6 
36.5 
36.0 
36.4 
35.9 
35.3 
35.1 
34.7 
32.5 
37.3 
57.0 
74.8 
82.2 
79.2 
66.1 
54.6 
45.6 
36.7 
31.7 
29.8 
31.0 
32.0 
30.3 

0.23 
0.17 
0.22 
0.26 
0.27 
0.26 
0.22 
0.20 
0.24 
0.25 
0.22 
0.20 
0.19 
0.22 
0.24 
0.23 
0.22 
0.17 
0.14 
0.17 
0.17 
0.16 
0.19 
0.16 
0.15 
0.21 
0.26 
0.23 
0.24 
0.24 
0.27 
0.22 
0.19 
0.17 
0.17 
0.22 
0.21 
0.22 
0.23 
0.18 
0.21 
0.19 
0.16 
0.16 
0.24 
0.26 
0.23 
0.22 
0.22 
0.18 
0.17 
0.18 
0.18 
0.20 
0.20 
0.21 
0.18 
0.16 
0.19 
0.10 
0.07 
0.06 
0.06 
0.20 
0.47 
0.54 
0.53 
0.44 
0.27 
0.16 
0.15 
0.17 
0.16 
0.14 

22.91 
26.65 
24.31 
23 . 42 
22.73 
22 . 09 
24.23 
25.58 
23.09 
22 . 63 
23 . 61 
26.09 
27 . 18 
24.98 
23.65 
24.72 
26.90 
28.66 

24.20 

27 I22 
26.91 
28.13 
26.37 
28 . 20 
29 . 16 
25.35 
21.38 
22.66 
23.04 
23.94 
22 . 91 
25.92 
27.40 
28.60 
28.15 
24.82 
25 04 
24.14 
23.22 
27 . 22 
25.28 
23.77 
26.67 
27.59 
22.04 
20.75 
23.54 
25 . 53 
24 . 68 
26.06 
26.20 
25.08 
24.10 
22 . 12 
23 . 05 
21.51 
23.07 
24 . 45 
22.07 
25.36 
32.79 
52 . 67 
70.58 
68 . 51 
47-29 
29-20 
18.42 
15-49 
18 57 
20.65 
19.25 
19.13 
21.34 
20.85 

27. 



568.0 
567.5 
567.0 
566.5 
566.0 
565.5 
565.0 
564.5 
564.0 
563.5 
563.0 
562.5 
562.0 
561.5 
561.0 
560.5 
560.0 
559.5 
559.0 
558.5 
558.0 
557.5 
557.0 
556.5 
556.0 
555.5 
555.0 
554.5 
554.0 
553.5 
553.0 
552 . 5 
552.0 
551.5 
551.0 
550.5 
550.0 
549.5 
549.0 
548.5 
548 . 0 
547.5 
547.0 
546.5 
546.0 
545.5 
545.0 
544.5 
544.0 
543.5 
543.0 
542.5 
542.0 
541.5 
541.0 
540.5 
540.0 
539.5 
539 . 0 
538.5 
538.0 
537.5 
537 . 0 
536.5 
536.0 
535.5 
535.0 
534.5 
534.0 
533.5 
533.0 
532.5 
532.0 
531.5 

27.5 
30.8 
31.6 
30.7 
29.8 
28.8 
30.7 
34.4 
38.2 
39.5 
40.8 
43.7 
53.4 
70.6 
79.3 
79.9 
78.8 
78.0 
65.2 
50.9 
42.3 
34.8 
30.7 
31.0 
32.9 
30.8 
27.1 
26.1 
26.3 
30.0 
30.6 
28.6 
30.1 
32.3 
32.7 
31.4 
31.3 
33.0 
33.1 
31.1 
30.1 
29.9 
29.4 
29.6 
31.0 
32.0 
32.1 
32.4 
32.0 
31.3 
31.2 
32.0 
31.7 
30.9 
32.4 
31.7 
30.8 
30.5 
31.8 
34.1 
36.3 
35.9 
32.8 
29.6 
29.4 
31.8 
39.8 
46.5 
59.6 
71.9 
82.3 
76.1 
57.4 

37.8 

24.2 
20.2 
14.3 
16.0 
14.1 
10.0 
10.8 
13.2 
15.3 
16.4 
17.7 
20.7 
36.4 
61.2 
75.7 
75.7 
73.7 
64.2 
42.9 
25.3 
19.0 
14.2 
10.5 
6.9 
8.7 

11.5 
16.8 
20.4 
21.8 
21.6 
18.2 
14.1 
11.2 
12.5 
15.7 
15.6 
18.7 
21.3 
20.8 
21.7 
21.8 
22.2 
23.8 
24.8 
22.3 
14.5 
13.6 
14.3 
15.5 
18.8 
20.9 
23.6 
23.8 
21.1 
21.8 
24.5 
23.6 
24.4 
25.0 
25.7 
24.7 
22.5 
23.2 
26.1 
24.2 
23.4 
21.0 
19.4 
28.3 
41.2 
56.2 
67.3 
54.9 
33.7 

31.5 
34.8 
35.6 
34.7 
33.8 
32.8 
34.7 
38.4 
42.2 
43.5 
44.8 
47.7 
57.4 
74.6 
83.3 
83.9 
82.8 
82.0 
69.2 
54.9 
46.3 

34.7 
35.0 
36.9 

31.1 
30.1 
30.3 
34.0 
34.6 
32.6 
34.1 
36.3 
36.7 
35.4 
35.3 
37.0 
37.1 
35.1 
34.1 
33.9 
33.4 
33.6 
35.0 
36.0 
36.1 
36.4 
36.0 
35.3 
35.2 
36.0 
35.7 
34.9 
36.4 
35.7 
34.8 
34.5 
35.8 

40.3 
39.9 
36.8 
33.6 
33.4 
35.8 
41.8 
43.8 
50.5 
63.6 
75.9 
86.3 
80.1 
61.4 

38.8 

34.8 

38.1 

0.15 
0.30 
0.44 
0.39 
0.41 
0.48 
0.50 
0.53 
0.56 
0.56 
0.56 
0.56 
0.44 
0.28 
0.16 
0.17 
0.19 
0.37 
0.55 
0.62 
0.57 
0.51 
0.50 
0.58 
0.59 
0.49 
0.30 
0.20 
0.18 
0.26 
0.34 
0.38 
0.48 
0.50 
0.44 
0.41 
0.35 
0.33 
0.34 
0.28 
0.26 
0.24 
0.20 
0.18 
0.26 
0.45 
0.47 
0.46 
0.43 
0.34 
0.30 
0.26 
0.25 
0.29 
0.30 
0.23 
0.23 
0.21 
0.23 
0.26 
0.32 
0.36 
0.28 
0.16 
0.19 
0.26 
0.43 
0.51 
0.46 
0.47 
0.41 
0.40 
0.53 
0.58 

21.19 
14 . 13 
5.46 
8.21 
5.94 
0.50 
0.86 
2.64 
4.16 
5.17 
6.46 
9.47 

27 . 65 
55.58 
72.48 
72.29 
69 . 92 
56.77 
31.96 
12 . 89 
7.69 
3.99 
0.47 

-4 . 75 
-3.08 
1.80 

10.80 
16.39 
18.23 
16.43 
11.40 
6.43 
1.65 
2.51 
6.92 
7.32 
11.80 
14.80 
14.07 
16.15 
16.68 
17.38 
19 . 72 
21.10 
17.02 
5.52 
4.28 
5.04 
6.95 
11.87 
14 . 97 
18.40 
18.82 
15.37 
15.76 
19.79 
18.94 
20.25 
20.45 
20.56 
18.19 
15.30 
17.51 
22 . 98 
20.40 
18.19 
12.29 
9.22 

31.86 
47.96 
59.34 
44.39 
22.18 

18.96 

23 



531.0 
530.5 
530.0 
529 . 5 
529.0 
528.5 
528 . 0 
527. 5 
527.0 
526.5 
526.0 
525.5 
525.0 
524.5 
524 . 0 
523.5 
523 . 0 
522.5 
522 . 0 
521.5 
521.0 
520.5 
520.0 
519 . 5 
519.0 
518.5 
518 . 0 
517.5 
517.0 
516 . 5 
516.0 
515.5 
515.0 
514.5 
514.0 
513.5 
513.0 
512 . 5 
512.0 
511.5 
511.0 
510.5 
510.0 
509.5 
509.0 
508.5 
508.0 
507.5 
507.0 
506.5 
506.0 
505.5 
505.0 
504.5 
504.0 
503. 5 
503. 0 
502. 5 
502.0 
501.5 
501.0 
500.5 
500.0 
499 . 5 
499 . 0 
498.5 
498.0 
497.5 
497.0 
496.5 
496.0 
495.5 
495 . 0 
494.5 

51.4 
64.6 
79.4 
84.7 
84.7 
84.3 
83.6 
77.9 
70.2 
57.4 
44.3 
38.6 
37.6 
40.6 
44.1 
46.0 
59.4 
58.6 
49.4 
44.7 
42.2 
35.6 
32.3 
30.4 
27.5 
26.4 
27.0 
27.7 
27.1 
27.7 
29.8 
31.4 
33.0 
32.0 
32.6 
36.2 
40.6 
43.6 
44.4 
46.9 
42.2 
40,3 
55.7 
69.8 
58.8 
42.6 
34.6 
33.6 
36.6 
39.9 
39.4 
39.2 
39.2 
41.0 
41.6 
42.5 
41.7 
41.9 
42.2 
43.6 
46.5 
56.4 
55.5 
40.8 
33.0 
33.1 
41.7 
48.4 
45.7 
43.8 
46.1 
48.6 
43.3 
42.6 

33.3 
54.2 
73.0 
78.4 
78.6 
78.3 
77.4 
70.4 
53.4 
31.6 
18.5 
15.5 
14.4 
16.4 
19.0 
25.4 
33.2 
30.0 
19.2 
15.8 
12.3 
11.0 
10.6 
9.2 
10.6 
14.1 
16.5 
19.2 
18.4 
17.9 
17.4 
13.0 
13.0 
12.1 
12.8 
15.1 
14.4 
14.1 
15.1 
17.0 
16.7 
24.2 
39.7 
45.5 
30.5 
19.6 
15.7 
13.2 
10.6 
11.5 
12.7 
16.8 
17.4 
16.8 
17.2 
18.6 
20.0 
19.5 
18.3 
18.5 
25.8 
38.7 
38.6 
25,3 
18.4 
17.3 
21.3 
20.3 
19.4 
17.3 
17.2 
18.9 
16.2 
8.3 

55.4 
68.6 
83.4 

88.7 
88.3 
87.6 
81.9 
74.2 
61.4 
48.1 
42.6 
41.6 
44.6 
48.1 
50.0 
63.4 
62.6 
53.4 
48.7 
46.2 
39.6 
36.3 
34.4 
31.5 
30.4 
31.0 
31.7 
31.1 
31.7 
33.8 
35.4 
37.0 
36.0 
36.6 
40.2 
44.6 
47.6 
48.4 
50.9 
46.2 
44.3 
59.7 
73.8 
62.8 
46.6 
38.6 
37.6 
40.6 
43.9 
43.4 
43.2 
43.2 
45.0 
45.6 
46.5 
45.7 
45.9 
46.2 
47.6 
50.5 
60.4 
59.5 
44.8 
37.0 
37.1 
45.7 
52.4 
49.7 
47.8 
50.1 
52.6 
51.3 
46.6 

88.7 

0.46 
0.30 
0.22 
0.21 
0.21 
0'.21 o.Zi 
0.24 
0.43 
0.62 
0.62 
0.56 
0.57 
0.59 
0.61 
0.51 
0.63 
0.68 
0.71 
0.69 
0.71 
0.60 
0.54 
0.53 
0.44 
0.34 
0.30 
0.26 
0.27 
0.29 
0.34 
0.47 
0.50 
0.50 
0.50 
0.52 
0.63 
0.70 
0.69 
0.71 
0.61 
0.42 
0.42 
0.59 
0.67 
0.56 
0.48 
0.51 
0.62 
0.67 
0.64 
0.55 
0.54 
0.59 
0.59 
0.58 
0.53 
0.55 
0.58 
0.61 
0.51 
0.45 
0.43 
0.41 
0.39 
0.41 
0.51 
0.67 
0.63 
0.64 
0.69 
0.70 
0.73 
0.80 

24.06 
48.23 
68 . 66 
74.15 
74.43 
74.19 
73.22 
65.67 
44.75 
19.17 
6.21 
4.25 
3.00 
4.60 
6.89 
15.14 
20.57 
16.36 
4.95 
2.10 

-1.85 
-0.96 
-0.17 
-1.32 
1.86 
7.33 
10.51 
13.93 
13 . 06 
12.16 
10.51 
3.69 
2.98 
2.20 
2.91 
4.58 
1.77 
0.09 
1.17 
2.82 
4.47 
15.86 
31.36 
33.78 
17.03 
8.39 
6. 13 
2.98 
-1.88 
-1.98 
-0 . 15 
5.81 
6.59 
5.06 
5.40 
7.02 
9.32 
8.52 
6.73 
6.36 
15.55 
29.62 
29.94 
17 . 17 
10.65 
9.06 
11-09 
6.94 
6.82 
4.61 
3.52 
4.86 
1.59 

-7.64 



494.0 
493.5 
493.0 
492.5 
492.0 
491.5 
491.0 
490.5 
490.0 
489.5 
489.0 
488.5 
488.0 
487.5 
487.0 
486.5 
486.0 
485.5 
485.0 
484.5 
484.0 
483.5 
483.0 
482.5 
482.0 
481.5 
481.0 
480.5 
480.0 
479.5 
479.0 
478.5 
478.0 
477 . 5 
477.0 
476 . 5 
476.0 
475.5 
475.0 
474.5 
474.0 
473.5 
473.0 
472.5 
472 . 0 
471.5 
471.0 
470.5 
470.0 
469.5 
469 . 0 
468.5 
468 . 0 
467.5 
467 . 0 
466.5 
466.0 
465.5 
465.0 
464 . 5 
464.0 
463.5 
463.0 
462.5 
462.0 
461.5 
461.0 
460.5 
460.0 
459 . 5 
459 . 0 
458 . 5 
458 . 0 
457 . 5 

41.5 
38.5 
34.4 
34.0 
33.2 
30.2 
29.8 
29.6 
31.4 
38.0 
48.0 
52.2 
54.2 
56.6 
58.1 
57.2 
62.0 
77.3 
82.7 
73.1 
59.0 
51.0 
45.9 
36.3 
32.1 
33.6 
31.8 
29.8 
31.6 
33.0 
33.1 
30.5 
29.0 
28.8 
30.0 
30.2 
30.5 
30.4 
29.0 
27.6 
27.4 
28.5 
33.2 
37.2 
35.0 
31.4 
32.0 
36.2 
43.0 
47.8 
43.2 
34.6 
33.8 
34.1 
31.7 
33.6 
36.2 
37.1 
34.4 
32.7 
31.1 
31.1 
29.6 
28.7 
29.3 
29.3 
32.8 
43.1 
50.1 
45.3 
43.7 
48.1 
54.9 
46.4 

9.4 
13.1 
11.2 
14.5 
14.5 
15.0 
16.6 
16.8 
18.0 
20.0 
23.0 
25.7 
28.7 
30.6 
32.2 
34.6 
45.7 
66.3 
68.9 
51.3 
31.3 
21.0 
16.6 
20.3 
21.1 
15.0 
15.8 
19.6 
15.0 
6.7 
9.6 
13.7 
18.1 
20.0 
20.4 
20.3 
20.8 
21.7 
22.3 
22.0 
20.8 
19.3 
19.3 
16.4 
15.9 
15.9 
16.3 
15.8 
18.6 
19.6 
18.1 
15.2 
12.4 
13.6 
16.6 
15.7 
17.7 
17.2 
17.9 
18.7 
18.8 
18.4 
17.4 
16.7 
17.6 
16.7 
20.3 
24.9 
24.9 
20.9 
21.3 
24.2 
28.1 
24.8 

45.5 
42.5 
38.4 
38.0 
37.2 
34.2 
33.8 
33.6 
35.4 
42.0 
52.0 
56.2 
58.2 
60.6 
62.1 
61.2 
66.0 

86.7 
77.1 
63.0 
55.0 
49.9 
40.3 
36.1 
37.6 
35.8 
33.8 
35.6 
37.0 
37.1 
34.5 
33.0 
32.8 
34.0 
34.2 
34.5 
34.4 
33.0 
31.6 
31.4 
32.5 
37.2 
41.2 
39.0 
35.4 
36.0 
40.2 
47.0 
51.8 
47.2 
38.6 
37.8 
38.1 
35.7 
37.6 
40.2 
41.1 
38.4 
36.7 
35.1 
35.1 
33.6 
32-7 
33.3 
33.3 
36.8 
47.1 
54.1 
49.3 
47.7 
52.1 
58.9 
50.4 

81.3 

0.75 
0.61 
0.57 
0.49 
0.47 
0.40 
0.36 
0.35 
0.36 
0.46 
0.60 
0.64 
0.62 
0.62 
0.62 
0.55 
0.42 
0.31 
0.37 
0.54 
0.66 
0.71 
0.69 
0.42 
0.31 
0.47 
0.42 
0.30 
0.43 
0.63 
0.57 
0.43 
0.31 
0.27 
0.28 
0.29 
0.29 
0.27 
0.22 
0.20 
0.22 
0.28 
0.37 
0.52 
0.48 
0.41 
0.41 
0.51 
0.59 
0.67 
0.61 
0.49 
0.53 
0.51 
0.40 
0.46 
0.47 
0.50 
0.43 
0.37 
0.34 
0.35 
0.34 
0.33 
0.33 
0.34 
0.34 
0.46 
0.61 
0.59 
0.55 
0.58 
0.64 
0.53 

-5 . 67 
0.81 

-0.09 
4.76 
5.00 
6.95 
9.49 
9.75 
10.66 
10.79 
10.86 
13 . 01 
16.36 
18 . 05 
19 . 66 
23.59 
37.18 
60 . 07 
61.41 
40.54 
18 07 
6.84 
2-76 

11.93 
14.76 
5.56 
7.43 
13 . 65 
6.45 

-5.93 
-1.83 
5.03 
11.93 
14.64 
14 . 69 
14.49 
15 . 04 
16.39 
17. 79 
18 . 04 
16.36 
13.73 
11.82 
6.08 
6.32 
7.84 
8.16 
5.63 
6.74 
6.23 
5.99 
5.41 
1.81 
3.42 
8.67 
6.55 
8.28 
7.19 
9.42 
11.26 
12.05 
11.47 
10 . 65 
9.99 
11.01 
9.86 
13 . 48 
15.65 
12 68 
9-06 
10.23 
12.51 
15.29 
14.07 



457.0  
456.5 
456.0  
455.5 
455.0  
454.5  
454.0  
453.5 
453.0  
452.5 
452.0 
451.5  
451.0  
450.5  
450.0  
449 . 5 
449.0 
448.5 
448.0 
447.5  
447 . 0 
446.5 
446.0 
445.5 
445.0 
444.5 
444 . 0 
443.5 
443.0 
442.5 
442 .0  
441.5  
441.0 
440.5  
440 .0  
439.5  
439 . 0 
438.5 
438.0 
437.5 
437.0 
436.5 
436.0 
435.5 
435.0  
434.5  
434.0 
433.5 
433.0 
432.5 
432.0 
431.5 
431.0 
430.5 
430.0  
429 . 5 
429.0 
428.5 
428.0 
427.5 
427.0 
426.5 
426.0 
425.5 
425.0 
424.5 
4 2 4 - 0  
423.5 
423 . 0 
422.5 
422.0 
421.5 
421.0 
420.5 

3 4 . 0  
30 .3  
2 9 . 9  
29 .8  
3 3 . 9  
3 9 . 6  
3 6 . 6  
3 5 . 8  
38 .3  
3 9 . 3  
3 8 . 0  
3 5 . 6  
3 4 . 2  
3 1 . 2  
2 8 . 0  
3 0 . 6  
4 5 . 1  
5 7 . 9  
7 0 . 2  
8 3 . 5  
88.7 
85 .4  
7 2 . 0  
6 0 . 6  
5 3 . 1  
4 8 - 7  
4 7 . 1  
4 5 . 7  
4 3 . 3  
4 1 . 4  
4 6 . 5  
4 8 . 3  
4 8 . 6  
5 1 . 1  
5 2 . 4  
4 9 . 8  
47 .8  
4 7 . 7  
4 4 . 0  
3 7 . 0  
33 .2  
2 5 . 9  
1 5 . 6  
2 1 . 9  
4 0 . 6  
4 6 . 8  
4 2 . 6  
3 6 . 9  
3 6 . 1  
4 0 . 2  
3 6 . 1  
3 6 . 2  
43 .9  
4 7 . 5  
4 3 . 9  
42 .3  
4 1 - 7  
3 9 . 2  
40 .8  
4 5 . 6  
4 9 . 1  
51.7 
4 7 . 6  
44 .4  
44 .5  
42 .5  
3 9 . 1  
35 .4  
3 4 . 8  
3 8 . 0  
4 0 . 8  
42 .3  
4 0 . 8  
3 7 . 1  

14 .9  
14 .2  
15 .6  
17 .9  
21.9 
21.8 
21 .6  
16.8 
14.6 
15.5 
15 .0  
11 .8  
15 .0  
17.4 
1 6 . 1  
1 6 . 2  
20 .8  
31 .7  
48 .0  
68.8 
76 .5  
65 .6  
46.0 
27.2 
19 .8  
19.5 
18 .2  
18 .2  
17 .8  
17 .8  
15 .9  
19 .9  
21.3 
2 3 . 1  
25.8 
18.3 
15 .6  
18 .0  
17.5 
14 .3  
17.1 
13.6 
10 .6  
15 .7  
2 5 . 1  
27.3 
2 0 . 1  
15 .8  
1 5 . 9  
20 .5  
24 .7  
33 .4  
40.9 
34 .9  
25.4 
19.3 
18.4 
18.5 
22 .0  
26.9 
23.8 
23.4 
20.7 
13 .9  
1 3 . 1  
12 .8  
10.1 

9.5 
9 .4  

10.2 
14.9 
15 .4  
15.6 
15 .7  

38.0 
34.3 
33 .9  
33.8 
37.9 
43.6 
40 .6  
39.8 
42.3 
43.3 
42 .0  
39.6 
38.2 
35.2 
32.0 
34 .6  
4 9 . 1  
61.9 
74.2 
87 .5  
92 .7  

76 .0  
64.6 
5 7 . 1  
52.7 
5 1 . 1  
49.7 
47.3 
45.4 
50 .5  
52.3 
52.6 
5 5 . 1  
56.4 
53 .8  
51 .8  
51 .7  
48 .0  
41 .0  
37 .2  
29.9 
19 .6  
25.9 
44 .6  
50.8 
46.6 
40.9 
40 .1  
44.2 
4 0 . 1  
40.2 
47.9 
51.5 
47 .9  
46.3 
45.7 
43.2 

49 .6  
5 3 . 1  
55 .7  
51 .6  
48.4 
48.5 
46.5 
4 3 . 1  
39.4 
38.8 
42.0 
44.8 
46.3 
44.8 
4 1 . 1  

89.4 

44 .8  

0 . 4 8  
0 .42  
0 .38  
0 .33  
0.33 
0 .45  
0 .40  
0 .48  
0 .58  
0 .58  
0 .56  
0 .58  
0 .48  
0 .37  
0 .33  
0.38 
0 .59  
0.63 
0.55 
0 .39  
0.34 
0.50 
0 .62  
0 .78  
0 .78  
0 .69  
0 .69  
0 .66  
0 .62  
0 . 5 7  
0 .72  
0 .67  
0 .65  
0 .67  
0.64 
0.74 
0 .76  
0 .70  
0.63 
0 .56  
0 .42  
0.34 
0.19 
0 . 2 1  
0 .40  
0 . 4 9  
0 . 5 5  
0 .52  
0 . 5 1  
0 . 4 9  
0 .32  
0.14 
0 .15  
0 - 3 4  
0.47 
0 .56  
0.57 
0.51 
0.47 
0.47 
0 .61  
0 .67  
0.64 
0 .72  
0 .74  
0.70 
0 .69  
0 .62  
0 . 6 1  
0 .66  
0 .62  

0.61 
0.53 

0.64 

5 .20  
5.77 
7 . 9 1  

11 .28  
15 .18  
1 2  . 7 7  
1 3  . 64 

7 . 2 6  
3 .06  
3 .93  
3 . 7 8  
0 . 1 4  
5 .32  
9 .93  
9 .49  
8.52 
8 - 9 4  

19 .16  
37 .06  
6 1 . 0 1  
69.82 
5 5 . 6 1  
33 .55  
11 .65  

4 . 2 7  
5 .63  
4 .44  
5 . 0 7  
5 . 4 9  
6 .32  
1 . 5 1  

8 .28  
9 .82  

1 3 - 0 2  
3 - 4 7  
0 .47  
3.94 
4.85 
3 . 2 0  
8 . 6 9  
6 .86  
6 . 8 0  

1 1 . 4 6  
17 .02  
17 .53  

9 . 0 5  
5 . 3 1  
5.74 

10 .68  
18 .30  
30 .56  

28  . 0 6  
1 6 . 1 0  

8 . 0 6  
6 .95  
8 . 1 8  

1 2  . 50 
1 7 . 3 9  
11 .59  

9 .95  
7 .78  

-0 .40  
-1.70 
-1.30 
-3.65 
-3 . 03  
-2.80 
-3.03 

2 - 3 9  
2 .58  
3 .35  
5 .13  

6 .40  

38.03 



420.0 
419.5 
419.0 
418.5 
418.0 
417.5 
417.0 
416.5 
416.0 
415.5 
415.0 
414.5 
414.0 
413.5 
413.0 
412.5 
412.0 
411.5 
411.0 
410.5 
410.0 
409.5 
409.0 
408.5 
408.0 
407.5 
407.0 
406.5 
406.0 
405.5 
405.0 
404.5 
404.0 
403 . 5 
403.0 
402.5 
402.0 
401.5 
401.0 
400.5 
400.0 
399.5 
399.0 
398.5 
397.5 
397.0 
396.5 
396.0 
395.5 
395.0 
394.5 
394.0 
393.5 
393.0 
392.5 
392.0 
391.5 
391.0 
390.5 
390.0 
389.5 
389.0 
388.0 
387.5 
387.0 
386.5 
386.0 
385.5 
385.0 
384.5 
384.0 
383.5 

398. o 

388.5 

36.5 
40.4 
36.9 
42.7 
47.0 
43.5 
38.8 
42.0 
47.7 
49.3 
49.3 
54.7 
55.9 
49.0 
42.6 
37.0 
32.8 
29.9 
29.2 
28.8 
29.0 
29.2 
28.9 
28.5 
29.9 
30.0 
29.5 
29.0 
28.1 
26.3 
24.8 
24.9 
27.3 
34.6 
43.2 
49.3 
53.0 
53.7 
50.8 
47.2 
45.2 
36.0 
24.0 
24.2 
34.2 
35.3 
30.1 
32.0 
33.7 
35.0 
41.3 
47.3 
50.7 
42.4 
32.7 
34.2 
40.0 
35.0 
30.8 
31.0 
30.4 
31.8 
37.3 
43.4 
52.0 
53.6 
52.4 
60.4 
81.2 
90.9 
92.2 
92.2 
84.9 
74.2 

16.3 
19.6 
20.8 
20.5 
21.0 
16.3 
15.6 
16.9 
23.8 
25.5 
26.3 
25.8 
25.5 
27.7 
22.0 
18.5 

21.6 
25.9 
26.5 
26.4 
24.5 
21.8 
19.1 
16.6 
16.5 
17.1 
14.8 
15.7 
16.7 
14.6 
14.8 
16.8 
20.0 
19.7 
19.5 
19.7 
21.1 
18.7 
9.8 
7.7 

18.8 
18.9 

719 
9.5 
13.3 
20.1 
21.1 
14.3 
14.6 
15.6 
14.3 
9.9 
-3.2 

-21.1 
-24.3 
-6.8 
10.5 
16.5 
18.6 
22.2 
20.6 
17.6 
22.3 
30.4 

39.2 
61.7 
77.5 
79.9 
77.2 
65.0 
54.1 

29.8 
30.8 
29.8 

40.5 
44.4 
40.9 
46.7 
51.0 
47.5 
42.8 
46.0 
51.7 
53.3 
53.3 

59.9 
53.0 
46.6 
41.0 
36.8 
33.9 
33.2 
32.8 
33.0 
33.2 
32.9 
32.5 
33.9 
34.0 
33.5 
33.0 
32.1 
30.3 
28.8 
28.9 
31.3 
47.2 
53.3 
57.0 
57.7 
54.8 
51.2 
49.2 
40.0 
28.2 
38.2 
39.3 
34.1 
36.0 
37.7 
39.0 
45.3 
51.3 
54.7 
46.4 
36.7 

44.0 
39.0 
34.8 
35.0 
34.4 
35.8 
41.3 
47.4 
56.0 
57.6 
56.4 
64.4 
85.2 
94.9 
96.2 
96.2 
88.9 

58.7 

38.6 

28.0 

38.2 

78.2 

0.50 
0.52 
0.42 
0.54 
0.63 
0.65 
0.57 
0.61 

0.58 
0.56 
0.69 
0.72 
0.53 
0.51 
0.46 
0.31 
0.24 
0.14 
0.14 
0.14 
0.18 
0.22 
0.31 
0.36 
0.35 
0.33 
0.36 
0.30 
0.25 
0.30 
0.34 
0.45 
0.57 
0.70 
0.78 
0.79 
0.70 
0.68 
0.82 
0.67 
0.42 
0.39 
0.52 
0.40 
0.27 
0.45 
0.48 
0.49 
0.64 
0.86 
1.21 
1.41 
1.27 
0.94 
0.70 
0.47 
0.34 
0.26 
0.29 
0.38 
0.40 
0.37 
0.53 
0.56 
0.55 
0.53 
0.49 
0.36 
0.34 
0.40 
0.50 
0.50 

0.58 

0.38 

6.17 
9.26 
12.50 
9.64 
8.46 
3.32 
4.32 
4.72 
12.16 
13.84 
15 . 00 
12 . 05 
11.13 
17.19 
11.72 
9.50 
10.93 
12.60 
16.74 
22.98 
23.73 
23 . 57 
20.93 
17.30 
12. 97 
9.28 
9.49 
10.46 
7.58 
9.63 
11.71 
8.59 
7.96 
7.73 
8.70 
5.75 
3.92 
3.82 
7.04 
5.14 
-6.57 

-0.42 
1.66 
2.95 
12 . 02 
15.70 
5.21 
4.92 
5.89 
1.45 

-7.37 
-27.30 
-49.19 
-49.63 
-25 . 56 
-3.41 
7.10 
11.87 
16.94 
14.82 
10.04 
14.41 
22.46 
19.66 
19 . 61 
18.74 
28.65 
51.86 
70.21 
73.15 
69.31 
55.11 
44.02 

-5.83 



383.0 
382.5 
382.0 
381.5 
381.0 
380.5 
380.0 
379.5 
379.0 
378.5 
378.0 
377.5 
377 . 0 
376.5 
376.0 
375.5 
375.0 
374.5 
374.0 
373.5 
373.0 
372.5 
372.0 
371.5 
371.0 
370.5 
370.0 
369.5 
369.0 
368.5 
368.0 
367.5 
367.0 
366.5 
366.0 
365.5 
365.0 
364.5 
364.0 
363.5 
363.0 
362.5 
362.0 
361.5 
361.0 
360.5 
360.0 
359.5 
359.0 
358.5 
358.0 
357.5 
357.0 
356.5 
356.0 
355.5 
355.0 
354 . 5 
354 rn 0 
353.5 
353.0 
352.5 
352.0 
351.5 
351.0 
350.5 
350.0 
349.5 
349.0 
348.5 
348.0 
347.5 
347.0 
346.5 

78.7 
83.9 
84.1 
89.2 
85.7 
60.5 
43.0 
46.2 
55.4 
53.9 
35.6 
13.4 
26.7 
43.0 
54.7 
49.6 
36.2 
14.3 
20.8 
49.9 
57.4 
47.5 
41.0 
46.4 
56.6 
60.1 
57.8 
54.0 
60.8 
64.1 
62.5 
60.2 
58.7 
57.9 
46.9 
46.2 
47.8 
50.9 
50.5 
46.5 
44.1 
38.5 
37.7 
45.9 
52.4 
52.3 
46.1 
42.4 
42.9 
39.6 
39.1 
43.0 
45.5 
40.2 
37.2 
34.6 
33.0 
31.5 
28.1 
28.4 
31.6 
30.8 
32.4 
32.3 
30.0 
31.8 
36.1 
39.3 
38.7 

38.4 
34.6 
36.5 
42.9 

38.3 

57.1 
62.6 
63.1 
70.1 
68.9 
48.6 
27.4 
22.4 
28.3 
28.6 
24.4 
25.5 
32.9 
37.9 
38.1 
32.6 
24.4 
23.9 
31.3 
43.1 
40.2 
40.5 
41.9 
52.1 
57.4 
48.3 
37.0 
28.7 
30.1 
38.7 
39.8 
36.1 
35.0 
30.4 
31.1 
30.2 
31.1 
29.2 
24.8 
26.9 
29.6 
31.3 
37.1 
37.7 
29.5 
23.7 
22.7 
22.2 
22.6 
19.5 
19.9 
19.4 
17.4 
15.6 
16.7 
16.5 
14.6 
13.4 
13.9 
16.5 
15.4 
12.8 
9.7 
11.9 
15.6 
14.8 
15.5 
17.1 
16.6 
15.0 
13.5 
16.2 
21.6 
24.5 

82.7 
87.9 
88.1 
93.2 
89.7 
64.5 
47.0 
50.2 
59.4 
57.9 
39.6 
17.4 
30.7 
47.0 
58.7 
53.6 
40.2 
18.3 
24.8 
53.9 
61.4 
51.5 
45.0 
50.4 
60.6 
64.1 
61.8 
58.0 
64.8 
68.1 
66.5 
64.2 
62.7 
61.9 
50.9 
50.2 
51.8 
54.9 
54.5 
50.5 
48.1 
42.5 
41.7 
49.9 
56.4 
56.3 
50.1 
46.4 
46.9 
43.6 
43.1 
47.0 
49.5 
44.2 
41.2 
38.6 
37.0 
35.5 
32.1 
32.4 
35.6 
34.8 
36.4 
36.3 
34.0 
35.8 
40.1 
43.3 
42.7 
42.3 
42.4 
38.6 
40.5 
46.9 

0.53 
0.53 
0.52 
0.48 
0.43 
0.33 
0.41 
0.58 
0.65 
0.61 
0.32 

-0.17 
-0.04 
0.19 
0.43 
0.44 
0.33 

-0.12 
-0 . 13 
0.23 
0.44 
0.23 
0.06 

-0.04 
0.07 
0.33 
0.52 
0.61 
0.72 
0.61 
0.56 

0.58 
0.66 
0.42 
0.43 

0.62 
0.49 
0.38 
0.23 
0.10 
0.25 
0.56 
0.68 
0.57 
0.51 
0.50 
0.50 
0.48 
0.58 
0.67 
0.59 
0.51 
0.46 
0.47 
0.46 
0.38 
0.33 
0.42 
0.46 
0.56 
0.51 
0.38 
0.51 
0.55 
0.54 
0.57 
0.60 
0.40 
0.47 

0.59 

0.41 

0.53 

0.44 

0.47 

46.39 
52 . 01 
52 . 66 
60.47 
60.30 
42 . 01 
19.20 
10.82 
15.35 
16.34 
18.13 
28.89 
33.75 
34.06 
29.49 
23.79 
17.84 
26.22 
33 . 96 
38.54 
31.30 
35.92 
40.64 
52.81 
56.04 
41.75 
26.58 
16.42 
15.64 
26.41 
28.69 
24.37 
23.44 
17.29 
22 . 89 
21.81 
22.45 
18 . 51 
12.38 
17.02 
21.92 
26.70 
35.18 
32.57 
18.26 
10.17 
11.31 
12 . 06 
12 . 55 
9.43 
10.25 
7.89 
4.08 
3.76 
6.44 
7.32 
5.22 

6.37 
9.86 
3.66 

-1.43 
1.79 
7.95 
6.06 
5.21 
6.13 
5.79 
3.62 
1.53 

4.22 

7.01 

6.91 
13 . 64 
15.14 



346.0 
345.5 
345.0 
344.5 
344.0 
343.5 
343.0 
342.5 
342.0 
341.5 
341.0 
340.5 
340.0 
339.5 
339.0 
338.5 
338.0 
337.5 
337.0 
336.5 
336.0 
335.5 
335.0 
334.5 
334.0 
333.5 
333.0 
332.5 
332 . 0 
331.5 
331.0 
330.5 
330.0 
329.5 
329 . 0 
328.5 
328.0 
327.5 
327.0 
326.5 
326.0 
325.5 
325.0 
324.5 
324.0 
323.5 
323.0 
322.5 
322.0 
321.5 
321.0 
320.5 
320.0 
319.5 
319.0 
318.5 
318 . 0 
317.5 
317.0 
316.5 
316.0 
315.5 
315.0 
314 . 5 
314.0 
313.5 
313.0 
312.5 
312.0 
311.5 
311.0 
310.5 
310.0 
309.5 

42.1 
33.5 
28.5 
35.7 
45.3 
54.9 
58.8 
52.1 
48.4 
59.9 
49.9 
38.4 
46.8 
51.3 
60.9 
58.5 
52.6 
46.7 
37.9 
31.2 
29.3 
28.5 
27.7 
29.1 
32.6 
40.9 
45.7 
47.0 
58.0 
67.6 
72.6 
67.7 
56.6 
47.3 
42.1 
48.2 
42.5 
37.3 
36.2 
35.2 
36.9 
39.3 
42.8 
38.4 
31.9 
34.8 
34.7 
31.9 
31.6 
31.6 
32.4 
32.3 
31.0 
28.8 
33.2 
34.5 
31.7 
31.9 
29.7 
28.0 
27.6 
33.0 
42.9 
30.2 
38.6 
57.4 
55.6 
52.8 
66.1 
70.1 
49.6 
38.1 
34.0 
34.4 

23.8 
22.0 
21.0 
18.6 
21.0 
28.6 
37.5 
37.1 
41.4 
46.3 
36.0 
38.9 
47.6 
45.8 
42.0 
33.4 
20.3 
15.5 
16.8 
16.8 
18.0 
17.7 
16.1 
14.5 
16.7 
19.7 
21.9 
25.6 
37.4 
46.8 
49.4 
44.2 
35.7 
28.8 
25.9 
28.6 
31.5 
31.3 
27.5 
21.5 
20.8 
22.9 
18.6 
21.2 
21.8 
19.2 
17.3 
18.3 
17.7 
15.3 
15.2 
17.6 
19.7 
23.2 
25.6 
24.0 
18.8 
17.4 
17.7 
23.1 
27.3 
29.6 
32.3 
28.5 
31.0 
39.1 
35.5 
32.6 
40.3 
42.9 
31.9 
22.4 
24.4 
26.2 

46.1 
37.5 
32.5 
39.7 
49.3 
58.9 
62.8 
56.1 
52.4 
63.9 
53.9 
42.4 
50.8 
55.3 
64.9 
62.5 
56.6 
50.7 
41.9 
35.2 
33.3 
32.5 
31.7 
33.1 
36.6 
44.9 
49.7 
51.0 
62.0 
71.6 
76.6 
71.7 
60.6 
51.3 
46.1 
52.2 
46.5 
41.3 
40.2 
39.2 
40.9 
43.3 
46.8 
42.4 
35.9 
38.8 

35.9 
35.6 
35.6 
36.4 
36.3 
35.0 
32.8 
37.2 
38.5 
35.7 
35.9 
33.7 
32.0 
31.6 
37.0 
46.9 
34.2 
42.6 
61.4 
59.6 
56.8 
70.1 
74.1 
53.6 
42.1 
38.0 
38.4 

38.7 

0.46 
0.32 
0.24 
0.44 
0.59 
0.63 
0.53 
0.40 
0.23 
0.37 
0.37 
0.07 
0.07 
0.20 
0.48 
0.60 
0.76 
0.73 
0.52 
0.38 
0.32 
0.31 
0.32 
0.39 
0.41 
0.52 
0.58 
0.53 
0.51 
0.52 
0.57 
0.57 
0.52 
0.47 
0.42 
0.49 
0.31 
0.21 
0.26 
0.37 
0.42 
0.43 
0.59 
0.44 
0.30 
0.41 
0.45 
0.37 
0.37 
0.42 
0.44 
0.39 
0.32 
0.20 
0.24 
0.30 
0.35 
0.39 
0.33 
0.19 
0.09 
0.16 
0.30 
0.12 
0.24 
0.47 
0.50 
0.50 
0.62 
0.65 
0.45 
0.41 
0.28 
0.25 

14.51 
15.55 
16.15 
9.87 
9.20 
15.95 
27.04 
29.17 
36.87 
38 . 98 
28.49 
37.37 
46.28 
41.90 
32.43 
21.35 
5.19 
0.76 
6.31 
9.16 
11.55 
11.54 
9.66 
6.80 
8.37 
9.26 
10.25 
14.96 
27.19 
36.50 
38.11 
32.73 
25.37 
19.35 
17.53 
18.80 
25.28 
27.10 
22.23 
14 . 12 
12.49 
14.37 
6.92 

12.43 
15.84 
10.97 
8.33 
10.98 
10.23 
6.78 
6.35 
9.82 
13 . 32 
19 . 19 
20.70 
17.97 
11.74 
9.69 
11.09 
19.33 
25.53 
26.46 
26.20 
26.10 
29 . 77 
25.49 
22.49 
27.89 
29 . 96 
22.83 
14.20 
18.69 
21.08 

26.15 



309.0 
308.5 
308.0 
307.5 
307.0 
306.5 
306.0 
305.5 
305.0 
304.5 
304.0 
303.5 
303.0 
302.5 
302.0 
301.5 
301.0 
300.5 
300.0 
299.5 
299.0 
298.5 
298.0 
297.5 
297.0 
296.5 
296.0 
295.5 
295.0 
294.5 
294.0 
293 . 5 
293.0 
292.5 
292.0 
291.5 
291.0 
290.5 
290.0 
289.5 
289.0 
288.5 
288.0 
287.5 
287.0 
286.5 
286.0 
285.5 
285.0 
284.5 
284.0 
283.5 
283 . 0 
282.5 
282.0 
281.5 
281.0 
280.5 
280.0 
279.5 
279.0 
278.5 
278.0 
277.5 
277.0 
276.5 
276.0 
275.5 
275.0 
274.5 
274.0 
273.5 
273.0 
272.5 

34.8 
33.7 
35.9 
36.3 
36.4 
37.4 
38.3 
40.0 
42.7 
38.1 
30.1 
25.4 
24.8 
27.5 
31.2 
36.2 
32.5 
26.7 
29.7 
39.3 
45.6 
39.7 
40.2 
48.5 
51.1 
52.3 
45.0 
32.3 
27.2 
26.9 
27.8 
28.4 
28.5 
28.7 
28.2 
26.6 
25.4 
21.5 
30.3 
43.3 
47.2 
47.8 
50.4 
53.5 
53.2 
49.6 
42.8 
36.5 
32.1 
30.6 
28.5 
29.3 
30.9 
31.0 
33.8 
34.7 
30.9 
28.7 
25.4 
24.2 
38.8 
65.0 
74.0 
68.4 
65.2 
55.6 
50.4 
50.4 
47.9 
46.7 
46.1 
36.7 
40.9 
49.0 

22.5 
21.3 
19.2 
19.1 
18.1 
13.6 
18.6 
24.1 
23.3 
19.3 
11.9 
6.0 
9.5 
16.2 
20.8 
21.6 
18.7 
23.3 
28.9 
33.9 
32.4 
23.4 
21.1 
21.6 
26.2 
24.3 
25.4 
22.0 
19.3 
17.8 
16.0 
14.7 
15.1 
17.8 
17.7 
16.4 
13.8 
17.8 
25.7 
31.5 
28.1 
23.6 
22.7 
23.4 
23.6 
19.9 
18.8 
19.8 
21.8 
23.1 
23.4 
24.3 
23.0 
22.0 
19.0 
18.8 
20.5 
23.0 
25.3 
25.6 
33.9 
51.3 
51.9 
40.8 
29.9 
23.9 
22.7 
26.4 
27.2 
27.7 
25.1 
23.7 
20.7 
19.9 

38.8 
37.7 
39.9 
40.3 
40.4 
41.4 
42.3 
44.0 
46.7 
42.1 
34.1 
29.4 
28.8 
31.5 
35.2 
40.2 
36.5 
30.7 
33.7 
43.3 
49.6 
43.7 
44.2 
52.5 
55.1 
56.3 
49.0 
36.3 
31.2 
30.9 
31.8 
32.4 
32.5 
32.7 
32.2 
30.6 
29.4 
25.5 
34.3 
47.3 
51.2 
51.8 
54.4 
57.5 
57.2 
53.6 
46.8 
40.5 
36.1 
34.6 
32.5 
33.3 
34.9 
35.0 
37.8 
38.7 
34.9 
32.7 
29.4 
28.2 
42.8 
69.0 
78.0 
72.4 
69.2 
59.6 
54.4 
54.4 
51.9 
50.7 
50.1 
40.7 
44.9 
53.0 

0.34 
0.34 
0.43 
0.44 
0.46 
0.58 
0.49 
0.42 
0.49 
0.48 
0.46 
0.49 
0.40 
0.32 
0.30 
0.39 
0.37 
0.15 
0.10 
0.20 
0.36 
0.42 
0.48 
0.64 
0.60 
0.67 
0.49 
0.30 
0.25 
0.27 
0.33 
0.37 
0.36 
0.31 
0.30 
0.30 
0.32 
0.16 
0.18 
0.33 
0.48 
0.59 
0.66 
0.71 
0.70 
0.70 
0.58 
0.43 
0.30 
0.24 
0.19 
0.19 
0.25 
0.27 
0.39 
0.41 
0.30 
0.20 
0.09 
0.05 
0.18 
0.37 
0.54 
0.66 
0.82 
0.74 

0.58 
0.51 
0.48 
0.52 
0.35 
0.50 
0.69 

0.66 

15.64 
10 . 53 
10.55 
10.31 
8.84 
1.97 
8.76 
15.77 
13.50 
9.73 
2.69 

-3.83 
1.50 
9.84 
14.88 
13.85 
11.24 
20.24 
26.86 
30.00 
25.17 
14 . 89 
11.49 
8.72 
14 . 13 
10.91 
15. 55 
15.98 
14.40 
12.40 
9.43 
7.26 
7.86 
11 . 52 
11.66 
10.44 
7.34 
14.67 
22.08 
24.96 
18.53 
11.80 
9.51 
9.20 
9.62 
5.81 
7.11 
11.25 
15.90 
18.25 
19.60 
20.50 
18.00 
16.55 
11.19 
10.47 
14.47 
18.90 
23 . 63 
24.52 
30.18 
43.89 
41.04 
27.71 
13 . 52 
9.08 
9.53 
14.70 
16.97 
18.15 
14.76 
16.68 
10.64 
6.04 

3 '  



272.0 
271.5 
271.0 
270.5 
270.0 
269.5 
269.0 
268.5 
268.0 
267.5 
267.0 
266.5 
266.0 
265.5 
265.0 
264.5 
264 . 0 
263.5 
263 . 0 
262.5 
262. 0 
261.5 
261.0 
260.5 
260.0 
259.5 
259.0 
258.5 
258.0 
257.5 
257.0 
256.5 
256.0 
255.5 
255.0 
254.5 
254.0 
253.5 
253 . 0 
252 . 5 
252.0 
251.5 
251.0 
250.5 
250.0 
249.5 
249.0 
248.5 
248.0 
247.5 
247.0 
246.5 
246.0 
245.5 
245.0 
244 . 5 
244.0 
243.5 
243. 0 
242.5 
242 . 0 
241.5 
241.0 
240.5 
240.0 
239.5 
239.0 
238.5 
238.0 
237.5 
237.0 
236.5 
236.0 
235.5 

53.4 
54.5 
49.0 
46.8 
40.9 
32.5 
31.0 
32.8 
31.5 
30.5 
28.4 
24.9 
24.9 
27.5 
28.6 
28.8 
28.6 
27.3 
26.2 
27.7 
25.4 
27.3 
26.9 
34.5 
40.0 
42.8 
52.4 
52.2 
49.3 
46.5 
41.8 
37.4 
35.5 
37.7 
40.6 
39.1 
40.9 
49.0 
44.6 
35.8 
32.3 
30.4 
33.5 
41.5 
47.0 
49.9 
51.5 
51.4 
48.1 
44.6 
42.1 
44.8 
47.2 
47.6 
50.4 
53.0 
53.9 
56.9 
63.0 
67.8 
57.3 
50.8 
50.7 
50.9 
50.7 
48.8 
47.1 
42.3 
38.5 
45.8 
54.3 
55.4 
58.3 
57.1 

21.8 
21.9 
22.4 
22.2 
19.0 
17.2 
17.0 
14.1 
15.8 
14.4 
10.0 
12.7 
16.0 
18.2 
17.7 
19.9 
18.5 
19.2 
18.9 
19.1 
17.5 
13.5 
15.7 
29.1 
30.6 
23.3 
31.6 
37.2 
29.6 
23.4 
20.8 
17.6 
15.6 
16.6 
17.0 
18.4 
21.9 
24.4 
22.8 
20.6 
18.0 
17.8 
19.2 
21.5 
23.8 
22.9 
21.7 
23.4 
23.8 
18.3 
20.1 
22.0 
24.2 
22.9 
23.9 
27.2 
31.0 
34.6 
39.6 
39.7 
32.4 
25.4 
20.4 
20.5 
20.3 
16.3 
16.5 
19.0 
21.8 
23.0 
28.4 
26.6 
26.1 
28.8 

57.4 
58.5 
53.0 
50.8 
44.9 
36.5 
35.0 
36.8 
35.5 
34.5 
32.4 
28.9 
28.9 
31.5 
32.6 
32.8 
32.6 
31.3 
30.2 
31.7 
29.4 
31.3 
30.9 
38.5 
44.0 
46.8 
56.4 
56.2 
53.3 
50.5 
45.8 
41.4 
39.5 
41.7 
44.6 
43.1 
44.9 
53.0 
48.6 
39.8 
36.3 
34.4 
37.5 
45.5 
51.0 
53.9 
55.5 
55.4 
52.1 
48.6 
46.1 
48.8 
51.2 
51.6 
54.4 
57.0 
57.9 
60.9 
67.0 
71.8 
61.3 
54.8 
54.7 
54.9 
54.7 
52.8 
51.1 
46.3 
42.5 
49.8 
58.3 
59.4 
62.3 
61.1 

0.74 
0.76 
0.64 
0.60 
0.54 
0.40 
0.37 
0.47 
0.41 
0.42 
0.47 
0.34 
0.27 
0.28 
0.31 
0.27 
0.29 
0.25 
0.23 
0.26 
0.25 
0.37 
0.32 
0.20 
0.28 
0.49 
0.52 
0.40 
0.49 
0.56 
0.52 
0.50 
0.50 
0.52 
0.58 
0.51 
0.48 
0.60 
0.54 
0.40 
0.38 
0.35 
0.38 
0.50 
0.57 
0.65 
0.70 
0.67 
0.59 
0.63 
0.54 
0.56 
0.56 
0.60 
0.63 
0.62 
0.56 
0.57 
0.67 
0.60 
0.61 
0.71 
0.72 
0.72 
0.76 
0.72 
0.57 
0.43 
0.56 
0.62 
0.68 
0.75 
0.67 

0.55 



235.0 
234.5 
234.0 
233.5 
233.0 
232.5 
232.0 
231.5 
231.0 
230.5 
230.0 
229 . 5 
229.0 
228.5 
228 . 0 
227.5 
227.0 
226.5 
226.0 
225.5 
225.0 
224.5 
224 . 0 
223.5 
223.0 
222.5 
222.0 
221.5 
221.0 
220.5 
220.0 
219.5 
219.0 
218.5 
218.0 
217.5 
217.0 
216.5 
216.0 
215.5 
215.0 
214.5 
214.0 
213.5 
213 . 0 
212.5 
212.0 
211.5 
211.0 
210.5 
210.0 
209.5 
209.0 
208.5 
208.0 
207.5 
207.0 
206.5 
206.0 
205.5 
205.0 
204.5 
204.0 
203.5 
203.0 
202 . 5 
202.0 
201.5 
201.0 
200.5 
200.0 
199.5 
199.0 
198 . 5 

56.1 
56.7 
55.1 
50.0 
49.4 
53.8 
50.9 
42.2 
38.3 
33.4 
29.7 
29.2 
30.3 
27.7 
29.2 
34.0 
34.4 
34.1 
33.3 
31.4 
33.9 
36.7 
36.3 
34.3 
33.3 
34.3 
34.8 
33.9 
27.5 
39.4 
67.1 
73.2 
64.0 
53.6 
43.3 
39.0 
39.6 
36.5 
32.7 
30.6 
29.0 
27.4 
27.1 
27.3 
27.9 
27.3 
27.9 
28.6 
28.9 
25.4 
30.5 
35.8 
36.5 
41.2 
46.3 
40.7 
37.4 
36.5 
35.3 
32.8 
32.0 
32.5 
32.0 
32.1 
33.2 
34.7 
36.5 
35.6 
34.1 
33.4 
33.2 
32.9 
31.0 
26.7 

25.7 
23.4 
20.7 
19.3 
20.8 
13.1 
4.1 
-1.7 
6.5 
13.9 
21.3 
23.9 
23.7 
22.6 
20.8 
18.5 
15.6 
16.2 
19.0 
21.6 
21.6 
19.7 
18.7 
16.7 
18.3 
15.3 
14.0 
17.4 
21.2 
34.4 
53.8 
51.1 
39.9 
32.1 
22.2 
17.3 
16.9 
16.5 
16.6 
19.4 
18.4 
18.7 
16.4 
18.7 
19.4 
17.2 
15.3 
15.9 
18.0 
17.3 
19.0 
23.8 
24.6 
20.9 
20.2 
21.7 
19.2 
17.9 
16.3 
16.9 
16.7 
15.7 
15.9 
16.5 
16.8 
15.2 
16.9 
18.4 
16.2 
16.1 
16.4 
18.0 
20.6 
22.1 

60.1 
60.7 
59.1 
54.0 
53.4 
57.8 
54.9 
46.2 
42.3 
37.4 
33.7 
33.2 
34.3 
31.7 
33.2 
38.0 
38.4 
38.1 
37.3 
35.4 
37.9 
40.7 
40.3 
38.3 
37.3 
38.3 
38.8 
37.9 
31.5 
43.4 
71.1 
77.2 
68.0 
57.6 
47.3 
43.0 
43.6 
40.5 
36.7 
34.6 
33.0 
31.4 
31.1 
31.3 
31.9 
31.3 
31.9 
32.6 
32.9 
29.4 
34.5 
39.8 
40.5 
45.2 
50.3 
44.7 
41.4 
40.5 
39.3 
36.8 
36.0 
36.5 
36.0 
36.1 
37.2 
38.7 
40.5 
39.6 
38.1 
37.4 
37.2 
36.9 
35.0 
30.7 

0.72 
0.78 
0.80 
0.72 
0.68 
0.93 
1.06 
1.00 
0.75 
0.49 
0.26 
0.19 
0.22 
0.19 
0.26 
0.41 
0.47 
0.46 
0.38 
0.29 
0.34 
0.44 
0.45 
0.45 
0.40 
0.48 
0.52 
0.43 
0.21 
0.19 
0.36 
0.54 
0.58 
0.53 
0.52 
0.53 
0.56 
0.50 
0.42 
0.32 
0.31 
0.27 
0.31 
0.26 
0.26 
0.29 
0.34 
0.35 
0.31 
0.25 
0.32 
0.33 
0.33 
0.51 
0.63 
0.48 
0.46 
0.47 
0.48 
0.41 
0.40 
0.43 
0.42 
0.41 
0.43 
0.49 
0.49 
0.44 
0.46 
0.44 
0.43 
0.39 
0.30 
0.18 

11.40 
7.82 
4.70 
4.81 
7.28 
-5.51 
-17.06 
-21.62 
-8.39 
4.09 
16.16 
20.04 
19.31 
18.77 
15.65 
10 . 32 
6.13 
7.05 
11.41 
15.80 
14.75 
10.97 
9.71 
7.71 
10.41 
5.73 
3.60 
8.93 
16.92 
30.62 
46.57 
40.24 
28.22 
21.46 
11.72 
6.60 
5.76 
6.51 
8.21 
13 . 13 
12.27 
13.38 
10.23 
13.36 
14.12 
11.34 
8.43 
8.91 
11.73 
12.29 
12.50 
17.20 
17.93 
10.70 
7.61 
12.14 
9.95 
8.42 
6.76 
8.66 
8.71 
6.97 
7.44 
8.28 
8.30 
5.39 
7.09 
9.64 
7.01 
7.22 
7.74 
10 . 09 
14.51 
18.59 



198.0  
197.5 
197.0 
196.5 
196.0  
195.5 
195.0 
194.5 
194.0 
193.5 
193.0 
192.5 
192.0 
191.5 
191.0  
190.5 
190.0  
189.5 
189.0 
188.5 
188.0 
187.5 
187.0 
186.5 
186.0 
185.5 
185.0 
184.5 
184.0 
183.5 
183.0 
182.5 
182.0 
181.5 
181.0 
180.5 
180.0 
179.5 
179.0 
178.5 
178.0 
177.5 
177.0 
176.5 
176.0 
175.5 
175.0 
174.5 
174.0 
173.5 
173.0 
172 . 5 
172 . 0 
171.5 
171.0 
170.5 
170.0 
169 . 5 
169.0 
168 . 5 
168.0 
167.5 
167.0 
166 . 5 
166 . 0 
165 . 5 
165 . 0 
164.5 
164.0 
163.5 
163.0 
162 . 5 
162.0 
161.5 

3 1 . 7  
40.3 
38 .5  
31.2 
2 8 . 1  
2 7 . 2  
27.4 
29.3 
29 .9  
29 .9  
29 .2  
29 .2  
28 .0  
28.8 
30 .6  
32.4 
32.4 
30.4 
28 .9  
29 .8  
30 .8  
30 .6  
28 .8  
2 8 . 0  
28 .7  
3 0 . 5  
30 .9  
31.4 
32 .5  
3 2 . 1  
31 .9  
32.2 
34 .0  
3 4 . 7  
3 2 . 1  
32 .6  
3 5 . 2  
36 .5  
37 .9  
3 5 . 0  
33 .8  
32 .7  
3 1 . 4  
3 2 . 1  
32 .8  
3 3 . 1  
32 .9  
33 .5  
33 .2  
34 .0  
36 .9  
41 .7  
44 .8  
43 .9  
40 .7  
3 9 . 1  
42 .6  
41 .8  
4 0 . 1  
41 .9  
42 .0  
43.4 
43 .7  
43 .4  
4 6 . 1  
48.2 
46.3 
39 .4  
37.4 
36 .5  
37 .7  
37.8 
35 .7  
3 6 . 5  

19 .8  
21 .7  
2 4 . 0  
22 .9  
1 8 . 0  
1 6 . 0  
1 6 . 9  
1 8 . 0  
17 .8  
1 6 . 5  
16 .3  
20 .2  
23 .8  
2 3 . 8  
22 .2  
1 9 . 8  
21.4 
2 0 . 7  
19.1 
1 8 . 5  
1 8 . 6  
18 .3  
1 4 . 7  
1 5 . 2  
1 6 . 7  
1 8 . 9  
1 8 . 0  
1 7 . 7  
1 4 . 0  
1 6 . 0  
2 0 . 5  
2 0 . 2  
1 9 . 2  
1 5 . 3  
1 4 . 8  
1 5 . 6  
18.0 
1 5 . 4  
1 6 . 5  
15 .1  
1 5 . 9  
1 5 . 8  
1 4 . 7  
1 5 . 7  
1 8 . 3  
2 0 . 6  
2 1 . 9  
2 0 . 8  
1 7 . 5  
1 4 . 4  
1 9 . 1  
2 0 . 1  
17 .4  
1 7 . 5  
1 7 . 0  
1 5 . 8  
15.7 
1 6 . 6  
1 5 . 7  
1 7 . 6  
1 7 . 5  
1 6 . 2  
1 5 . 3  
1 7 . 5  
X6.8 
1 7 . 5  
16.7 
15.0 
1 5 . 9  
17.0 
17.7 
1 7 . 3  
1 5 . 4  
1 6 . 7  

3 5 . 7  
44 .3  
42 .5  
35 .2  
3 2 . 1  
31 .2  
31 .4  
33 .3  
33 .9  
33 .9  
33 .2  
3 3 . 2  
32 .0  
32 .8  
3 4 . 6  
36.4 
36 .4  
34.4 
32 .9  
33.8 
3 4 . 8  
34 .6  
32 .8  
32 .0  
32.7 
34 .5  
3 4 . 9  
35.4 
36 .5  
3 6 . 1  
35 .9  
36 .2  
38 .0  
38 .7  
3 6 . 1  
36 .6  
39 .2  
4 0 . 5  
4 1 . 9  
39 .0  
37 .8  
36 .7  
35 .4  
3 6 . 1  
36.8 
3 7 . 1  
36 .9  
37 .5  
37.2 
38 .0  
40 .9  
45.7 
48 .8  
47 .9  
44 .7  
4 3 . 1  
46 .6  
45 .8  
4 4 . 1  
45.9 
46 .0  
47.4 
47 .7  
47.4 
5 0 . 1  
52 .2  
50 .3  
43.4 
41.4 
40.5 
41.7 
41.8 
39 .7  
40.5 

0.33 
0.47 

0.26 
0.29 
0.32 
0.30 
0.32 
0.34 
0.36 
0.35 
0.27 
0.17 
0. 1 9  
0.26 
0 .35  
0 . 3 1  
0 .29  
0.29 
0.32 
0.34 
0.34 
0.38 
0.35 
0.33 
0.32 
0.35 
0 .37  
0.47 
0 .42  
0.32 
0.33 
0 .39  
0.49 
0.44 
0.44 
0.44 
0.52 
0.53 
0.50 
0 .46  
0.44 
0.43 
0.43 
0.39 
0.34 
0 .31  
0.35 
0 . 4 1  
0.49 
0.46 
0.53 
0.65 
0.63 
0.58 
0.57 
0 -64  
0 . 6 1  
0.59 
0.59 
0.59 
0.65 
0.68 
0.62 
0.69 
0.72 
0.70 
0.59 
0.53 
0.49 
0.50 
0 . 5 1  
0 . 5 1  
0.50 

0.38 

13.25 
12 .22  
16 .35  
17.73 
12.20 

9 .72  
10.92 
11.55 
11 .02  

9.23 
9.26 

1 4 - 7 8  
20.35 
20.04 
17 . 05 
12 . 85 
15 . 15 
14.95  
13.35 
1 2  . 13 
11.86 
11.42 

7 .18  
8 - 2 6  

10 .07  
12 .45  
1 1 . 0 1  
10 .26  

4 .63  
7 .59  

14 .02  
1 3 . 5 0  
11 .42  

5 .57  
5.87 
6 - 8 3  
9 .24  
5 .00  
5 .92  
5 -10  
6.70 
7 .06  
6.14 
7 .14  

10 .55  
1 3  77 
15 .68  
13 .79  

9 .26  
4 .57  
9 .95  
9.44 
4 .39  
4 .87  
5 . 5 2  
4 . 4 0  
2 .82  
4 .44  
3 . 8 0  
5.88 
5 .64  
3 .28  
1.80 
5.07 
2894 
3 . 0 5  
2 .71 
3 . 2 0  
5 .34  
7 .24  
7 . 6 3  
7 . 1 5  
5 . 2 6  
6 -75  



161.0 
160.5 
160.0 
159.5 
159.0 
158.5 
158.0 
157.5 
157.0 
156.5 
156.0 
155.5 
155.0 
154.5 
154.0 
153.5 
153.0 
152 . 5 
152.0 
151.5 
151.0 
150.5 
150.0 
149.5 
149.0 
148.5 
148.0 
147.5 
147.0 
146.5 
146.0 
145.5 
145.0 
144 . 5 
144 . 0 
143.5 
143 . 0 
142 . 5 
142 . 0 
141.5 
141.0 
140.5 
140.0 
139.5 
139.0 
138.5 
138.0 
137.5 
137.0 
136.5 
136.0 
135.5 
135.0 
134 . 5 
134 . 0 
133.5 
133 . 0 
132.5 
132 . 0 
131.5 
131.0 
130.5 
130.0 
129.5 
129.0 
128 . 5 
128 . 0 
I27 . 5 
127.0 
126.5 
126.0 
125.5 
125.0 
124.5 

37.5 
37.0 
38.8 
41.7 
47.2 
48.9 
51.0 
61.7 
75.0 
66.2 
49.8 
41.8 
41.9 
48.4 
54.1 
58.6 
58.8 
56.3 
53.5 
48.2 
42.5 
37.2 
34.1 
34.8 
38.0 
41.5 
44.6 
44.6 
46.3 
41.1 
32.7 
29.1 
34.4 
42.7 
43.3 
37.6 
34.4 
34.5 
38.1 
42.9 
44.5 
43.5 
43.8 
44.5 
47.1 
54.6 
56.8 
53.9 
49.9 
45.6 
44.9 
45.8 
45.1 
49.1 
51.5 
49.1 
50.2 
50.9 
46.1 
44.4 
48.5 
52.9 
57.3 
58.3 
59.1 
54.8 
52.3 
52.6 
53.3 
56.2 
54.8 
49.7 
44.6 
41.7 

16.9 
17.3 
17.2 
19.3 
20.3 
24.1 
24.5 
32.4 
45.5 
41.3 
27.2 
19.2 
19.6 
20.7 
19.8 
20.3 
22.0 
17.5 
14.2 
10.9 
14.7 
16.9 
16.9 
12.8 
13.7 
15.5 
17.0 
17.7 
20.4 
19.4 
15.5 
15.4 
18.0 
18.5 
17.7 
15.8 
15.0 
15.8 
17.9 
19.4 
20.4 
19.6 
20.6 
18.9 
19.4 
26.1 
27.0 
19.5 
18.4 
16.6 
14.6 
15.6 
16.9 
16.1 
16.4 
18.0 
18.4 
21.9 
22.0 
15.9 
16.8 
19.1 
20.9 
22.7 
19.2 
15.7 
16.1 
18.2 
18.1 
17.1 
19.4 
21.7 
20.8 
20.3 

41.5 
41.0 
42.8 
45.7 
51.2 
52.9 
55.0 
65.7 
79.0 
70.2 
53.8 
45.8 
45.9 
52.4 
58.1 
62.6 
62.8 
60.3 
57.5 
52.2 
46.5 
41.2 
38.1 
38.8 
42.0 
45.5 
48.6 
48.6 
50.3 
45.1 
36.7 
33.1 
38.4 
46.7 
47.3 
41.6 
38.4 
38.5 
42.1 
46.9 
48.5 
47.5 
47.8 
48.5 
51.1 
58.6 
60.8 
57.9 
53.9 
49.6 
48.9 
49.8 
49.1 
53.1 
55.5 
53.1 
54.2 
54.9 
50.1 
48.4 
52.5 
56.9 
61.3 
62.3 
63.1 
58.8 
56.3 
56.6 
57.3 
60.2 
58.8 
53.7 
48.6 
45.7 

0.51 
0.50 
0.53 
0.55 
0.64 
0.60 
0.64 
0.69 
0.70 
0.60 
0.55 
0.55 
0.55 
0.66 
0.80 
0.88 
0.85 
0.89 
0.90 
0.86 
0.66 
0.51 
0.44 
0.54 
0.59 
0.62 
0.66 
0.64 
0.62 
0.54 
0.44 
0.37 
0.43 
0.59 
0.62 
0.54 
0.49 
0.47 
0.50 
0.57 
0.59 
0.58 
0.57 
0.62 
0.66 
0.68 
0.70 
0.80 
0.74 
0.69 
0.71 
0.71 
0.67 
0.77 
0.82 
0.73 
0.74 
0.69 
0.59 
0.68 
0.75 
0.79 
0.84 
0.83 
0.91 
0.90 
0.84 
0.80 
0.82 
0.90 
0.82 
0.67 
0.58 
0.53 

6.71 
7.35 
6.56 
8.21 
7.39 
12.09 
11.76 
18 . 53 
31.56 
29.30 
16.14 
8.19 
8.68 
7.53 
3.77 
2.63 
4.97 
-0.28 
-3 . 89 
-6.28 
1.51 
6.75 
8.04 
1.92 
1.93 
3.05 
3.84 
4.82 
7.94 
8.66 
6.59 
8.01 
9.47 
6.68 
5.37 
5.04 
5.31 
6.29 
7.83 
7.93 
8.74 
7.98 
9.23 
6.55 
6.23 
12.58 
12.99 
3.56 
3.59 
2.80 
0.34 
1.33 
3.52 
0.68 
0.04 
3.36 
3.53 
8.19 
10.21 
2.30 
1.86 
3.41 
6.17 
0.93 
-2.30 
-0.74 
2.13 
1.71 
-0.80 
2.93 
8.31 
9.23 
9.72 

4.06 



124.0 
123.5 
123.0 
122.5 
122.0 
121.5 
121.0 
120.5 
120.0 
119.5 
119.0 
118.5 
118.0 
117.5 
117.0 
116.5 
115.5 
115.0 
114.5 
114 . 0 
113 . 5 
113.0 
112.5 
112.0 
111.5 
111.0 
110.5 
110.0 
109.5 
109.0 
108.5 
108.0 
107 . 5 
107 . 0 
106 . 5 
106.0 
105-5 
105.0 
104.5 
103.5 
103 . 0 
102 . 5 
102 . 0 
101.5 
101.0 
100.5 
100.0 
99.5 
99.0 
98.5 
98.0 
97.5 
97.0 
96.5 
96.0 
95.5 
95.0 
94.5 
94.0 
93.5 
93.0 
92.5 
92.0 
91.5 
91.0 
90.5 
90.0 
89.5 
89.0 
88.0 
87-5 

116.0 

104 0 

88.5 

40.4 
47.1 
47.7 
45-6 
49.9 
55.0 
56.7 
54.4 
53.4 

41.7 
45.9 
46.9 
38.8 
33.1 
31.2 
31.6 
29-5 
30.3 
29.3 
28.5 
30.9 
32.9 
31.8 
37-1 
48.2 
55.6 
58.5 
59.3 
46.4 
27.5 
16-8 
17.8 

34.7 
35.2 
34.0 
35.9 
35.6 
33.1 
33.3 

35.9 
35.6 
31.9 
31.1 
29.6 
30.3 
27-8 
35.1 
43.6 
48.1 
46.5 
46.0 
49.1 
58.3 
58-9 
55.3 
57.1 
56.1 
53.6 
49.5 
50.7 
51.0 
44.9 
39.7 
38.8 
38.2 
38.9 
40.2 
41.4 
46.3 

47.8 

58.8 

27.8 

34.8 

43.8 

16.9 44.4 0.57 
17.7 51.1 0.70 
19.4 51.7 0.67 
21.3 49.6 0.59 
27.9 53.9 0.54 
34.2 59.0 0.52 
28.1 60.7 0.68 
22.8 58.4 0-74 
21.8 57-4 0.74 
22.1 51.8 0.62 
21.7 45.7 0.50 
18.5 49.9 0.65 
17.4 50.9 0.70 
17.7 42.8 0.52 
20.9 37.1 0.34 
20.3 35.2 0.31 
22.0 35.6 0.28 
23.4 33.5 0.21 
21.7 34.3 0.26 
20.2 33.3 0.27 
18.5 32.5 0.29 
16.8 34.9 0.38 
14.4 36.9 0.47 
14.8 35.8 0.44 
15.3 41.1 0.54 
17.7 52.2 0.72 
22.2 59.6 0.78 
21.7 62.5 0.85 
23.6 63.3 0.83 
25.1 62.8 0.78 
18.3 50.4 0.67 
10.9 31.5 0.43 
1.4 20.8 0.40 
7.4 21.8 0.30 
16.6 31.8 0.32 
22-1 38.7 0.35 
21.8 39.2 0.36 
22.1 38.0 0.33 
23.7 39.9 0.34 
22.6 39.6 0.35 
21.8 37.1 0.32 
22-8 37.3 0.30 
23.5 38.8 0.32 
22.8 39.9 0.36 
20.0 39.6 0.41 
16.8 35.1 0.38 
13.3 33.6 0.42 
13.2 34.3 0.44 
15.3 31.8 0.34 
14.7 39.1 0.51 
18.6 47.6 0.60 
18.1 52.1 0.71 
19.6 50.5 0.65 
19.1 50.0 0.64 
18.7 53.1 0.72 
22.8 62.3 0.82 
26.6 62.9 0.76 
25.7 59.3 0.70 
23.2 61.1 0.79 
19.5 57.6 0.79 
21.4 53.5 0.67 
20.1 54.7 0.72 
19.4 55.0 0.74 
21.3 48.9 0.57 
19.3 43.7 0.51 
18.3 42.8 0.51 
17.3 42.2 0.52 
17.9 42.9 0.52 
22.8 44.2 0.44 
24.5 45.4 0.44 
26.0 50.3 0.51 
26.7 47.8 0.44 

17.8 35.9 0.38 

21.9 60.1 0.80 

2 f  2 

5.40 
3.72 
5.90 
9.51 
16.99 
23 . 87 
14. 54 
7.88 
6.97 
9.74 
11.69 
5.45 
3.40 
7.20 

14.11 
14 . 14 
16.32 
19 . 16 
16.45 
14.71 
12.64 
9.23 
4.99 
6.05 
4.59 
3.31 
6.63 
4.66 
7.08 
9.43 
4.98 
2.37 

-6.61 
1.32 

10.31 
15.23 
14.52 
15.46 
16.99 
15.52 
15-38 
16.70 
17.11 
15.67 
10.31 
9.18 
4.77 
4.37 
8.37 
4.53 
6.56 
3.95 
6.66 
6.19 
4.37 
6.29 
11.52 
11 . 77 
7.39 
5.98 
3.68 
7.97 
5.68 
4.61 
9.83 
9.17 
8.04 
6.87 
7.43 
13. 91 
15.73 
15.81 
17.88 

11.88 



87.0 
86.5 
86.0 
85.5 
85.0 
84.5 
84.0 
83.5 
83.0 
82.5 
82.0 
81.5 
81.0 
80.5 
80.0 
79.5 
79.0 
78.5 
78.0 
77.5 
77.0 
76.5 
76.0 
75.5 
75.0 
74.5 
74.0 
73.5 
73.0 
72.5 
72.0 
71.5 
71.0 
70.5 
70.0 
69.5 
69.0 
68.5 
68.0 
67.5 
67.0 
66.5 
66.0 
65.5 
65.0 
64.5 
64.0 
63.5 
63.0 
62.5 
62.0 
61.5 
61.0 
60.5 
60.0 
59.5 
59.0 
58.5 
58.0 
57.5 
57.0 
56.5 
56.0 
55.5 
55.0 
54.5 
54.0 
53.5 
53.0 
52.5 
52.0 
51.5 
51.0 
50.5 

38.7 
37.2 
35.6 
38.6 
37.2 
35.4 
38.3 
44.3 
44.8 
41.8 
42.8 
40.9 
38.9 
39.3 
38.8 
37.7 
35.7 
36.3 
35.9 
36.8 
37.2 
34.7 
35.7 
38.0 
37.8 
37.7 
37.6 
37.9 
37.4 
39.1 
39.4 
38.0 
37.4 
36.4 
37.6 
36.5 
36.8 
36.4 
39.0 
42.5 
41.8 
37.0 
36.8 
37.8 
40.1 
41.4 
42.2 
45.4 
46.0 
44.5 
45.7 
45.8 
45.0 
43.6 
45.9 
48.2 
49.5 
52.3 
50.2 
48.7 
51.3 
51.6 
48.4 
44.5 
43.7 
44.2 
43.8 
42.8 
42.5 
41.7 
40.0 
39.1 
39.9 
40.6 

22.8 
22.1 
22.8 
21.9 
21.0 
17.3 
18.9 
21.0 
16.7 
15.6 
17.6 
18.6 
20.4 
20.4 
20.7 
20.7 
19.5 
21.3 
21.6 
19.1 
20.2 
21.8 
23.2 
21.5 
19.1 
20.7 
18.6 
18.1 
21.0 
20.7 
21.3 
21.1 
17.5 
15.3 
15.7 
17.6 
18.2 
15.9 
15.8 
13.8 
13.7 
14.2 
12.9 
12.7 
16.2 
16.2 
16.6 
18.4 
17.4 
18.7 
17.9 
19.2 
17.9 
19.6 
18.2 
20.1 
20.5 
20.0 
18.6 
19.1 
19.7 
19.8 
22.0 
21.0 
19.6 
17.7 
15.7 
14.0 
15.2 
16.7 
17.2 
18.1 
19.1 
21.7 

42.7 
41.2 
39.6 
42.6 
41.2 
39.4 
42.3 
48.3 
48.8 
45.8 
46.8 
44.9 
42.9 
43.3 
42.8 
41.7 
39.7 
40.3 
39.9 
40.8 
41.2 
38.7 
39.7 
42.0 
41.8 
41.7 
41.6 
41.9 
41.4 
43.1 
43.4 
42.0 
41.4 
40.4 
41.6 
40.5 
40.8 
40.4 
43.0 
46.5 
45.8 
41.0 
40.8 
41.8 
44.1 
45.4 
46.2 
49.4 
50.0 
48.5 
49.7 
49.8 
49.0 
47.6 
49.9 
52.2 
53.5 
56.3 
54.2 
52.7 
55.3 
55.6 
52.4 
48.5 
47.7 
48.2 
47.8 
46.8 
46.5 
45.7 
44.0 
43.1 
43.9 
44.6 

0.41 
0.40 
0.35 
0.43 
0.42 
0.46 
0.49 
0.57 
0.67 
0.63 
0.61 
0.55 
0.47 
0.48 
0.46 
0.44 
0.42 
0.39 
0.38 
0.45 
0.44 
0.35 
0.34 
0.43 
0.47 
0.44 
0.48 
0.50 
0.43 
0.47 
0.46 
0.44 
0.50 
0.52 
0.54 
0.48 
0.47 
0.51 
0.57 
0.68 
0.67 
0.56 
0.58 
0.60 
0.58 
0.61 
0.62 
0.65 
0.68 
0.62 
0.66 
0 ..64 
0.65 
0.58 
0.66 
0.67 
0.69 
0.76 
0.74 
0.70 
0.74 
0.75 
0.63 
0.57 
0.58 
0.64 
0.67 
0.68 
0.65 
0.60 
0.56 
0.52 
0.52 
0.48 

14.51 
14.17 
15.82 
13 . 27 
12 . 55 
8.03 
9.09 
9.63 
3.37 
3.06 
5.43 
7.60 

10.95 
10.88 
11.47 
12 . 00 
11.11 
13.41 
14.00 
9.98 
11.48 
14 . 71 
16.34 
12.98 
9.61 
11.95 
8.96 
8.18 
12.41 
11.35 
12 . 03 
12.39 
7.51 
4.85 
4.90 
8.12 
8.76 
5.62 
4.49 
0.20 
0.33 
2.97 
1.22 
0.64 
4.52 
4.09 
4.26 
5.46 
3.87 
6.32 
4.67 
6.39 
4.90 
7.88 
4.98 
6.70 
6.74 
4.83 
3.75 
5.10 
4.90 
4.91 
9.28 
9.49 
7.97 
4.97 
2.36 
0.35 
2.22 
4.57 
6.02 
7.64 
8.72 
12.19 



50.0 
49.5 
49.0 
48.5 
48.0 
47.5 
47.0 
46.5 
46.0 
45.5 
45.0 
44.5 
44.0 
43.5 
43.0 
42.5 
42.0 
41.5 
41.0 
40.5 
40.0 
39.5 
39.0 
38.5 
38.0 
37.5 
37.0 
36.5 
36.0 
35.5 
35.0 
34.5 
34.0 
33.5 
33.0 
32.5 
32.0 

41.0 
39.7 
38.8 
39.7 
42.1 
47.4 
54.7 
55.5 
50.2 
48.1 
55.0 
51.6 
44.8 
40.3 
37.0 
36.0 
34.7 
47.7 
65.5 
64.5 
50.4 
39.9 
37.5 
38.7 
37.2 
35.6 
36.0 
38.2 
42.5 
41.3 
38.9 
39.3 
40.4 
40.6 
39.2 
38.1 

38.8 

20.4 
16.7 
16.7 
15.8 
18.6 
21.4 
21.5 
23.0 
22.1 
21.9 
21.0 
22.0 
20.1 
17.0 
15.7 
13.9 
16.0 
28.1 
41.1 
41.6 
35.0 
25.2 
19.2 
18.4 
19.5 
18.1 
19.1 
20.1 
19.4 
19.3 
19.2 
21.1 
21.8 
20.1 
20.7 
20.7 
21.4 

45.0 
43.7 
42.8 
43.7 
46.1 
51.4 
58.7 
59.5 
54.2 
52.1 
59.0 
55.6 
48.8 
44.3 
41.0 
40.0 
38.7 
51.7 
69.5 
68.5 
54.4 
43.9 
41.5 
42.7 
41.2 
39.6 
40.0 
42.2 
46.5 
45.3 
42.8 
42.9 
43.3 
44.4 
44.6 
43.2 
42.1 

0.51 
0.56 
0.54 
0.58 
0.57 
0.62 
0.78 
0.76 
0.67 
0.63 
0.79 
0.70 
0.60 
0.57 
0.53 
0.54 
0.47 
0.49 
0.59 

0.40 
0.39 
0.46 
0.51 
0.45 
0.45 
0.44 
0.46 
0.57 
0.54 
0.49 
0.45 
0.45 
0.51 
0.50 
0.47 
0.43 

0.56 

* FROM D I G I T A L  RECORD O F  BOREHOLE GEOPHYSICAL LOG 
NEUT POR SS) = NEUT POR Ls + 4 
V CLAY ( F  AA C - >  = NEUT Poi (AS) - G-G POR ADJ POR (SS) = G-h POR (SS) - (V CLAY (FRA 

10.13 
5.42 
5.82 
4.14 
7.10 
8.95 
5.98 
7.76 
8.65 
9.32 
5.09 
8.05 
8.13 
5.59 
5.10 
3.08 
6.50 

18.25 
29.20 
30.41 
26.92 
17.39 
9.96 
8.25 

10.47 
9.06 
10.33 
10.90 
8.06 
8.42 
9.35 
12 . 08 
12 . 85 
9.90 

10.76 
11.30 
12.73 

37 



WELL 38-8 
INTERVAL: 

DEPTH* 
128.0 
127.5 
127.0 
126.5 
126.0 
125.5 
125.0 
124.5 

123.5 
123.0 
122.5 
122.0 
121.5 
121.0 
120.5 
120.0 
119.5 
119.0 
118 . 5 
118.0 
117.5 
117.0 
116.5 
116 . 0 
115 . 5 
115.0 
114.5 
114.0 
113.5 
113 . 0 
112.5 
112 . 0 
111.5 
111.0 
110.5 
110.0 
109.5 
109.0 
108.5 
108.0 
107.5 
107.0 
106.5 
106.0 
105.5 
105.0 
104.5 
104 . 0 
103.5 
103.0 
102.5 
102.0 
101.5 
101.0 
100.5 
100.0 
99.5 
99.0 
98.5 
98.0 
97.5 
97.0 
96.5 
96.0 
95.5 
95.0 
94.5 
94.0 
93.5 

124 s 0 

9 BR 
26-128 
NEUT POR* 

6 .4 
57.0 
47.7 
39.6 
38.5 
42.4 
50.7 
57.4 
56.3 
54.5 
51.6 
48.5 
45.8 
44.5 
43.8 
41.3 
41.0 
43.7 
45.4 
44.4 
41.4 
40.8 
41.4 

‘y 

40.6 
43.1 
45.6 
45.2 
42.6 
40.1 
37.9 
36.3 
38.0 
43.2 
47.3 
46.3 
45.0 
43.4 
40.3 
36.1 
33.0 
31.0 
29.6 
29.4 
30.3 
32.5 
38.0 
45.3 
51.5 
53.3 
51.9 
49.7 
48.7 
48.9 
48.8 
48-8 
48.3 
48.0 
50.3 
51.3 
50.9 
50.8 
48.5 
43.0 
37.8 
35.1 
34.0 
35.3 
38.3 
43.2 
49.3 

RECALCULATED POROSITY 
G-G POR* 

3 .1 
32.5 
29.9 
27.3 
22.7 

21.4 
22.7 
23.4 
25.3 
22.4 
21.4 
19.5 
18.2 
18.8 
18.2 
20.8 
20.8 
21.4 
20.1 
16.9 
13.6 
12.3 
16.2 
20.8 
21.4 
16.9 
26.0 
17.5 
16.9 
16.2 
14.9 
13.6 
17.5 
20.1 
18.8 
19.5 
19.5 
19.5 
24.0 
22.7 
25.3 
24.7 
22.7 
17.5 
17.5 
18.2 
21.4 
22.7 
20.8 
18.8 
17.5 
17.5 
19.5 
20.1 
18.2 
18.8 
20.1 
20.8 
24.7 
25.3 
22.1 
21.4 
18.8 
22.7 
20.8 
18.8 
19.5 
18.2 
23.4 

(SSk % 

18.8 

3 8  

NEUT POR 

64.4 
61.0 
51.7 
43.6 
42.5 
46.4 
54.7 
6 1 . 4  
6G.3 
58.5 
55.6 
52.5 
49.8 
48.5 
47.8 
45.3 
45.0 
47.7 
49.4 
48.4 
45.4 
44.8 
45.4 
44.6 
47.1 
49.6 
49.2 
46.6 
44.1 
41.9 
40.3 
42.0 
47.2 
51.3 
50.3 
49.0 
47.4 
44.3 
40.1 
37.0 
35.0 
33.6 
33.4 
34.3 
36.5 
42.0 
49.3 
55.5 
57.3 
55.9 
53.7 
52.7 
52.9 
52.8 
52.8 
52.3 
52.0 
54.3 
55.3 
54.9 
54.8 
52-5 
47.0 
41.8 
39.1 
38.0 
39.3 
42.3 
47.2 
53.3 

(SS) % 

AND VOLUKE CLAY 

v CLAY 

0.6 
0.59 
0.46 
0.34 
0.41 
0.57 
0.69 
0.80 
0.77 
0.69 
0.71 
0.65 
0.63 
0.60 
0.57 
0.50 
0.56 
0.58 
0.59 
0.59 
0.65 
0.69 
0.59 
0.55 
0.59 
0.67 
0.43 
0.55 
0.52 
0.50 
0.56 
0.70 
0.70 
0.63 
0.63 
0.58 
0.52 
0.43 
0.27 
0.26 
0.17 
0.18 
0.24 
0.40 
0.51 
0.65 
0.71 
0.72 
0.73 
0.73 
0.73 
0.74 

0.68 
0.71 
0.69 
0.71 
0.72 
0.63 
0.61 
0.63 
0.53 
0.48 
0.34 
0.36 
0.43 
0.47 
0.60 

(FRAC.1 

0.63 

0.69 

0.62 

A D J  POR 

22 . 85 
20.59 
20.76 
20.45 
14.50 
7.36 
7-56 
6.63 
7-98 
11.51 
7.18 
8.50 
6.83 
5.54 
6.76 
6.87 

10.70 
9.56 
9.78 
8.35 
4.99 
0.66 

-1.42 
4.42 
9.82 
9.71 
3.43 

17.39 
6.47 
6-47 
6.23 
3.65 

-0.34 
3.44 
7.56 
6.28 
7.83 
9.14 
10.90 
18.64 
17.60 
21.88 
21.05 
17 . 92 
9.62 
7.34 
5.20 
7.23 
8.33 
6.14 
4.31 
2.86 
2.79 
5.61 
6.52 
3.95 
5.00 
5.89 
6.38 
12 . 10 
13.06 
9.40 
10.77 
9.28 
15.90 
13 59 
10.31 
9.99 
6.09 
10.93 

(SS) % 



93.0 
92.5 
92.0 
91.5 
91.0 
90.5 
90.0 
89.5 
89.0 
88.5 
88.0 
87.5 
87.0 
86.5 
86.0 
85.5 
85.0 
84.5 
84.0 
83.5 
83.0 
82.5 
82.0 
81.5 
81.0 
80.5 
80.0 
79.5 
79.0 
78.5 
78.0 
77.5 
77.0 
76.5 
76.0 
75.5 
75.0 
74.5 
74.0 
73.5 
73.0 
72.5 
72.0 
71.5 
71.0 
70.5 
70.0 
69.5 
69.0 
68.5 
68.0 
67.5 
67.0 
66.5 
66.0 
65.5 
65.0 
64.5 
64.0 
63.5 
63.0 
62.5 
62.0 
61.5 
61.0 
60.5 
60.0 
59.5 
59.0 
58.5 
58.0 
57.5 
57.0 
56.5 

53.1 
53.9 
55.3 
57.6 
55.4 
51.3 
48.0 
48.4 
49.9 
48.2 
48.6 
51.6 
51.7 
50.3 
50.0 
49.9 
48.1 
45.1 
42.0 
40.6 
41.7 
42.3 
4 2 3  
43.8 
45.9 
48.3 
49.6 
47.8 
46.4 
46.1 
46.4 
45.7 
45.4 
44.6 
45.1 
47.5 
47.1 
43.6 
41.4 
41.5 
40.7 
42.3 
44.5 
43.9 
44.5 
45.3 
46.8 
49.1 
50.1 
49.8 
46.2 
45.0 
47.0 
48.4 
48.7 
52.5 
54.5 
49.3 
46.3 
50.7 
56.8 
60.7 
64.8 
67.0 
63.5 
59.0 
57.5 
59.6 
59.5 
54.7 
51.9 
55.3 
59.2 
58.0 

19.5 
26.6 
24.0 
24.7 
24.7 
25.3 
24.0 
24.7 
22.1 
22.7 
25.3 
25.3 
24.7 
20.1 
22.1 
22.7 
27.3 
28.6 
24.0 
24.7 
22.1 
20.8 
20.8 
23.4 
23.4 
20.8 
19.5 
19.5 
21.4 
20.1 
22.7 
21.4 
22.1 
22.7 
22.1 
21.4 
18.8 
20.8 
22.1 
23.4 
16.2 
12.3 
22.1 
22.1 
22.1 
21.4 
19.5 
18.2 
20.1 
20.1 
23.4 
22.7 
18.2 
24.0 
26.6 
7.8 
27.9 
30.5 
26.6 
26I6 
25.3 
26.0 
29.2 
36.4 
34-4 
2 7 3  
31.2 
32.5 
25.3 
30.5 
30.5 
26.0 
30.5 
31.2 

57.1 
57.9 
59.3 
61.6 
59.4 
55.3 
52.0 
52.4 
53.9 
52.2 
52.6 
55.6 
55.7 
54.3 
54.0 
53.9 
52.1 
49.1 
46.0 
44.6 
45.7 
46.3 
46.1 
47.8 
49.9 
52.3 
53.6 
51.8 
50.4 
50.1 
50.4 
49.7 
49.4 
48.6 
49.1 
51.5 
51.1 
47.6 
45.4 
45.5 
44.7 
46.3 
48.5 
47.9 
48.5 
49.3 
50.8 
53.1 
54.1 
53.8 
50.2 
49.0 
51.0 
52.4 
52.7 
56.5 
58.5 
53.3 
50.3 
54.7 
60.8 
64.7 
68.8 
71.0 
67.5 
63.0 
61.5 
63.6 
63.5 
58.7 
55.9 
59.3 
63.2 
62.0 

0.78 
0.65 
0.74 
0.77 
0.72 
0.63 
0.58 
0.58 
0.66 
0.61 
0.57 
0.63 
0.65 
0.71 
0.67 
0.65 
0.52 
0.43 
0.46 
0.41 
0.49 
0.53 
0.53 
0.51 
0.55 
0.66 
0.71 
0.67 
0.60 
0.62 
0.58 
0.59 
0.57 
0.54 
0.56 
0.63 
0.67 
0.56 
0.49 
0.46 
0.59 
0.71 
0.54 
0.55 
0.58 
0.65 
0.73 
0.71 
0.70 
0.56 
0.55 
0.68 
0.59 
0.54 
1-01 
0.64 
0.48 
0.49 
0.58 
0.74 
0.81 
0.82 
0.72 

0.63 
0.65 
0.79 
0.59 
0.53 
0.69 
0.68 
0.64 

0.55 

0-69 
0.73 

3.79 
13 . 61 
9.32 
9.31 
10.20 
12.83 
12.38 
13 . 11 
8.83 
10.45 
13.97 
12 . 70 
11.76 
5.91 
8.77 
9.75 
16 . 92 
20.01 
16.40 
12 . 22 
10.16 
10.21 
13 . 22 
12.34 
7.66 
5.24 
6.00 
9.35 
7.63 
11.19 
9.64 
10.69 
11.94 
10.81 
8.89 
5.37 
9.60 
12.36 
14.17 
4.38 
-1.80 
11.06 
11.33 
11.09 
9.80 
6.45 
3.63 
5.99 
6.10 
12.19 
11.77 
4.50 
12.21 
15.78 

-12 . 50 
15.17 
21.02 
16.79 
14 . 94 
10.55 
12.73 
21.95 
20.64 
13.29 
18.52 
19.50 
9.44 
18.76 
19.94 
12 . 09 
16.91 
18.33 

14 . a9 

9-84 



56.0 
55.5 
55.0 
54.5 
54.0 
53.5 
53.0 
52.5 
52.0 
51.5 
51.0 
50.5 
50.0 
49.5 
49.0 
48.5 
48.0 
47.5 
47.0 
46.5 
46.0 
45.5 
45.0 
44.5 
44.0 
43.5 
43.0 
42.5 
42.0 
41.5 
41.0 
40.5 
40.0 
39.5 
39.0 
38.5 
38.0 
37.5 
37.0 
36.5 
36.0 
35.5 
35.0 
34.5 
34.0 
33.5 
33.0 
32.5 
32.0 
31.5 
31.0 
30.5 
30.0 
29.5 
29.0 
28.5 
28.0 
27.5 
27.0 
26.5 
26.0 

55.2 
53.9 
53.8 
55.0 
56.8 
58.0 
55.9 
53.9 
53.3 
55.7 
57.7 
61.5 
64.6 
64.8 
61.8 
60.1 
59.1 
55.5 
52.1 
51.1 
50.9 
50.0 
50.0 
49.9 
49.3 
48.3 
46.4 
48.4 
53.1 
58.9 
61.3 
61.6 
60.6 
59.3 
59.6 
56.4 
51.5 
50.9 
51.7 
51.1 
51.8 
57.7 
62.2 
62.3 
60.6 
58.7 
55.8 
54.5 
53.4 
54.0 
55.9 
57.0 
55.4 
51.7 
50.0 
50.8 
55.9 
61.8 
66.6 
65.6 
65.2 

36.4 
30.5 
28.6 
27.9 
28.6 
31.8 
34.4 
29.9 
27.9 
26.6 
27.9 
34.4 
37.0 
37.7 
33.8 
29.2 
26.6 
26.6 
27.3 
27.9 
27.3 
29.2 
26.0 
24.7 
25.3 
25.3 
24.0 
25.3 
29.2 
29.2 
31.8 
35.1 
30.5 
28.6 
31.2 
30.5 
29.2 
28.6 
24.7 
24.0 
24.7 
30.5 
32.5 
36.4 
34.4 
32.5 
31.2 
28.6 
26.6 
27.3 
28.6 
29.2 
27.9 
33.1 
31.8 
30.5 
31.2 
34.4 
33.8 
39.6 
39.6 

59.2 
57.9 
57.8 
59.0 
60.8 
62.0 
59.9 
57.9 
57.3 
59.7 
61.7 
65.5 
68.6 
68.8 
65.8 
64.1 
63.1 
59.5 
56.1 
55.1 
54.9 
54.0 
54.0 
53.9 
53.3 
52.3 
50.4 
52.4 
57.1 
62.9 
65.3 
65.6 
64.6 
63.3 
63.6 
60.4 
55.5 
54.9 
55.7 
55.1 
55.8 
61.7 
66.2 
66.3 
64.6 
62.7 
59.8 
58.5 
57.4 
58.0 
59.9 
61.0 
59.4 
55.7 
54.0 
54.8 
59.9 
65.8 
70.6 
69.6 
69.2 

0.48 
0.57 
0.61 
0.65 
0.67 
0.63 
0.53 
0.58 
0.61 
0.69 
0.70 
0.65 
0.66 
0.65 
0.67 
0.73 
0.76 
0.68 
0.60 
0.57 
0.57 
0.52 
0.58 
0.61 
0.58 
0.56 
0.55 
0.56 
0.58 
0.70 
0.70 
0.64 
0.71 
0.72 
0.68 
0.62 
0.55 
0.55 
0.65 
0.65 
0.65 
0.65 
0.70 
0.62 
0.63 
0.63 
0.60 
0.62 
0.64 
0.64 
0.65 
0.66 
0.66 
0.47 
0.46 
0.51 
0.60 
0.65 
0.77 
0.62 
0.62 

GEOPHYSICAL LOG * FROM DIGITAL RECORD OF BOREHOLE 
MEUTPOR SS) = NEUT POR LS + 4 
ADJ POR (SS) = G- 6 V CLAY (&.) = &NEUT PO 6 s  ( S) - G-G POR SS)) / 48 

FOR (SS) - (V CLAY (FRA .) * 2 0  ) 

26.86 
19.12 
16.37 
14.95 
15.12 
19.24 
23.82 
18.21 
15.68 
12.86 
13.85 
21.46 
23.87 
24.70 
20.41 
14.70 
11.42 
12.95 
15.24 
16.60 
15 . 77 
18.88 
14.32 
12.50 
13.67 
14.10 
13.03 
14.04 
17.60 
15.20 
17.88 
22.34 
16.31 
14 . 11 
17.64 
18.08 
18.29 
17.59 
11.74 
11.08 
11.70 
17.55 
18.41 
23.91 
21.83 
19.87 
19.25 
16.10 
13.79 
14.46 
15 . 54 
15.96 
14.80 
23.71 
22.56 
20.39 
19.18 
21.34 
18.41 
27.12 
27.29 



108.0 
107.5 
107.0 
106.5 
106.0 
105. 5 
105.0 
104.5 
104.0 
103.5 
103.0 
102.5 
102.0 
101.5 
101.0 
100.5 
100.0 
99.5 
99.0 
98.5 
98.0 
97.5 
97.0 
96.5 
96.0 
95.5 
95.0 
94.5 
94.0 
93.5 
93.0 
92.5 
92.0 
91.5 
91.0 
90.5 
90.0 
89.5 
89.0 
88.5 
88.0 
87.5 
87.0 
86.5 
86.0 
85.5 

84.5 
84.0 
83.5 
83.0 
82.5 

81.5 
81.0 
80.5 
80.0 
79.5 
79.0 
78.5 
78.0 
77.5 
77.0 
76.5 
76.0 
75.5 
75.0 
74.5 
74.0 
73.5 

85. o 

82.0 

WELL 41-89BR 
INTERVAL: 51-108 

DEPTH* NEUT POR* 

55.9 
52.9 
46.9 
50.4 
62.2 
66.7 
60.6 
61.8 
61.4 
57.2 
53.9 
52.9 
52.3 
56.0 
57.4 
57.5 
54.5 
54.7 
54.7 
57.3 
57.6 
64.4 
59.9 
51.7 
44.0 
39.7 

(%.i 

37.5 
43.5 
53.2 
58.7 
63.1 
65.8 
65.7 
61.7 
59.4 
55.4 
51.1 
49.0 
46.2 
47.8 
49.6 
53.7 
56.2 
55.2 
54.1 
45.9 
38.1 
43.1 
46.6 
50.9 
50.4 
42.3 
38.1 
36.1 
35.7 
34.2 
34.9 
34.2 
33.3 
35.6 
35.1 
33.8 
34.0 
31.7 
22.2 
19.5 
16.9 
14.5 
18.6 

RECALCULATED POROSITY 

27.9 
20.8 
22.7 
28.6 
29.9 
27.9 
26.6 
24.0 
20.1 
18.8 
19.5 
18.2 
16.9 
14.9 
18.8 
19.5 
20.1 
21.4 
22.1 
24.7 
26.6 
25.3 
20.8 
20.1 
18.8 
19.5 
20.8 
22.7 
24.7 
26.6 
26.6 
24.0 
24.0 
22.1 
20.8 
20.1 
22.7 
20.1 
20.8 
18.8 
21.4 
22.1 
18.8 
18.8 
20.8 
22.7 
23.4 
20.1 
18.8 
18.8 
25.3 
24.0 
21.4 
20.1 
22.7 
21.4 
22.7 
23.4 
25.3 
21.4 
24.0 
26.6 
22.7 
14.3 
5.2 

-4.5 
-5.8 
-2.0 

NEUT POR 
64.6 
59.9 
56.9 
50.9 
54.4 
66.2 
70.7 
64.6 
65.8 
65.4 
61.2 
57.9 
56.9 
56.3 
60.0 
61.4 
61.5 
58.5 
58.7 
58.7 
61.3 
61.6 
68.4 
63.9 
55.7 
48.0 
43.7 
41.5 
47.5 
57.2 
62.7 
67.1 
69.8 
69.7 
65.7 
63.4 
59.4 
55.1 
53.0 
50.2 
51.8 
53.6 
57.7 
60.2 
59.2 
58.1 
49.9 
42.1 
47.1 
50.6 
54.9 
54.4 
46.3 
42.1 
40.1 
39.7 
38.2 
38.9 
38.2 
37.3 
39.6 
39.1 
37.8 
38.0 
35.7 
26.2 
23.5 
20.9 
18.5 
22.6 

(SS) 

AND VOLUME CLAY 

v CLAY 

0.6 
0.58 
0.60 
0.63 
0.66 
0.78 
0.85 
0.76 
0.82 
0.86 
0.86 
0.81 
0.78 
0.79 
0.90 
0.97 
0.89 
0.81 
0.80 
0.78 
0.82 
0.77 
0.87 
0.80 
0.73 
0.58 
0.52 
0.46 
0.56 
0.72 
0.79 
0.84 
0.90 
0.95 
0.87 
0.86 
0.80 
0.73 
0.63 
0.63 
0.65 
0.72 
0.76 
0.79 
0.84 
0.82 
0.61 
0.40 
0.49 
0.64 
0.75 
0.74 
0.44 
0.38 
0.39 
0.41 
0.32 
0.36 
0.32 
0.29 
0.30 
0.37 
0.29 
0.24 
0.27 
0.25 
0.38 
0.53 
0.51 
0.51 

(FRAC.& 
ADJ POR 

23.70 
20.12 
15.85 
8.22 
9.52 
12 . 88 
12 . 85 
12.66 
10.31 
6.77 
3.01 
2.57 
3.88 
2.31 

-1.06 
-4.44 
1.03 
3.21 
4.08 
5.90 
5.75 
9.28 
9.23 
9.25 
6.22 
8.52 
8.46 
10.29 
9.65 
8.36 
8.83 
9.77 

5.01 
6.69 
4.88 
4.70 
5.58 
10 . 14 
7.59 
7.85 
4.35 
6.32 
6.21 
1.99 
2.45 
8.66 
14 . 67 
13.51 
7.42 
3.81 
4.02 
16 . 59 
16.49 
13 . 67 
11.96 
16 . 27 
14.14 
16 . 27 
17 . 56 
19.36 

18.31 
21.90 
17 . 34 
9.34 

-2 . 42 
-15 . 13 
-15.96 
-12 . 17 

(SS) % 

8-65 

14 07 



73.0 
72.5 
72.0 
71.5 
71.0 
70.5 
70.0 
69.5 
69.0 
68.5 
68.0 
67.5 
67.0 
66.5 
66.0 
65.5 
65.0 
64.5 
64.0 
63.5 
63.0 
62.5 
62.0 
61.5 
61.0 
60.5 
60.0 
59.5 
59.0 
58.5 
58.0 
57.5 
57.0 
56.5 
56.0 
55.5 
55.0 
54.5 
54.0 
53.5 
53.0 
52.5 
52.0 
51.5 
51.0 

30.7 
38.9 
40.3 
40.5 
40.9 
38.7 
38.8 
35.2 
31.8 
33.9 
39.9 
50.6 
58.1 
44.3 
34.9 
41.1 
40.9 
38.5 
41.0 
42.1 
49.4 
52.7 
62.2 
80.2 
82.1 
64.0 
53.1 
47.1 
44.7 
46.4 
47.8 
49.6 
51.0 
55.2 
57.2 
61.5 
62.3 
62.0 
60.3 
65.2 
65.4 
65.5 
66.7 
65.9 
68.0 

3.9 
11.0 
16.9 
18.8 
21.4 
19.5 
15.6 
16.9 
14.3 
16.2 
18.2 
20.1 
2.0 

-26.0 
-38.3 
-5.8 
19.5 
20.8 
22.1 
19.5 
21.4 
29.2 
37.0 
44.2 
49.4 
37.0 
24.7 
19.5 
20.8 
20.8 
20.8 
24.7 
22.7 
25.3 
27.3 
23.4 
25.3 
26.6 
24.0 
26.6 
29.2 
28.6 
29.2 
25.3 
26.6 

34.7 
42.9 
44.3 
44.5 
44.9 
42.7 
42.8 
39.2 
35.8 
37.9 
43.9 
54.6 
62.1 
48.3 
38.9 
45.1 
44.9 
42.5 
45.0 
46.1 
53.4 
56.7 
66.2 
84.2 
86.1 
68.0 
57.1 
51.1 
48.7 
50.4 
51.8 
53.6 
55.0 
59.2 
61.2 
65.5 
66.3 
66.0 
64.3 
69.2 
69.4 
69.5 
70.7 
69.9 
72.0 

0.64 
0.66 
0.57 
0.53 
0.49 
0.48 
0.57 
0.46 
0.45 
0.45 
0.54 
0.72 
1.25 
1.55 
1.61 
1.06 
0.53 
0.45 
0.48 
0.55 
0.67 
0.57 
0.61 
0.83 
0.77 
0.65 
0.68 
0.66 
0.58 
0.62 
0.65 
0.60 
0.67 
0.71 
0.71 
0.88 
0.85 
0.82 
0.84 
0.89 
0.84 
0.85 
0.86 
0.93 
0.94 

GEOPHYSICAL LOG FROM DIGITAL RECORD OF BOREHOLE 
NEUT POR SS) = NEUT POR LS + 4 
V CLAY (F6AC.I  = NEUT P O 6  (LS) - G-G POR SS) / 48 
AD3 POR (SS) = G-L POR (SS) - (V CLAY (FRAA.) I 20 ) 

-8.93 
-2 . 24 
5.48 
8.14 
11.66 
9.82 
4.24 
7.60 
5.34 
7.20 
7.47 
5.75 

-23.11 
-56 . 90 
-70.47 
-27 . 08 
8.87 
11.74 
12.55 
8.39 
8.12 
17.76 
24.85 
27.48 
34.04 
24.10 
11.16 
6.31 
9.16 
8.44 
7.86 
12.61 
9.28 
11.22 
13 . 12 
5.85 
8.25 
10.23 
7.23 
8.90 
12.49 
11.50 
11.95 
6.75 
7.74 



9 8 . 0  
9 7 . 5  
9 7 . 0  
9 6 . 5  
9 6 . 0  
9 5 . 5  
9 5 . 0  
9 4 . 5  
9 4 . 0  
9 3 . 5  
9 3 . 0  
9 2 . 5  
9 2 . 0  
9 1 . 5  
9 1 . 0  
9 0 . 5  
9 0 . 0  
8 9 . 5  
8 9 . 0  
8 8 . 5  
8 8 . 0  
8 7 . 5  
8 7 . 0  
8 6 . 5  
8 6 . 0  
8 5 . 5  
8 5 . 0  
8 4 . 5  
8 4 . 0  
8 3 . 5  
8 3 . 0  
8 2 . 5  
8 2 . 0  
8 1 . 5  
8 1 . 0  
8 0 . 5  
8 0 . 0  
79 .5  
7 9 . 0  
7 8 . 5  
7 8 . 0  
7 7 . 5  
7 7 . 0  
7 6 . 5  
7 6 . 0  
7 5 . 5  
7 5 . 0  
7 4 . 5  
7 4 . 0  
7 3 . 5  
7 3 . 0  
7 2 . 5  
7 2 . 0  
7 1 . 5  
7 1 . 0  
7 0 . 5  
7 0 . 0  
6 9 . 5  
6 9 . 0  
68 .5  
68 .0  
67 .5  
67 .0  
66 .5  
6 6 . 0  
65 .5  
65 .0  
6 4 . 5  
64 .0  
63 .5  

WELL 43-89BR 
INTERVAL: 38-98 

DEPTH* NEUT POR* 
% 

5 . 8  
61 .8  
6 0 . 6  
5 7 . 8  
5 6 . 1  
53 .2  
50 .4  
4 5 . 7  
4 5 . 7  
49 .7  
5 5 . 2  
5 4 . 5  
5 5 . 5  
5 7 . 6  
5 6 . 9  
50 .7  
5 2 . 0  
48 .2  
4 6 . 6  
4 7 . 4  
5 3 . 0  
6 2 . 9  
6 5 . 9  
5 6 . 4  
4 7 . 7  
4 4 . 7  
4 1 . 1  
3 8 . 2  
3 7 . 9  
3 7 . 1  
36 .8  
3 4 . 3  
3 4 . 1  
3 4 . 0  
35 .2  
31 .9  
3 1 . 3  
33 .2  
31 .3  
31 .2  
32 .8  
3 6 . 1  
35 .6  
3 6 . 1  
33 .3  
31 .0  
3 1 . 7  
2 7 . 5  
2 5 . 3  
2 6 . 2  
2 9 . 8  
3 3 . 4  
35 .3  
35 .3  
4 3 . 4  
5 2 . 0  
5 2 . 1  
4 9 . 5  
5 1 . 3  
5 1 . 3  
4 6 . 6  
4 0 . 9  
4 0 . 7  
4 0 . 9  
43 .4  
4 4 . 6  
4 4 . 7  
4 5 . 1  
5 1 . 6  
5 2 . 7  

RECALCULATED POROSITY 

G-G POR* 
(SS % 

5 4 . 1  
4 0 . 9  
3 4 . 4  
3 0 . 5  
2 6 . 0  
2 6 . 6  
2 3 . 4  
21 .4  
2 5 . 3  
2 5 . 3  
2 5 . 3  
25 .3  
2 6 . 0  
2 2 . 1  
2 2 . 7  
2 4 . 7  
2 4 . 7  
2 3 . 4  
2 0 . 1  
2 4 . 7  
2 6 . 0  
2 5 . 3  
31 .2  
25 .3  
23 .4  
23 .4  
20 .8  
1 9 . 5  
1 9 . 5  
1 8 . 2  
2 0 . 1  
1 8 . 2  
1 7 . 5  
1 6 . 2  
1 6 . 2  
18 .8  
2 0 . 8  
21 .4  
1 8 . 2  
1 7 . 5  
1 8 . 8  
1 8 . 8  
1 8 . 8  
1 7 . 5  
1 6 . 9  
1 7 . 5  
1 7 . 5  
18 .2  
14 .3  
10 .4  
10.4 

8 .4  
2 . 6  
2 . 0  
6 . 5  

15 .6  
24 .7  
23 .4  
24 .7  
27 .3  
30 .5  
24 .0  
19 .5  
20.8 
24 .7  
2 2 . 1  
23 .4  
2 0 . 1  
2 2 . 1  
26 .6  

e .  

.* 3 - 

NEUT POR 
6 . 8  
6 5 . 8  
6 4 . 6  
6 1 . 8  
6 0 . 1  
5 7 . 2  
5 4 . 4  
4 9 . 7  
4 9 . 7  
5 3 . 7  
5 9 . 2  
5 8 . 5  
5 9 . 5  
6 1 . 6  
60 .9  
5 4 . 7  
5 6 . 0  
5 2 . 2  
5 0 . 6  
5 1 . 4  
5 7 . 0  
6 6 . 9  
6 9 . 9  
6 0 . 4  
5 1 . 7  
4 8 . 7  
4 5 . 1  
4 2 . 2  
4 1 . 9  

(SSi % 

4 1 . 1  
4 0 . 8  
3 8 . 3  
3 8 . 1  
3 8 . 0  
39 .2  
3 5 . 9  
3 5 . 3  
3 7 . 2  
3 5 . 3  
3 5 . 2  
3 6 . 8  
4 0 . 1  
3 9 . 6  
4 0 . 1  
3 7 . 3  
3 5 . 0  
35 .7  
3 1 . 5  
2 9 . 3  
30 .2  
33 .8  
3 7 . 4  
3 9 . 3  
3 9 . 3  
47 .4  
5 6 . 0  
5 6 . 1  
5 3 . 5  
5 5 . 3  
5 5 . 3  
5 0 . 6  
4 4 . 9  
4 4 . 7  
4 4 . 9  
4 7 . 4  
4 8 . 6  
4 8 . 7  
4 9 . 1  
5 5 . 6  
5 6 . 7  

AND VOLUME CLAY 
v CLAY 

0.52  
0 .63  
0 .65  
0 . 7 1  
0 .64  
0 .65  
0 .59  
0 . 5 1  
0 .59  
0 . 7 1  
0 . 6 9  
0 . 7 0  
0 .82  
0 . 8 0  
0 .63  
0 .65  
0 .60  
0 .63  
0 - 5 6  
0 .65  
0 .87  
0 . 8 1  
0 .73  
0 .59  
0 .53  
0 . 5 1  
0 .47  
0 . 4 7  
0 . 4 8  
0 . 4 3  
0 . 4 2  
0 . 4 3  
0 . 4 5  
0 . 4 8  
0 . 3 6  
0 . 3 0  
0 . 3 3  
0 . 3 6  
0 .37  
0 . 3 7  
0 . 4 4  
0 . 4 3  
0 .47  
0 . 4 3  
0 . 3 6  
0 .38  
0 . 2 8  
0 . 3 1  
0 . 4 1  
0 . 4 9  
0 . 6 0  
0 . 7 6  
0 . 7 8  

0 . 8 4  
0 . 6 6  
0 . 6 3  
0 . 6 4  
0 . 5 8  
0 . 4 2  
0 . 4 3  
0 . 5 2  
0 . 5 0  
0 .47  
0 . 5 5  

0 . 6 0  
0.70 
0 . 6 3  

(FRAC*Q 0 . 0  

0 . 8 5  

0 .53  

ADJ POR 

5 05 
30.5 
2 1 . 8  
1 7 . 5  
1 1 . 8  
13 .9  
10 .5  

9 . 7  
1 5 . 2  
1 3 . 5  
1 1 . 2  
1 1 . 5  
1 2 . 0  

5 . 6  
6 . 8  

12 .2  
1 1 . 6  
1 1 . 4  

7 . 4  
13 .6  
1 3 . 1  

8 . 0  
1 5 . 0  
10 .7  
11 .6  
12 .8  
10 .6  
1 0 . 0  
1 0 . 2  

8 .6  
11 .5  

9 . 8  
9 . 0  
7 . 2  
6 . 7  

1 1 . 7  
1 4 . 7  
1 4 - 9  
11.1 
1 0 . 2  
1 1 . 3  
1 0 . 0  
10 .2  

8 . 1  
8 . 4  

10 .2  
10 .0  
12 .6  

8 . 1  
2 . 1  
0 .6  

. -3.6 
-12 e 7 
-13 . 6 
-10 . 5 

-1.2 
11 .6  
10 .8  
11 .9  
1 5 . 6  
2 2 . 1  
1 5 . 3  

9 . 0  
10 .7  
15 .2  
11 .0  
12 .8  

8 . 1  
8 . 1  

1 4 . 1  

(SS$ % 



63.0 
62.5 
62.0 
61.5 
61.0 
60.5 
60.0 
59.5 
59.0 
58.5 
58.0 
57.5 
57.0 
56.5 
56.0 
55.5 
55.0 
54.5 
54.0 
53.5 
53.0 
52.5 
52.0 
51.5 
51.0 
50.5 
50.0 
49.5 
49.0 
48.5 
48.0 
47.5 
47.0 
46.5 
46.0 
45.5 
45.0 
44.5 
44.0 
43.5 
43.0 
42.5 
42.0 
41.5 
41.0 
40.5 
40.0 
39.5 
39.0 
38.5 
38.0 

58.1 
64.6 
68.5 
69.8 
68.5 
64.8 
61.1 
60.8 
68.6 
67.7 
64.1 
65.4 
66.8 
67.5 
64.4 
64.9 
70.9 
70.6 
68.1 
63.6 
59.1 
57.5 
56.1 
52.2 
49.2 
47.1 
48.3 
54.0 
59.1 
56.7 
56.7 
55.4 
65.7 
60.1 
51.5 
53.1 
49.7 
43.5 
41.7 
39.7 
39.0 
37.7 
39.4 
41.7 
44.0 
51.4 
58.0 
52.3 
47.2 
49.0 
55.2 

17.5 
32.5 
31.8 
37.0 * 

39.6 
38.3 
38.3 
37.0 
33.1 
38.3 
36.4 
32.5 
31.2 
31.8 
33.8 
34.4 
35.1 
38.3 
34.4 
32.5 
30.5 
27.9 
27.3 
29.2 
26.0 
27.3 
26.0 
26.6 
28.6 
30.5 
29.2 
26.6 
27.9 
30.5 
26.6 
24.7 
31.2 
28.6 
28.6 
24.0 
28.6 
28.6 
27.3 
26.0 
25.3 
26.0 
29.2 
32.5 
29.9 
31.2 
28.6 

62.1 
68.6 
72.5 
73.8 
72.5 
68.8 
65.1 
64.8 
72.6 
71.7 
62.1 
69.4 
70.8 
71.5 

63.9 
7 .9 
72.6 
72.1 
67.6 
63.1 
61.5 
60.1 
55.2 
5 ; . 2  
5 .1 
5 -  .3 
52.0 
63.1 
60.7 
60.7 
5c.4 
65.7 
64.1 
55.5 
57.1 
53.7 
47.5 
45.7 
43.7 
42.0 
41.7 
43.4 
45.7 
48.0 
55.4 
6Z.O 
56.3 
51.2 
52.0 
55.2 

68.4 

0.93 
0.75 
0.85 
0.77 
0.69 
0.63 
0.56 
0.58 
0.82 
0.70 
0.66 
0.77 
0.83 
0.83 
0.72 
0.72 
0.83 
0.76 
0.79 
0.73 
0.68 
0.70 
0.68 
0.56 
0.57 
0.50 
0.55 
0.65 
0.72 
0.63 
0.66 
0.68 
0.87 
0.70 
0.60 
0.68 
0.47 
0.39 
0.36 
0.41 
0.30 
0.27 
0.34 
0.41 
0.47 
0.61 
0.68 
0.50 
0.44 
0.45 
0.64 

-1.0 
17.4 
14.9 
21.7 
25.9 
25.6 
27.2 
25.4 
16.7 
24.4 
23.2 
17.1 
14.7 
15.3 
19.3 
20.1 
18.5 
23.2 
18.7 
17.8 
16.9 
13.9 
13.6 
18.0 
14.6 
17.3 
15.0 
13.6 
14.2 
17.9 
16.1 
13.0 
10.5 
16.5 
14.6 
31.2 
21.8 
20.7 
21.4 
15.8 
22.5 
23.1 
20.5 
17.8 
15.9 
13.7 
15.6 
22.5 
21.0 
22.1 
15.8 

* FROM D I G I T A L  RECORD OF BOREHOLE GEC?HYSICAL LOG 
NEUT POR SS) = NEUT POR LS + 4 
V CLAY (F L C . )  = NEUT PO6 (AS) - G-G POR 
ADJ POR (SS) = G-(& POR (SS) - (V CLAY (FRA 



3.2.4 Nlatural Gamma Ray and Induced Potential1 as a Clay Volume Indicator 

8 
Two other curves, Natural Gamma Ray (GR) and Induced Polarization (IP), have been 

used in other locations as Vcl indlicators. Initially no attempt has been made to generate a Vcl 

from either curve because of the absence of values representative of clean bedrock sand. 

After the recalculation of Vcl values, crossplots of GR and IP versus Vcl as calculated in 

section 3.2.3 were generated for Well 32-89BR, and best f i t  lines established, see Figures E-3 

and E-4. The low values for goodness of f i t  (R2> for 32-89BR and for seven other background 

wells, Table 6-2, indicate the GR and IP curves are poor indicators of clay volume at  this 

lloca tion. 

4.0 BOREHOLE GEOPHYSICAL LOGS 

The borehole geophysical' logs presented below are listed in Table E-3. 

IO 5.0 SUMMARY PLOTS 

Summary plots by well align on a small scale well1 construction, a simplified lithology 

log and  the respective borehole geophysical curves presented in section 4.0 in order to illustrate 

the rationale for the completion zone. Table E-4 lists the summary plots presented below. 
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- Well 

TABLE E-2 

GOODNESS OF FIT FOR GR A N D  IP AS INDICATORS OF Vclay 

GR as an indicator of Vclay 

Interval* - R2 

IP as an indicator of Vclay 

Interval* - RZ 

32-89BR 42-1 87 0.186 4'2-195 0.0 1 7 

33-89BR 43- 143 0.129 43- 1 50 0.159 

34-89BR 44- 1 59 0.434 55-  167 0.023 

35-89BR 42- 199 0.181 43-207 0.043 

36-89BR 51-97 0.01 1 52- 106 0.000 

38-89BR 26- 120 0.055 26- 128 0.000 

41-89BR 5 11- 100 0.032 53-108 0.058 

43-89BR 38-90 0.124 39-98 0.109 

* Interval is in feet bellow ground level and reflects the respective available range for GR 

and IP. 

Over the crossplotted intervals data were selected at  0.5 foot intervals (e+ 42.0, 42.5, 

43.0 ... 187.0). 
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X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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1989 

Vel 1 
INumber 

01 -89A 

02 - 89 

03-89 

04 - 89 

05-89 

06 - 89 

07-89 

08 - 89 

Groundwater IDissolved Metals Results 

For Wells at Rockwell (Rocky Flats) 

BACKGROUND ROCKY FLATS ALLUVIUM 

IDate Aluminum 
Sampled P t r .  (A l ) ,  diss. 

mg/ LI 
-- 

06/ 14/89 0.2000 u 

06/14/89 0.2000 u 

06/14/89 0'.2000 u 

06/15/89 0'.2000 u 

Antimony 
(Sb), diss. 

mg/ 1 

0.0600 U 

0.0600 U 

0.0600 U 

0.0600 U 

Arsenic Barium 
(As) ,  diss. (Ea), diss. 

mg/ 1 mg/ 1 

0.0100 u 0.2000 u 

0.0100 u 0.2000 u 

0.0100 u 0.2000 u 

0.0100 u 0.2000 u 

Beryl 1 ium Cadmium 
(Be), diss. (Cd), diss. 

lmg/ 1 mg/ 1 

0.0050 U 0.0050 U 

0.0050 U 0.0050 tJ 

0.0050 U 0'.0050 Ll 

0.0050 Ll 0.0050 U 

Cabciun 
(Ca), diss. 

mg/ 1 

18.6000 

22.0000 

71 .4000 

47.0000 

06/07/89 Data not yet received 

06/07/89 Data not yet received 

06/06/89 Data not yet received 

06/05/89 0.2000 u 0.0600 U 0.0100 u 0.2000 u 0.0050 U 0.0050 U 44.8000 

NR = Analyte not reported 
J = Present below detection L i m i t  

U = Analyzed but not detected 
16 = Present in  laboratory blank 

* = Holding time not met 
N = Batch spike not in 80-120% range 

E = Estimated value 
R = Data rejected during validation. 



Groundwater Dissolved Metals Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND ROCKY FLATS ALLWIUM 

We1 1 
Number 

01 -89A 

02-89 

03 - 89 

04-89 

05 - 89 

06-89 

07-89 

08- 89 

Date Cesium Chromium Cob 1 t 
Sampled P t r .  (Cs), diss. (Cr ) ,  diss. (Co), diss. 

mg/ 1 mg/ 1 mg/ 1 
-- 

06/14/89 1 .oooo u 0.0100 u 0.0500 U 

06/ 14/89 1 .oooo u 0.0100 u 0.0500 U 

06/14/89 1.0000 u 0.0100 u 0.0500 U 

06/15/89 1.0000 u 0.0100 u 0.0500 u 

06/07/89 Data not yet received 

06/07/89 Data not  yet received 

06/06/89 Data not yet receivedl 

06/05/89 1.0000 u 0.0100 u 

NR = Analyte not reported 
J = Present below detection l i m i t  

copper I ron  
(Cu), diss. (Fe), diss. 

mg/lL mg/ 1 

0.0250 U 0.1000 u 

0.0250 U 0.1000 u 

0.0250 U 0.1000 u 

0.0250 U 0.1000 8 

0.0500 U 0.0250 U #O. 1 290 

iLead 
(Pb), diss. 

mg/ 1 

0.0050 U 

0.0050 JU 

0.0050 NU 

0.0050 U 

0.0050 U 

IL i th iun 
(Li) ,  diss. 

mg/ 1 

0.1000 u 

0.1000 UI 

0.1000 u 

0.1000 u 

0.0100 u 

E = Estimated value 
R = Data rejected during validation. 

U Analyzed but not detected 
B = Present i n  laboratory blank 

* = Holding t i m e  not met 
N = Batch spike not in 80-120% range 



Groundwater Dissolved Metals Results 

For Wells at Rockwell (Rocky F l a t s )  

1989 BACKGROUND ROCKY FLATS ALLUVIUM 

Uel 1 
Number 

01 -89A 

02 - 89 

03-89 

04 - 89 

05-89 

06-89 

07-89 

08-89 

Date 'Magnesium 
Sampled Ptr. (Mg), diss. 

mg/ 1 

06/14/89 5.0000 U 

06/ 14/89 5.0000 U 

06/14/89 5.2300 

06/15/89 5.0000 U 

Manganese 
(Mn), diss. 

mg/ 1 

Mercury 
(Hg), diss. 

nig/ 1 

Molybdemnn 
(Mo), diss. 
'W/ 1 

0.1510 

0.2570 

0.0847 

0.2680 

06/07/89 Data not yet received 

06/07/89 Data not yet received 

06/06/89 Data not yet received 

06/05/89 5.7900 0.0283 

NR = Analyte not reported 
J = Present below detection L i m i t  

0.0002 u 

0.0002 UI 

0.0002 u 

0.0002 u 

0.1000 u 

~0.1000 u 

~0.1000 u 

0.1000 u 

Nickel 
(Ni) ,  diss. 

mg/ 1 

0.0400 u 

0.0400 U 

0.0400 NU 

0.0400 u 

Potassium 
(K ), diss. 

mg/ 1 

5.0000 U 

5.0000 IU 

5.0000 U 

5.0000 U 

Selenium 
(Se), diss. 

mg/ 1 

0.0050 U 

0.0050 NU 

Oi0050 1U 

0.0050 U 

0.0002 u 0.0136 0.0400 u 5.'0000 'U 0.0050 'u 

E = Estimated value 
R = Data rejected during validation. 

* = Holding t ime not met 
N = Batch spike not in  80-120% range 

U = Analyzed but not detected 
B = Present i n  laboratory blank 



Groundwater Dissolved Metals Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND ROCKY FLATS ALLUVIlUM 

Uel L 
Number 

01 -89A 

02-89 

03 - 89 

04-89 

05 -89 

06 - 89 

07-89 

08-89 

Date Si lver 
Sampled P t r .  (Ag), diss. 

mg/ I 

-- 
06/ 14/89 0.0100 0 

06/ 1 4/89  0.0100 u 

06/ 14/89 0.0100 u 

06/15/89 0.0100 l!l 

Sodim 
(Na), diss. 

mg/ 1 

6.8900 

7.7700 

5.0000 U 

8.9000 

06/07/89 Data not yet received 

06/07/a9 Data not yet received 

06/06/89 Data not yet received 

06/05/89 0.0100 u 8.5500 

NR = Analyte not reported 
J = Present below detection l i m i t  

S t ront i um 
(Sr), diss. 

mg/ 

Thallium 
( T l ) ,  d i t s .  

m/ 1 

Tin 
(Sn), diss. 

m/ 1 

1 .oooo u 

1.0000 u 

1.0000 u 

1.OOOD U 

0.0100 u 

0.0100 u 

0.0400 U 

0.0400 U 

1'.0000 u 0.0100 u 

0.1000 u 

0.1000 UI 

0.1000 u 

0.1000 u 

Vanadi m 
(V 1, diss. 

mg/ 1 

0.0500 U 

80.0500 U 

0.0500 U 

0.0500 U 

0.1000 u 0 - 0500 IU 

Zinc 
(Zn), diss. 

mg/ 1 

0.0200 u 

0.0200 u 

0.0200 ut 

0.0200 u 

0.0200 u 

IU = Analyzed but not detected 
B = Present in  laboratory blank 

= Holding t ime not met 
N = Batch spike not i n  80-120% range 

E = Estimated value 
IR = Data rejected during validation. 



Groundwater Dissolved Metals Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND ROCKY FLATS ALLUVIUM 

Well Date Alminum Antimony Arsenic Barium 
Number Sampled atr .  (At), diss. (Sb), diss. (As), diss. (Ba), diss. 

mg/ 1 mg/ 1 mg/ 1 mg/ 1 

--- 

47-89  

48 - 89 

55-86 

06 /14 /89  

06 /15 /89  

06 /08 /89  

0.2000 u 

0.2000 u 

08.0600 U 

01.0600 NU 

NR = Analyte not reported 
J = Present below detection l i m i t  

Data 'not yet received' 

0.0100 u 

0.0100 'U 

U = Analyzed lbut not detected 
B = Present i n  llaboratory blank 

0.2000 u 

0.2000 u 

Beryl 1 im 
(Be), diss. 

m/ 1 

0.0050 kl 

0.0050 U 

Cadmi m 
(Cd), diss. 

mg/ 1 

Calcium 
(Ca), diss. 

mg/ 1 

0'.0050 u 

0.0050 U 

64.5000 

30.9000 

* = Holding1 t i m e  not met 
N = Batch spike not in  80-120% range 

E = Estimated value 
R = Data rejected during validation. 



Groundwater Dissolved Metals Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND ROCKY FLATS ALLUVIUM 

Well IDate Cesium Chromium Coba 1 t Copper I ran, ILead Lithium 

Number Sampled P t r .  (Cs), diss. (Cr) ,  diss. (co), diss. (Cu), diss. (Fe), diss. (Pb), diss. (L i ) ,  diss. 

mg/ 1 mg/ 1 mg/ 1 mg/ 1 mg/ 1 mg/ 1 nrg/ 1 

47-89 06/14/89 1.0000 u 0.0100 u 0.0500 U 0.0250 U 0.1000 u 0.0050 U 0.1000 u 

0.1000 u 48-89 06/15/89 1 .oooo UI 0.0100 u 0.0500 U 0.02501 u 0.1000 u 0.0050 U 

55 - 86 06/08/89 Data not yet received 

NR = Analyte not reported 
J = Present below detection l l i m i t  

U = Analyzed but inot detected 
6 = Present i n  laboratory blank 

* = Holding time not met 
N = Batch spike not in  80-120% range 

E = Estimated value 
R = Data rejected during validation. 



Groundwater Dissolved Metals Results 

For Wells at Rockwell (Rocky Flats) 

I989 BACKGROUND ROCKY FLATS ALLWIUM 

Se 1 eni um Uel l  Date Magnesi un Manganese Mercury Mo 1 ybdenum Nickel Potassium 

Number Sampled Ptr. (Hg), diss. (Mn), diss. (Hg), diss. (no), diss. (N i ) ,  diss. (K 1, diss. (Se), diss. 

mg/ 1 mg/ 1 mg/ 1 mg/ 1 mg/ L mg/ 1 mg/ 1 

47-89 06 /14 /89  5 -3200 0.1390 0.0002 u 0.1000 u 0.0400 U 5.0000 U 0.0050 U 

48-89 06/15/89 5.0000 U 0.0150 U 0.0002 u 0.1000 u 0.0400 u 5.0000 u 0.0050 U 

55 - 86 06/08/89 Data not yet #received 

E = Estimated value 
R = Data rejected during validation. 

NR = Analyte not reported U = Analyzed but not detected 
B = Present i n  laboratory blank 

* = Holding1 time not met 
N Batch spike not in  80-120% range J = Present below detection l i m i t  



Groundwater Dissolved Metals Results 

For Wells at RockwePP (Rocky Flats) 

1989 BACKGROUND ROCKY FLATS ALLWIUM 

Well Date S i  Lver Sodium St ron t ium Thallium Tin Vanadium Zinc 

Number Sampled Ptr. (Agl, diss. (Na), diss. (Sr), diss. (TL),  diss. (Sn), diss. (V ), diss. (Zn), diss. 
w/ L mg/ 1 mg/ 1 mg/ L mg/ 1 mg/ L img/ 1 

0.0500 u 0.0200 u 0.0100 u 0.1000 u 47-89 106/14/89 0.0100 u 5.0000 u 1 .oooo 111 

48-89 0 6 / w a 9  0.0100 u 9.0200 1.0000 u 0.0400 U 0.0500 u 0.0200 u 0.1000 u 

55-86 06/08/89 Data not yet received 

NR = Analyte not reported 
J = Present below detection l i m i t  

U = Analyzed but not detected 
B = Present i n  Laboratorylblank 

* = Holding1 t i m e  not met 
N = Batch spike inot i n  80-120% range 

E = Estimated value 
R = Data rejectedlduring validation. 
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Groundwater Inorganic Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND ROCKY FLATS ALLUVIUM 

lNitrate+ 
Nitr i te-Nitrogen 

lMG/L 
Su 1 f a t e  

lMG/L 
HC03- 

MG/L 
Uel l  Date Total Dissolved Solids Chloride 
INumber Sampled Pt r .  MG/L MG/L 

- - -  

01 -89A 06/14/89 170 7 18 72 0.88 

02 - 89 06/ 14/89 150 5 0.87 16 83 

03 - 89 06/14/89 300 8 1.2 39 450 

04 - 89 06/15/89 220 11 0.92 22 

10 

150 

72 05-89 06/07/89 210 3 2.1 

'06 - 89 '06/07/89 160 4 2.0 16 100 

21 130 07-89 06/06/89 210 4 2.0 

08 - 89 06/05/89 280 4 2.3 29 140 

47-89 06/ 14/89 250 4 0.66 32 200 

Notes: 1NR = Analyte not reported 
J = Present lbelow detection l i m i t  

U = Analyzed but not detected 
B = Present in laboratory blank 



Groundwater Inorganic Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND ROCKY FLATS ALLUVIUM 

We1 L Date 
Number Sampled 
-- 

C03= 
MG/L 

PH 
pH Unit  

Total  Organic Carbon 
MG/L 

F luor ide 
MG/L 

Sulf ide 
MG/L Qtr. 

NR NR 0 1 - 89A 06/ 14/89 5 u  7.0 NR 

02-89 06/14/89 5 u  7.2 NR NR NR 

03-89 06/ 14/89 5 u  7.5 NR NR NR 

04 - 89 06/115/89 5 UI 7.9 NR NR NR 

05-89 06/07/89 5 u  6.6 NR NR NR 

06 - 89 06/07/89 5 u  7.0 NR NR NR 

07-89 06/06/89 5 u  7.7 NR NR NR 

08-89 06/05/89 5 u  7.3 NR NR NR 

47-89 06/14/89 5 UI 7.9 NR NR NR 

Notes: NR = Analyte not reported 
J = Present Ibelou detection l i m i t  

U = Analyzed but not detected 
B = Present i n  laboratory blank 



Groundwater Inorganic Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND ROCKY FLATS ALLUVIUM 

Uel l  
N h r :  

Date 
Sampled 

01-89~ 

02-89 

03-89 

04-89 

05 - 89 

06- 89 

07-89 

08-89 

47-89 

Notes: 

Cyanide, Total 
Ptr. HG/L 

- 

2.5 U 

2.5 U 

2.5 U 

2.5 U 

NR 

NR 

1NR 

2.5 U 

2.5 U 

Hexavalent 
Chromium (Cr+6) Specif ic Conductance Suspended Solids Turb id i ty  

MG/L uMHOS/CYll MG/L MG/L 

NR NR 200 NR 

NR NR 411 NR 

NR NR 1500 NR 

NR NR 18 1NR 

NR NR 960 NR 

NR NR 250 NR 

NR NR 690 'NR 

NR NR 560 NR 

NR NR 120 NR 

NR = Anatyte not reported U = Analyzed but not detected 
J' = Present below detection L i m i t  B = Present in  laboratory blank 



Groundwater Inorganic Results 

For  Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND ROCKY FLATS ALLUVIUM 

We1 1 
Number 

01 -89A 

02 - a9 

03 - 89 

04 - a9 

05 - 89 

06-89 

07-89 

08-89 

47-89 

Notes: 

Date 
Sampled 

061 I 4/89 

06/ 1 4/89 

06/ 14/89 

0 6 m / a 9  

06/07/89 

06/07/89 

06/06/89 

06/05/89 

06/14/89 

Solids 
Ptr. % 

- 
NR 

NR 

NR 

NR 

INR 

INR 

NR 

NR 

1NR 

O i l  and Grease 
MG/L 

Igni tabi 1 i t y  
IDegrees F. 

1NR 

'NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

1NR = Analyte not reported U = Analyzed but not detected 
B = Present i n  Laboratory blank Jl = Present below detection l i m i t  

Phosphate 
MG/L 

INR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 



Groundwater Inorganic Results 

For Wells a t  Rockwell (Rocky F l a t s )  

1989 BACKGROUND ROCKY FLATS ALLWIUM 

N i t ra  te+ 
Well1 Date Total Dissolved Solids Chloride Nitr i te-Nitrogen Sulfate HC03- 
Number Sampled Qtr. MG/L MG/L MG/L MG/L MG/L 

- - -  
68-89 06/15/89 180 14 1.2 16 100 

55-86 06/08/89 260 5 1.3 26 86 

Notes: NR = Analyte not reported 
J = Present below detection l i m i t  

U = Analyzed but not detected 
B = Present in  laboratory blank 



Groundwater Inorganic Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND ROCKY FLATS ALLUVIUM 

Uell Date C03= PH Total Organic Carbon Fluoride Sulfide 
Number Sampled Ptr. MG/L pH Unit MG/L MG/L MG/L 

- - -  

48 - 89 06/15/89 5 u  7.2 NR NR NR 

55 -86  06/08/89 5 u  6.9 1NR 

Notes: INR = Analyte not reported 
J = Present belou detection l i m i t  

Ul= Analyzed but not detected 
B = Present i n  laboratory blank 

'NR NR 



Groundwater Inorganic Results 

For Wells at Rockwelk (Rocky Flats) 

1989 BACKGROUND ROCKY FLATS ALLWIUM 

Uel L! Date 
Number Sampled 
-- 

48-89 06/15/89 

55-86 06/08/89 

Hexavalent 
Cyanide, Total Chromiun (Cr+6) Specific Conductance Suspended Solids 

Qtr. HG/L MG/L uMHOS/cm MG/L 

- 

2.5 ul 

NR 

Notes: NR = Analyte not reported 
J = Present below detection l i m i t  

NR 

NR 

NR 

NR 

U = Analyzed but not detected 
B = Present i n  laboratory blank 

12 

1000 

Turbidity 
MG/I! 

NR 

INR 



Groundwater Inorganic Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND ROCKY FLATS ALLUVIUM 

Uel 1 Date 
Number Sampled Ptr .  

- - -  
48-89 

55-86 

06/15/89 

806/08/89 

Solids 
x 

O i l  and Grease 
HG/L 

Igni tabi li t y  
Degrees F. 

Phosphate 
W L  

NR INR NR NR 

NR 

Notes: NR = Analyte not reported 
J = Present belou detection l i m i t  

NR SNR 

U = Analyzed but not detected 
6 = Present i n  laboratory blank 

NR 
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Groundwater Dissolved Radiochemistry Results 

f o r  Regulated Units at Rocky Flats Plant 

1989 BACKGROUND ROCKY FLATS ALLUVIUM 

U e l l  Date Uranium 233, 234 
Number Sampled Q t r .  PCI/L ( MDA 1 

Uranium 235 
PCI/L 

'Uranim 238 
PCI/L Radium 226 

01 -89A 06/14/89 

02-89 06/14/89 

03 - 89 06/ 14/89 

04-89 

05-89 

06-89 

07-89 

08- 89 

47-89 

48-89 

55-86 

106/15/89 

06/07/89 

06/07/89 

06/06/89 

06/05/89 

06/14/89 

06/15/89 

06/08/89 

Data not yet received 

Data not yet  received 

Data not yet received 

Data not yet received 

Data not yet received 

Data not yet received 

Data not yet received 

Data not yet received 

Data not yet received 

Data not yet received 

Data not yet received 

Notes: INR = Analyte not reported 
*** = Insu f f i c ien t  Sample f o r  Radiochemistry Analyses 



Groundwater Dissolved Radiochemistry Results 

f o r  Regulated Units at Rocky Flats Plant 

1989 BACKGROUND ROCKY FLATS ALLUVIUM 

We1 I Date 
Number Sampled Ptr. Radium 228 

01-89A 106/14/89 

02-89 06/14/89 

03 - 89 06/ 14/89 

04-89 

05 - 89 

06-89 

07-89 

08-89 

47-89 

48-89 

55-86 

06/15/89 

06/07/89 

06/07/89 

06/06/89 

06/05/89 

06/ 14/89 

06/15/89 

06/08/89 

Data not yet received 

Data not yet received 

Data not yet received 

Data not yet received 

Data not yet received 

Data not yet received 

Data not yet received 

Data not yet received 

Data not yet received 

Data not yet received 

Data not yet received 

Notes: NR = Analyte not reported 
*** = Insu f f i c ien t  Sample f o r  Radiochemistry Analyses 



COLLUVIAL GROUND WATER 

Draft Background Geochemical Characterieation Report 
Rocky Flats Plant, Golden, Colorado 
p:\wp5\docs\rockwell\bkgd-toc.l04 

October 9, 1989 
Appendices 



METALS 

Draft Background Geochemical CharacteriEation Report 
Rocky Flats Plant, Golden, Colorado 
p:\wp5\doca\rockwell\bkgd-toc.l04 

October 9, 1989 
Appendices 



Groundwater Dissolved Metals Results 

For Wells at RockwelP (Rocky Flats) 

1989 BACKGROUND COLLUVIUM 

Uell! Date Aluminum 
,Number Sampled Qtr. (At), diss. 

mg/l 

Antimony 
(Sb), diss. 

IW/L 

Arsenic 
(As), diss. 

ml 

Barium 
(Ba), diss. 

mgl ' l  

Beryllium 
(Be), diss. 

mg/ 1 

Cadmi um' 
(Cd), diss. 

mg/sl 

09 - 89 04/19/89 DRY 

10-89 
10-89 

05/05/89 
05/05/89 

0.2000 u 
0.2000 u 

0.0600 U 
0.0600 U 

0.0100 u 
0.0100 u 

0.2000 u 
0.2000 u 

0.0050 U 

0.0050 U 
0.0050 U 

0.0050 U 
5.0000 Us 

76.8000 

11-89 051 15/89 DRY 

12-89 05/15/89 DRY 

13-89 

14-89 

05/12/89 

051 1 1/89  

DRY 

DRY 

15-89 
15-89 

05/04/89 
#05/04/89 

0.2000 u 
0.2000 u 

0.0600 UI 
0.0600 U 

0.0100 'U 

0.0100 NU 
0.2000 u 
0.2000 u 

0.0050 U 

0.0050 U 

0.0050 U 

0.0050 U 
63.0000 
65 -6000 

16-89 05/16/89 DRY 

NR = Analyte not reported 
J = Present below detection l i m i t  

U = Analyzed but not detected 
B = Present i n  taboratory blank 

* = Holding time not met 
N = Batch spike not i n  80-120% irange 

E = Estimated value 
R = Data lrejected during validation. 



Groundwater Dissolved Metals Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND COLLUVIUM 

We1 1 
Number 

09-89 

10-89 
10-89 

11 -89 

12-89 

13-89 

14-89 

15-89 
15-89 

16-89 

Date Cesium 
Sampled Ptr. (Cs), diss. 

mg/ 1 

-- 

04/19/89 DRY 

05/05/89 1 .DODO U 

05/05/89 1.0000 u 

05/15/89 DRY 

05/15/89 DRY 

05/12/89 DRY 

05/11/89 DRY 

05/04/89 1.0000 u 
05/04/89 1 .oooo u 

05/16/89 DRY 

NR = Analyte not reported 
J = Present belou detection l i m i t  

Chromium Cobabt Copper I ron  Lead Lithium 
(Cr),  diss. (Co), diss. (Cu), diss. (Fe), diss. (Pb), diss. (Li) ,  diss. 

mg/ 1 mg/ 1 mg/ 1 mg/ 1 w/ 1 w/ 1 

0.0100 u 
0.0100 tu 

0.0100 u 
0.0100 u 

0.0500 U 0.0250 u 
0.0500 U 0.02501 U 

0.05001 U 0.0250 U 

0.05008 U 08.0250 'U 

0.0050 U 0.1000~ u 
0.1000 u 0.0050 U 

0.0050 U 0.1000 'U 

0.1000 u 0.0250 U 

0.0100 u 
0.1720 

0.0100 NU 
0.0100 u 

U = Analyzed but not detected 
B = Present in laboratory blank 

* = Holding1 time not met 
N = Batch spike not in180-120X range 

E = Estimated value 
R = Data rejected during validation. 



Groundwater Dissolved Metals Results 

For Wells at Rockwell (Rocky F l a t s )  

1989 BACKGROUND COLLWIUM 

Well Date Hagnes i um 
Number Sampled Ptr. (Mg), diss. 

mg/ 1 

09-89 

10-89 
10-89 

11-89 

12-89 

13-89 

14-89 

15-89 
15-89 

16-89 

04/19/89 

05/05/89 
05/05/89 

05/15/89 

05/15/89 

05/12/89 

05/11/89 

05/04/89 
i05/04/89 

05/ 16/89 

DRY 

5.0000 U 

15 -3000 

DRY 

DRY 

DRY 

DRY 

10.1000 
10.6000 

DRY 

1NR = Anakyte not reported 
J = Present below detection l i m i t  

Manganese Mercury Molybdenum Nickel Potassium Selenium 
(Mn), diss. (Hg), diss. (Mol, diss. ( N i l ,  diss. (K ), diss. (Se), diss. 

mg/ 1 mg/ 1 mg/ 1 mg/ 1 m9/ 1 mg/ 1 

0.0150 U 
0.0880 

0.0150 U 

0.0150 U 

0.0002 u 0.0136 
0.0002 u 0.0100 u 

0.0002 u 0.01l00 u 
0.0100 u 0.0002 u 

0.0050 U 5.0000 U 
5.0000 U 0.0050 U 

0.0400 U 
0.0400 U 

0.0400 U 5.0000 U 

0.0400 U 5.0000 U 

0.0050 Ul 
0.0050 U 

* = Holding, time not met 
N = Batch spike not i n  80-120% range 

E = IEstimated value 
R = Data rejected during validation. 

kl = Analyzed but not detected 
B = Present i n  laboratory blank 



1989 

We1 1 
INumber 

109-89 

10-89 
10-89 

11-89 

12-89 

13-89 

14-89 

15-89 
15-89 

16-89 

Groundwater Dissolved Metals Results 

F o r  Wells at Rockwell (Rocky Flats) 

BACKGROUlND COLLWIUM 

Date Si lver Sodium Strontium Thallium Tin Vanadium Zinc 
Sampled P t r .  (Ag), diss. (la), diss. (Sr), diss. (111, diss. (Sn), diss. (V 1, diss. (Zn), diss. 

mg/ 1 mg/ 1 mg/ 1 m/ 1 mg/ mg/ 1 mg/ 1 

-- 

04/ 19/89 DRY 

05/05/89 0.0100 u 5.0000 U 
05/05/89 0.0100 u 98.7000 

#OS/ 15/89 DRY 

105/15/89 DRY 

05/12/89 DRY 

05/11/89 DRY 

05/04/89 0.0100 u 27.4000 
05/04/89 0.0100 u 28.1000 

105/ 16/89 DRY 

NR = Analyte not reported 
Jl = Present below detection l i m i t  

1.0000 u 0.0100 u 0.1000 u 0.0500 U 0.0200 u 
1.0000 NU 0.0400 Ul 0.1000 u 0.0500 U 0.0200 u 

0.0200 u 
0.0200 u 

1.0000 u 0.0100 u 0.1000 u 0.0500 U 
0.0500 U 1.0000 u 0.0400 U 0.1000 u 

U = Analyzed but not detected 
B = Present in  laboratory blank 

* = Holding t i m e  not met 
N = Batch spike not in  80-120% range 

E = Estimated value 
R = Data rejected during validation. 



Groundwater Dissolved Metals Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND COLLUVIUM 

Uel l  Date Aluminum 
Number Sampled Ptr. (At), diss. 

mg/ 1 

A n t  irony 
(Sb), d i s s .  

mg/ t 

Arsenic 
(As), diss. 

mg/ll 

IBarium 
(Ba), diss. 

mg/ 

Beryl 1 ium 
(Be), diss. 

mg/ 1 

C h i  um 
(MI, diss. 

mg/ 1 

50-89 05/17/89 

DRY 

DRY 

NR Analyte not reported 
J = Present below detection l i m i t  

Callcium 
(Ca), diss. 

mg/ 1 

U = Analyzed but not detected 
B = Present i n  laboratory blank 

* = Holding time not met 
N = Batch spike not i n  80-120% range 

E = Estimatedl value 
R = Data rejectedduring validation. 



Groundwater Dissolved Metals Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND COLLWIUM 

Uelll Date Ces i urn 
INuntber Sampled Qtr. (Cs), diss. 

ms/ 1 

Chromium 
(Cr ) ,  diss. 

mg/ 1 

Cobalt 
(Co), diss. 

mg/ 1 

Copper 
(Cu), diss. 

mg/ 1 

46-89 05/05/89 

50-89 05/17/89 

DRY 

DRY 

NR = Analyte not reported 
JI = Present below detection l i m i t  

1 ron 
(Fe), diss. 

mg/ 

Lead 
(Pb), diss. 

W/'l 

Lithiun 
(L i ) ,  diss. 

mg/ll 

U = Analyzed but not detected 
16 = Present i n  laboratory blank 

* = Holding t i m e  not met 
N = Batch spike not i n  80-120% range 

E = Estimated value 
R = Data rejected during validation. 



Groumaater Dissolvec IMetals Results 

For Wells a t  RockweZl (Rocky Flats) 

1989 BACKGROUND COLLUVIUM 

Uel l  Date Magnes i um Manganese Mercury 
Number Sampled P t r .  (Mg), diss. (Mn), diss. (Hg), diss. 

mg/ 1 mg/ 1 m/ 1 
--- 

46-89 05/05/89 DRY 

50- 89 '05/17/89 DRY 

NR = Analyte no t  reported 
J Present below detection l i m i t  

Molybdenum 
(Mo), diss. 

m/ 1 

INi ckel 
( M i ) ,  diss. 

m/ 1 

Potassium Se 1 eni um 
(K ), diss. 

mg/ 1 mg/ 1 

(Se), diss. 

1U = Analyzed but not detected 
B = Present in  Laboratory blank 

* = Holding t i m e  not met 
N = Batch spike not i n  80-120% range 

E = Estimated value 
R = Data rejected during validation. 



Groundwater IDissolved Metals Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND COLLUVIUM 

Well Date S i l ver  
Number Sampled Ptr. (Ag), diss. 

mg/ 1 
--- 

46-89 05/05/89 IDRY 

50-89 05/17/89 'DRY 

NR = Analyte not reported 
J = IPresent belou detection l i m i t  

Sodiwn Strontium Thall ium Tin Vanadi um Zinc 
(Ha), diss. (Sr), diss. ( T l ) ,  diss. (Sn), diss. (V 1, diss. (Zn), diss. 

mg/ 1 mg/ mg/ 1 mg/ 1 mg/ 1 mg/ 1 

E = Estimated value 
R = Data rejected during val idation. 

U = Analyzed lkrt not detected 
B = Present ijn laboratory blank 

* = Holdilng time not met 
N = Batch spike not i n  80-120% range 
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Groundwater Inorganic Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND COLLUVIUM 

Nitrate+ 
Nitr i te-Nitrogen 

HG/L 

Sulfate 
MG/L 

'HC03- 
MG/L 

Ue l l  Date Total Dissolved Solids Chloride 
Number Sampled Pt r .  HG/L MG/L 

- - -  

09-89 04/19/89 DRY 

10-89 
10-89 

805/05/89 
05/05/89 

INSUFFICIENT SAMPLE FOR INORGANIC ANALYSIS 
520 11 0.05 'U 86 470 

1 1  -89 05/15/89 DRY 

12-89 05/15/89 DRY 

13-89 05/12/89 DRY 

14-89 05/11/89 DRY 

15-89 
15-89 

05/04/89 
05/04/89 

2900 
290 

18 
20 

'0.20 
0.18 

41 
45 

230 
230 

16-89 05/16/89 DRY 

Notes: NR AMly te  not reported1 
J Present bebow detection l i m i t  

U = Anallyzed but not detected 
B = Present i n  laboratory iblank 



Groundwater Inorganic Results 

For Wells at Rockwell (Rocky FPats) 

1989 BACKGROUND COLLUVIUM 

Fluoride 
RG/L 

Sul f ide 
MG/L 

Total Organic Carbon UelL Date CO3= PH 
Number Sampled Ptr. MG/L pH U n i t  MG/L 
- - -  

09-89 04/19/89 DRY 

10-89 
10-89 

05/05/89 
05/05/89 

INSUFFICIENT SAMPLE FOR INORGANIC ANALYSIS 
5 U' 7.4 NR 'NR NR 

11 -89 05/ 1 5/89 DRY 

12-89 05/15/89 DRY 

13-89 05/12/89 DRY 

14-89 05/111/89 DRY 

15-89 
15-89 

05/04/89 
05/04/89 

5 u  
5 u  

7.1 
7.18 

NR 
NR 

NR 
NR 

NR 

NR 

16-89 OS/ 16/89 DRY 

Notes: NR = Analyte not reported 
J = Present below detect ion l i m i t  

U = Anatyzed but not detected 
6 = Present i n  laboratory 'blank 



Groundwater Inorganic Results 

For Wells at Rockwebl (Rocky Flats) 

3989 BACKGROUND COLLUVIUM 

Hexavalent 
C h r m i m  (Cr+6) 

MG/L 
U e l l  Date 
N W r  Sampled Ptr .  

Cyanide, Total 
HG/L 

Specif ic Conductance 
t~MliOS/cm 

Suspended Solids 
MG/L 

Turbidity 
MG/L 

09-89 04/ 1 9/89 DRY 

10-89 
10-89 

05/05/89 
05/05/89 

INSUFFICIENT SAMPLE FOR INORGANIC ANALYSIS 
2.5 U NR NR 5 u  INR 

11-89 05/15/89 DRY 

12-89 05/15/89 DRY 

13-89 05/12/89 DRY 

14-89 05/111/89 DRY 

15-89 
15-89 

05/04/89 
05/04/89 

2.5 U' 
2.5 Ul 

NR 
NR 

NR 
NR 

900 
40 

NR 
NR 

16-89 05/16/89 DRY 

Notes: NR = Analyte not  reported' 
J = Present belou detect ion l i m i t  

U = Analyzed but not detected 
B = Present i n  Laboratory lblank 



Groundwater Inorganic Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND COLLUVIUM 

Vel  1 Date 
INrrmber Sampled 

- - 

I g n i t a b i l i t y  
Degrees F. 

Phosphate 
MG/C 

Solids O i l  and Grease 
Qtr. % MG/L 

- 

109 - 89 04/19/89 DRY 

10-89 
10-89 

05/05/89 
05/05/89 

INSUFFICIENT SAMPLE FOR INORGANIC ANALYSIS 
NR NR NR NR 

11-89 05/15/89 DRY 

12-89 05/15/89 DRY 

13-89 05/12/89 DRY 

14-89 05/11/89 DRY 

15-89 
15-89 

05/04/89 
05/06/89 

NR 
NR 

NR 
NR 

INR 
NR 

NR 
NR 

16-89 05/ 16/89 DRY 

Notes: NR = Analyte not reported 
J = Present below detection L i m i t  

U = Analyzed but not detected 
6 = Present i n  laboratory blank 



Groundwater Inorganic Resul ts  

For Wells a t  Rockwell (Rocky Flats)  

1989 BACKGROUND COLLWIUM 

We1 1 Date Total Dissolved Solids Chloride 
Number Sampled P t r .  MG/L MG/L 

- - -  

46 - 89 

50-89 

05/05/89 

05/77/89 

DRY 

#DRY 

Notes: INR = Analyte not reported 
J = Present belou detection l i m i t  

IN i t rate+ 
Nitrite-Nitrogen 

MG/k 

U = Analyzed but not detected 
16 = Present i n  laboratory blank 

Sulfate 
MG/L 

'HC03- 
MG/L 



Groundwater Inorganic Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND COLLUVIUM 

Uell  Date CO3= PH 
Wumber Sampled P t r .  HG/L pH Unit 

- - -  

44-89 

50-89 

05/05/89 

o w 1  7/89 

'DRY 

'DRY 

IWotes: NR = Analyte not reported 
J = Present below detection l i m i t  

Total Organic Carbon 
MG/L 

U = Analyzed but not detected 
16 = iPresent i n  Laboratory blank 

F Luor ide 
HG/L 

Sulfide 
HG/L 



Groundwater Inorganic Results 

F o r  Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND COLLWIUM 

Hexavalent 
Vel 1 Date Cyanide, Total Chraniun (Cr+6) Specific Conductance Suspended Solids Turbidity 
Number Sampled Qtr. MG/L MG/L uMHOS/cm HG/L MG/L 

- - -  

46-89 05/05/89 DRY 

50-89 O S /  1 7/89 'DRY 

Notes: NR = Analyte not reported 
J = Present below detection L i m i t  

U = Analyzed but not detected 
B = Present i n  laboratory blank 



Groundwater Inorganic Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND COLLUVIUM 

Uel l  IDate 
Number Sampled Ptr .  

Solids 
% 

O i l  and Grease 
MG/L 

46-89 

50-89 

05/05/89 

05/17/89 

DRY 

IDRY 

Notes: INR = Analyte not reported 
J = Present below detection l i m i t  

Ignitabi l i ty  
Degrees F. 

u = Analyzed but not detected 
E = Present i n  laboratory blank 

Phosphate 
,UG/L 
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Groundwater Dissolved Radiochemistry Results 

for Regulated Units at Rocky Flats Plant 

1989 BACKGROUND COLLWIUM 

Me1 1 Date 
Number Sampled Ptr .  

Uranium 233, 234 
PCIhL (MDA) 

09-89 04/19/89 

10-89 05/05/89 
10-89 05/05/89 

11-89 05/15/89 

12-89 05/15/89 

13 - 89 05/ 12/89 

14-89 05/111/89 

15 - 89 05/04/89 
15-89 05/04/89 

16-89 05/16/89 

46-89 05/05/89 

50-89 05/17/89 

IUranium U 5  
PCI/C 

DRY 

Data not yet received 
IData not yet received 

DRY 

DRY 

DRY 

DRY 

Data not yet received 
Data not yet received 

DRY 

DRY 

DRY 

Uranium 238 
IPCI/L (MDA) Radium 226 

Notes: NR = Analyte not reported 
*** = Insufficient Sample for Radiochemistry Analyses 



Groundwater Dissolved Radiochemistry Results 

for Regulated Units at Rocky Flats Plant 

1989 BACKGROUND COLLWIUM 

Uel l  Date 
Number Sampled Ptr.  

- - -  
Radium 228 

09-89 04/19/89 

10-89 05/05/89 
10-89 05/05/89 

1 1  -89 05/15/89 

12-89 05/15/89 

13-89 05/12/89 

14-89 05/181/89 

15-89 05/04/89 
15 - 89 05/04/89 

16-89 05/16/89 

46-89 05/05/89 

50-89 05/17/89 

DRY 

Data not yet received 
Data not yet received 

IDRY 

IDRY 

DRY 

DRY 

Data not yet received 
Data not yet received 

DRY 

DRY 

DRY 

Notes: NR = Analyte not reported 
*** = Insufficient Sample for Radiochemistry Analyses 
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Groundwater I D i s s o l v e d  Metals R e s u l t s  

F o r  Wells a t  Rockwell (Rocky F l a t s )  

1989 BACKGROUND VALLEY F I L L  ALLUVIUM 

Uel l  Date Aluninm 
Number Sampled Ptr. ( A l l ,  diss. 

mg/ 1 

Antimony 
(Sb), diss. 

mg/ L 

Arsenic 
(As), diss. 

mg/ 1 

Barium 
(Ba), diss. 

mg/ 1 

Beryllium 
(Be), diss. 

mg/ 1 

Cahi  um 
(Cd), diss. 

ms/ 1 

Calcium 
(Ca), diss. 

mg/ 1 

0.0600 u 0.0100 u 0.2000 u 0.0050 U 0.0050 U la. 9000 18-89 0.2000 'U 

0.2000 u 0.0050 U 0.0050 IJ 36.4000 0.0600 U 0.0100 u '0.2000 u 

0.2000 u 
0.2000 u 
0.2000 u 

0.0600 U 
0.0600 U 
0.0600 U 

0.0100 u 
0.0100 u 
0.0100 u 

0.2000 u 
0.2000 u 
0.2000 u 

0.0050 U 

0.0050 U 
0.0050 U 

80.0050 U 

0.0050 U 
10.0050 U 

40.3000 
5.00001 U 

41 -9000 

10.0050 U 40.3000 0.2000 'U 0.0600 U 0.0100 u 0.2000 u 0.0050 U 

0.2000 u 0.0600 U 0.0100 u 0.2000 u 0.0050 U 10.0050 U 103.0000 

10.0050 U 6a.1000 0.2000 'U 0.0600 U 0.0100 u 0.2000 u 0.0050 U 

0.2000 u 0.0600 U 0.0100 u 0.2000 u 0.0050 U 0.0050 U 76.7000 

0.2000 u 0.0600 U 0.0100 u 0.2000 u 0.0050 U 0.0050 U 70'. 2000 

FIR = Analyte not reported 
J = Present Ibelou detection l i m i t  

U = Analyzedl but not detected 
B = Present i n  laboratory blank 

* Holding time not met 
IN = Batch spike not in  80-120% range 

E = Estimated value 
R = Data rejected during validation. 



Groundwater Dissolved Metals Results 

For Wells at Rockwell (Rocky Flats) 

BACKGROUND VALLEY FILL ALLUVIUM 1989 

Web L 
INumber 

18-89 

19-89 

20-89 
20-89 
20-89 

21 -89 

22 - 89 

23 - 89 

24 - 89 

25-89 

Chromium 
(Cr), diss. 

mg/ 1 

' cob  1 t 
(Co), diss. 

I W L  

Copper 
(Cu), diss. 

mg/ 1 

I r on  
(Fe), diss. 

mg/ L 

Lead 
(Pb), diss. 

W/IL 

Lithium 
(Li) ,  diss. 

mg/ 1 

Date Cesium 
Sampled P t r .  (Cs), diss. 

mg/ 1 

0.0100 u 

0.0116 

10.0133 
0.0100 u 
0.0136 

0.0154 

0.0167 

0.0126 

0.0164 

0.0223 

04/25/89 

04/25/89 

04/24/89 
04/24/89 
04/24/89 

04/26/89 

04/27/89 

04/26/89 

04/27/89 

04/27/89 

1.0000 u 

1~.0000 u 

1 .oooo u 
1.0000 u 
1 .oooo u 

1.0000 u 

1.0000 u 

1.0000 u 

1.0000 u 

1.0000 u 

0.0100 u 0'.0500 u 0.0250 U 0.1000 u 0.0050 u 

0.0050 u 

0.0050 u 
0.0050 u 
0.0050 u 

0.0050 u 

0.0250 U 

0.0050 U 

0.0050 U 

0.0050 u 

0'.0100 'U 0.0500 u 0'.0250 u 0.9440 

0.0100 u 
0.0100 IU 
0.0100 u 

0.0500 u 
0.0500 U 
0.0500 u 

0.0250 U 
0.0250 U 
0.0250 U 

0.1000 u 
0.1000 u 
0.1000 UI 

0.0100 IU 0.0500 u 01.0250 U 0.1000 U' 

0.0100 u 0.0500 u 0.0250 U 0.1000 U' 

0.0100 'U 0.0500 u 0.0250 U 0.1000 UI 

0.0100 'U 0'.0500 u 0.0250 U 0.1000 u 

0.0100 'U 0.0500 u 0.0250 U 0.1000 U' 

U = Analyzed but not detected 
B = Present i n  laboratory blank 

= Holding t i m e  not met E = Estimated value NR = Analyte not reported 
J = Present below detection I l i m i t  N = Batch spike not i n  80-120% range R = Data rejected during validation. 



Groundwater Disso2ved Metals Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND VALLEY FILL ALLUVIUM 

Yel l  Oate Magnes i um Manganese Mercury MolyWemnn Nickel Potassi usn Selenim 
Number Sampled Ptr. (Hg), diss. (Mn), diss. (Hg), diss. (Mo), diss. ( N i l ,  diss. (K ), diss. (Se), diss. 

mg/L mg/ 1 mg/ 1 mg/ 1 m/ 1 mg/ 1 mg/ 1 

--- 

18-89 04/25/89 5.0000 U 0.0649 0.0003 0.0100 'U 0.0400 U 5.0000 NU 0.0050 'u 

19-89 04/25/89 8.6100 0.2080 0.0002 u 0.0100 u 0.0400 u 5.0000 U 0.0050 U 

20 - 89 
20-89 
20-89 

8.1900 
5.0000 U 
8.5000 

0.0150 U 

0.0150 U 
0.0150 U 

0.0002 'U 
0.0002 u 
0.0003 

0.0100 IU 
0.0100 u 
0.0100 u 

0.0400 U 

0.0400 U 
0.0400 u 

5.0000 U 
5.0000 U 
5.0000 U 

0.0050 U 
0.0050 U 
0.0050 U 

21 -89 04/26/89 8.5100 0.0150 Ul 0.0002 u 0.0100 'U 0'.0400~ u 5 .OOOO, U 0.0050 U 

22 - 89 04/27/89 18.1000 0.6860 0.0002 u 0.0100 u 0.04001 U 5.0000 U 0.0050 Us 

23 - 89 04/26/89 0.0150 U 0.0002 u 0.0100 IJ 0.0400 u 5.0000 U 0.0050 U 1 1  -8000 

24-89 06/27/89 13.8000 0.0150 U 0.0002 u '0.0100 u '0.0400 u 5 .OOOO 'U '0.0050 U 

25-89 04/27/89 16.6000 0.0546 0.0002 u l0.0100 u 0. 04008 U 5.0000 U 0.0114 

NR = Analyte not reported 
J = Present below detection l i m i t  

U = Analyzed but not detected 
B = Present i n  laboratory blank 

= Holding time not met 
W = Batch spike not i n  80-120% range 

E = Estimated value 
R = Data rejected during validation. 



Groundwater Dissolved Metals Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND VALLEY FILL ALLWIUM 

Uell Date Si lver Sodium strontiun Thalliun Tin Vanadi urn Zinc 
Number Sampled Ptr. (Ag), diss. (Ne), diss. (Sr), diss. (Tl), diss. (Sn), diss. (V 1, diss. (Zn), diss. 

m/ 1 mg/ 1 w/ I! mg/ 1 w/ 1 mg/ 1 mg/ 1 

--- 
0.0500 U 0.0200 u 18-89 04/25/89 0.0100 u 19.3000 1.0000 u 0.0400 U 0.1000 u 

0.0200 u 19-89 04/25/89 0.0100 0 34.7000 1 .oooo u 0.0400 IJ '0.1000 u 0.0500 U 

20 - 89 
20 - 89 
20-89 

04/24/89 
04/24/89 
04/24/89 

0.0100 u 
0.0100 u 
0.0100 u 

27.3000 
5.0000 U 

25.9000 

1.0000 u 
1.0000 u 
1.0000 u 

0.0400 u 
0.0100 u 
0.0400 u 

0.1000 u 
0.1000 u 
0.1000 UI 

0.0500 U 

0.0500 U 
0.0500 U 

0.0200 IU 

0.0200 'U 

0.0200 u 

21 -89 04/26/89 0.0100 u 33.8000 1 .oooo u 0.0400 u 0.1000 U' 0.0500 U '0.0200 u 

22-89 04/27/89 0.0100 u 45.9000 1.0000 u 0.0400 Um 0.1000 u 0.0500 U 0.0212 

0.0100 u 31 A000 1.0000 u 0.0400 UI 0.1000 u 0.0500 U 0.0200 u 23-89 04/26/89 

24-89 04/ 27/89 0.0100 u 37.3000 1.0000 u 0.0400 Ul '0.1000 u 0.0500 U 0.0200 u 

25-89 04/27/89 0.0100 u 74.7000 1.0000 u 0.0400 u 0.1000 u 0.0500 U 0.0200 u 

NR = Analyte not reported 
J = Present lbelou detection limit 

U = Analyzed but inot detected 
B = Present in Laboratorylblank 

* = Holding time not met 
N = Batch spike not in 80-120% range 

E = Estimated value 
R = Data rejected during validation. 



Groundwater Dissolved Metals Results 

For Wells at Rockwell! (Rocky Flats) 

1989 BACKGROUND VALLEY FILL ALLUVIUM 

Uel l  Date A l u m i m  Antimony Arsenic Barium Beryl 1 ilrm Cadmium Calcium 
Number Sampled Qtr. ( A l l ,  diss. (Sb), diss. (As), diss. (Ba), diss. (Be), diss. (Cd), diss. (Ca), diss. 

m/ 1 mg/ 1 mg/ 1 m/ 1 m/ 1 mg/ 1 mg/ 1 

26-89 05/10/89 DRY 

NR = Analyte not reported 
J = Present belou detection l i m i t  

U = Analyzed but lnot detected 
B Present i n  laboratory blank 

* = Holding t i m e  not met 
N = Batch spike not in  80-120% range 

E = Estimated value 
R = Data rejected during validation. 



Groundwater Dissolved Metals Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND VAUEY FILL ALLUVIUM 

Well Date Cesium Chromium Coba 1 t Copper I ron  Lead Lithium 

Number Sampled P t r .  (Cs), diss. (Cr) ,  diss. KO), diss. (Cu), diss. (Fe), diss. (Pb), diss. (L i ) ,  diss. 

mg/ 1 mg/ 1 mg/ 1 mg/ 1 mg/ 1 mg/ mg/ 1 

E = Estimated value 
R = Data rejected during validation. 

NR = Analyte not reported IU = Analyzed but not detected 
B = Present i n  Laboratory blank 

* = Holding time not met 
N = Batch spike not in  80-120% range J = Present below detection l i m i t  



Groundwater Dissolved Metals Results 

For Wells at R o c ~ h e l l  (Rocky Flats) 

1989 BACKGROUND VALLEY FILL ALLUVIUM 

Well Date Magnesi un Manganese Mercury Holybdenm Nickel Pot ass i urn Se 1 eni um 
Number Sampled Ptr. (Mg), diss. (Mn), diss. (Hg), diss. (Mo), diss. (Ni), diss. (K 1, diss. (Se), diss. 

mg/ 1 mg/ 1 mg/ 1 mg/ mg/ 1 mg/ 1 mg/ 1 

NR = Analyte not reported 
Jl = Present belou detection l i m i t  

U = Analyzed but not detected 
B = Present in  laboratory blank 

* = Holding t ime not met 
N = Batch spike not i n  80-120% range 

E = Estimated value 
R = Data rejected during validation. 



Groundwater Dissolved Metals Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND VALLEY FILL ALLUVIUM 

Well Date S i  lver Sodium Strontium Thallium Tin Vanadium Zinc 
Number Sampled P t r .  (Ag), diss. (Na), diss. (Sr), diss. (T I ) ,  diss. (Sn), diss. (V ), diss. (Zn), diss. 

mg/ 1 mg/ 1 mg/ 1 w 1 mg/ 1 mg/ 1 mg/ 1 

26-89 '05/ 10/89 DRY 

1NR = Analyte not reported U = Analyzed but not detected 
B = Present in  laboratory blank 

* = Holding t i m e  not met 
N = Batch spike not in  80-120% range 

E = Estimated value 
R = Data rejected during validation. J = IPresent Ibelow detection l i m i t  
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Groundwater Inorganic Results 

For Wells at Rockwell ( R o c k y  F l a t s )  

1989 BACKGROUND VALLEY FILL ALLUVIUM 

Nitrate+ 
Nitr i te-Nitrogen 

MG/L 
Sulfate 

MG/L 
Uel l  Date Total Dissolved Solids Chloride 
Number Sampled P t r .  MG/L MG/L 

- ~ -  
0.69 110 18-89 aoo 3 u  13 

19-89 370 6 0.05 NU 41 230 

20 - a9 
20-89 
20 - 89 

220 8.4 

200 8.4 
INSUFFICIENT SAMPLE FOR INORGANIC ANALYSIS 

0.05 U 32 1 ao 

0.05 U 40 1 ao 

21 -89 04/26/89 290 a 0.05 U 53 iao 

52 61 0 22 - a9 380 19 0.05 U 

23 - a9 360 14 80.05 56 280 

26-89 460 21' 0.05 U 77 280 

25-89 470 26 0.08 I20 zao 

Notes: NR = Analyte not reported 
J = Present belou detection, l i m i t  

U = AnaLyzed but not detected 
B = Present i n  laboratory blank 



Groundwater Inorganic Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND VALLEY FILL ALLUVIUM 

Ue l l  Date 
Number Sampled Ptr. 

- - -  

C03= 
MG/L 

PH 
I ~ H  U n i t  

Total Organi'c Carbon 
MG/L 

F 1 uor i de 
MG/L 

Sul f ide 
MG/L 

iNR ,NR 18-89 04/25/89 5 IU 7.0 NR 

NR 19-89 04/25/89 5 u  6.8 NR 'NR 

20-89 
20-89 
20-89 

04/24/89 
04/24/89 
04/24/89 

5 u  7.5 
INSUFFICIENT SAMPLE FOR INORGANIC ANALYSIS 

5 u  7.4 

'NR 

'NR 

NR 

NR 

NR 

NR 

21 -89 04/26/89 5 u  7.5 INR INR NR 

22-89 04/27/89 5 IU 7.6 NR NR NR 

23-89 INR 04/26/89 5 u  7.4 NR NR 

24-89 04/27/89 5 u  7.'5 NR NR NR 

25-89 804/27/89 5 u  8.0 NR NR NR 

Notes: NR = Analyte not repor ted 
J = Present below detect ion l i m i t  

U = Analyzed but not  detected 
6 = Present in  laboratory blank 



Groundwater Inorganic Results 

For Wells at Rockwell (Rocky Flats) 

1.989 BACKGROUND VALLEY FILL ALLUVIUM 

IHexava lent 
UelL Date Cyanide, Total Chromium (Cr+6) Specific Iconductance Suspended1 Solids 
Number Sampled Qtr. MG/L MG/L uMHOS/cm MG/L 

- - -  

Turbidity 
MG/NL 

18-89 04/25/89 2.5 U 'NR NR 2700 NR 

1#9-89 04/25/89 2.5 U 1NR NR 18,000 NR 

20 - 89 04/24/89 
20-89 04/24/89 
20 - 89 04/24/89 

2.5 U NR 
I N S U F F I C I E N T  SAMPLE FOR INORGANIC ANALYSIS 

2.5 U NR 

INR 

NR 

'NR NR 

1NR NR 

21 -89 04/26/89 2.5 U INR NR 2000 NR 

22-89 04/27/89 2.5 'U 'NR NR 99 NR 

23-89 04/26/89 2.5 U 'NR NR 5800 ,NR 

24 - 89 04/27/89 

25 - 89 04/27/09 

2.5 U 1NR NR 47 INR 

92 INR 2.5 'U NR NR 

Notes: NR = Analyte not reported 
J = Present below detection l i m i t  

U = Analyzed krt not detected 
B = Present in  Itaboratory blank 



Groundwater Inorganic Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND VALLEY FILL ALLWIUM 

Ueb 1 Date 
INumber Sampled 

-- 

Phosphate 
MG/L 

Solids O i l  and Grease I gni tabi 1 i t y  

atr. % MG/L Degrees F. 

- 

NR 18-89 04/25/89 NR INR NR 

19-89 04/25/89 NR ,NR NR NR 

20-89 
20-89 
20-89 

04/24/89 
04/24/89 
04/24/89 

NR NR 
INSUFFICIENT SAMPLE FOR INORGANIC ANALYSIS 

NR INR 

NR 

NR 

NR 

NR 

21 -89 04/26/89 NR 'NR NR NR 

22-89 

23 - 89 

04/27/89 NR NR NR NR 

04/26/89 NR 'NR NR NR 

24-89 04/27/89 NR NR NR NR 

25-89 04/27/89 NR NR NR NR 

Notes: NR = Anatyte not reported 
J = Present below detection l i m i l t  

U Analyzed but not detected 
B = Present i n  Laboratorylblank 



Groundwater Inorganic Results 

F o r  Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND VALLEY FILL ALLUVIUM 

Vel 1 Date 

Number Sampted 

26-89 05/10/89 

Total Dissolved Solids Chloride 

Pt r .  MG/L MG/L 
- 

DRY 

'Notes: NR = Analyte not reported 
J = Present below detection l i m i t  

INi trate+ 

Nitr i te-Nitrogen 

MG/L 

U = Analyzed but not detected 
B = Present i n  Ilaboratory blank 

Sulfate 

HG/L 
HC03- 

MG/L 



Groundwater Inorganic Results 

For Wells a t  Rockwell (Rocky Fla t s )  

1989 BACKGROUND VALLEY FILL ALLUVIUM 

Vel 1 Date 
N&er Sampled 

26-89 05/ 10/89 

P t r .  

C03= 
lMG/L 

PH 
pH Unit 

DRY 

Notes: NR = Analyte not reported 
J = Present belou detection l i m i t  

Total Organic Carbon 
MG/L 

U = Analyzed but lnot detected 
B = Present i n  laboratoryiblank 

Fluoride 
MG/L 

Sulfide 
IMWL 



Groundwater Inorganic Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND VALLEY FILL ALLWIUM 

Hexavalent 
We1 1 Date Cyanide, Total Chromium (Cr+6) Specific Conductance Susperided Solids Turbidity 
Number Sampled P t r .  MG/L MG/I! uMHOS/cm HG/L MG/L 

- - -  

26 - 89 05/1'0/89 DRY 

Notes: NR = Analyte not reported 
J = Present belou detection l i m i t  

U = AnaLyted 'but not detected 
6 = Present i n  Laboratory blank 



Groundwater Inorganic Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND VALLEY FILL ALLUVIUM 

We1 1 Date Solids 
Number Sampled P t r .  % 

Oil1 and Grease I g n i t a b i l i t y  

MG/L Degrees F. 
Phosphate 

MG/L 

26-89 05/10/89 IDRY 

'Notes: INR = Analyte not reported 
J = Present belou detection l i m i t  

U = Analyzed but not detected 
B = Present i n  laboratory blank 
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Groundwater Dissolved Radiochemistry Results 

f o r  Regulated Units at Rocky Flats Plant 

1989 BACKGROUND V A U E Y  FILL ALLWIUM 

UelL Date 
Number Sampled Ptr. 

Uranium 233, 234 

PCI/L (MDA) 

IUranium 235 
PCI/L 

Uranium 238 
IPCI/L 

18-89 04/25/89 Data not yet  received 

19-89 04/25/89 Data not yet received 

20 - 89 
20-89 
20-89 

04/24/89 
04/24/89 
04/24/89 

Data not yet received 
Data not yet received 
Data not yet received 

21 -89 04/26/09 Data not yet ,recei,ved 

22-89 04/27/89 Data not yet received 

23-89 04/26/89 Data not yet received 

24-89 04/ 27/89 Data not yet received 

25-89 

26-89 

04/27/89 

05/10/89 

Data not yet received 

DRY 

Notes: NR = Analyte not reported 
*** = I n s u f f i c i e n t  Sample f o r  Radiochemistry Analyses 



Groundwater DissoSved Radiochemistry Results 

f o r  Regulated Units at Rocky Flats Plant 

1989 BACKGROUND VALLEY FILL ALLWIUM 

Wet L 
Number 

18-89 

19-89 

20-89 
20-89 
20-89 

21 -89 

22-89 

23 - 89 

24 - a9 

25-89 

26-89 

Qtr. Radi,um 228 
- 

Data not yet received 

Data not yet received 

Data not yet received 
Data not yet received 
Data not yet received 

Data not yet received 

Data not yet received 

Data not yet receivedl 

Data not yet received 

Data not yet received 

DRY 

INotes: NR = Analyte not reported 
*** = Insu f f i c ien t  Sample f o r  Radiochemistry Analyses 
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Groundwater Dissolved Metals Results 

For Wells at Rockwe31 (Rocky Flats) 

1989 BACKGROUND WEATHERED CLAYSTONE 

Uell Date Aluminum 
Number Sampled Ptr .  ( A l ) ,  diss. 

mg/ 1 

A n t  i m n y  
(Sb), diss. 

mg/ 1 

Arsenic 
(As), diss. 

mg/ 

Bar i m 
(Ba), diss. 

mg/ 1 

Beryl 1 ium 
(Be), diss. 

mg/ 1 

Cadmi urn 
(Cd), diss. 

mg/ 1 

Calcium 
'(Ca), 'diss. 

mg/ 1 

27-8981 05/24/89 

28-8901 06/20/89 

29-89BR 05/25/89 

30-89817 05/22/89 

31-89BR 05/25/89 
31-89BR 05/25/89 

39-89BR 05/24/89 

40-89BR 05/22/89 

42-89BR 05/24/89 

#DRY 

0.2000 u 

DRY 

DRY 

0.0600 U 

Data not yet received 
Data not yet received 

DRY 

DRY 

DRY 

NR = Analyte not  reported 
J' = Present lbelou detection ' l i m i t  

0.0100 u 

U Analyzed but not detected 
B = Present i n  laboratory lblank 

0.2000 u 0.0050 U 0.0050 u 51 .lo00 

* = Holding time not met 
N = Batch spike not i n  80-120% range 

E = Estimated value 
R = Data rejected during val idation. 



G r o u n d w a t e r  D i s s o l v e d  Metals R e s u l t s  

For Wells a t  R o c k w e l l  ( R o c k y  F l a t s )  

1989 BACKGROUND WEATHERED CLAYSTONE 

UeUl IDate Cesium 
Number Sampled Ptr. (Cs), diss. 

mg/ 1 
- -- 
27-89BR 05/24/89 DRY 

28-89BR 06/20/89 1 .oooo u 

Chromium 
(Cr),  diss. 

w/ 1 

Coba 1 t 
(Co), diss. 

' W/ 1 

Copper 
'(Cu), diss. 

W/ 1 

I ron 
(Fe), diss. 

mg/ 1 

Lead 
(Pb), diss. 

mg/ 1 

Lithium 
(Li),  diss. 

mg/'L 

0.0100 u 0.0500 u 0.0250 U 0.1000 u ~0.0050 u 0.1000 'U 

29-89BR 05/25/89 DRY 

31-WBR 05/25/89 
31-09BR 05/25/09 

Data not yet receivedl 
Data not yet received 

39-89BR 05/24/09 DRY 

40-89811 05/22/09 DRY 

42-89BR 05/24/89 DRY 

NR = Analyte not reported 
J = Present below detection l i m i t  

E = Estimated value 
R = Data rejected during, val idation. 

U = Analyzedl but not detected 
6 = Present in  laboratorylblank 

* = Holding t i m e  not met 
N = Batch spike not in 80-120% range 



Groundwater IDissolved IMetals Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND WEATHERED CLAYSTONE 

Selenium Well Date iMagnes i urn Manganese Mercury HolyMenm Nickel Pot ass i m 
Number Sampled Qtr. (Mg), diss. (Mn), diss. (Hg), diss. (Ho), diss. (Ni), diss. (K 1, diss. (Se), diss. 

mg/ 1 mg/ 1 mg/ 1 mg/ 1 m/ 1 mg/ 1 mg/ 1 

- -- 
27-89BR 05/24/89 DRY 

28-8981 06/20/89 45 -3000 0.1260 0.0002 u 0.1000 u 0.0400 Ul 5.0000 U 0.0050 U 

29-89BR 05/25/89 DRY 

30-89BR 05/22/89 DRY 

31:-89BR 05/25/89 
31'- 89BR '05/25/89 

Data not yet received 
Data not yet received 

39-89BR '05/24/89 DRY 

40-89BR 05/22/89 DRY 

42-89BR 05/24/89 DRY 

NR Analyte not reported 
J = Present below detection l i m i t  

U = Analyzed but not detected 
B = Present in laboratory blank 

= Holding time not met 
N = Batch spike not in  80-120% range 

E = Estimated value 
R = Data rejected during validation. 



Groundwater Dissolved Metals Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND WEATHERED CLAYSTONE 

U e l l  Date S i l ver  
Number Sampled Ptr .  (Ag), diss. 

mg/ 1 

Sodium 
(Na), diss. 

mg/ 1 

Strontium 
(Sr), diss. 

mg/ 1 

Thallium 
(TL),  diiss. 

mg/ 1 

Tin 
(Sn), diss. 

mg/ 

Vanadi tan 
(V 1, diss. 

mg/ 1 

27-89BR 05/24/89 

28-89BR 06/20/89 

29-89011 05/25/89 

30-89BR 05/22/89 

31-8981 05/25/89 
31-89BR 05/25/89 

39-89BR 05/24/89 

40-89BR 05/22/89 

42-890R 05/24/89 

DRY 

0~.0100 u 

#DRY 

DRY 

26.2000 

Data not yet receivedl 
Data not yet received 

DRY 

DRY 

DRY 

NR = Anallyte not reported 
J = Present belou detection l i m i t  

1.0000 u 

U = Analyzed but not detected 
B = Present in  laboratory blank 

0'.0100' u 0.1000 u 0.0500 U 

Zinc 
(Zn), diss. 

mg/ 1 

0.0594 

* = Holding t i m e  not met 
NI = Batch spike not  i n  80-1204: range 

E = Estimated value 
IR = Data rejected during val idation. 



Groundwater Dissolved Metals Results 

For  Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND WEATHERED CLAYSTONE 

Uell Date Aluminum Antimony 
INumber Sampled Ptr. (All, diss. (Sb), diss. 

mg/ 1 mg/ 1 

44-8981 05/31/89 0.2000 u 0.0600 U 

45-89BR 06/21/89 ~0.2000 u 0.0600 U 

Arsenic Barium 
(As), diss. (Ba), diss. 

mg/ 1 w/ 1 

0.0100 u 0.2000 u 

0.0100 u 0.2000 u 

'Beryl 1 i um 
(Be), diss. 

mg/ 1 

Cadmium 
(Cd), diss. 

mg/ 1 

Calciun 
(Ca), diss. 

mg/ 

0.0050 U 

0.0050 U 

01.0050 U 

0.0050 U 

73.4000 

41 -6000 

N R  = Analyte not reported IU = Analyzed but not detected 
B = Present in laboratory blank 

* = Holding time not met 
NI = Batch spike not in 80-120% range 

E = Estimated value 
R =]Data rejected during validation. J = Present belou detection limit 



Groundwater Dissolved Metals Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND WEATHERED CLAYSTONE 

Well Date Cesium Chromium 
'Number Sampledl Q t r .  (Cs), diss. (Cr) ,  diss. 

mg/ 1 mg/ 1 

44-89811 05/31/89 1.0000 u 0.0100 u 

45-8981 06/21/89 1l.0000 u 0.0100 u 

Cobalt Copper I ron Lead Lithium 
(Co), diss. (CUI, diss. (Fe), diss. (Pb), diss. 

mg/ 1 mg/ 1 mg/ 1 mg/ 1 mg/ 1 

( L i ) ,  diss. 

0.0500 U 0.0250 IU 0.1000 u 0.0050 U 0.0381 

0.0500 U 0.0250 U 0.1000 u 0.0050 U 0.1000 u 

NR = Analyte not reported 
JI = Present below detection l i m i t  

U = Analyzed but lnot detected 
6 = Present in  laboratory blank 

= IHolding time not met 
N = Batch spike not in  80-120% range 

E = Estimated value 
R = Data rejected duri'ng validation. 



Groundwater Dissolved Metals Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND WEATHERED CLAYSTONE 

Well Date Hagnesi um 
Number Sampled Qtr. (Mg), diss. 

mg/ 1 

Manganese 
(Mn), diss. 

mg/ 1 

Mercury 
(Hg), diss. 

mg/ 1 

Mo L ybdenum 
(no), diss. 

mg/ 1 

Nickel 
(Ni) ,  diss. 

mg/ 1 

Potassium 
(K ), diss. 

mg/ 1 

Selenim 
(Se), diss. 

mg/ 1 

44-89BR 05/31/89 

45-89811 06/21/89 

15.70008 

8.1700 

NR = Analyte not reported 
J = Present below detection l i m i t  

0.0526 

0.0150 'U 

0.0002 u 

0.0002 UI 

U = Analyzed but not detected 
B = Present in  laboratory blank 

0.01813 

0.1000 u 

0.0400 U 

0.0400 u 

5.0000 U 

5.0000' U 

0.0050 u 

0.0050 U 

* = Holding time not met 
N = Batch spike not i n  80-120% irange 

E = Estimated value 
R = Data rejected during val idation. 



Groundwater Disso2ved Metals Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND WEATHERED CLAYSTONE 

Uell Date Si lver Sodium S t ront  iun  Thallium Tin Vanadium Zinc 
Number Sampled Ptr. (Ag), diss. (Na), diss. (Sr), diss. ( T l ) ,  diss. (Sn), diss. (V ), diss. (Zn), diss. 

mg/ 1 mg/ 1 mg/ 1 mg/ 1 mg/ 1 mg/ 1 mg/ 1 

0.0200 u 44-WBR 05/31/a9 0.0100 u 36.9000 1.0000 u 0.0500 U 0.1000 u 0.0500 U 

0.0100 u 

NR Analyte no t  reported 
J = Present belou detection l i m i t  

15.7000 1.0000 u 

U = Analyzed but not detected 
B = Present in  laboratory blank 

0.0100 4.l 0.1000 u 0.0500 U 0.1070 

* = Holding1 time not met 
N = Batch spike not i n  80-120% range 

E = Estimated value 
R = Data rejected during validation. 



MAJOR IONS 

Draft Background Geochemical characterization Report 
Rocky Flats Plant, Golden, Colorado 
p:\wp5\docs\rockwell\bkgd-toc.104 

October 9, 1989 
Appendices 



Groundwater Inorganic Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND WEATHERED CLAYSTONE 

N i t  rate+ 
N i t r i te- N i t rogen 

MG/L 
Uebl Date 
Number Sampled 

-- 

Total Dissolved Solids Chloride 
MG/L MG/L 

Sub f ate 
MG/L 

HC03- 
MG/L Qtr. 

27-890R 05/24/89 DRY 

28 400 28-89BR 06/20/89 270 3 u  0.10 

29-89BR 05/25/89 #DRY 

30-89BR 05/22/89 DRY 

31-89BR 05/25/89 
31-89BR 05/25/89 

210 
21 0 

3 U' 
3 ut 

0.66 
0.44 

13 
11 

200 
200 

39-89BR 05/24/89 DRY 

'DRY 

42-890R 05/24/89 DRY 

Notes: NR = Analyte not reported 
J = Present below detection l i m i t  

U = Analyzedl krt not detected 
B Present i n  Laboratory blank 



Groundwater Inorganic ResuEts 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND WEATHERED CLAYSTONE 

Vel 1 
Number 

27-89BR 

28-89BR 

29 - 89BR 

30 - 89BR 

31 -89BR 
31 -89BR 

39 - 89BR 

40-8961 

42 - 89BR 

IDate 
Sampled Qtr. 

- -  

06/20/89 

05/25/89 

05/22/89 

05/24/89 

05/22/89 

CO3= 
MG/L 

'PH 
pH Uni t  

Total Organic Carbon Fluoride 
MG/L HG/L 

Sul f i de 
MG/L 

DRY 

5 u  8.2 NR NR NR 

1DRY 

DRY 

5 u  
5 u  

DRY 

DRY 

'DRY 

Notes: NR = Analyte not reported 
J = IPresent below detection # L i m i t  

7.6 
7.6 

NR 
NR 

U = Analyzecibut not detected 
B = Presen t  i n  Laboratoryiblank 

NR 
NR 

NR 
NR 



1989 

Ueb 1 
Number 

27-89BR 

28-89BR 

29-89BR 

30 - 89BR 

31 -89BR 
31 -89BR 

39-89BR 

40-89BR 

42 - 89BR 

Groundwater Inorganic Results 

For Wells at Rockwell (Rocky Flats) 

BACKGROUND WEATHERED CLAYSTONE 

Date 
Sampled Ptr .  

05/24/89 

Hexavalent 
Cyanide, Total Chromium (Cru6) Specif ic Conductance Suspended Solids Turb id i ty  

HG/L MG/L uMHOS/cm MG/L MG/L 

DRY 

2.5 u NR NR 29,000 NR 

DRY 

DRY 

NR 
NR 

DRY 

DRY 

DRY 

Notes: NR = Analyte not  reported 
J = Present below detection l i m i t  

NR 
NR 

NR 

NR 

U = Analyzed 'but not detected 
6 = Present i n  Laboratory blank 

2,900 
2,000 

NR 
NR 



Groundwater Inorganic Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND WEATHERED CLAYSTONE 

We1 1 Date 
Number Sampled 

- - 

29-890R 05/25/89 

30-89BR 05/22/89 

31-89BR 05/25/89 
31 -89BR 05/25/89 

39-890R 05/24/89 

40-8901 05/22/89 

Sol ids O i l  and Grease 
P t r .  % MG/L 

- 
DRY 

'NR 

DRY 

DRY 

1NR 
NR 

DRY 

DRY 

IDRY 

Notes: NR = Analyte not reported 
J = Present belou detection l i m i t  

NR 

NR 
NR 

I g n i t a b i l i t y  
Degrees F. 

'NR 

INR 
NR 

U = Analyzed but not detected 
B = Present i n  laboratory blank 

Phosphate 
MG/L 

NR 

NR 
NR 



Groundwater Inorganic R e s u l t s  

For W e l l s  at R o c k w e l l  (Rocky F l a t s )  

1989 BACKGROUND WEATHERED CLAYSTONE 

N i t  rate+ 
We1 1 Date Total Dissolved Solids Chloride Nitr i te-Nitrogen Sulfate HC03 - 
Number Sampled Pt r .  MG/L iMG/L MG/L MG/L MG/L 

- - -  

44-8981 05/31/89 320 11 0.18 44 260 

45-8968 06/21/89 220 6 0.58 24 180 

Notes: NR = Analyte not reported 
J = Present belou detection l i m i t  

U = Analyzed 'but not detected 
B = iPresent in  laboratory blank 



Groundwater Inorganic Results 

For  Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND WEATHERED CLAYSTONE 

PH UelL Date C03= Total Organic Carbon 
Number Sampled Pt r .  MG/L pH Unit MG/L 
- - -  

44-8981 05/311/89 

45-89BR 06/21/89 

5 u  

5 u  

Notes: NR Analyte not reported 
J = Present below detection L i m i t  

7.4 

7.5 

NR 

NR 

LI = Analyzed but not detected 
B = Present in  laboratory blank 

F 1 uor ide 
MG/L 

Subfide 
MG/L 

NR 

NR 

NR 

NR 



Groundwater Inorganic Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND WEATHERED CLAYSTONE 

Hexavalent 
We1 1 Date Cyanide, Total Chromium (C-6) Specific Conductance Suspended Solids Turbidity 

Number Sampled Qtr. MG/L MG/L uMHOS/cm HG/L MG/L 

- - -  
4 4 - 8 9 ~ ~  05/31/a9 2.5 U 1NR NR 5 u  NR 

Notes: NR = Analyte not reported 
J = IPresent below detection L i m i t  

U = Analyzed but not detected 
B = Present i n  laboratory blank 



Groundwater Inorganic Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND WEATHERED CLAYSTONE 

U e l l  Date Sollids 
Number Sampled Pt r .  % 

O i l l  and Grease I g n i t a b i l i t y  Phosphate 
MG/L Degrees F. MG/L 

44-89BR 05/31/89 NR NR NR NR 

45-89811 06/21/89 NR NR NR NR 

Notes: NR Analtyte not reported 
J = Present below detection l i m i t  

NU = Analyzed but not detected 
B = Present in  #laboratory iblank 
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Groundwater Dissolved Radiochemistry Results 

f o r  Regulated Units at Rocky Flats Plant 

1989 BACKGROUND WEATHERED CLAYSTONE 

Met 1 Date Uran im 233, 234 
Number Sampled Ptr .  PCI/L (HDA) 

Uranium 235 
PCI/L 

'Uranim 238 
PCI/L Radium 226 

27- 89BR 05/24/69 

28-89BR 06/20/89 

29-89BR 05/25/89 

30-89812 05/22/89 

311-89BR 05/25/89 
311-8981 05/25/89 

39-89BR 05/24/89 

40-89BR 05/22/89 

42-89BR 05/24/89 

44-8981 05/31/89 

45-89BR 06/21/89 

DRY 

Data not yet received 

DRY 

DRY 

Data not yet received 
Data not yet received 

DRY 

DRY 

DRY 

Data not yet received 

Data not yet received 

Notes: NR = Analyte not reported 
*** = I n s u f f i c i e n t  Sample f o r  Radiochemistry Analyses 



Groundwater Dissolved Radiochemistry Results 

for Regulated Units at Rocky Flats Plant 

1989 BACKGROUND WEATHERED CLAYSTONE 

Uel L IDate 
Number Sampled Ptr.  Radium 228 

27-89BR 05/24/89 

28-89BR 06/20/89 

30-89BR 05/22/89 

31-8981 05/25/89 
31-89BR 05/25/09 

3 9 - a m  05/24/89 

40-89811 05/22/89 

42-8981 05/24/89 

44-89BR 05/31/89 

45-89BR 06/21/89 

DRY 

Data 'not yet  received 

1DRY 

DRY 

Data not yet  received 
Data not yet  received 

DRY 

DRY 

DRY 

Data not yet received 

Data not yet  received 

Notes: NR = Analyte not reported 
*** = Insu f f i c ien t  Sample f o r  Radiochemistry Analyses 
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Groundwater Dissolved Metals Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND WEATHERED SANDSTONE 

U e l l  Date Aluminum 
Number Sampled Ptr. (At), diss. 

mg/ 1 

A n t  i mony 
(Sb), diss. 

mg/ 1 

Arsenic 
(As), diss. 

mg/ 1 

Barium 
(Ba), diss. 

mg/ 1 

Beryl 1 ium 
(Be), diss. 

mg/ 1 

Cadmium 
(Cd), diss. 

mg/ 

Calcium 
(Ca), diss. 

mg/ 1 

17-89BR 06/05/89 

49-89BR 06/14/89 
49-89BR 06/14/89 

0.2000 u 

0.2000 u 
0.2000 u 

NR Analyte not reported' 
J = Present below detection l i m i t  

0.0600 lil 

0.1760 
0.0600 U 

0.0100 u 

0.01'00 LJ 

0.0100 u 

U = Analyzed but not detected 
B = Present in  llaboratory blank 

'0.2000 u 

0.2000 u 
0.2000 u 

0.00508 U 

0.00508 U 

0.00508 U 

0.0050 U 

0.0050 IU 
0.0050 U 

65.7000 

34.4000 
36.2000 

* = Holding time not met 
N = Batch spike not in 80-120% range 

E = Estimated value 
R = Data rejected during val idation. 



Gra ndwater  Dissol ed Metals R e s u l t s  

For Wells a t  R o c k w e l l  (Rocky F l a t s )  

1989 BACKGROUND WEATHERED SANDSTONE 

Uel l  Date Cesium 
Number Sampled Ptr. (Cs), diss. 

mg/ 1 

Chromium Cob It 
(Cr ) ,  diss. (Co), diss. 

mg/ 1 mg/ 1 

copper 
(Cu), diss. 

mg/ 

I ron 
('Fe), diss. 

mg/ 1 

17-89BR 06/05/89 I .oooo IU 

49-89811 06/14/89 1 .oooo u 
49-89811 06/14/89 1 .oooo u 

0.0100 u 0.0500 'U 

0.0100 u 0.0500~ u 
0.0122 0.0500 u 

Lead 
(Pb), diss. 

mg/ 1 

0.0250 U 

0.0250 U 

0.0250 U 

0.1000 U' 

0.1000 u 
0.1000 u 

0.0050 u 

0.0050 U 

0.0050 u 

Lithium 
(Li) ,  diss. 
w/ L 

0.0106 

1.7900 
0 .~000  u 

* = Holding t i m e  not met 
N = Batch spike not i n  80-120% range 

E = Estimated value 
R = Data rejected during validation. 

N R  = Analyte not reported U = Analyzed but not detected 
B = Present i n  laboratory blank J = Present below detection l i m i t  



Groundwater D i s s o l v e d  Metals R e s u l t s  

For W e E l s  a t  R o c k w e l l  ( R o c k y  F l a t s )  

1989 BACKGROUND WEATHERED SANDSTONE 

Selenium Vel1 Date Magnesium Manganese Mercury Molybdenum Nickel Potassium 
Number S q l e d  Ptr. (Mg), diss. (Mn), diss. (Hg), diss. (Mol, diss. (Ni) ,  diss. (K ) 8  diss. (Se), diss. 

mg/ 1 mg/ 1 mg/ 1 mg/ 1 m/ 1 mg/ 1 mg/ 1 

17-89BR 06/05/89 9.4100 0.2920 0.0002 u 0.0150 5.0000 U 0.0050 U 0.0400 u 

49-8981 06/14/89 5.8900 0.0190 0.0002 u 0.1000 IU 0.0400 U 10.2000 0.0050 1U 

49-89BR 06/14/89 6.0500 0.0178 0.0002 u 0.1000 u 0.0400 u 5.0000 U 0.0050 U 

NR = Analyte not reported U = Analyzed but not detected 
B = Present in  laboratory blank 

* = Holding time not met 
N = Batch spike not in  80-120% range 

E = Estimated value 
R Data rejected during validation. J = Present below detection l i m i t  



Groundwater Dissolved Metals Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND WEATHERED SANDSTONE 

Yel l  Date S i  lver Sod i  un S t r o n t i u m  Tha l l im  Tin Vanad i un Zinc 
Number Sampled P t r .  (Ag), diss. (Na), diss. (Sr), diss. (T l ) ,  diss. (Sn), diss. (V 1, diss. (Zn), diss. 

mg/ 1 mg/ 1 mg/ 1 m/ 1 ms/ 1 mg/ 1 mg/ 1 

17-89BR 06/05/89 0.0100 u 25.6000 1.0000 u 0.0500 U 0.1000 u 0.0500 U 0.0200 u 

49-8981 06/14/89 0.0100 u 21.2000 2.0300 0.0100 u 0.1000 u 0.0500 U 0.0200 u 
49-S~BR 06/14/a9 0.0100 u 13.7000 1.0000 u 0.0100 u 0.1000 u 0.0500 U 0.0200 u 

NR Analyte not reported 
Jl = Present ibelou detection l i m i t  

U = Analyzed but not detected 
B = Present i n  llaboratory blank 

* Holding time not met 
N = Batch spike no t  in 80-120% range 

E = Estimated value 
R = Data rejected during validation. 
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Groundwater Inorganic Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND WEATHERED SANDSTONE 

Uel l  Date 
Number Sampled 

17-89BR 06/05/89 

Total Dissolved Solids 
Ptr .  NG/L 

220 

170 
1 70 

Notes: NR = Analyte not reported' 
J = Present below detection l i m i t  

N i t r a t e  
Chloride N i t  rilte-Niitrogen Sulfate HC03- 

MG/L MG/L MG/L MG/L 

15 0.18 48 230 

6 
6 

1.4 
11.6 

U Analyzed but not detected 
B = Present in Laboratory blank 

16 
16 

140 
140 



Groundwater Inorganic Results 

F o r  Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND WEATHERED SANDSTONE 

Vel 1 Date 
Number Sampled mr. 

C03= 
MG/L 

PH 
pH Unit 

Total Organic Carbon 
MG/L 

17-8981 06/05/89 

49-89BR 06/14/89 
49-89BR 06/14/89 

5 u  

5 u  
5 u  

Notes: NR = Analyte not reported 
J = IPresent below detection l i m i t  

7.2 

7.7 
7.5 

NR 

NR 
NR 

U = Analyzed but not detected 
B = Present i n  laboratory blank 

F luor i de 
MG/L 

NR 

NR 
NR 

SulSide 
lMG/L 

NR 

NR 
NR 



Groundwater Inorganic R e s u l t s  

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND WEATHERED SANDSTONE 

Hexavalent 
Vel 1 Date Cyanide, Total Chromiun (Cr+6) Specific Conductance Suspended Solids Turbidity 

Number Sampled Ptr .  MG/L MG/L uMHOS/cm MG/L MG/L 

- - -  

17-89BR 06/05/89 

49-89BR 06/14/89 
4 9 - 8 9 ~ ~  06/14/89 

2.5 U 

2.5 'U 

2.5 U 

Notes: NR = Analyte not reported 
J = Present below detect ion L i m i t  

INR 

NR 
NR 

NR 

NR 
NR 

U = Analyzed but not detected 
B = Present i n  laboratory blank 

210 

260 
92 

NR 

NR 
1NR 



Groundwater Inorganic Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND WEATHERED SANDSTONE 

Met 1 Date 
Number Sarrpledl Ptr .  

Solids 
% 

O i l  and Grease 
'MG/L 

17-89BR 06/05/89 

49-8981 06/14/89 
49-89BR 06/14/89 

NR 

INR NR 

Notes: NR = Analyte not reported 
J = Present below detection l i m i t  

NR 

NR 
NR 

Ignitabit i ty  
Degrees F. 

INR 

NR 
NR 

U = Analyzed krt not detected 
B Present i n  Laboratory blank 

'Phosphate 
MG/L 

NR 

INR 

NR 
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Groundwater Dissolved Radiochemistry Results 

for  Regulated Units at Rocky Flats Plant 

1989 BACKGROUND WEATHERED SANDSTONE 

We1 1 Date Uranium 233, 234 Uranium 235 Uranium 238 
Number Sampled P t r .  PCI/L (MDA) PCI/L (MDN PCI/L (MDA) Radium 226 

17-89811 06/05/89 Data #not yet received 

49-89BR 806/14/89 
49-89BR 06/14/89 

Data not yet received 
IData not yet lreceilved 

Notes: NR = Analyte not reported 
*** = Insufficient Sample for IRadiochemistry Analyses 



Groundwater Dissolved Radiochemistry Results 

for Regulated Units at Rocky Flats Plant 

1989 BACKGROUND WEATHERED SANDSTONE 

We1 1 Date 
Nuntber Sampled Ptr.  Radium 228 

17-WBR 806/05/89 Data not yet received 

Data not yet received 
Data not yet received 

Notes: NR = Analyte not reported 
*** = Insufficient Sample f o r  Radiochemistry Anabyses 
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Groundwater Dissolved Metals Results 

For  Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND UNWEATHERED SANDSTONE 

U e l l  Date Aluminun Ant i mony Arsenic Barium Beryll l  im Cadmi m Calcium 
Number Sampled Ptr .  ( A l ) ,  diss. (Sb), diss. (As), diss. (Ba), diss. (Be), diss. (Cd), diss. (Ca), diss. 

w/ LI mg/ 1 mg/L mg/ 1 mg/ 1 mg/L mg/ 1 

--- 

32-89811 06/27/89 Data not yet received 

33-89BR 06/29/89 Data not yet received 

34-89BR 06/16/89 0.2000 NU 0.0600 U 0.0100 u 0.2000 u 12.8000 0.0050 U 0.0050 U 

35-8981 07/06/89 Data not yet received 

36-89BR 06/27/89 Data not yet received 

37-89BR 06/23/89 Data not yet received 

41-89BR 06/23/89 Data lnot yet received1 

43-8988 06/23/89 DRY 

NR = Analyte not reported 
J = Present below detection l i m i t  

E = Estimated vallue 
R = Data rejectediduring va l idat ion.  

U = Analyzed but not detected 
B = Present i n  laboratory blank 

* = Holding time not met 
N = IBatch spike not i n  80-120% range 



Groundwater Dissolved Metals Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND UNWEATHERED SANDSTONE 

Vel1 Date Cesium Chromium Cobalt copper I ron Lead L i th iun  
Number Sampled P t r .  (Cs), diss. (Cr),  diss. (Co), diss. (Cu), diss. (Fe), diss. (Pb), diss. (L i ) ,  diss. 

mg/ 1 mg/ 1 mg/ 1 mg/ 1 ms/ 1 mg/ 1 mg/ 1 

--- 

32-89BR 06/27/89 Data not  yet received 

33-89BR '06/29/89 Data not yet received 

34-8981 06/16/89 1~.0000 u 0.0100 u 0.0500 U 0.0250 U 0.1000 u 0.0250 U 0.1000 u 

35-89BR 07/06/89 Data not yet received 

36-89BR 06/27/89 Data not yet received 

37-89BR 06/23/89 Data not yet received 

41-89811 06/23/a9 Data not yet received 

43-89BR 06/23/89 DRY 

NR = Analyte not reported 
J = Present below detection l i m i t  

111 = Analyzed but not detected 
B = Present i n  laboratory blank 

* = Holding t i m e  not met 
N = Batch spike not in  80-120% range 

E = Estimated value 
R = Data rejected during validation. 



Groundwater Dissolved Metals Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND UNWEATHERED SANDSTONE 

Well Date Magnesium Manganese Mercury Mo 1 ybdenm Nicket Potass i um Selenim 
Number Sampled P t r .  (Mg), diss. (Mn), diss. (Hg), diss. (Mo), diss. ( N i l ,  diss. (K ), diss. (Se), diss. 

mg/ 1 lmg/ 1 mg/ 1 mg/ 1 mg/ 1 mg/ 1 mg/ LI 

--- 

32-89BR 06/27/89 Data not yet received 

33-8981 06/29/89 Data not yet receivedl 

34-8908 06/16/89 5.0000 U 0.01501 U 0.0002 u 0.1000 111 5.0000 U 0.0400 U 0.0050 U 

35-89BR 07/06/89 Data not yet received 

36-89BR 06/27/89 Data not yet received 

37-89BR 06/23/89 Data not yet received 

41-89BR 06/23/89 D a t a  not yet received 

43-89BR 06/23/89 DRY 

NR = Analyte not reported 
J l  = #Present below detection L i m i t  

U = Analyzed but not detected 
B = Present in  Laboratory blank 

= Holding time not met 
Nl Batch spike not in  80-120% range 

E = Estimated value 
R = Data rejected during validation. 



Groundwater Dissolved Metals Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND UNWEATHERED SANDSTONE 

Zinc Vanadium Uel l  Date Si lver S o d i u n  Strontium Thallium Tin 
Number Sampled atr.  (Ag), diss. (Na), diss. (Sr), diss. ( T l ) ,  diss. (Sn), diss. ( V  ), diss. (Zn), diss. 

mg/ 1 mg/ 1 mg/ 1 mg/ 1 mg/ 1 mg/ E mg/ 1 
--- 
32-89BR 06/27/89 Data not yet received 

33-89BR 06/29/89 Data not yet received 

34-89BR 06/16/89 0.0100 u 67.8000 1.0000 u 0.0400 u 0.1000 u 0.0500 U 0.3740 

35-8901 07/06/89 Data not yet received 

36-89BR 06/27/89 Data not yet received 

37-89BR 06/23/89 Data not yet received 

41-89812 06/23/89 Data not yet received 

43-89BR 06/23/89 DRY 

NR = Analyte not reported 
J Present below detection l i m i t  

U = Analyzed but not detected 
B = iPresent in  Laboratory blank N = Batch spike not i n  80-120% range R = Data rejected during validation. 

* = Holding time not met E = Estimated value 
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Groundwater Inorganic Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND UNWEATHERED SANDSTONE 

Nitrate+ 
We1 I Date Total Dissolved Solids Chloride Nitr i te-Nitrogen Sulfate HC03- 
Number Sampled Pt r .  MG/L HG/L HG/L HG/L HG/L 

- - -  

32-898R 06/27/89 240 4.7 0.14 31 130 

33-89011 06/29/89 260 3 u  0.35 54 120 

34-890R 06/16/89 230 6 0,. 06 5 u  210 

35-890R 07/06/89 7608 360 0.05 Us 55 67 

36-8908 06/27/89 1300 220 0.16 620 100 

37-890R 06/23/89 420 110 0.05 U 8 250 

4 i I - 8 9 ~ u  06/23/89 560 200 0.05 U 5 u  270 

43-890U 06/23/89 DRY 

Notes: N R  = Analyte #not reported 
J = Present lbelou detection h i m i t  

U = Analyzed but not detected 
B = Present in  laboratory blank 



Groundwater Inorganic Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND UNWEATHERED SANDSTONE 

We1 1 Date 
Number Sampled P t r .  

- - -  

C03= 
MG/L 

PH 
pH Unit 

Total Organic Carbon 
MG/P 

Fluoride 
MG/L 

Sulfide 
MG/L 

22 9.4 NR NR 32-89BR 06/27/89 NR 

33-890R 06/29/89 31 9.5 NR NR NR 

34-8981 06/16/89 9 8.7 NR NR NR 

5 u  

18 

8.6 

9.4 

NR NR INR 

INR NR NR 

37-89BR 06/23/89 18 8.9 NR NR NR 

41-89BR 06/23/89 6 8.5 NR NR NR 

43- 890R 06/23/89 DRY 

Notes: NR = Analyte not reported 
J l =  Present below detection l i m i t  

U = Analyzed but not detected 
B = Present i n  laboratory blank 



Groundwater Inorganic Results 

For Wells at Rockwell (Rocky Flats) 

1989 BACKGROUND UNWEATHERED SANDSTONE 

Hexavalent 
Cyanide, Total Chromium (Cr+6) Specif ic Conductance 

Pt r .  MG/L MG/L uMHOS/cm 

- 

Uel l  #Date 
Number Sanipled 

-- 

Suspended Sol ids 
MG/L 

Turbidi,ty 
MG/L 

32-89BR 06/27/89 440 NR NR NR NR 

33-89BR 06/29/89 NR 1600 NR NR NR 

34-8901 06/16/89 2.5 U NR NR 140 NR 

35-89BR 07/06/89 

36-89BR 06/27/89 

NR NR 'NR 62 NR 

2.5 U NR NR 810 NR 

37-89BR 06/23/89 NR WR NR 10 NR 

41-89BR 06/23/89 NR NR NR 30 NR 

43-89BR 06/23/89 'DRY 

Notes: NR = Analyte not reported 
JI = Present belou detection l i m i t  

U = Analyzed but not detected 
B = Present in  laboratory blank 



1989 

U e l l  
Number 

3 2 - 8 9 B R  

33 - 89BR 

3 4 - 8 9 B R  

35 -89BR 

36 - 89BR 

3 7 - 8 9 B R  

41 -89BR 

43 - 89BR 

Groundwater Inorganic Results 

For Wells at Rockwell (Rocky Flats) 

BACKGROUND UNWEATHERED SANDSTONE 

Sol i ds  
x 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

DRY 

Notes: NR = Analyte no t  reported 
J = IPresent below detect ion l i m i t  

O i  1 and Grease I g n i t a b i l i t y  
RG/L Degrees F. 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

INR 

NR 

NR 

NR 

U = Analyzed but not detected 
E = Present i n  Laboratoryiblank 

Phosphate 
MG/L 

NR 

NR 

NR 

NR 

NR 

NR 

INR 
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Groundrater Dissolved Radiochemistry Res Its 

f o r  Regulated Units at Rocky Flats Plant 

1989 BACKGROUND UNWEATHEIZlED SANDSTONE 

l e 1  1 
Number 

32-8981 

33 - 89BR 

34 - 89BR 

35-8901 

36-89BR 

37-89BR 

41 -89BR 

43 - 89BR 

Date 
Sampled Ptr. 

- -  

06/27/89 

06/29/89 

06/ 16/89 

07/06/89 

06/27/89 

06/23/89 

06/23/89 

06/23/89 

Uranium 233, 234 Uraniun 235 Uranium 238 
PCI /L  (HDA) PC I /L (MOA) PC I /L (MOA) Radium 226 

Data not yet received 

Data not yet received 

Data not yet received 

Data not yet received 

Data lnot yet received 

Data not yet received 

Data not yet received 

DRY 

Notes: NR = Anatyte not reported 
*** = Insufficient Sample for  Radiochemistry Analyses 



Groundwater Dissolved Radiochemistry Results 

fo r  Regulated Units at Rocky Flats Plant 

1989 BACKGROUND UNWEATHERED SANDSTONE 

We1 1 Date 
Number Sampled Ptr .  

32-89BR 06/27/89 

33-89812 06/29/89 

34-8981 06/16/89 

35-8981 07/06/89 

36-8981 06/27/89 

37-89BR 06/23/89 

41-89BR 06/23/89 

43-89BR 06/23/89 

Radium 228 

Data not yet received 

Data not yet received 

Data not yet received 

Data not yet received 

Data not yet received 

Data not yet received 

IData not yet ireceived 

DRY 

Notes: ,NR Analyte lnot reported 
*** = Insuff ic ient  Sample for  Radiochemistry Analyses 
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Surface Water Dissolved Metals Results 

For Stations at Rockwell (Rocky Flats) 

BACKGROUND SURFACE WATER STATIONS - 1989 

Station Date Aluminun Ant imny  Arsenic Barium Beryl 1 ium Cah i  um Calcium 
Number 

SU - 04 
SW-04 

SU-05 
SW- 05 

SU- 06 
SU - 06 
SU-06 
SU-06 

SW-07 
SU-07 

SU-104 

SU-107 

Sampled P t r .  (At), diss. (Sb), diss. (As), diss. (Ea), diss. (Be), diss. (Cd), diss. (Ca), diss. 

mg/l mg/ 1 m/l m/L m/l mg/u mg/l 

-- 

03/ 02/ 89 
05/ 30/ 89 DRY 

Data not yet received 

02/28/89 0.2000 u 0.0600 U 

05/ 30/ 89 0.2000 u 0.0600 U 

02/ 24/ 89 0.4850 0.0600 1U 
02/ 24/ 89 0.2520 0.0600 U 
02 /  24/ 89 0.2000 'U 0.0600 U 

05/311/89 0.4540 0.0600 U 

02/27/89 Data not yet received 
05/ 311f89 0.2000 u 0.0600 U 

03/ 02/ 89 0.2000 u 0.06008 U 

02 /  28/ 89 0.2000 u 0.06001 U 

SU-107 05 /26 /89  0.2000 u 0.0600 U 

NR Analyte not reported 
J Present belou detection l i m i t  

NR 0.2000 u 
0.0100 u 0.2000 u 

NR 0.2000 u 
NR 0.2000 u 
NR 0.2000 u 

0.0100 IU 0.2000 u 

0'.0100 u 0.2000 u 

0.2000 u 0.0100 u 

NR 0.2000 u 
0.0100 u 0.2000 u 

0.0050 U 
0.0050 U 

0.0050 U 

0.0050 U 

0.0050 IU 

0.0050 1U 

0.0050 

0.0050 U 

0.0050 U 

808.0050 U 

0.0050 U 26.5000 
0.0050 U 20.9000 

0.0050 U 25.5000 
0.0050 U 23.9000 
0.0050 U' 5.0000 U 

0.0050 U 14.5000 

0.0050 U 23 -6000 

0.0050 U 78.4000 

0.0050 'U 20 -3000 
0.0050 U 211 -4000 

U = Analyzed but not detected 
16 = Present i n  Ilaboratory blank N = Batch spike not in  80-120% range 

= Holding time not met E = Estimated value 



Surface Water Dissolved Metals Results 

For Stations at Rockwell (Rocky Flats) 

BACKGROUND SURFACE WATER STATIONS - 1989 

Station Date Cesium 
Number Sampled Q t r .  (Cs), diss. 

mg/ L 

Chromium 
(Cr) ,  diss. 

mg/ 1 

C o b  1 t 
KO), diss. 

mg/ 1 

Copper 
(Cu), diss. 

mg/ 1 

Iron 
(Fe), diss. 

mg/ 1 

Lead 
(Pb), diss. 

mg/ 1 

Lithium 
(Li), diss. 

mg/ 1 

SU-04 
SW - 04 

03/02/89 
05/30/89 

Data not yet received 
DRY 

SW-05 
SU - 05 

02/28/89 
05/30/89 

1 .oooo u 
1.0000 u 

0.0100 u 
0.0100 u 

0.0500 U 

0.0500 U 

0.0250 U 

0.0250 U 

~0.1000 u, 
0.1000 u 

NR 

0.0050 U 
0.1000 u 
0.0100 u 

SU-06 02/24/89 
SW- 06 02/24/89 
SU-06 02/24/89 
SW-06 05/31/89 

1~.0000 u 
1~.0000 u 
1 .oooo u 
1 .oooo u 

0.0100 u 
0.0100 u 
0.0100 u 
0.01~00 u 

0.0500 U 

0.0500 U 
0.0500 U 
0.0500 U 

0.0250 U 
0.0250 U 

0.0250 U 
0.0250 U 

1.7800 
0.9010 
0.1000 tl 
0.3710 

NR 
NR 
NR 

0.0113 1 

0.1000 ut 
0.1000 u 
0.1000 u 
0.0100 u 

SU-07 02/27/89 
SW-07 05/35/89 

Data not yet received 
1.0000 u 0.0100 u 08.0500 U 0.0250 U 0.1000 u 0.0050 U 0.0100 u 

SU- 104 03/02/89 1 .oooo u 0.0100 u 0.0500 U 0.0250 U 4.6900 0.0050 U 0.1000 u 

SW- 107 02/28/89 
SW-107 05/26/89 

1.0000 u 
1.0000 l!l 

0.0100 u 
0.0100 u 

0.0500 U 
01.0500 U 

0.02501 U 

0.0250 U 
0.1000 LI 
0.4530 

1NR 
0.0050 U 

0.1000 u 
0.0100 u 

NR = Analyte not reported 
J = Present below detection l i m i t  

U = Analyzed but not detected 
16 = Present in Laboratory blank 

* = Holding time not met 
N = Batch spike not i n  80-120% range 

E = Estimated value 



Surface Water Dissolved Metals Results 

For Stations at Rockwell (Rocky Flats) 

BACKGROUND SURFACE WATER STATIONS - 1989 

Station Date Magnesiiun 
Number Sampled Ptr. (ng), diss. 

mg/ 1 

Manganese 
(Mn), diss. 

mg/ 1 

Mercury 
(Hg), diss. 

mg/ c 

Molybdenun 
(no), diss. 

mg/ 1 

Nickel 
(N i ) ,  diss. 

mg/ 1 

Pot ass i ~pl l  

(K 1, diss. 
mg/ L 

Se 1 eni un 
(Se), diss. 

mg/ 

SU - 04 
SB - 04 

03/02/89 
05/30/89 

iData not yet received 
1DRY 

SU-05 
SU-05 

02/28/89 
05/30/89 

6.4300 
5.0000 

01.0150 U 

0.0150 1U 

NR 
0.0002 u 

0.1000 u 
0.0234 

0.0400 U 
0.0400 u 

5.0000 CI 

5.0000 U 

NR 
0.0050 U 

su-06 02/24/a9 
SU- 06 02/24/89 
SU-06 02/24/89 
SU-06 805/31/89 

7.7300 
7.4900 
5.0000 ui 
5.0000 U 

0 -3680, 
0 -3380 
0.0150 U 

0 - 0290 

NR 
NR 
NR 

0.0002 u 

0.1000 u 
0.1000 u 
0.1000 u 
0.0176 

0.0400 U 

0.0400 U 
0.0400 u 
0.0400 u 

5.0000 U 
5.0000 U 

5.0000 U 

5.0000 U 

NR 
NR 
NR 

0.0050 U 

SU- 07 102/27/89 
SU-07 05/33/89 

Data not yet received 
6.0900 0.0768 0.0002 u 0.0119 0.0400 U 5.0000 (II 80.0050 U 

SU- 104 03/02/89 6.8300 0.4800 0.0003 0.1000 u 0.0400 U 5.0000 U 0.0050 U 

SU- 107 02/28/89 
su- 107 05/26/a9 

5 -9200 
5 -4000 

0.0150 'U 

0.0364 
'NR 

0'.0004 
0.1000 IU 
0.0178 

0.0400 U 

0.0400 U 
5.0000 U 
5.0000 U 

NR 
0.0050 NU 

NR = Analyte not reported 
J = Present below detection l i m i t  

U = Analyzed but not detected 
B = Present i n  Laboratory blank 

* = Holding time not met 
N = Batch spike not in  80-120% range 

E = Estimated value 



Surface Water Dissolved Metals Results 

For Stations at Rockwell (Rocky Flats) 

BACKGROUND SURFACE WATER STATIONS - 1989 

Station Date Si lver 
Nunber Sampled P t r .  (Ag), diss. 

mg/ 1 

Strontium 
(Sr), diss. 

mg/ 1 

Thall iun 
( T I ) ,  diss. 

mg/ 1 

Tin 
(Sn), diss. 

mg/ 1 

Vanad i uu 
(V ), diss. 

mg/ 1 

Zinc 
(Zn), diss. 

mg/ 1 

SU-04 03/02/89 
SU-04 05/30/89 

Data not yet received 
DRY 

SU- 05 02/28/89 
SU- 05 05/30/89 

0.0100 u 
0.0100 u 

17.1000 
15.1000 

0.1610 
1 .oooo UI 

NR 

'0.0100 U' 

0.1000 U' 
'0.1000 u 

0.0500 U 

0.0500 U 
0.0200 u 
0.0200 u 

SU- 06 02/24/89 
SV- 06 02/24/89 
SU-06 02/24/89 
SU-06 805/31/89 

0.0100 111 
0.0100 u 
0.0100 u 
0.0100 u 

29.3000 
27.0000 
5.0000 U 

21.4000 

0.1730 
0.1630 
0.1000 u 
1 .OD00 tl 

NR 

NR 

NR 

0.0100 u 

~0.1000 u 
0.1000 u 
0.1000 u 
~0.1000 u 

0.0500 U 
0.0500 0 
0.0500 U 

0.0500 U 

0.0242 
0.0200 u 
0.0294 
0.0228 

SU- 07 02/27/89 
SU-07 105/31/89 

Data not yet received 
0.0100 u 33.8000 0.0200 u 1 .oooo u 0.0500 UI 0.1000 u 0.0500 U 

SU- 104 03/02/89 0.0125 11.2000 0.2060 0.0500 U 0.1000 U' 0.0500 U '0.0200 U' 

0.0200 u 
0.0200 u 

SU- 107 02/28/89 
SU-107 05/26/89 

0.0100 u 
0.0100 u 

32.3000 
15 -6000 

0.1290 
1.0000 u 

NR 

0.0500 U 

0.1000 u 
0.1000 u 

0.0500 U 
0.0500 U 

NR = Analyte not reported 
J = Present below detection I l i m i t  

U = Analyzed but not detected 
B = Present i n  laboratory blank 

* = Holding time not met  
N = Batch spike not in  80-120% range 

E = Estimated value 



Surface Water Dissolved Metals Results 

For Stations at Rockwell (Rocky Flats) 

BACKGROUND SURFACE WATER STATIONS - 1989 

Beryl 1 i un Cadmium 
(Be), diss. (Cd), diss. 

Arsenic Baritan Station Date Aluminum Antimony 
Number Sampled Ptr. (At), diss. (Sb), diss. (As), diss. (Ba), diss. 

mg/ 1 mg/ 1 mg/ 1 mg/ 1 mg/ 1 mg/ 1 

su- 108 03/02/a9 0.2000 u 0.0600 U 0.0100 u 0.2000 u 0.0050 U 0.0050 U 

SU- 108 05/30/89 0.2000 u 0.06001 U 0.0100 IU 0.2000 u 0.0050 Ul 0.0050 U 

su- 108 05/30/a9 0.2000 u 0.0600 U 0.0100 u 0.2000 u 0.0050 U 0.0050 U 
SU-108 05/30/89 0.2000 u 0.0600 U 0.0100 u 0.2000 u 0.0050 U 0.0050 U 

su-41 ovo i /a9  0.2000 u 0.0600 U 0.0100 u 0.2000 u 0.0050 U 0.0050 U 

su-41 0 5 m i a 9  0.2000 u 0.0600 U 0.0100 u 0.2000 u 0.0050 U 0.0050 U 

SU-80 03/01/89 0.2000 u 0.0600 U 0.0100 u 0.2000 u 0.0050 U 0.0050 U 
sw-a0 0 5 / w a 9  DRY 

Calcium 
(Ca), diss. 

mg/ 1 

68.0000 
63.9000 
64.0000 
'5.0000 u 

20.4000 
34.8000 

31 -5000 

NR = Analyte not reported 
J = Present below detection l i m i t  

U = AnaLlyzed but not detected 
B = Present i n  Laboratory blank 

* = Holding t i m e  not met 
N = Batch spike not i n  80-120% range 

E = Estimated value 



Surface Water Dissolved IMetals Results 

For Stations at Rockwell! (Rocky Flats) 

BACKGROUND SURFACE WATER STATIONS - 1989 

Station Date C e s i u m  Chromium Cobalt Copper I ron Lead 
Number Sampled Ptr. (Cs), diss. (Cr ) ,  diss. KO), diss. (Cu), diss. (Fe), diss. (Pb), diss. 

mg/ 1 mg/ 1 mg/ mg/ 1 mg/ L w/ 1 

0.0050 U SU- 108 03/02/89 1.0000 u 0.0100 u 0.0500 U 0.0250 U 0.1000 u 
SU- 108 05/30/89 1 .oooo u 0.0100 u 0.0500 U 0.0250 U 0.1000 u 0.0050 U 

SU- 108 05/30/89 1 .oooo u 0.0100 u 0.0500 U 0.0250 U 0.1000 u 0.0050 U 
0.0050 U SU- 108 05/30/89 1 .oooo u 0.0100 u 0.0500 U 0.0250 U 0.1000 u 

SU-41 03/01/89 1.0000 u ~0.0100 u 0.0500 U 0.0250 U 0.1000 IU 0.0050 U 

SU-41 05/26/89 1.0000 u 0.0100 u 0.0500 U 0.0250 U 0.1000 u 0.0050 U 

SU-80 03/01/89 1.0000 u 0.0100 u 0.0500 U 0.0250 U 2.0300 0.0050 IU 

SU-80 05/24/89 DRY 

Li8thi  um 
(Li), diss. 

mg/ 1 

0.1000 u 
0.0166 
0.0165 
0.0100 u 

0.1000 u 
0.0100 IU 

0.1000 u 

NR = Analyte not reported 
J = Present below detection l i m i t  

U = Analyzed but not detected 
B = Present i n  laboratory blank 

* = Holding time not  met 
N = Batch spike not in 80-120% range 

E = Estimated value 



Surface Water Dissolved Metals Results 

F o r  Stations at Rockwell (Rocky Flats) 

BACKGROUND SURFACE WATER STATIONS - 1989 

Station Date Magnesium Manganese Mercury Molybdenum Nickel Pot ass ium Seleni'm 
Number Sampled atr .  (Mg), diss. (Hn), diss. (Hg), diss. (Mo), diss. (N i ) ,  diss. (K ), diss. (Se), diss. 

mg/ 1 lmg/ 1 lmg/ 1 mg/ 1 mg/ 1 mg/ 1 mg/ 1 

SU- 108 03/02/89 10.0000 0.0506 0.0006 0.1000 u 5.0000 U 0.0050 U 0.0400 u 
SU- 108 05/30/89 11.8000 0.1630 0.0002 u 0.0100 u 0.0400 U 5.0000 u 0.0050 U 

sw- io8 05/30/89 11.8000 0.1620 0.0005 0.0100 u 0.0400 U 5.0000 U 0.0050 U 

SU- 108 05/30/89 5 .OOOO U 0.0150 U 0.0002 u 0.0124 0.0400 U 5.0000 U 0.0050 U 

0.1000 u 0.0400 U 5.0000 U 0.00501 U 
0.0050 U 0.0400 u 5.0000 U 

5.8200 0.0396 0.0002 u SU-41 03/01/89 
su-41 05/26/89 9.0400 0.0566 0.0004 0.0105 

SU-80 03/01/89 5.0000 U 0.1500 0.0013 0.1000 u 0.0400 U 5.0000 U 0.0050 U 
SU-80 05/24/89 DRY 

NR = Analyte not reported 
J = Present below detection l l i r n i t  

U l =  Analyzed but not detected 
B = Present i n  laboratory blank 

* = Holding t ime not met 
N = Batch spike not in 80-120% range 

E = Estimated value 



Surface Water Dissolved Metals Results 

For Stations at Rockwell (Rocky Flats) 

BACKGROUND SURFACE WATER STATIONS - I989 

Station Date Si lver Sodium Strontim Thallium Tin Vanadi uml 
Number Sampled P t r .  (Ag), diss. (Na), diss. (Sr), diss. (T I ) ,  diss. (Sn), diss. (V ), diss. 

mg/ 1 mg/ 1 mg/ 1 w/ 1 mg/ 1 mg/ 1 

SW - 108 03/02/89 0.0100 u 13.2000 0.2960 0.0500 U 0.1000 u 0.0500 U 
SW- 108 05/30/89 0.0100 u 20.1000 1.0000 u 0.0500 U 0.1000 u 0.0500 U 
SW- 108 05/30/89 0.0100 u 20.0000 1.0000 u 0.0100 u 0.1000 u 0.0500 U 

0.0500 U SW - 108 05/30/89 0.0100 u 5.0000 U 1.0000 u 0.0100 u 0.1000 u 

SW-41 03/01'/89 0.0100 u 29.4000 0.12401 0.0400 u 0.1000 u 0.0500 U 
SW-41 05/26/89 0.0100 u 26.1000 1.0000 u 0.0500 U 0.1000 u 0.0500 U 

SW-80 03/01/89 0.0100 u 8.3800 0.1380 0.0400 u 0.1000 u 0.0500 U 

SW-80 05/24/89 DRY 

Zinc 
(Zn), diss. 

mg/ I 

0.0200 u 
0.0200 IU 
0.0200 u 
0.0200~ u 

0.0200 u 
0.0200 u 

0.0200 u 

NR = Analyte not reported 
J = Present below detection l i m i t  

U = Analyzed but not detected 
IB = Present in laboratory blank 

* = Holding t i m e  not met 
N = Batch spike not in  80-120X1range 

E = Estimated value 



Surface Water Total Metals Results 

For Stations at Rockwell (Rocky Fkats) 

BACKGROUND SURFACE WATER STATIONS - 1989 

Stat ion Date Aluminum Arsenic Barium Beryl 1 ium Cadmium Calcium Ces i um 
Number Sampled Ptr. (At), t o t a l  (As), t o t a l  (Ea), t o t a l  (Be), t o t a l  ( Cd) , t o  t a  1 (Ca), t o t a l  (Cs), t o t a l  

mg/ mg/ 1 mg/ 1 mg/ 1 mg/ 1 mg/ L mg/ 1 

SU- 04 
SU-04 

SU-05 
SU-05 

SU - 06 
SU-06 
SU-06 
SU-06 

SU- 07 
SU-07 

SU- 104 

SU-107 

03/02/89 
05/30/89 

02/28/89 
05/30/89 

02/24/89 
02/24/89 
02/24/89 
05/31/89 

02/27/89 
05/31/89 

03/02/89 

02/28/89 

Data not yet received 
DRY 

0.2000 u NR 
0.2000 u 0.0100 u 

0.2000 u 
'0.2000 u 

0.0050 U 
0.0050 U 

0.0050 U 24.2000 
0.0050 U 19.9000 

1 .oooo u 
1.0000 u 

0.9160 NR 

11.0600 NR 
0.2000 u NR 
1 -6700 0.0100 u 

0.2000 u 
0.2000 u 
0.2000 u 
0.2000 u 

0.0050 U 
0.0050 U 
0.0050 U 
0.0050 U 

0.0050 U 26.2000 
0.0050 U 24.1000 
0.0050 U 5:OOOO U 

0.0050 U 16.3000 

1~.0000 u 
1.0000 u 
1.0000 u 
1 .oooo u 

Data not yet received 
1.2100 0.0100 u 0.2000 u 0.0050 U 26.2000 1~.0000 U' 0.0050 U 

8.3600 0.0105 0.2000 u 0.0050 U 0.0050 UI 98.1000 1 .oooo UI 

0.2000 u NR 0.2000 u 
0.2000 u 

0.0050 UI 
0.0050 U 

0.0050 U 20.0000 
19.1000 0.0050 U 

a .oooo u 
1.0000 u SU- 107 05/26/89 0.2360 0.0100 u 

NR = AnaLyte not reported U = Analyzed but not detected 
B Present i n  ILaboratory blank 

* = Holding time not met 
N = Batch spike not in  80-120% range J = Present below detection L i m i t  

E = Estimated value 



Surface Water Total Metals Results 

For Stations at Rockwell (Rocky Flats) 

BACKGROUND SURFACE WATER STATIONS - 1989 

Stat ion Date IChrmiun Coba 1 t Copper S i l ver  Antimony I r o n  Lead 
Number Sampled Qtr. (Cr),  t o t a l  (CO) , t o t  a 1 (Cu), t o t a l  (Ag), t o t a l  (Sb), t o t a l  (Fe), t o t a l  CPb), t o t a l  

mg/ 1 mg/ 1 mg/l mg/ 1 mg/ 1 mg/ 1 w/ 1 

SU-04 
su-04 

SU - 05 
SU-05 

SU-06 
SW - 06 
SU-06 
SU-06 

SU - 07 
SU-07 

SU-104 

SU- 107 

03/02/89 
05/30/89 

02/28/89 
05/30/89 

02/24/89 
02/24/89 
02/24/89 
05/31/89 

02/27/89 
05/31/89 

03/02/89 

02/28/89 

Data not yet ireceived 
DRY 

0.0100 u 0.0500 U 
0.0100 u 0.0500 U 

0.0250 U ~0.0100 u 
0.0250 U 0.0100 u 

0.0600 u 
0.0600 U 

0.1240 
0.3600 

NR 
0.0050 U 

0.0100 u 0.0250 U 
0.0250 U 0.0100 u 
0.0250 U 0.0100 u 
0.0250 U 0.0100 u 

0.0600 u 
0.0600 U 
0.0600 U 
0.06001 U 

2.4100 
2.2100 
0.1000 u 
1 A4001 

0.0100 u 0.0500 U 

0.0100 u 0.0500 U 
0.0100 u 0.0500 U 

0.0106 0.0500 U 

NR 

NR 
NR 

0.0050 U 

Data not yet received 
0.0100 u 0.0500 U 0.0600 U 0.9460' 80.0250 U 0.0100 u 0.0050 U 

80.0250 U 0.0174 0.0600 U 22.6000 0.0185 0.0100 UI 0.0500 U8 

0.0100 u 0.0500 U 0.0250 U 0.0100 111 
0.0250 U 0.0100 u 

0.0600 U 
0.0600 U 

0.1490 
1 -2000 

NR 

0.0050 U SU-107 805/26/89 '0.0100 u 0.0500 U 

* = Holding time not met 
N = Batch spike not i n  80-120% range 

NR = Analyte not Ireported U = Analyzed but not detected 
B = Present in  laboratory blank J = Present below detection l l i m i t  

E = Estimated value 



Surface Later Total Me-als Results 

For Stations at Rockwell (Rocky Flats) 

BACKGROUND SURFACE WATER STATIONS - 1989 

Potassium Stat ion Date Lithium Magnesi un IManganese Her c u r y Molybdenum Wickel 
Number Sampled Ptr. (Li), t o t a l  (Hg), t o t a l  (Hn 1, t o t  a 1 (Hg), t o t a l  (Mo), t o t a l  (Nil, t o t a l  (K t o t a l  

mg/ 1 mg/ 1 mg/ 1 mg/ 1 mg/ 1 mg/ 1 mg/ 1 
--- 

SU-04 
SU-04 

su - 05 
w-05 

SU - 06 
SU-06 
SU- 06 
SU- 06 

SU- 07 
SU-07 

SU- 104 

SU-107 
SU- 107 

03/02/89 
05/30/89 

02/28/a9 
05/30/89 

02/24/a9 
02/24/a9 
02/24/89 
05/31/89 

o w w a 9  
05 /3 1 /89 

03/02/89 

02/28/89 
05/26/89 

Data not yet received 
DRY 

0.1000 u 5.7600 
0.0100 u 5.1900 

~0.0150 u 
0.0162 

NR 
0.0002 u 

0.1000 u 
0.0138 

0.0400 u 
0.0400 U 

5.0000 u 
5.0000 u 

0.1000 u a. 0000 
0.1000 u 7.6300 
0.1000 u 5.0000 IU 

0.0100 IU 5.0000 U 

0.3780 
0.3710 
0.0150 U 

0.0868 

NR 
NR 
NR 

0.0003 

0.1000 u 
0.1000 u 
'0.1000 u 
0.0106 

~0.0400 u 
0.0400 U 
0.0400 u 
0.0400 u 

5.0000 u 
5.0000 u 
5.0000 U 
5.0000 u 

Data not yet received 
0.0100 u 6.5800 0.1050 0.0003 '0.01 44 0.0400 u 5.0000 U 

0.1000 u 9.0400 5.0000 IJ 0.7160 0.0003 0.1000 u 0.0400 IJ 

0.1000 u 5.7800 
0.0100 u 5.0000 U 

0.0175 
0'. 1580 

5.0000 U 

5.0000 u 
NR 

0.0002 u 
0.1000 u 
0.0105 

0.0400 u 
0.0400 U 

NR Analyte not reported U Analyzed but not detected 
B = Present in  laboratory blank 

* = Holding time not met 
N = Batch spike not i n  80-120X range J = Present  below detection L i m i t  

1E = Estimated value 



Surface Water Total Metals Results 

For Stations at Rockwell (Rocky Flats) 

BACKGROUND SURFACE WATER STATIONS - 1989 

Sta t ion  Date S o d i u n  Seleniun S t r o n t  i MI Thall  iun Tin Vanadi un Zinc 
(Sn), Total (V ), t o t a l  (Zn), t o t a l  Sampled Ptr. (Na), t o t a l  (Se), t o t a l  (Sr), to ta  1 (T 1 ), t o t a l  

mg/ 1 w/ 1 w/ 1 mg/ 1 mg/ 1 mg/ 1 mg/ 1 

-- 

03/02/a9 Data not yet received 
05/30/89 DRY 

Number 

SU-04 
SU-04 

su- 05 
sw-05 

SU- 06 
SU- 06 
SU-06 
SU- 06 

SU- 07 
SU-07 

su-104 

SU-107 

0.1000 u 
0'.1000 u 

0.0500 u 
0.0500 U 

0.0200 U' 
0.0200 u 

02/28/89 15.3000 NR 
05/30/89 15 -2000 0.0050 u 

0.1400 
1.0000 u 

NR 
0.0100 'U 

02/24/89 30.2000 NR 
02/24/89 27.8000 NR 
02/24/89 5.0000 u NR 
05/31/89 22.0000 0.0050 u 

0.1770 
0.1710 
0.1000 u 
1.0000 u 

NR 
NR 
'NR 

0.0100 u 

0.1000 u 
0.1000 u 
0.1000 IU 

0.1000 u 

0.0500 u 
0.0500 u 
0.0500 u 
0.0500 u 

0.0268 
0.0536 
0.0200 u 
0 ~0676 

02/27/89 Data not yet received 
05/31/89 33.3000 0.0050 u 0~.0100' u 0.1000~ u 0.0500' u 0.0200 u 1 . 0000 'U 

03/02/89 14.4000 0.0050 u 0.2550 08.0500 U 0.1000' u 0.05008 U 0.02818 

0.1000 u 
0.1000 u 

0.0500 U 

0.0500 tu 
0.0200 u 
0.0200 u 

02/28/89 30.8000 NR 0.1230 
1.0000' u 

NR 
0.0100 tu sw- 107 05/26/89 15.7000 ~0.0050 U' 

NR = Analyte not reported U = Analyzed but not detected 
B = Present i n  laboratory blank 

* = Holding t ime not met 
Nl = Batch spike not i n  80-120% range J = Present belou detection l i m i t  

E = Estimated value 



Surface Water Total Metals Results 

For Stations at Rockwell (Rocky Flats) 

BACKGROUND SURFACE WATER STATIONS - 1989 

Barium 
(Ea), t o t a l  

ms/ 1 

iBeryl 1 i u n  
(Be), t o t a l  

ms/ c 

Cadmi M 

(Cd), t o t a l  

mg/ 1 

Calc i ml 
(Ca), t o t a l  

mg/ 1 

C e s i u m  

( Cs ) , t ota 1 

mg/ 1 

Stat ion Date Aluminum Arsenic 
Number Sampled Ptr. ( A l l ,  t o t a l  (As), t o t a l  

m/ 1 mg/ 1 
--- 

SW- 1108 03/02/89 
SW- 108 05/30/89 
SU- 108 05/30/89 
SW- I 0 8  05/30/89 

0.2000 UI 

4.9800 
4.9300 
1.0500 

0.0100 u 
0.0100 u 
0.0100 u 
0'.0100 u 

0.2000 u 
0.2000 u 
0.2000 u 
0.2000~ u 

0.0050 U 

0.0050 U 
0.0050 U 

0.0050 IU 

0.0050 U 

0.0050 U 

0.0050 Ul 

0.0050 U 

67.0000 
63.9000 
63.0000 
58.0000 

1.0000 u 
1.0000 u 
1.0000 u 
1.0000 u 

SW-41 
W - 4 1  

03/018/89 
05/26/89 

0.2000' IU 

2.1400 
0~.0100 u 
0.0100 u 

0.2000 u 
0.2000 u 

0.0050 U 

0.0050 U 

0.0050 U 

0.0050 u 
21 -7000 
34.0000 

1~.0000 u 
1.0000 u 

W-80 
SU-80 

03/01#/89 
05/24/89 

64.1000 
DRY 

0.1160 4.4900 80.0097 0.0690 226.0000 2.5300 

NR = Analyte not reported 
J = Present  below detection l i m i t  

U = Analyzed but not detected 
B = Present in  laboratorylblank 

* = Holding time not met 
Ni = IBatch spiike not i n  80-120% #range 

E = Estimated value 



Surface Water Total Metals Results 

For Stations at Rockwell (Rocky Flats) 

BACKGROUND SURFACE WATER STATIONS - 1989 

Station Date Chromium 
Number Sampled P t r .  (Cr), t o ta l  

mg/ 1 

Cobalt 
(Col, t o ta l  

mg/ 1 

Copper 
(Cu), t o ta l  

mg/ 1 

S i  lver 
(Ag), t o ta l  

mg/ 1 

Antimony 

(Sb), t o ta l  
W/ ' l  

I r on  
(Fe), t o ta l  

m/ 1 

Lead 
(Pb) , to ta l  

W/ 1 

SU- 108 03/02/89 
su- 108 05/30/a9 

su-io8 05/30/a9 
SU- 108 05/30/89 

0.0100 u 
0.0100 u 
0.0100 u 
0.0100 u 

0.0500 kl 
0.0500 u 
0.0500 U 
0.0500 IU 

0.0250 u 
0.0250 U 
0.0250 u 
0.0250 U 

0.0106 
0.0100 u 
0.0100 u 
0.0100 IU 

0.06001 U 
0.0600 U 
0.0600 U 

0.0600 IU 

0.3960 
4.3200 
4.1900 
1.35001 

0.0050 kl 

0.0050 U 
0.0062 
0.0050 U 

su-41 
SU-41 

03/011/89 
05/26/89 

0.0100 u 
0~.0100 tu 

0.0500 U 
0.0500 U 

0.0250 U 

0.0250 U 
0.0100 u 
0.0100 u 

0.0600 U 
0.0600 Ul 

0.1320 
5.4800 

0.0050 'U 

0.0050 U 

su-a0 
SU - 80 

0.0598 
DRY 

0.0730 0.1800 0.1480 10.0600 U 651 .OOOO 0.2330 

NR Analyte not reported 
J = Present below detection, l i m i t  

U = Analyzed but not detected 
B = Present in  laboratory blank 

* = Holding time not lmet 
N = Batch spike not in  80-120% range 

E #Estimated value 



Surface Water Total Metals Results 

For Stat ions  at Rockwela (Rocky Flats) 

BACKGROUND SURFACE WATER STATIONS - 1989 

Stat ion Date L i t h i m  
Number Sampled Qtr. ( L i ) ,  t o t a l  

mg/ 1 

Magnes i un 
(Mg), t o t a l  

mg/ 1 

Manganese 
(Mn), t o t a l  

mg/ 1 

Mercury 
(Hg), t o t a l  

mg/ 1 

no 1 ytdenum 
(Mol, t o t a l  

mg/ 1 

Nickel 
(N i ) ,  t o t a l  

mg/ 1 

Potassi un 
(K 1, t o t a l  

mg/ 1 

SU- 108 03/02/89 
SU-108 05/30/89 
SU- 108 05/30/89 
SU-108 05/30/89 

0.1000 u 
0.0192 
0.0183 
0.0162 

9.4700 
12.3000 
12.2000 
11 .so00 

0.0534 
0.2180 
0.2140 
0.1820 

0.0003 
0.0004 
0.0012 
0.0013 

0.1000 u 
0.0176 
0.0188 
0.0133 

0.0400 u 
0.0400 u 
0.0400 u 
0.0400 U 

5.0000 U 
5.0000 U 
5.0000 U 
5.0000 U 

SU-41 
SU-41 

803/01 /89 
05/26/89 

0.1000 u 
0.0100 u 

6.18000 
8.8100 

0.0212 
0.2090 

0.0011 
0.0002 u 

0.1000 u 
0.0115 

0.0400 Ul 
0.0400 U' 

5.0000 Ul 

'5.0000 ul 

SU-80 
SU- 80 

03/01 /89 
105/24/89 

0.1000 u 
DRY 

24.9000 0.4800 INR '0.1990 10.2500 9.8600 

NR = Analyte not reported 
J = Present below detectilon l i m i t  

U = Analyzed but not detected 
16 = Present in  laboratory blank 

= Holding time not met 
N = Batch spike not i n  80-120% range 

E = Estimated value 



Surface Water Total Metals Results 

For Stations at Rockwell (Rocky Flats) 

BACKGROUND SURFACE WATER STATIONS - 1989 

Stat ion Date S o d i m  
Number Sampled Qtr. (Na), t o t a l  

mg/ 1 

Selenim 
( Se) , t o t a  1 

mg/ 1 

Strontim 
(Sr),  t o t a l  

mg/lL 

T h a l l i m  
( T l ) ,  t o t a l  

mg/ 1 

Tin 
(Sn), Total 

mg/ 1 

Vanedim 
(V ), t o t a l  

mg/ 1 

Zinc 
(Zn) , to ta  1 

mg/ 1 

SU- 108 03/02/89 
SU- 108 05/30/89 
SU- 108 05/30/89 
Sw- 108 05/30/89 

12.50008 
21.5000 
21.9000 
21.8000 

0.0050 U 
0.0050 u 
0.0050 U 
0.0050 u 

0.2850 
1 .oooo IU 
1.0000 u 
1.0000 u 

1NR 
0.0100 u 
0.0100 u 
0.0100 u 

0.1000 u 
0.1000 u 
0.1000 u 
0.1000 IU 

0.0500 lu 

0.0500 U 
0.0500 U 

0.0500 U 

0.0200~ u 
0.0200 u 
0.0200 u 
0.0200 u 

94-41 03/01/89 
SU-411 05/26/89 

30.0000 
26.4000 

0.0050 U 

0.0050 U 
0.1270 
1 .oooo u 

0.0400 U 

0.0100 u 
0.1000 u 
0.1000 'U 

0.0500 U 
0.0500 u 

0.0200 u 
0.0892 

SU-80 03/01/89 
SU-80 05/24/89 

12.8000 
DRY 

0.0050 U 1~.2000 0.0400 u 0.9690 0.3640 0.7230 

NR = Analyte not reported 
J = Present belou detection l i m i t  

U = Analyzed but not detected 
B = Present i n  llaboratory blank 

* = Holding time not met 
N = Batch spike not i n  80-120% range 

E = Estimated value 
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Surface Water Inorganic Results 

For Stations at Rockwell (Rocky Flats) 

BACKGROUND SURFACE WATER STATIONS - 1989 
Nitrate+ 

MG/L MG/L MG/L MG/L MG/L 
Total Dissolved Solids Chloride N i t r i t e -  N i t rogen Sulfate HC03- Station 

Number 
Date 
Sampled 

180 
DRY 

7 0.12 34 150 SUO4 
SUO4 

SUO5 
SUO5 

SUO6 
SUO6 
SUO6 
SO06 

SUO7 
SUO7 

SU104 

SU107 
SU107 

03/02/89 
05/30/89 

0.91 
0.40 

29 
23 

110 
94 

02/28/89 
05/30/89 

130 
140 

6 
4 

02/24/89 
02/24/89 
02/24/89 
05/31/89 

200 14 
200 15 

140 20 
INSUFFICIENT SAMPLE FOR INORGANIC ANALYSIS 

0.25 
0.64 

23 
5 

120 
120 

0.16 36 56 

02/27/89 
05/31/89 

140 
200 

28 
62 

2.0 
2.1 

17 
29 

30 
59 

03/02/89 0.05 U 5 U  320 290 14 

102/28/89 
05/26/89 

160 
140 

62 
17 

0.39 
0.05 8 

16 
13 

48 
89 

Notes: NR = Analyte not reported 
J = Present below detection l i m i t  

U = Analyzed but not detected1 
B = Present in  laboratory blank 



Surface Water Inorganic Results 

For Stations at Rockwell (Rocky Flats) 

BACKGROUND SURFACE WATER STATIONS - 1989 

Date C03= 
Sampled iMG/C 

PH 
pH Un i t  

Total Organic Carbon Fluoride 
MG/L MG/L 

Sul f ide 
HG/L 

S ta t i on  
Number 

SUO4 
SUO4 

SUO5 
SUO5 

SUO6 
SUO6 
SUO6 
SUO6 

SUO7 
SUO7 

SU104 

SW107 
SUI 07 

03/02/89 
05/30/89 

s u  
DRY 

8.1 NR NR 'NR 

NR 
NR 

NR 
NR 

INR 

'NR 
02/28/89 
05/30/89 

5 IU 
5 u  

7.8 
7.4 

02/24/89 
02/26/89 
02/24/89 
05/31 /89 

5 'U 7.3 
5 u  7.2 

INSUFFICIENT SAMPLE FOR INORGANIC ANALYSIS 
5 u  7.2 

NR 
NR 

INR 
NR 

NR 
NR 

NR NR NR 

02/27/89 
05/31/89 

5 u  
5 'U 

7.3 
7.2 

NR 
NR 

NR 
NR 

NR 
NR 

03/02/89 5 u  7.1 1NR NR SNR 

5 u  
5 u  

7.7 
7.7 

NR 
NR 

NR 

NR 

NR 

NR 

Notes: NR = Analyte not  reported 
J = Present below detect ion l i m i t  

U = Analyzed but not detected 
B = Present i n  laboratorylblank 



Surface Water Inorganic Results 

For Stations at Rockwell (Rocky Flats) 

BACKGROUND SURFACE WATER STATIONS - 1989 
Hexavalent 

Cyanide, Total Chromium (Cr+6) Specif ic Conductance 
MG/L MG/L uMHOS/cm 

- 

Stat ion Date 
Number Sampled 

Suspended So 1 i d s  
IMG/L 

Turb id i ty  
MG/L 

'NR NR 
DRY 

NR NR 5 IU SUO4 
SUO4 

03/02/89 
05/30/89 

SUO5 
SUO5 

02/28/89 
05/30/89 

2.5 U 

2.5 U 
NR 
NR 

NR 

NR 

8 
6 

NR 
NR 

SUO6 
SUO6 
SUO6 
SUO6 

02/24/89 
02/24/89 
02/24/89 
05/31/89 

2.5 'U NR 
2.5 U NR 

INSUFFICIENT SAMPLE FOR INORGANIC ANALYSIS 
2.5 Ul NR 

NR 

NR 
18 
18 

NR 
'NR 

NR 26 'NR 

SUO7 
SUO7 

'02/27/89 
05/31/89 

NR 
4.3 

NR 
NR 

NR 

NR 

15 
19 

NR 

NR 

SW104 03/02/89 2.5 U NR INR 340 NR 

1 1  
7 

SW107 02/28/89 
SU107 05/26/89 

2.5 U 

2.5 U 

NR 
NR 

NR 
NR 

NR 

NR 

Notes: NR = Analyte not reported 
J = Present below detect ion L i m i t  

U = Analyzed lbut not  detected 
6 = Present i n  laboratorylblank 



Surface Water Inorganic Results 

For Stations at Rockwell (Rocky Flats) 

BACKGROUND SURFACE WATER STATIONS - 1989 

Sta t i on  Date 
Number Sampbed 

Solids 
% 

O i l  and Grease 
MG/L 

I gni t ab i  1 i t y  
Degrees F. 

#Phosphate 
MG/L 

suo4 
SUO4 

03/02/89 
05/30/89 

NR 

DRY 

NR NR NR 

SUO5 
suo5 

02/28/89 
05/30/89 

NR 
NR 

NR 
NR 

NR 
NR 

NR 

NR 

NR 
NR 

SUO6 
SUO6 
SUO6 
SUO6 

02/24/89 
02/24/89 
02/24/89 
05/31 /89  

INR NR 
1NR NR 

bNSUFFICIENT SAMPLE FOR INORGANIC ANALYSIS 
INR NR 

NR 

NR 

'NR NR 

SUO7 
SUO7 

02/27/89 
05/31/89 

NR 
INR 

NR 
NR 

NR 
NR 

NR 
NR 

SUI 04 03/02/89 NR NR 1NR NR 

SUI 07 02/28/89 
SUI 07 05/26/89 

NR 
NR 

NR 
NR 

NR 
NR 

NR 

NR 

Notes: NR = Analyte not reported 
J = Present below detection l i m i t  

U = Analyzed but not detected 
B = Present i n  laboratory blank 



Surface Water Inorganic Results 

For Stations at Rockwell (Rocky Flats) 

BACKGROUND SURFACE WATER STATIONS - 1989 
N i t r a t e  

Station Date 
N h r  Sampled 

SU108 
SU108 
SWl08 
SU108 

03/02/89 
05/30/89 
05/30/89 
05/30/89 

SW4 1 03/0 1 / 89  
su41 05/26/89 

SU80 03/0 1'/89 
SU80 05/24/89 

Total Dissolved Solids Chloride 

MG/L MG/L 
N i tri te-N i trogen 

MG/L 
Sulfate 

MG/L 
HC03 - 

MG/L 

220 5 
280 4 
260 5 

INSUFF,ICIENT SAMPLE FOR INORGANIC ANALYSIS 

160 
200 

120 
DRY 

Notes: NR = Analyte not reported 
Ji = Present lbelou detection l i m i t  

62 
6 

10 

0.30 
0.05 u 
0.05 U 

1* u 

U = Analyzed but not detected 
B = Present in  laboratory blank 

33 
46 
45 

17 
32 

16 

200 
230 
230 

48 
1 70 

150 



Surface Water Inorganic Results 

For Stations at Rockwe13 (Rocky Flats) 

BACKGROUND SURFACE WATER STATIONS - 1989 

Sta t i on  Date 
Number Sampled 

SUI08 
SUI 08 
SUI08 
SU1~08 

03/02/89 
05/30/89 
05/30/89 
05/30/89 

SU4 1 03/01 /89 
SU41 05/26/89 

SU80 03/01/89 
SU80 05/24/89 

CO3= 
MG/L 

8pH 
pH U n i t  

5 NU 7.7 
5 u  7.6 
5 'U 7.6 

INSUFFICIENT SAMPLE FOR INORGANIC ANALYSIS 

5 u  
5 u  

5 UI 
DRY 

Notes: NR = Analyte not reported 
J = Present below detection l i m i t  

7.6 
7.0 

6.5 

Tota l  Organic Carbon Fluoride 
MG/L MG/L 

Sul f ide 
MG/L 

NR 

NR 
NR 

NR 

NR 

NR 

U = Analyzedlbut not detected 
B = Present i n  Laboratory blank 

NR 
NR 
NR 

NR 
NR 

NR 

NR 
NR 
NR 

1NR 
NR 

NR 



Surface Water Inorganic Results 

For Stations at Rockwell (Rocky Flats) 

BACKGROUND SURFACE WATER STATIONS - 1989 

Station Date 
'Number Sampled 

SU108 
SUI 08 
SU108 
SUI 08 

03/02/89 
05/30/89 
05/30/89 
05/30/89 

SU41 03/01 /89  
SU411 05/26/89 

SU80 03/01/89 
SU80 05/24/09 

Cyanide, Total 
MG/L 

Hexavalent 
Chrmim (Cr+6) 

MG/L 

2.5 Ul NR 
2.5 U NR 
2.5 U NR 

I N S U F F I C I E N T  SAMPLE FOR INORGANIC ANALYSIS 

2.5 U 
2.5 U 

2.5 lu 
DRY 

Notes: NR = Analyte not reported 
J = Present belou detection l i m i t  

'NR 
NR 

NR 

Specific Conductance Suspended Solids 
uMHOS/cm MG/L 

Turbidity 
MG/L 

NR 
NR 
NR 

NR 
NR 

NR 

U = A n a l y z e d  but not detected 
B = Present i n  laboratory blank 

5 u  
96 
92 

5 u  
92 

4200 

NR 
NR 
INR 

NR 
NR 

NR 



Surface Water Inorganic Results 

For Stations at Rockwell (Rocky Flats) 

BACKGROUND SURFACE WATER STATIONS - 1989 

Sta t i on  Date 
Number Sampled 

- - -  
SW1 08 
SU108 
SU108 
SW108 

03/02/89 
05/30/89 
05/30/89 
05/30/89 

SU41 03/01/89 
SU41 05/26/89 

SU80 03/01 /89 
SU80 05/24/89 

Solids 
% 

O i l  and G r e a s e  
lMG/L 

I g n i t a b i l i t y  
Degrees F. 

Phosphate 
MG/L 

NR NR 
NR NR 
NR NR 

INSUFFICIENT SAMPLE FOR INORGANIC ANALYSIS 

NR 
NR 

NR 

I D R I  

Notes: NR = Analyte not  reported 
J = Present belou detection l i m i t  

NR 
NR 

NR 

'NR 

NR 
NR 

NR 
NR 

NR 

U' = Analyzed but not  detected 
B = Present i'n laboratory blank 

NR 
NR 
NR 

INR 

NR 

NR 
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Surface Water Disso2ved Radiochemistry Results 

for Regulated Units at Rocky Flats Plant 

BACKGROUND SURFACE WATER STATIONS 

Station 
Number 

suo4 
SUO4 

SUO5 
SUO5 

SUO6 
SUO6 
SUO6 
SUO6 

SUO7 
SUO7 

SW 104 

SW107 
SU107 

SU108 
SW108 
SUI08 
SUI08 

Date 
Sampled 

- -  

03/02/89 
05/30/89 

02/28/89 
05/30/89 

02/24/89 
02/24/89 
802/24/89 
805/31/89 

02/27/89 
105/31/89 

03/02/89 

02/28/89 
05/26/89 

03/02/89 
05/30/89 
05/30/89 
05/30/89 

Uranium 233, 234 
PCI/L (nDA) 

0.8 2 0.2 
DRY 

0.8 2 0.3 
*** 

0.3 2 0.1 
0.7 2 0.2 
0.0 2 0.1 

*** 

0.5 2 1.3 
** 

2.6 2 0.5 

0.2 2 0.1 
*** 

0.7 2 0.2 
*** 
*** 
*** 

Notes: INR = Analyte not reported 

- 2989 

Uranium 235 
PCI/L (MDA) 

0.0 2 0.1 

0.01 2 0.1 

0.0 2 0.1 
0.0 2 0.1 
0.0 2 0.1 

0.11 2 0.2 

0.3 2 0.1 

0.0 2 0.1 

0.0 2 0.1 

Uraniun 238 
PCI/L ( M D N  Radium 226 

0.6 : 0.2 

0.3 2 0.2 

0.2 2 0.2 

0.0 2 0.1 
0.3 2 0.2 

0.1 2 1.2 

1.7 2 0.4 

0.1 2 0.1 

0.5 2 0.2 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

*** = Insufficient Samplle for  Radiochemistry Analyses 



Surface Water Dissolved Radiochemistry Results 

f o r  Regu2ated Units at Rocky Flats Plant 

BACKGROUND SURFACE WATER STATIONS - 1989 

Station Date 
Number Sampled Radium 228 

SUO4 
suo4 

SUI04 

SUI07 
SU107 

suioa 
sui os 
swioa 
suioa 

03/02/89 

NR 

IDRY 

NR 
*** 

NR 

NR 
NR 

*** 

NR 
*** 

'NR 

1NR 
*** 

NR 
*** 
*** 
*** 

Notes: NR = Analyte not reported 
*** = Insufficient Sample for Radiochemistry Analyses 



Surface Water Dissolved Radiochemistry Results 

f o r  Regulated Units at Rocky Flats Plant 

BACKGROUND SURFACE WATER STATIONS - 1989 

Station Date Uranium 233, 234 Uran im 235 Uranium 238 
Number Sampled PCI/L (MDA) PCI/L (nDA) PCI/L (WA) Radiun 226 

SU41 03/01/89 0.1 2 0.2 
SU41 05/26/89 *** 

SU80 03/01/89 0.0 2 0.1 
SU80 05/24/89 DRY 

0.0 2 0.1' 0.0 2 0.1 NR 

0.0 2 0.1 -0.1 2 0.1 NR 

Notes: NR = Analyte not reported 
*H = Insuff ic ient  Sample for  Radiochemistry Analyses 



Surface Water Dissolved Radiochemistry Results 

for Regulated Units at Rocky Flats Plant 

BACKGROUND SURFACE WATER STATIONS - 1989 

Station Date 
Number Sampled Radium 228 

SUI1 03/07 /89 
SU4 1 05/26/89 

SU80 03/0  1 /89 
Su80 05/24/89 

NR 
*** 

NR 
#DRY 

Notes: NR = Analyte not reported 
tH = Insufficient Sample for Radiochemistry Analyses 



Surface Water Total Radiochemistry Results 

f o r  Regulated Units at Rocky Flats Plant 

BACKGROUND SURFACE WATER STATIONS - 1989 

Stat ion Date 
Number Sampled 

Gross Alpha 

PCi /g 

Gross Beta 

pcl/g 
Uranium 233, 234 

lpci/g 

SUO4 
SUO4 

1 2 3  
DRY 

0' + 3 0.9 2 0.3 0.0 2 0.11 

4 2 2  0.2 2 '0.2 0.0' 2 0.18* SUO5 
SUO5 

2 2 2  
Data not yet received 

SUO6 02/241a9 
SUO6 02/24/a9 

SUO6 05/31 /a9 
SUO6 02/24/89 

1 2 2  
1 2 2  

-1 1 
Data not yet received 

7 2 3  
a + 3  

-1 2 2 

0.4 2 0.2 
0.4 2 0.11 
0.1 2 0.1 

0.01 2 0.1 
0.0 2 0.11 
0.0 2 0.1 

SUO7 02/27/89 
SUO7 05/31 189 

2 2 2  
IData lnot yet received 

2 2 2  0.5 2 1.3 0.1 2 0.2 

su104 25 2 12 22 + 5 

1 2 2  

0.5 2 0.2 

0.1 2 0.1 

0.0 2 0.1 

0.0 2 0.1 SW107 
SUI 07 

1 2 2  
Data not yet received 

SUI oa 

SUI oa 
swioa 

SW108 
6 2 5  1 2 3  

Data not yet received 
Data not yet receivedl 
Data not yet received 

0.8 2 0.3 0.0 2 0.18 

Notes: NR = Analyte not reported 
*** = Insu f f i c ien t  Sample f o r  Radiochemistry Analyses 



Surface Water Total Radiochemistry Results 

for Regulated Units at Rocky Flats Plant 

BACKGROUND SURFACE WATER STATIONS - 1989 

Stat ion 
Number 

SUO4 
suo4 

SUO5 
suo5 

SUO6 
SUO6 
SUO6 
SUO6 

SUO7 
SUO7 

SU104 

SUI07 
SU107 

SU108 
SU108 
SU108 
SU108 

Date 
Sampled 

03/02/89 
05/30/89 

02/28/89 
05/30/89 

02/24/89 
02/24/89 
02/24/89 
05/31/89 

02/27/89 
05/3 1 /89 

03/02/89 

02/28/89 
05/26/89 

03/02/89 
05/30/89 
05/30/89 
05/30/89 

S t r o n t i m  89,M) Plutonium 239 
Pci/g W i / g  

0.5 2 0.2 
IDRY 

0.2 0.4 0.00 2 0.02 

0.0 2 0.1* 0.3 : 0.5* 
Data not yet received 

0.2 2 0.2 
0.3 2 0.2 

11.5 2 0.5 
1.1 : 0.5 

0.0 2 0.1 -0.1 t 0.4 
Data not yet received 

0.2 2 1.2 0.3 t 0.4 
Data not yet received 

0.01 2 0.02 

0.00 2 0.02 
0.00 2 0.02 
0.00 t 0.02 

0.00 2 0.02 

0.7 2 0.2 1.1 5 0.5 0.08 2 0.03 

0.0 2 0.11 -0.1 2 08.4 
Data not yet received 

0.4 2 0.2 -0.1 2 0.5 
Data not yet received 
Data not yet received 
Data not yet receilved 

0.00 2 0.02 

0'.01 2 0.02 

Americium 241 
pCi/g 

0.00 2 0.02 

0.00 2 0.02 

0.02 2 0.01 

0.00 2 0.02 
0.01 2 0.03 

-0.01 0.02 

0.00 2 0.02 

-0.01 2 0.02 

0.00 t 0.03 

Notes: NR = Analyte not reported 
*** = Insu f f i c ien t  Sample f o r  Radiochemistry Analyses 



Surface Water Total Radiochemistry Results 

for Regulated Units at Rocky Flats Plant 

BACKGROUND SURFACE WATER STATIONS - 1989 

Stat ion Date 
#umber Sampled 

Cesium 137 
pCi/gl 

T r i  t iun 
p c i / m l  

SUO4 
SUO4 

SUO5 
SUO5 

SUO6 
SUO6 
SUO6 
SUO6 

SUO7 
SUO7 

SUI04 

SUI07 
SUI07 

SUI 08 
SW108 
SUI08 
SU108 

03/02/89 
05/30/89 

02/28/89 
05/30/89 

02/24/89 
02/24/89 
02/24/89 
05/31 /89 

02/27/89 
05/31/89 

03/02/89 

02/28/89 
05/26/89 

03/02/89 
05/30/89 
05/30/89 
05/30/89 

-0.3 0.6 
DRY 

70 2 150 

-0.4 2 0.5 140 2 140 
Data not yet  received 

-0.1 2 0.5 
0.1 2 0.5 
0.2 2 0.5 80 2 150 

100 2 150 
100 2 150 

'Data not yet  received 

0.3 2 01.6 200 2 150 
Data not yet received 

-0.3 2 '0.6 50' 2 150 

0.0 2 0.6 70 2 140 
Data not yet  received 

-0.2 2 0.5 
Data not yet  #received 
Data not yet received 
Data not yet received 

120 2 150 

Notes: NR = Analyte not reported 
*** = Insu f f i c ien t  Sample f o r  Radiochemistry Analyses 



Surface Water Total Radiochemistry Results 

f o r  Regulated Units at Rocky F l a t s  Plant 

BACKGROUND SURFACE WATER STATIONS - 1989 

Station Date 
Number Sampled 

Gross Alpha 
,pCi/g 

Gross #Beta 

Pci/g 

Uranium 233, 234 
Pci/g 

Uraniun 235 
,pci/g 

sw41 03/01/89 
su41 05/26/89 

SW80 03/01/89 
SI280 05/24/89 

1 2 2  
Data not yet received 

250 2 140 
DRY 

2 2 2  

200 5 110 

0.11 2 0.1 

0.2 2 10.2 

0.0 2 0.1 

0.0 2 0.1 

Notes: NR = Analyte not reported 
*** = Insufficient Sample for  Radiochemistry Analyses 



Surface Water Total Radiochemistry Results 

for Regulated Units at Rocky Flats Plant 

BACKGROUND SURFACE WATER STATIONS - 1989 

Station Date 
Number Sampled 

'Uranium' 238 

p c i h  
Strontium' 89,908 

lpCi/g 

Plutonium 239 
pCi/g 

Americium 241 
pCil/g 

SU4 1' 03/01 /89 
SU4 1 05/26/89 

SU80 03/01/89 
SU80 05/24/89 

0.1 2 0.1 
Data not yet received 

0.3 2 0.2 
DRY 

0.2 5 0.5 

1.1 2 0.6 

0.00 2 0.02 

1.0 2 0.1 

0.02 2 0.03 

0.10 2 0.07 

Notes: NR = Analyte not reported 
*** = Insufficient Sample for  Radiochemistry Analyses 



Surface Water Total Radiochemistry Results 

for Regulated Units at Rocky Flats Plant 

BACKGROUND SURFACE WATER STATIONS - 1989 

Station IDate 
Number Sampled 

Cesium 137 

pCi/g 

Tritium 
pCi /ml  

sw411 103/01/89 
SW41i 05/26/89 

SW80 03/01 /89 
SW80 05/24/89 

-0.1 2 0.5 
Data not yet received 

12 2 2 
DRY 

1'00 5 140 

Notes: NR = Analyte not reported 
*** = Insufficient Sample for Radiochemistry Analyses 
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Total Metals Results f o r  

Sediment Stations at Rockwell l(Rocky Flats) 

1989 BACKGROUND SEDIMENTS 

Stat ion 
ULBnber 

SD022 
SD022 

SDO211 

SD020 

SD023 

SD004 
SD004 

SD016 

SD017 

SD018 

Date 
Sampled' 

Aluminum 
(At) ,  total ' 

W k g  

Arsenic 
(As), t o t a l  

mg/kg 

Bar i um 
(Ba), t o t a l  

mg/kg 

02/22/89 
02/22/89 

02/22/89 

02/22/89 

02/21/89 

02/21/89 
02/21/89 

02/23/89 

02/23/89 

02/23/89 

4560 
200 U' 

7110 

1620 

7440 

6850 
3070 

81 6 

549 

8080 

UR = Analyte not reported 
J = Present below detection l i m i t  

UR 
UR 

UR 

UR 

UR 

UR 

UR 

UR 

NR 

NR 

56.2 
200 UI 

171 

47.0 U 

82.1 

134 u 
49.3 u 

51.3 U 

50.0 U 

182 

U = Analyzed but not detected 
B = Present i n  laboratory blank 

IBeryl 1 i um Cadmi un Calcium Ces i um 
(Be), t o t a l  (Cd), t o t a l  (Ca), t o t a l  (Cs), t o t a l  

mg/kg w/kg  mg/kg mg/kg 

1.1 u 1.1 u 3870 228 U 

5.0 U 5.0 U 5000 U 1000 u 

1.8 U 1.8 U 52500 357 u 

1.2 u 11.2 u 1180 U 235 U' 

11.4 4.l 1.4 U 1810 283 u 

3.3 u 3.3 u 3340 U 669 u 
1.2 u 1.2 u 1230 U 247 U 

11.3 U 1.3 U 1280 U 257 U 

1.2 u 1'.2 NU 1250 U 250 IUI 

3.2 U 3.2 NU 11100 647 u 

E = Estimated value * = Holding time not met 
N = Batch spike not in 80-120% range 



Total Metals Results for 

Sediment Stations at Rockwell. (Rocky Flats) 

1989 BACKGROUND SEDIMENTS 

Station 
Number 

Date 
Sampled 

Chromium 
(Cr), total 
W k g  

sD022 
SDO22 

SDO2l' 

SD020 

SD023 

SD004 
SD004 

SD016 

SD017 

SD018 

02/22/89 
02/22/89 

02/22/89 

02/22/89 

02/2i/a9 

02/21/89 
02/21/89 

02/23/89 

02/23/89 

02/23/89 

~ 

16.5 
10.0 bl 

19.5 

2.4 IU 

10.8 

30.4 
11 .o 

3.5 

3.6 

15.3 

NR = Analyte not reported 
J = Present below detection limit 

'COba 1 t 
(Co), totab 
W k g  

11.4 U 

50.0 U 

1i7.9 U 

11.8 U 

1'4.1 U 

33.4 u 
12.3 U 

12.8 U 

12.5 U 

32.4 bl 

copper 
(CUI, total 
m/kg 

Si lver 
(Ag), total 
W k g  

Antimony 
(Sb), total 
W k g  

8.6 
25.0 U 

14.3 

5.9 u 

7.1 U 

22.0 
7.7 

6.4 U 

6.2 U 

16.2 U 

U = Analyzed but not detected 
B = Present in laboratory blank 

2.3 U 

10.0 u 

6.8 

2.4 U 

2.8 U 

6.7 U 

2.5 U 

2.6 U 

2.5 U 

6.5 U 

13.7 U 
60.0 U 

21.4 u 

14.1 U 

17.0 U 

40.1 U 

14.8 U 

15.4 U 

15.0 U 

38.8 U 

* = IHolding time not met 
N = Batch spike not in 80-120% range 

Iron 
(Fe), total 
m/kg 

Lead 
(Pb), total 
w/kg 

7920 
I00 u 

10600 

1040 

9110 

15000 
6900 

2290 

2280 

7490 

E = Estimated value 

NR 

NR 

NR 

INR 

NR 

NR 

NR 

NR 

NR 

NR 



Total Metals Results for 

Sediment Stations at Rockwell (Rocky Flats) 

1989 BACKGROUND SEDIMENTS 

Date 
Sampled 

Magnesim 
(Mg), t o t a l  

w / k g  

Mercury MolyWemm Nickel Potass im 
( Hg 1 , t o t a l  (Mol, t o t a l  (Nil), t o t a l  (K 1, t o t a l  

W k g  w / k g  m g / b  mg/kg 

NR 22.8 U 9.9 1140 U 

NR 100 ut 40.0 U 5000 U 

S ta t i on  
Number 

SD022 
SDO22 

SD021 

SD020 

SD023 

SD004 
SD004 

SDOl6 

SD017 

SD018 

Lithium 
(L i  I ,  t o t a l  

mg/kg 

22.8 U 
100 u 

Manganese 
CMn), t o t a l  

w / k g  

95.2 
15.0 u 

1380 
5000 U 

2490 

1180 U 

1530 

3340 U 
1230 u 

1280 U 

1250 U 

3240 U 

35.7 u; 105 NR 35.7 u 14.3 U 1790 U' 

NR 23.5 u 9.4 lil 1180 U 23.5 u 9.0 

NR 28.3 Ll 14.2 1410 u 02/21/89 28.3 lil 97.0 

NR 66.9 u 26.8 Ll 3340 U 
NR 24.7 U 9.9 u 1230 U 

02/21 /89 
02/21 /89 

66.9 u 
24.7 U 

303 
139 

NR 25.7 u 10.3 U 1280 u 02/23/89 25.7 u 139 

25.0 U 179 NR 25.0 U 10.0 u 1250 U 

64.7 u 57.3 NR 64.7 u 25.9 U' 3240 U 

NR = Analyte not reported U = AnaL'yzed but not detected 
B = Present in  laboratory blank J = Present below detect ion l i m i t  

= Holding time not  met 
N = Batch spike not in  80-120% range 

E = Estimated value 



Total Metals Results fo r  

Sediment Stations at Rockwell (Rocky Flats) 

1989 BACKGROUND SEDIMENTS 

Station 
Number 

Date 
Sampled 

SDOU 
SD022 

SD021 

SD020 

SD023 

SD004 
SD004 

SD016 

SD017 

SD018 

02/22/89 
02/22/89 

02/22/09 

02/22/09 

02/21/09 

02/21 /09 
02/21/09 

02/23/09 

102/23/09 

02/23/09 

11140 U 
5000 U 

1790 u 

1180 U 

1410 U 

3340 U 

1230 U 

1280 U 

1250 U 

3240 ul 

Seleni urn S t  ront i m Thal l iun Tin Vanadi m Zinc 

(Se), t o t a l  (Sr), t o t a l  ( T I  1, t o t a l  (Sn), Total (V 1, t o t a l  (Zn), t o t a l  

mg/kg W k g  m/kg  m/kg m/kg  m/kg  

NR 25.2 NR 22.8 U 13.4 35.7 
NR 100 u NR 100 u 50.0 U 20.0 u 

NR 175 NR 35.7 u 17.9 U 43.2 

NR 23.5 U NR 23.5 U 11.8 U 6.5 

NR 20.3 U INR 28.3 U 20.6 22.0 

NR 66.9 u 
NR 24.7 U 

NR 66.9 u 33.4 IU 70.3 
NR 24.7 U 12.9 26.0 

NR 25.7 U NR 25.7 U 12.8 U 8.7 

INR 25.0 U NR 25.0 U 12.5 U 9.3 

NR 74.2 NR 64.7 u 32.4 'U 37.2 

NR = Analyte not reported U = Analyzed but not detected 
B = Present i n  laboratory blank 

* = Holding time not met 
N = Batch spike not i n  80-120% range 

E = Estimated value 
J = Present belou detection l i m i t  



Total Metals Results fo r  

Sediment Stations at Rockwell (Rocky Flats) 

1989 BACKGROUND SEDIMENTS 

Stat ion 
Number 

SDOl9 

Date 
Sampled 

Aluminum Arsenic Barium Beryl 1 i um Cacbni um Calcium Cesiun 

( A l l ,  t o t a l  (AS), t o t a l  (Ea), t o t a l  (Be), t o t a l  (Cd), t o t a l  (Ca), t o t a l  (cs), t o t a l  

W k 9  W k g  W k g  mg/kg mg/kg mg/kg W k g  

02/23/89 21600 

NR = Analyte not reported 
J = Present below detection l i m i t  

1NR 140 U 

U = Analyzed but not detected 
E = Present in  Laboratory blank 

3.5 UI 3.5 u 9220 

* = Holding time not met 
N = Batch spike not i n  80-120% range 

NE = Estimated value 

702 U 



Total Metals Results f o r  

Sediment Stations at Rockwell (Rocky Flats) 

1989 BACKGROUND SEDIMENTS 

Stat ion Date 
Nwlber Sampled 

Chromium Coba 1 t Copper S i l ver  Antimony Iron Lead 
(Cr), t o t a l  (Co), t o t a l  (Cu), t o t a l  (Ag), t o t a l  (Sb), t o t a l  (Fe), t o t a l  (Pb), t o t a l  

W k g  W k g  W k g  m/kg  W k g  W k g  W k g  

SD019 02/23/89 22.5 

NR = Analyte not reported' 
J = Present Ibelow detection l i m i t  

35.11 U' 20.2 

U = Analyzed but not detected 
B = Present i n  llaboratory blank 

7.0 8.J 42.1 U 

* Holding time not met 
NI = Batch spikelnot i n  80-120% range 

22500 

E = Estimated value 

NR 



Total Metals Results for 

Sediment Stations at Rockwell (Rocky Flats) 

1989 BACKGROUND SEDIMENTS 

Stat ion Date 
Number Sampled 

ILithium 
( L i  1, t o t a l  

mg/kg 

SD019 

NR = Analyte not  reported 
J = Present belou detection l i m i t  

70.2 U 

Magnesi un 
(Mg), total ' 

mg/kg 

4110 

'Manganese 
(Mn) , t o  t a  I 

mg/ kg 

Mercury 
(Hg), t o t a l  

mg/kg 

IMolybdenum 
(Mol, t o t a l  

mg/kg 

Nickel 
( N i l ,  t o t a t  

W k g  

Potassium 
(K ), t o t a l  

mg/kg 

180 

U = Analyzed but not detected 
B = Present i n  laboratory blank 

NR 70.2 U 

* = Holding1 t i m e  not met 
N = Batch spike not in  80-120% range 

29.9 

E = Estimated value 

3510 U 



Total Metals Results f o r  

Sediment Stations at Rockwell (Rocky Flats) 

1989 BACKGROUND SEDIMENTS 

Zinc Vanadium Stat ion Date Sodium Seleniun S t  ront i un The1 1 i u n  Tin 
Number Sampled (Na), t o t a l  (Se), t o t a l  ( S r l ,  t o t a l  ( T I  1, to ta  1 (Sn), Total (V 1, t o t a l  (Zn), t o t a l  

w / k g  w/kg  m/kg  W k g  w / k g  W k g  w / k g  

SD019 02/23/89 3510 U NR 70.2 U NR 70.2 u 50.2 48.3 

NR = Analyte not reported 
J l =  Present below detection l i m i t  

U = Analyzed but not detected 
B = Present i n  laboratory blank 

* = Holding1 time not met 
N = Batch spike not i n  80-120% range 

E = Estimated value 
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Sediment Inorganic Results 

For Stations at Rockwell (Rocky Flats) 

1989 BACKGROUND SEDIMENTS 

Sta t i on  Date 
Number 

SDO22 
sD022 

SDO2l' 

SD020 

SDO23 

SDOO4 
SD004 

SD016 

SD017 

SD018 

INotes: 

Sampled 

02/22/89 
ou22/a9 

02/22/89 

02/22/89 

02/21/89 

02/21/89 
02/21/89 

02/23/89 

02/23/89 

02/23/89 

Total Dissolved Solids 
NA 

INR 

Ni t ra te+ 
Ch Lori de N i  t r i t e - N i  trogen Sul fa te H C03 - 

MG/KG IG/KG MG/KG MG/KGi 

NR 2.1 tu NR NR 

INSUFFICIENT SAMPLE FOR INORGANIC ANALYSIS 

NR NR 

NR 1NR 

NR NR 

NR NR 
NR NR 

NR NR 

NR NR 

NR 1NR 

2.7 U 

1.4 U 

1.4 U' 

1.3 U 

1.3 U 

1.4 U 

1.4 U 

2.9 U 

NR = Analyte not reported U = Analyzed but not detected 
B = Present in laboratory blank J = Present lbelou detect ion l i m i t  

NR 

NR 

NU 

NU 

NR 

NR 

NR 

NR 

NR 

NR' 

NR 

NR 

NR 

NR 

NR 

NR 



Sediment Inorganic Results 

For Stations at Rockwell (Rocky Flats) 

1989 BACKGROUND SEDIMENTS 

Sta t i on  Date 

Number Sampled 
w3= 

MG/KG 
PH' 

pH U n i t  

Total Organic Carbon, Fluoride 
MG/KG IMG/KG 

Sul f ide 

MG/KG 

SDO22 02/22/89 
SD022 02/22/89 

INR 7.7 
INSUFFICIENT SAMPLE FOR INORGANIC ANALYSIS 

NR 'NR NR 

'NR ;NR SDOZl' 02/22/89 NR 7.9 NR 

SDO20 02/22/89 'NR 7.7 NR NR 'NR 

SD023 02/211/89 'NR 6.1 NR NR NR 

INR 
NR 

SD004 02/21/89 
SD004 02/21/89 

NR 

NR 
7.0 
7.2 

NR 
NR 

NR 
NR 

SD016 02/23/89 NR 7.3 NR ,NR NR 

SD017 02/23/89 NR 7.3 NR NR NR 

NR SD018 02/23/89 INR 6.9 NR NR 

Notes: 1NR Anal'yte not reported 
J = Present below detection l i m i t  

U Analyzed but not detected 
B = Present in  laboratory blank 



Sediment Inorganic Results 

For Stations at Rockwell! (Rocky Flats) 

1989 BACKGROUND SEDIMENTS 

Hexavalent 
Cheomim (Cr+6) 

NA 

Stat ion Date 
'Number Sampled 

Cyanide, Total 
MG/KG 

Specif ic Conductance Suspended Solids 
NA NA 

Turb id i ty  
NA 

SD022 02/22/09 
SD022 02/22/89 

NR NR 

INSUFFICIENT SAMPLE FOR INORGANI'C ANALYSIS 
NR NR NR 

SD021 02/22/89 NR NR NR NR NR 

SDOZO' 02/22/89 NR NR NR NR NR 

SD023 02/21/89 NR NR NR NR NR 

INR 
'NR 

NR 
NR 

SD004 02/21/89 
SD004 02/21/89 

'NR 
NR 

NR 
NR 

1NR 

1NR 

NR SD016 02/23/89 INR NR 'NR NR 

SD017 #02/23/89 NR NR NR NR 1NR 

SD018 02/23/89 NR NR NR INR NR 

Notes: NR = Analyte not reported 
J = Present below detect ion l i m i t  

U = Analyzed but not detected 
B = Present i n  laboratory blank 



Sediment Inorganic Results 

For Stations at Rockwell (Rocky Flats) 

1989 BACKGROUND SEDIMENTS 

Station 
Number 

Date 
Sanpled 

Sol ids 
% 

SD022 
S D O U  

sDO211 

SD020 

SD023 

SDOO4 
SD004 

SDOl6 

SD017 

SD018 

Notes: 

02/22/89 
02/22/a9 

02/22/89 

02/22/89 

02/211/89 

02/21/89 
02/21/89 

02/23/89 

02/23/89 

02/23/89 

47.9 

Imgni tabi 1 i t y  Phosphate O i l  and Grease 
MG/KG Degrees F. MG/KG 

NR NR NR 

INSUFFIC IENT SAMPLE FOR INORGAY~IC ANALYSIS 

36.9 NR 

72.3 NR 

70.5 NR 

79.8 NR 
75.7 NR 

70.0 NR 

70.2 INR 

34.8 NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR = Analyte not reported U = Analyzed but not detected 
B = Present i n  laboratory blank J = Present belou detection l i m i t  

NR 

NR 

NR 

NR 
NR 

NR 

NR 

NR 



Sediment Inorganic Results 

For Stations at Rockwell (Rocky Flats) 

1989 BACKGROUND SEDIMENTS 

Nitrate+ 
Station Date Total Dissolved Solids Chloride N i t  r i  te-Ni trogen Sulfate HC03- 

Number Sampled NA MG/KG MG/KG MG/KG MG/KG 

-- 
SD019 02/23/89 NR NR 1.8 U NR NR 

Notes: NR = Analyte not reported 
J = Present ibelow detection l i m i t  

u = Analyzed but not detected 
B = Present i n  laboratory blank 



Sediment Inorganic Results 

For  Stations at Rockwell (Rocky Flats) 

1989 BACKGROUND SEDIMENTS 

Station Date CO3= 
Number Sampled MG/KG 

PH 
pH Unit 

Total Organic Carbon Fluoride 
IMG/KG MG/KG 

Sulfide 
MG/KG 

SD019 02/23/89 NR 7.0 'NR NR NR 

Notes: NR = Analyte not reported 
J = Present below detection l i m i t  

U = Analyzed but not detected 
B = Present i n  Laboratory blank 



Sediment Inorganic Results 

For Stations at Rockwell (Rocky Flats) 

1989 BACKGROUND SEDIMENTS 

Station Date 
Number Sampled 

Cyanide, Total 
MG/KG 

Hexavalent 
Chromium (Cr+6)  

NA 
Specific Conductance Suspended Solids 

NA NA 
Turbidity 

INA 

SO019 02/23/89 NR 

Notes: NR = Analyte not reported 
J = Present belou detection L i m i t  

NR NR 

U = Analyzed but not detected 
B = Present in laboratory blank 

NR NR 



Sediment Inorganic Results 

For Stations at Rockwell (Rocky Flats) 

1989 BACKGROUND SEDIMENTS 

Station iDate Solids 
Number Sampled x 

O i l  and Grease lgni tabi 1 i t y  Phosphate 
MG/KG Degrees f .  MG/KG 

a019 02/23/89 57.1 NR NR NR 

Notes: NR = Analyte not reported 
J = Present below detection l i m i t  

U = Analyredlibut not detected 
B = Present in laboratory blank 
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Sediment Total Radiochemistry Results 

fo r  Stations at Rocky Flats Plant 

1989 BACKGROUND SEDIMENTS 

Stat i on 
Number 

SD022 
SD022 

SDO21 

SDO2O 

SD023 

SD004 
SD004 

SD016 

SD017 

SD018 

SD019 

Date 
Sampled 

02/22/89 
02/22/89 

02/22/89 

02/22/89 

0212 11/89 

02/21 189 
02/21 189 

02/23/a9 

02/23/89 

02/23/89 

02/23/89 

Gross Alpha 

pCi/g 

13 2 13 
0 2 1  

24 2 15 

4 2 12 

40 2 15 

25 2 13 
48 2 16 

20 2 13 

31 2 15 

35 2 14 

39 5 15 

Gross Beta 

pCi/g 

25 2 6 
-1 2 2 

24 2 6 

20 2 6 

31 2 6 

35 2 6 
33 2 6 

39 2 6 

40 2 7 

23 2 6 

29 2 6 

uranium 233, 234 
pCi/g 

0.6 2 0.1 
0.1 2 0.1 

1.2 2 0.1 

0.5 2 0.1 

1.2 2 0.2 

1.1 2 0.3 
1.0 2 0.2 

0.5 2 0.2 

0.5 2 0.1 

0.7 2 0.2 

0.9 2 0.2 

Uranium 235 

pCi/g 

0.0 2 0.1 
0.0 2 0.1 

0.0 2 0.1 

0.0 2 0.1 

0.1 2 0.1 

0.0 2 0.1 
0.1 2 0.1 

10.0 2 0.1 

0.11 2 0.1 

0.0 2 0.1 

0.1 2 0.1 

Notes: NR = Analyte not reported 
*** = Insuff ic ient  Sample for Radiochemistry Analyses 



Sediment Total Radiochemistry Results 

f o r  Stations at Rocky Flats Plant 

1989 BACKGROUND SEDIMENTS 

Stat i on 
Number 

SDO22 
SDO22 

SD021 

SDO2O 

SD023 

SDOO4 
SD004 

SD016 

SD017 

SD018 

S D O l 9  

Date 
Sampled 

02/22/89 
02/22/89 

02/22/89 

02/22/89 

02/21/89 

02/21 /89 
02/21 /89 

02/23/89 

02/23/89 

02/23/89 

02/23/89 

Uranium 238 

P C i h  

0.5 2 0.1 
0.0 2 0.1 

1.1 2 0.1 

0.4 2 0.1 

1.3 2 0.2 

1.0 2 0.2 
1.0 2 0.2 

0.6 2 0.2 

0.5 2 0.1 

0.5 2 0.2 

1.1 2 0.2 

0.1 2 0.5 
0.3 2 0.4 

0.8 2 0.7 

-0.11 2 01.4 

08.3 2 0.7 

0.6 2 0.9 
O'.O 2 0.8 

-0.6 2 0.7 

-0.2 2 0.6 

0.4 2 0.7 

PLutonium 239 
PCi/g 

Americium 241 

pCi/g 

0.0'11 2 0.02 
0.02 2 0.03 

0.08 2 0.02 

0.00 5 0.02 

0.01 2 0.02 

0.00 2 0.02 
0.00 5 0.02 

0.00 2 0.02 

0.01 2 0.02 

0.03 2 0.02 

0.04 2 0.03 

0.00 2 0.02 
-0.01 2 0.03 

0.00 2 0.02 

-0.01 5 0.02 

-0.01 2 0.02 

0.011 2 0.03 
-0.01 2 0.02 

-0.011 5 0.02 

-0.01 2 0.02 

0.02 2 0.04 

0.00 2 0.02 

Notes: NR = Analyte not reported1 
*** = Insuff ic ient  Sample for Radi'ochemistry Analyses 



Sediment Total! Radiochemistry Results 

for  Stations at Rocky Flats Plant 

1989 BACKGROUND SEDIMENTS 

Station Date 
INLonber Sampled 

Cesium 137 
pCi/g 

Tritium 
ipCi/ml 

SD022 
SD022 

02/22/89 
02/22/89 

0.0 2 0.1 
-0.1 % 0.6 

0.15 % 0.14 
240 2 150 

SD021 02/22/89 '0.4 2 0.1 0.32 2 0.15 

0.31 2 0.15 SD020 02/22/89 0.0 2 0.1 

SD023 02/21/89 0'20 z 0.1 0.22 2 0.15 

SD004 
SD004 

02/21/89 
02/21 /89 

0.0 2 0.1 
0.0 2 0.1 

01.20 2 0.15 
0.09 2 0.14 

SD016 02/23/89 O'.O 2 0.1 0.13 2 0.14 

SD017 102/23/89 0.0 2 01.11 0.20 2 0.14 

0.12 2 0.14 SD018 

SDOl9 

02/23/89 

02/23/89 

0.4 2 0.11 

1.4 2 0.1 0.18 2 0.14 

Notes: NR = Analyte not reported 
*** = Insufficient Sample for Radiochemistry Analyses 
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