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Summary 

A new groundwater monitoring well (699-37-47A) was installed in 1996 asa  downgradient ground- 
water monitoring well near the PUREX Plant Cribs Treatment, Storage, and Disposal (TSD) Facility at 
the Hanford Site, located in southeastern Washington State. This document provides data from the well 
drilling and construction operations, as well as data from subsequent characterization of groundwater and 
sediment samples that were collected during the drilling process. The data include the following: 

Well construction documentation 

Geologist's borehole logs 

Results of laboratory analysis of groundwater samples collected during the drilling process 

Results of laboratory analysis of physical tests conducted on sediment samples collected during the 
drilling process 

Borehole geophysics 

Results of aquifer testing including slug tests and flowmeter analysis. 

Well 699-37-47A was constructed in support of the Hanford Federal Facility Agreement and Consent 
Order (Tri-Party Agreement) milestone M-24-00H and interim milestone M-24-35 (Ecology et al. 1994), 
and was funded under Project W-152. The work to prepare this data package was performed by Pacific 
Northwest National Laboratory for the U.S. Department of Energy under Contract DE-ACO6-76RLO- 
1830. 
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1.0 Introduction 

A new groundwater well (699-37-47A) was installed in 1996 as a downgradient monitoring well near 
the PUREX Plant Cribs Treatment, Storage, and Disposal (TSD) Facility at the Hanford Site, located in 
southeastern Washington State (Figure 1). The PUREX Cribs TSD includes cribs 21 6-A-3 6B, 2 16-A-10, 
and 216-A-37-1. This document provides data from the well drilling and construction operations, as well 
as data from subsequent testing of groundwater and sediment samples that were collected during the 
drilling process. Well 699-37-47A (hereafter called the well) was constructed in support of the Hanford 
Federal Facility Agreement and Consent Order (Tri-Party Agreement) milestone M-24-OOH and interim 
milestone M-24-35 (Ecology et al. 1994) and was funded under Project W-152. The work to prepare this 
data package was performed by Pacific Northwest National Laboratory (PML) for the U.S. Department 
of Energy under Contract DE-AC06-76RLO-1830. 

The well will enhance the existing groundwater monitoring network used to assess groundwater 
contamination plumes emanating from cribs that were used to dispose of wastewater from PUREX 
operations. In addition, the borehole made during the well installation process was designed to provide 
geologic and hydrologic information on the complete thickness of the upper aquifer system (Delaney 
et al. 1991). Besides well installation, specific objectives during the well drilling process included the 

. 

following: 

Characterize the stratigraphy and sediments by geologically logging the drill cuttings axid sediment 
samples collected, collecting sediment samples in the upper aquifer system for testing in the 
laboratory (e.g., grain-size analysis, saturated hydraulic conductivity, effective porosity, calcium 
carbonate content, and specific gravity), and geophysically logging the borehole. 

Collect groundwater samples throughout the upper aquifer system and analyze for all suspected 
PUREX cribs groundwater contamination. . 

The hydrogeology of the southeastern portion of the 200 East Area where the PUREX Cribs q e  
located is described in Connelly et al. (1992), Lindberg et al. (1993), Kasza (1994), and Lindsey et al. 
(1992). The approved design, data quality objectives, and justification for the well are provided in 
Votava et al. (1996). The well was constructed to the specifications described in WHC (1990). Other 
specific procedures for well drilling and installation and related activities are in WHC (1988,1992). 
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WASHINGTON 

Figure 1. Location of Well 699-37-47A 
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2.0 Drilling and Well Installation . 

The well was spudded in on August 20,1996. Total depth (TD) was reached October 11,1996 at 
525.5 fl?) below ground surface (bgs). All well structures were installed by November 5, 1996, including 
permanent stainless steel casing and screen, annular seals, surface seal, pad, and posts. A cement seal 
was placed in the abandoned portion of the borehole from 365 to 410 ft to prevent any inter-aquifer flow 
of groundwater across the Ringold Formation lower mud unit as a localized confming layer. After the 
well was completed, well development occurred on November 7, slug testing on November 8, flowmeter 
testing on November 11-13, and sampling pump installation and testing from November 14-19, 1996. 
The well was sample-ready on November 19,1996. Appendix A provides some of the pertinent 
documentation about well drilling and construction. 

Drilling was accomplished with a rotary drilling rig (DrillTech DH-2) that was set up with a Sandvig 
acentric bit and casing driver device (TUBEX trademark) capable of drilling a hole slightly larger than 
the temporary casing that followed. Temporary carbon steel casing with threaded joints was driven 
immediately behind the bit by the down-hole pneumatic hammer. The first string of casing was 
10 314 in. in diameter and was driven to 306 ft. The second set of temporary casing (8 518 in. dia.) 
was inserted inside the fvst set and then continued to TD at 525.5 ft. 

The borehole for well 699-37-47A was drilled completely through the Hanford formation, Ringold 
Formation, and 9.5 ft (3 m) into the uppermost basalt flow. The well site geologist recorded sediment 
descriptions derived from drill cuttings and samples collected by split spoon and coring. These descrip- 
tions are on the Borehole Log and Well Summary Sheet, which are in Appendix B. The following 
geologic units were encountered: 

Eolian silty sand 0 - 3 f t  
Hanford formation, sand and sandy gravel 3-285ft  
Ringold Formation 

,Upper Ringold unit, silty sand 
Unit E (Upper Coarse), sandy gravel 
Lower mud unit, clayey silt 
Unit A (Basal Coarse), sandy gravel 

285 - 310 ft 
310 - 367 ft 
367 - 412 ft 
412 - 516 ft 
516 ft- TD (525.5 ft) Columbia River Basalt, Yakima Basalt, 

Saddle Mountains Basalt Formation, 
Elephant Mountain Member 

(a) Non-metric units are still in common usage in drilling and drilling-related activities. In most cases 
non-metric units are used in this data'package with metric equivalents added where appropriate. 
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Saturated sediments were first encountered at 3 1 1 to 3 12 ft of drill depth. However, after L-illing 
through the Ringold Formation lower mud unit (a local confining layer), the water level in the well-bore 
rose to 308 ft. 

-~ ~~ 

361 (unit E) BOJ7C1, BOJ7C2 

423 (unit A) BOJ7C5, BOJ7C6 

Six groundwater samples were collected during the drilling operations to assess the vertical nature of 
any contaminant plumes. Three of the groundwater samples were collected at intervals above the 
Ringold Formation lower mud unit and three were collected below it. The-groundwater samples were 
collected at drill depths listed in Table 1. 

_ _ ~ ~  ~ 

462 (unit A) 

503 (unit A) 

At times during drilling and coring, water had to be added to facilitate the drilling process. A brom- 
ide tracer (sodium bromide) was added to the drilling and coring water at a strength of 50 ppm for later 
well purging purposes. The concern was that added water would dilute groundwater samples thereby 
diluting any contaminants in the samples. ' By adding the tracer and then testing for the tracer during well 
purging (immediately before collecting each groundwater sample), the sampling team could determine 
when enough groundwater had been purged such that the groundwater sample was representative. Fur- 
thermore, the samples themselves were checked for bromide during laboratory analyses. Bromide was 
not detected in any of the samples. 

1 

~ ~~ 

BOJ7C7, BOJ7C8 

BOJ7C9, BOJ7DO 

In order to retrieve intact sediment samples during the drilling process, sampling by split spoon and 
coring were attempted six times. Each method was attemptedthree times. All three attempts at sam- 
pling with the split spoon were in sandy gravels of the Ringold Formation and were successful in 
retrieving sediment. However, one of the three samples was not intact after retrieval to the surface. Of 
the three attempts at coring, only one was successful and that was in the muds of the Ringold Formation 
lower mud unit. The other two attempts at coring were in the sandy gravels, which plugged the core 
barrel and kept it from filling properly. Therefore, four sediment samples were successfully retrieved 

Table 1. Drill Depths in Which Groundwater Samples were Collected 

I 327 (unit E) I BOJ7B9, BOJ7CO I 
I 341 (unit E) I BOJ7C3, BOJ7C4 

~ 

(a) Water table 3 12 ft (unit E), Ringold Formation . 

Lower Mud Unit 367-412 ft, Basalt Contact 516 ft. 
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and sent to the soils laboratory for analysis. Table 2 provides information about the samples including 
the sample numbers, depth collected, geologic unit, and whether or not sediment was recovered. 

A sample of lower mud unit was sent in for X-ray diffraction (XRD) analysis in order to identify the 
minerals comprising b e  mud unit. Rock cuttings from the basalt bedrock encountered at TD were sent 
to the laboratory for X-ray fluorescence (XRF) analysis in order to verify that it was the Elephant 
Mountain Member. 

The vertical position of the permanent well screen was selected after drilling was completed (and 
before results of water testing were obtained) based on information obtained during the drilling process. 
A water table position was selected for the screen because the sediments immediately below the water 
table were highly conductive and probably would have the greatest potential for containing groundwater 
contamination from the PUREX Cribs. The screen selected was 30 f t  (9.1 m) long with a slot size of 
0.02 inches (20 slot or 0.5 1 mm). The longer than usual screen was chosen to provide a longer well life 
as the water table recedes. The Well Summary Sheet (Appendix B) is an as-built diagram showing the 
well structures to scale. 

After the well was installed, the well location and elevation of the brass cap and top of casing were 
surveyed. The location was surveyed to the 200 East Area (ft) and Lapbert WCS83S/91 (m) systems. 
Vertical control was surveyed to the NAVD 88 Datum (ft and m). The survey data report is in Appen- 
dix A. 

1 Depth@) 

' 325-327 
I 

360-365 

37 1-375 

420-422 

46 1-462 

501-503 

Table 2. Sediment Samples Collected By Coring or With Split Spoon 

Sample Geologic Unit/Sediment 
Type Number Type 
Split BOJ5Y5 Ringold Formation, Unit E, 
Spoon Sandy Gravel 

Core *******************NOT RECOVER 

Core BOJ5Y6 Ringold Formation, Lower 
Mud Unit 

~~~ 

Ringold Formation, Unit 
Spoon A, Sandy Gravel 

~ ~ 

Ringold Formation, Unit 
Spoon A, Sandy Gravel 

I 

I 

Analyses Request 

Grain Size Distribution, CaCO,, not 
intact 

. . . . . . . . . . . . . . . . . . . . .  

Sat. K, Effec. Por., Grain Size 
Distribution, CaCO;, Spec. Grav. 

Sat. K, Effec. Por., Grain Size 
Distribution, CaCO,, Spec. Grav. 

Sat. K, Effec. Por., Grain Size 
Distribution, CaCO,, Spec. Grav. 

. . . . . . . . . . . . . . . . . . . . .  
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3.0 Quality Assurance 

The Quality Assurance requirements for wells constructed under Project W- 152 are described in 
WHC (1992). First-line verification of well construction aspects that support groundwater monitoring 
wells "fitness-for-use" determination is performed by the well site geologist and is documented in the 
Well Construction Verification Report. Westinghouse Hanford Company (WHC) Liquid Effluent 
Services Quality Assurance staff pexformed Quality Assurance surveillance on the well. The surveil- 
lance activity consisted of spot checks of various attributes such as equipment decontamination, per- 
sonnel qualifications, drilling process, construction materials, materials storage, safety requirement 
compliance, waste handling, documentation, and drilling logs. All of the surveillance results were 
satisfactory. No nonconformances were noted or reported during-the construction of this well. 

The surveillance reports issued for this well include numbers LESQA-96-007, LESQA 97-001 
(Appendix A) and LESQA-97-002. These reports and other records (e.g., chain-of-custody forms, 
decontamination records, and daily field records) are on file with PNNL, and the Hanford Site Records 
Holding Center. 
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4.0 Results of Groundwater and Sediment Analysis 

The following sections discuss results of analyses on groundwater and sediment samples collected 
while drilling the well. 

4.1 Contaminants Detected in Groundwater Samples 

Results of analyses on the groundwater samples collected while drilling well 699-37-47A are in 
Appendix C. In summary, the following constituents were detected in the groundwater samples: 

Total Organic Carbon 
Ammonia 
Arsenic 

Manganese 
Nitrate 
Strontium 

Barium 
Chromium 
Fluoride 
Gross Alpha 
Gross Beta 
Iodine- 129 
Iron 

Strontium-89/90 
Sulfate 
Technetium-99 
Tritium 
Uranium 
Vanadium 
zinc 

Most of the above constituents are in low concentrations. However, several exceed drinking water 
standards. Those constituents are: 

Arsenic (one sample, in most shallow Ringold Formation unit A sample) 
84.8 pg/L (MCL = 50 pg/L) 

Gross Alpha (three samples, correlated to uranium) 
150,232,123 pCi/L (proposed MCL = 15 pCi& excluding uranium) 

Iodine129 (one sample, deepest of Ringold Formation unit E samples) 
3.7 pCi/L (proposed MCL = 1.0 pCi/L) 

Iron (one sample, in deepest sample from Ringold Formation unit A) 
. 593 pg/L (MCL = 300 pa) 

Manganese (three samples, all three from Ringold Formation unit A) 
67.6,121,132 pg/L (MCL = 50 pgL) 

Uranium (three samples, all three from Ringold Formation unit A) 
220,395,197 pg/L (proposed MCL = 20 p a )  
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Isotopic uranium analyses (Appendix C) on the three samples collected in Ringold Formation unit A 
revealed that 236U was probably not detected. Peaks of "6U were indistinguishable from 235U peaks. 
Activity ratios of 234U to "'U ranged from 1.58 to 1.92. Activity ratios-of ='U to 238u ranged from 0.04 to 
0.05. These results are consistent with a natural uranium source. 

Sampling CaCO, 
Depth (ft) and General Grain Content Sat. K Effect. Porosity 

Number Size (wt.%) (cdsec) Porosity (%) (%) 

325-327 Sandy Gravel <1 NA(~) NA NA 
BOJ5Y5 

37 1-375 Clayey Silt -4 3E-7 0.37 0.41 
BOJ5Y6 

420-422 Slightly Silty 4 1E-4 0.11 0.28 
.BO J5Y 7 Sandy qave l  

461-462 Slightly Silty -4 2E-3 0.04 0.25 
BOJ5Y8 Sandy Gravel 

4.2 Results of Laboratory Analyses of Sediments and Rock 

Specific 
Gravity 
(s/cm3) 

NA 

2.7 1 

2.72 

2.70 

Table 3 summarizes the results (Appendix D) of laboratory testing of sediment collected by coring 
and driving the split spoon sampler. 

The sample of Ringold Formation lower mud unit clayey silt that was sent to the laboratory for X-ray 
diffraction analysis was from 374.1 ft of drill depth and was retrieved by coring. The results of sediment 
and rock analyses (Appendix D) show that the specimen contained the following minerals: 

Qu- 70% 
Plagioclase feldspar 20% 
Muscovite (or Illite-type clays) <lo% 
Chiorite (or Vermiculite-type clays) 4% 

Chips of basalt bedrock that were sent to the laboratory for X-ray fluorescence analysis were from a 
drill depth of 517 to 525 ft. The results are in Appendix D. The percentages of elements (expressed as 
oxides) present (in weight percent) indicate that the chips represent the Elephant Mountain Member of * 

. Table 3. Summary of Results of Laboratory Tests on Sediment 
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the Saddle Mountains Basalt Formation. The key elements that differentiate this member from other 
Saddle Mountains Basalt members are TiO, and P205. The TiO, result is around 3.5%, which is higher 
than typical Columbia River Basalt members and well above what would be expected for the Pomona 
Member (1.5 - 2.0%) and Esquatzel Member (3.0 to 3.1%), which underlie the Elephant Mountain 
Member. Similarly, the result for P205 is about 0.6%, which is typical of the Elephant Mountain Mem- 
ber but not for the Pomona and Esquatzel members where P205 is approximately 0.23% and 0.41%, 
respectively. 
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5.0 Borehole Geophysics 

Borehole geophysics, consisting of the radiological logging system (RLS) spectral gamma tool, was 
run on August 23,1996, from ground surface to 300 ft bgs and on October 14,1996, from 300 ft to TD 
(525 ft). These two logging runs were conducted to accommodate the two strings of temporary casing 
that were used to drill the borehole to TD. After tlie hole was drilled to 306 ft and before the second set 
of temporary casing was installed, the first geophysical run was made. The second run was made to TD. 
Copies of the geophysical logs are included in Appendix E. 

Geophysical log results are used, along with the geologic and hydrologic results, to characterize the 
subsurface. Specifically, the total gamma curve is used to correlate geologic units, define formation con- 
tacts and lithologic changes, and indicate radiological anomalies. When combined with other hydrogeo- 
logic data results, geophysical logs provide a confidence tool for improved subsurface hydrogeologic 
interpretations consisting of visual-continuous type curves, more accurate depth correlations, and 
consistent and objective cross borehole correlations. 

Based on the geophysical log correlation, the contact between the Hanford formation and the Ringold 
Formation upper fine unit is at 285 f t  bgs. The Ringold Formation unit E begins at 3 12 ft bgs and 
extends to the top of the Ringold Formation lower mud unit at 365 ft. The base of the lower mud unit 
and the top of the Ringold Formation unit A is at 414 ft. The top of the Elephant Mountain Basalt Mem- 
ber is at a depth of 517 ft. The water table was encountered at 3 12 ft and is within the Ringold Forma- 
tion unit E sandy gravel. 

A uranium anomaly was identified in the uranium spectral and total gamma curves at a depth interval 
of 410 to 420 ft. The uranium averages 2.5 to 3.0 pCi/g, which is three times higher than the background 
level (approximately 1 pCVg). This anomaly is associated with the upper 8 ft of the Ringold Formation 
unit A and the less permeable silts of the overlying Ringold Formation lower mud unit. Independent 
water sample analyses confirm elevated uranium at these depths (Section 4.1). 

Formation contact depths selected from the geophysical logs are slightly different than those selected 
from the geological logs (Appendix B). The geophysical logs are considered more accurate than the 
geological logs due to the depth determination inaccuracies that are associated with the drill cuttings 
removal process during drilling. Also, the interpreted geophysical logs have been corrected for various 
borehole effects, including signal attenuation due to multiple casing strings and saturated sediments 
below the water table and log run depth overlap. 
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6.0 Aquifer Testing 

Pump discharge rate and the drawdown versus time were recorded during well development in order 
to provide a very simple, single-well pumping test. Those data were recorded on the daily Field Activity 
Forms and Aquifer Test Data Sheets and are in Appendix F. The data suggest that the transmissivity of 
Ringold Formation unit E in the immediate vicinity of the well is high. 

After the well was developed, a slug test was performed. The results are in Appendix F. Six slug 
withdrawal tests were conducted with sluggihg rods of three separate volumes (two tests with each 
volume). All six slug tests exhibited complete recovery patterns within approximately 5 seconds, indi- 
cating that the Ringold Formation unit E, where the well is located, exhibits high transmissivity. Based 
on the overall better type-curve match results obtained while using a slugging rod of 0.414 fF (the 
slugging rod with the greatest volume), best-estimate values for hydraulic conductivity and trans- 
missivity are 196.4 Wd and 1 1,000 ff/d, respectively, for the unconfined aquifer in proximity to the well. 
However, because of the very rapid recovery times these estimates should be considered very qualitative. 

The last test conducted on the newly constructed well was a flowmeter test. On November 11-13, 
1996, the K-Y Associates flowmeter was used to help determine flow direction and flow rate in the 
screened portion of the aquifer. The flowmeter analysis was conducted at five separate depths below the 
water table (Table 4). The results (Appendix F) show that near the water table the flow direction is to the 
southeast at a moderate flow rate. However, with increasing depth in the screen, the flow direction shifts 
to the northeast and flow rate increases (Figure 2). 

Table 4. Summary of Flowmeter Tests at Five Depths in Well 699-37-47A 
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Figure 2. Resulting Vectors of the Flowmeter Analyses. Depths below water table of each vector within 
the well screen are given in feet behind the number A37 at the head of each arrow. The 
trailing "A% are duplicate results at a given depth below the water table. . 
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Appendix A 

Well Documentation 

This appendix contains the 

Well Construction Summary Report 

Well Construction Verification Report 

Survey Data Report 

Surveillance Report LESQA 97-001 

Acceptance of Completed Work. 

A. 1 



~~ 

.Page 1 Of 1 I WELL CONSTRUCTION SUMMARY REPORT 

;pacification No. Rev.No. -H 
ICNS L ..? 4 d 2  L 

late Drilling Started 
Geophfsical Ldgghi 

Sondes (type) Interval Date 

-- 

Drilling Ruid 
Total Amount of Water 
Added During Drilling 

' Temporary Casings and Drilled Depth 
Casing Type and Sue Interval Shoe OD 

/Q g' /3/ -3&&3 

Drilled Depth fg I Hole Diameter at TD qXli 

Comments 



WELL CONSTRUCTION VERIFICATION REPORT 
Criteria from WHC-S-014, and other change documents Page 2 of 1 

Well ID Well Name Well Specification/Revision e - c  / F1/. B E  % 762 
Criteria Initia ls/Date 

~~ 

Subject 
Cleaning 

Drilling Rig/Tools 
Temporary Mater. 

Drill Method 

Lu bricantdAdditives 
Lubricants 
Additives 

Straightness Tist 
Material Storage/Packing 
of Completion Material 

Mtl. HandJStor. 
Material Packing 

Casing and Screen 
(Permanent) 
Annular/Seal/ 
Filter Pack 

Well Development 

Well Protection 
Surface Pad 
Prot. Casing 
Prot. Posts 

'Cap, Hasp, Lock 
Sitel Rest0re.d 

Pump Installation 
Pump Decon/Prep. 
Installed 
Pump Tested 

Well Surveying/Labeling 
Ms. Pt. Surveyed 
P. Casing/BC Surv. 
Well No. Stamped 
BC Labeled 

Verification Method 

Vi sual 
Vi sual 

Vi sual 

Vi sual 
Vi sual 

Vi sual 

Vi sual 
Vi sual 

Vi sual 

Vi sual 
Vi sual 

Vi sual 
Vi sual 
Vi sual 
Vi sual 
Vi sual 

Vi sual 
Vi sual 
Vi sual 

Vi sual 
Vi sual 
Vi sual 
Vi sual 

Spec Chg. Doc. 
7.6.7.7 gcz @i 
7.7 - &J 81% 

w 8.2 

7.3 
7.3 

4.2.6 - 4.2.9, 5.3.1 

5.3.1.K 

L t . L . 1 ,  Y.L.IV 

4.2.10 
4.2.10 
4.2.10 

4.2.10, 12.2.1 
5.3.1.L 
5.3.1.L 

3.4 
3.4 . 
4.2.9 
4.2.9 J.7jfF2 

A-6000.868 (06/9E 

A.3. 



12-1 9-1 996 3 : 89PM FROM FDNw SURVEY 509 3722839 
I .- 

Request No. 
Fluor Daniel Northwest SURVEY DATA REPORT ' 971-073 

F i l e  No. 
Project Titte 699N-3W4 WELL 699-37-47A 
FONU KPCN/U.O. No. Prepared By Date , Reviemer 

1 1  1 :  
I 

.I: 
.DISTRIBUTION 

Survey F i l e  OR .I 
Fie ld  Project  F i l e  
J. Ke l le r  

FOKCP9 R. Hackwith 12]18/96 4tJ ' 
ACCEPTABILITY I 

DESCRIPTION OF WOT(K 

- -- 
[] 
[ f  

Horizontal and verti  cal 1 ocati on o f  .we1 1 
Yes 
No 

TBD by 
Requester 

1 f 
N/ A [I 4 .  

699-3 7-47A. 

! 

L x.1 * I 

I 

SURVEY RESULTS AND COMMENTS 
I 

t 

I 

I 
I 
I 
i 
I 

I ' .. 
COORDINATES. C/L CASING ELEVATIONS 

VERT. 
200E AREA LAMBERT DATUM . 

NAVD 88 

699-37-47A W47 , 044.23 E575,556: 97 N~\ID 88 

I 

BRASS CAP TOP HYDROSTAR TOP OUTER ! 

. 
WELL NO. I 

(FEET) WCS83S/91 (IN .CONCRETE) PLATE N-SIDE CASING N-SIDE 

N37,430.58 N134,893.26 FEET) 716.66 720.14 . 720.13 : 

! 
. (METERS) 

(MTRS) 218.440 219.500 219.495 
I .  

. A.4 



Page 1. of 4 ASSESSMENT NUMBER: LESQA 97-001 

INSPECTION/SURVEILLANCE REPORT 

[I  Response [I Corrected . . [XI Information ' 

Date Initiated: 1/3/97 

Copies To: 
DD Volkman* T3-05 S3-24 
JF Keller L4-93 JW LI nabergx K6-81 
RB Millward" S3-31 RL Jones* S3-24 

LESQA File H6-32 Project File 63-1 1 
PK Brockman* H6-32 . WR Thackaberry* H6-32 

* CC:Mail 
Subject: Resource Protection Me11 Completion 
System: Project W-152 Equipment Number: 699-37-47A/B2822 

Reference: WHC-S-014 rev 8, WHC-SD-EN-AP-189 
Location: 600 Area ,Survey Item: N/A 

WR Thackaberry 

2% 97 
Date 

31300 

2//43?7 
Date . 

Surveilled Organization Code: 03E00 

Response Requested: [ X I  No 

QUEST Trending Code: N/A 

Priority Planning Grid (PPG) Value: 

Reference Documents 
ISR: NCR: CAR: Hold Tag: 

, Person Contacted: Jon Lindberg, Bob Jones, John Keller, 
Survei 11 ance Checkl i st Attached: 
Checkl ist Name: 
Number of Checklist Pages: 2 

Report: 
monitoring well 699-37-47A to support RCFN monitoring of 216-A-36B, 216-A-10 
and 216-A-37-1. The information presented here was gathered during the period 
of October 22, 1996 through Jan 27, 1997. The bore hole was drilled t o  a depth 
of 525.5 feet below ground surface, for characterization purposes, where 
Basalt was sampled. The well was designed to monitor the upper aquifer s.0 the 
boring was backfilled t o  a depth of 340.8 feet where the construction of the. 
well began. Part of the backfilling included placement of cement grout in the 
interval between 365 ft and 410 ft to re-establish the natural barrier that 
separates the upper aquifer from the lower aquifer. This is a WAC 173-160-075 
requirement. 

Yes [ X I  No 11 
We1 1 Completion 

This assessment 1 ooked at the construction of groundwater 

A.5 



Page 2 o f .  4 ASSESSMENT NUMBER: LESQA .97-001 

RUST FEDERAL SERVICES HA INSPECTION/SURVEILLANC- 

The stainless steel casing and screen used t o  b u i l d  the well came from 
. . stock already on s i te .  The packaging had deteriorated somewhat, so the . 

drilling engineer/well s i t e  geologist had a l l  s tainless steel materials steam 
cleaned prior t o  installation i n  the boring. The materials observed on s i t e  
for use in construction of the well were i n  compliance with the well 
construction specification. 

Several documents were reviewed a t  the completion of the well. The Well 
Construction Verification Record, the primary QA record for the well, i s  
complete. The Survey report issued by FDNW .provides horizontal coordinates as 
well as vertical data referenced t o  NAV88 datum. I verified by telecon w i t h  R. 
Hackwith, t h a t  the error on the level r u n  was w i t h i n  the tolerance imposed by 
the speci f i cati on. The sampl e pump instal 1 a t  i on record was compl eted on 
1/8/97. The State of  Washington Resource Protection Well Report was completed 
and issued on 1-21-97. 

of this i s  attached t o  assessment LESQA-97-002. 

. 

A final walk-down of the well was performed on 11-19-96. Documentation 

. Responder: Date 

Response Eval uati on 

Evaluation of Response: [ 3 Acceptable 

Comments : 

[ ] Unacceptable (explain. below) 

Eval uated By: Date : 

. .  Follow-up/Closure Verification Results: [ ] Acceptable 
[ ] Unacceptable (explain below) 

Additional Verification Required: [ ] No ' 1  1 Yes, 
( i denti fy new document) 

2-10-97 
Date 

A.6 



I 

SURVEILLANCE CHECKLIST 

Surv. No. LESQA-97-001 Ti t l  e We1 1 Compl e t i  on Page 3 o f  4 
Date 1-3-97 . Prepared By. WR Thackaberrv Personnel Contacted Jon Lindberq.. Bob Jones ,' John Kell er. R. Hackwi t h  

SUB J ECT/ACT IV ITY 
REQUIREMENT REFERENCE 

1. Permanent materi a1 hand1 i ng ; 
s torage  & packaging, WHC-S-014, 
4.0, 7.3 

2. Natural Barriers res tored .  

3. Permanent. materi a1 s & 
equipment ins ta l la t ion  - screen, 
casing,  f i l t e r  pack, seals, 
grout ,  a1 ignment & sampling 
pump, WHC-S-014, 4.0, 5.0, 8 .2  

EVIDENCE EXAMINED/ 
PERSONNEL CONTACTED 

Materi a1 on si te/Bob' Jones 

We1 1 SummarylBob Jones 

Materials on s i te  include 
Plastic buckets o f  PelPlug 
3/8" bentoni te  t a b l e t s ,  
Enviropl ug 1/4" bentoni te  
t a b l e t s ,  Colorado S i l i c a  
sand 10-20, We1 1 
Construction Veri f icat i  on 
report/Bob Jones 

OBSERVATIONS/COMMENTS 

Some of the packaging of  well casing has 
de te r iora ted .  Bob Jones i s  having i t  a l l  
steam cleaned p r i o r  t o  i n s t a l l a t i o n .  10/25/96 
- All casing has been cleaned and i s  wrapped 
up and s tored  on racks o r  trailer.  Bentonite, 
sand and cement are i n  c l e a r l y  marked 
packaging. 

The geologic log  ind ica t e s  t h a t  a natural 
b a r r i e r ( t h e  lower mud) was found t o  be from 
367 t o  420 f t  below ground surface. The lower 
mud i s o l a t e s  the upper aqu i f e r  from the lower 
(confined) aqui fe r .  The natural b a r r i e r  was 
breached by this bore hole  and was r e s to red  
by placing a cement grout /bentoni te  mixture 
from,365 t o  410.8. The effectiveness of  the 
seal was demonstrated immediately by a change 
in the s t a t i c  water level i n  the boring. I t  
rever ted back t o  the observed s t a t i c  level o f  
the upper aqui fe r .  

The casing and screen on s i t e  are Johnson 
A304 stainless steel 4 inch diameter schedule 
5. Bob Jones signed o f f  f o r  the well 
s t r a igh tness  te'st on 10/18/96. Pump 
i n s t a l l a t i o n  was accepted on 11/19/96. This  
was v e r i f i e d  on the f i n a l  wal kdown. 

COMPLY 

YES 
X 
- 

- 
X 

X 

- 



SURVEILLANCE CHECKLIST 

Surv. No. LESQA-97-001 T i  t l  e We1 1 ComDl et1 on Page 4 o f  4 

Date 1-3-97 Prepared By WR Thackaberrv Personnel Contacted Jon L i  ndberq, Bob Jones, John Kel 1 er, R. Hackwi t h  

SUB JECT/ACTIVITY 
REQUIREMENT REFERENCE 

4. Documentation review: 

Report and 
We1 1 Construction Veri fi cation 

Decontamination Records 
Pump i ns t a1 1 at i on 
Resource Protection Well 

Report 
EII 5.4, 6.7 WHC-S-014, 12.0 

I EVIDENCE EXAMINED/ 
PERSONNEL CONTACTED OBSERVATIONS/COMMENTS 

We1 1 Construction 
Veri f i cat i on Report, FDNW 
Survey report for 699-37- 
47A, Sample Pump 
Installation record./Bob 
Jones, R. Hackwith 

12/31/96 The WCVR is complete. 
Decontamination records were reviewed for 
thi s’ we1 1 on report number LESQA-96-007. 
1/9/97. Sample Pump installation record was 
completed on 1/8/97. The State Resource 
Protection Well Report was issued 1/21/97. 

X 



ACCEPTANCE OF COMPLETED WORK 

Date: 11/19/96 

Project Number: W-152 

Project Title: FISCAL YEAR 1993-1996 RCRA GROUNDWATER MONITORING WELLS. 

Building NumberW: 600 AREA 

Work on this project/system has been completed and accepted by the user/sponsor with exception of 
the items listed on sheet 2. 

Remarks 

ACCEPTANCE OF COMPLETED WORK FOR THE A-37 CRIB WELL LISTED BELOW: 

699-37-47A S z S z z  

Projects Department 

Safety (when appropriate) 

Quality Assuranc 

User/Sponsor 

Acceptance ~nspector 

Construction Contractor %. $4 
/J/A d/ // - e  p j  4 ~ .  

I 

Date 

Date 

Date [ / / [ Q / Q  6 
1 1  

U 
A-6000-805 (09/91) 

A.9 



ACCEPTANCE OF COMPLETED WORK (continued) 
b74-37-47A - Bz&m! 

Exceptions to Completion as of the date of acceptance by the user/sponsor. 

laltel 5 6 P 

Final Acceptance (all exceptions are completed) 

Projects Department 

Safety (when appropriate) 

Quality Assurance 

User/Sponsor 

Acceptance inspector 

Construction Contractor 

* .  

Date 

Date 

Date 

Date 

Date ' 

Date 



Appendix B 

Well Summary Sheet and Borehole Log 

. .  
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WELL SUMMARY SHEET 

, 

CONSTRUCTION DATA e P ' h  GEOLOGICIHYDROLOGIC DATA 
I m 

Description Diagnm . bot Graphic Log 

I : : ! :\I 

I i 
! . .  

.. - - 
- 0  .. . '. 

' - .  ... .. .; 0 :  ' 

..'.. - . -  : . - 9  

.. . o .  . . .: ' 
. *. 

. .  
- .  . .  .. . . -  

. a .  3 '0' 
** . -0 .  - 1 . -  0 . 3 '  

. ,  



.- I 

VlVa N O U 3 n U S N 0 3  



I sheet 1 of 14 I 

. 

Wows or 
-wly 

Graphic 
Locr 

- . -. .- -: 
1. - . - e. 
f . .  - .  
. .-. . 
. -  . .  - . - .  . .. .. , - .  . .  
- .  
. .  - .  
. .  . 
. . .  
0 .  - . a' . 
- . a  

0' * - . *  

- .  
- .  . .  
- .  
. *  

_ .  
I . .  

e .  i 1 
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Boring or Well No. 69-37- q74 
BOREHOLE LOG 

sheet 2 of j4 

Sampb Description 

Group Name. Gmup Symbol, Grain Sue 
Distribution, Soil aarsifiistion, Color, Mirtura 

COMsnt. So9ng.  Angul.rity, Mineralogy, 
Max P a m b  Sue, Reaction to HCI 

Graphic 
Log 

. .  . - .  
e .  .. 
. -  

. .  - .o 
0 .  

a .. 
6 '  

S8mpb Comments 

h p t h  Of m8-W. Drilling Rate, 
Sue & Type, Bit Sue, Water Level 

-I 

. .  
0 . *  

b * .  

a -  

0 

. .  
a -  
a .  

. b '  

Blows or. 
Recowry 

- 

. .  
, A .  
. .  

6 -  
* . .  

I 
d .  - I 

1 

A-6000-302 (01103) 

B.4 



BOREHOLE LOG 
Boring or Well No. f +  9 y -37- 4 7 A  

Sheet 3 of 4 

Sunpb 

Blows or 
k w r y  

~ ~ ~~~ ~ ~~~ ~~~ ~~ 

Sample Description Comments 

Graphic 
Loll 

Vmup Name, Gmup Symbol, Grain She 
Dirtnbubon, Sail aarsifii.tion, Color. Moisturn 

Content, So-, Angularity, Mineralogy, 
M u  Parbcb Sue, Reaction to HCI 

Depth of Casing,. Drining Rate, 
Size & Type. Bn Size, Water L ~ M I  

- . .  I 

I - .  
- a  I . .  

. .  
= . .  
. .  

1 

I 

- . .  . .  
1 .  

. -  
. .  

. .  . .  

- .  
. .  - 

B.5 
A - m 3 8 2  (01193) 



BOREHOLE LOG 
Soring or Well NO. 659- 37- 476 

sheet ' q of 

J 

Sunpb Sampb Description Comments I I I Depth 1 
B&ws or 
k w I y  

Gmup Name, Gmup Symbol, Grain Sue 
Distribution. Soil Uarrifii+tion, Cokr, Moisture 

Content. So-, Angularity. Mmsralogy, 
M u  Pamcb Sue. Reactaon to HCI 

Graphic 
roa Depth of C8ring. DriIling Rata, Casing 

Sue 8 Type, Bit She, Water L~MI 

0 -  

' o O  
0 -  

0 .  

0 ' 0  

0 
I L I 

- . -  . .  . .  . .  
- * .  - .  
* . 8  

0 .  ' .  , .  
. .  . .  . .  . .  . .  

I - . I  I 

I B.6 



BOREHOLE LOG 

Tvpe 
a d  No. 

3&wr or 
bCOWly 

Comments I Sample Description I 
~ 

Graphic 
Locl Group N a y .  Group Symbol, Grain Size 

Dirtribubon, Soil Clarsifhtion, Color. Moisturn 
Content, So$ng. Angularity, Minerabgy. 

M u  P a r t ~ ~ l e  Sue. Reaction to HCI 

Depth of Caring. Drilling Me, thsinp 
Size 6. Type, Bit Size, Water L e d  

. . . *  

. . .  

. - 9  I - .  

. . -  
b 

:* 

- .  
. Q  

0 - - .  
. .  

* b .  

. . b  
. .  
b .  . .  
. -  
- .  

'. ' .  
0 . .  . .  

. o  
0 

- " 0 .  

- - .  
0 .  - 0  

' D O  

A-6000-382 (011931 

B.7 



BOREHOLE LOG I sheet 6 of 4 

..I I 
I .  I 

. I  I 

A-6OOO-382 (01103) 



Baring or Well No. 6 4 7 3 7- 5774 
BOREHOLE LOG 

Sheet 7 of 1% 

~ 

Sample 

. .  I 
0 .  I 1 
- 0  

P 0 .  I I I 

b 
0 

0 .  
. o  

* .  
I 

Q *  . * 0 .  l 

€3.9 



~~ 

( 

BOREHOLE LOG 
Shest 0 . . of 14 

Sampb 

Tvpe 
and No. 

Blow. or 
RsCOMly 

I-- Sampb Description 

Name. Group Symbol, Grain She 
Distribution, Soil Classification. Color. Moirture 

Content, Sorting, Angularity, Mineralogy, 
M u  Particb She, Reaction to HCI 

I . . -  . .  

Commentr. 

Depth of Caring, Drilling Rate, Caring ' 

SQe &Type, Size. Wattet bMl 

. .  . -. . .  I -. - 

A-6OOO-382 (01193) 

. B.10 



BOREHOLE LOG 
Boring or Well No. 697- 3 797& 

. .I I of w sheet 5 

Sampb 

Tvpe 
and No. 

Blowr or 
R e c O M r y  



BOREHOLE LOG I+ of I shset 9 

Sunpb I I Sampb Description I Commonts 
h P t h  

Graphic Group Name, Group Symbol, Grain Sue 

Content, SoFng, Angularity, Mineralogy. 
M u  Patttcle Sue. Ra&n to HCI 

&weor Log Diatribution, Soil Uasaification. Color. Moiatura Depth of Casing, Drilling Rate, Caa-w 
Sue & Type, Bit Sue, Water L4wI k w r y  

.y . 2 **a - r  - 
-' a- 2 -. - 2  --' - 2  . -- -- .- .. - . -e1 - 
-7; .+ - - -  . . * *  

0 =, - . 
0 ,  e.--. 
-. - -0.'. 

.z-. * .. .. :D . 

I I 
1 

1 I 
t I 

I I 

I 
I I 

I 1 I 
I 

I I 

I I 

A-6000.382 (011D3) 

B.12 



i 

BOREHOLE LOG 
Boring or Well No. 1 

I Sheet 1oA of 14 

Sample 

Blows or 
-wry 

/ 
374. I 
XRD 

I 
~ ~ 

Sample Description Commentr I 
I Depth Of Qlinp. DfifiV Rae. h8lv I Size & Tvw. Bit She. Water Level 

Graphic Gmup Name, Gmup Symbol, Grain She 
Dirtribution, Soil aasi8ic.tion. Color. Moisturn I Content. Sortino. Anaulmitv. Misrahnv. ' 

I I 

I I 

B.13 A-6000.382 (01193) 



Boring or Well No. 697- 3 7 - 
BOREHOLE LOG 

Sheet 'o f  )+ 

Bkwr or 
-wry 

, 

34% II 
x RP 

Braphic 
Log 

Qroup Name, Gmup Symbol, Grain She 
Dimibution, Soil C1.trifii.Dbn. Color, Moilture 

Content, So-, Angularity, Minerahgy. 
M u  Pwticb She. Reaction to HCI I 

B.14 
A-6000.382 l01/03) 



BOREHOLE LOG 

DfJPth 

Blows or 
ReCOMly 

Comments I Sampb Description I 
Gmup Name. Gmup Symbol, Grain She 

Dimbution, Soil Urssf~abon. Color, Moisture 
Content. So+ng. Angularity. Mineralogy. 

M u  PaNcb Sue. R a m o n  to HCI 

Depth Of Casing. Drilling Rate. Caring I S i a  Br Typa, 6it Ste, Water kvel 



- ._ . . < .  
. . ,  , . - . ... . 

I ~ ' 

I I Comments 

I 

A-6000-382 (01103) 
B.16. 



&ring or wail NO. ~9 7 e 37 - 47 A 
BOREHOLE LOG 

Sheet 13 of '% 

. sample 
DePtfl 

Blows or 
Rawwry 

I Sample Description r Cornmenta 

Gmup Name, Gmup Symbol. Grain Sue 
Distribution, Soil Clarrificrtion. Color, Moiatum 

Content. So9ng. Angularity. Minsmbgy, 
Muc Parbcb Sue, Reaction to HCI 

Graphic 
Depth of Caring,. D n i i  Rate, Caring 

Sue & Type, &t Sue, Water Level 

B.17 
A-6ooo-382 (011931 



BOREHOLE LOG 
Boring or Well No. 69 9 - 3 3 474 

Sheet I& of 14 

Comments SmPb I I Sampb Description I - 
Type 

and No. 

I 

Graphic Gmup Nary. Gmup Symbol, Grain Size 
Dictnbubon. S o i l  Q a s s i f i m n ,  Color, Moisture 

Content. Sorting, Angularity, Mineralogy. 
Max Particb Size. Readon to HCI 

Blowsor 
ReEoMfy 

Depth of Casing, DCIGng Rata, Casing 
Size & Type, Bit Size, Water Level 

Basnlk 5 I G -  TI) (5 253 

I I 
A-6000-382 (011931 

B.18 



Appendix C 

Results of Groundwater Analyses 





Appendix C 

Results of Groundwater Analyses 

This appendix contains the results of 

Groundwater Analyses 

Isotopic Uranium for Samples BOJ7C5, BOJ7C7, and BOJ7C9. 

c. 1 



OPER: All Data for 699-37-47A 2 

I I , 



OPER: All Data for 699-37-47A 3 

I '  

Schedule Period: 4/01/96 - 6/30/96 RCRA Quarterly Report - 2/07/97 Receipt Period: 4/01/96 - 9/09/96 



OPER: All Data for 699-37-47A 4 

Schedule Period: 4/01/96 - 6/30/96 RCRA Quarterly Report - 2/07/97 Receipt Period: 4/01/96 - 9/09/96 

I 
I CONSTITUENT NAME 

SHORT I COLLECT SAMPLE I I 
MCL UNITS I NAME METHOD NAME I WELL DATE NUMBER FLTR 

. 



OPER: All Data €or 699-37-47A 5 

Schedule Period: 4/01/96 - 6/30/96 
~ ~ ~~ 

RCRA Quarterly Report - 2/07/97 Receipt Period: 4/01/96 - 9/09/96 

I Antimony 
I 
I 
I 
I 
I 
I 

SB EPA6 01 OA I 699-37-47A 9/06/96 BOJ7CO Y 27.20 U * I 
I BOJ8S6 Y 27.20 U * I 

27.20 U * I I 9/12/96 .BOJ7C4 Y 
I 9/22/96 .BOJ7C2 Y 27.20 U * I 
I 10/01/96 BOJ7C6 Y 27.20 U * I 

27.20 U I I 10/06/96 BOJ7C8 Y 

I 10/10/96 BOJ7DO Y 27.20 U * I 

6.00 ug/L I 
I 
I 
I 
I 
I 
I 



1 , *, 

- ,  
. .  

Schedule Period: 4/01/96 - 6/30/96 

OPER; All Data for 699-37-47A 

RCRA Quarterly Report - 2/07/97 

6 

Receipt Period: 4/01/96 - 9/09/96 

BA EPACOlOA I 699-37-47A 9/06/96 BOJ7CO Y 20.30 I 2000.00 UgYL 1 
I 
I 

I BOJ8S6 Y .87 B I 
I 9/12/96 BOJ7C4 Y 19.60 I 
I 9/22/96 BOJ7C2 Y 27.30 E I I 
I 10/01/96 BOJ7C6 Y 56.80 E , I I 

79.30 I I I 
10/10/96 BOJ7DO Y 85.40 I I 
10/06/96 BOJ7C8 Y 

I Benzene 
I 
I 
I 
I 
I 
I 

BENZENE EPA8260A I 699-37-47A 9/06/96 805789 N 
I BOJ8SS N 

I 9/12/96 BOJ7C3 N 

9/22/96 BOJ7C1 N 

I 10/01/96 BOJ7C5 N 

I 10/06/96 BOJ7C7 N 

10/10/96 BOJ7C9 N 

I 

I 

5.00 U I 5.00 Ug/L I 
5.00 u * . I I 
5.00 U * I I 
1.00 u I I 
1.00 u I I 
1.00 u I I 
1.00 u I I 

I 



OPER: All Data for 699-37-47A 7 

. Schedule Period: 4/01/96 - 6/30/96 
~ ~~ ~ ~ ~~ 

RCRA Quarterly Report - 2/07/97 Receipt Period: 4/01/96 - 9/09/96 

I Carbon tetrachloride 
I 
1 
I 
I 
I 
I '  

CARBTET EPA8260A 699-37-47A 



OPER: All Data for 699-37-47A 8 

Schedule Period: 4/01/96 - 6/30/96 RCRA Quarterly Report - 2/01/97 Receipt Period: 4/01/96 - 9/09/96 

1950.00 I 
64.00 U I 

2010.00 I 
2610.00 ' I  
2260.00 I 
2400.00 I 
2310.00 I 

,------------------I------ ------- ------- 
=>I Chloroform 
- 1  
= > I  
- 1  

5.00 U I 
5.00 U I 
5.00 U I 
.20 J I 

1.00 u I 
1.00 u I 
1.00 u I 

ug/L I 
I 
I 

, I  
I 
I 
I 



Schedule Period: 4/01/96 - 6/30/96 

OPER: All Data for 699-37-47A 9 

RCRA Quarterly Report - 2/07/97 Receipt Period: 4/01/96 - 9/09/96 



.:. , ' :. I 
' !  ,: 

OPER: All Data for 699-37-47A 10 

Schedule Period: 4/01/96 - 6/30/96 RCRA quarterly Report - 2/07/97 Receipt Period: 4/01/96 - 9/09/96 

EU-152 GAMMAHI I Europium-152 
I 
I 
I 
I 
I 
I 

I 699-37-47A 9/06/96 805789 N -6.83 U I 
I BOJ8S5 N -.29 U I 
I 9/12/96 BOJ7C3 N 3 .68  U I 
I 9/22/96 BOJ7C1 N -5.55 u I 
I 10/01/96 BOJ7C5 N -6 .83 U I 
I 10/06/96 BOJ7C7 N 10.30 U I 
I 10/10/96 BOJ7C9 N -7.62 U. I 

PCi/L I 
I 
I 
I 
I 
I 
I 

FLUORIDE EPA300.0 9/06/96 805789 N 360.00 I 
I BOJ8S5 N 19.00 u I 
I 9/12/96 BOJ7C3 N 320.00 I 
I 9/22/96 BOJ7C1 N 380.00 I 
I 10/01/96 BOJ7C5 N ' 420.00 I 
I 10/06/96 BOJ7C7 N 440.00 I 
I 10/10/96 BOJ7C9 N 500.00 I 

I 699-37-47A 

I .  
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I 
I CONSTITUENT NAME 

SHORT 
NAME METHOD NAME 

I 
I WELL 

COLLECT SAMPLE 
DATE NUMBER FLTR RESULT MDL MCL 

1 .  
UNITS I 

I Te t rahydrofuran  

I 
I 
I 
I 
I 
I 

TETHYDF EPA8'260A , 50.00 U I 
I 805855 N 50.00 U I 

50.00 U I I 
I 9/22/96 BOJ7C1 N 10.00 u I 
I 10/01/96 BOJ7C5 N 10.00 u I 
I 10/06/96 BOJ7C7 N 10.00 u I 
I 10/10/96 80J7C9 N 10.00 u I 

I 699-37-47A 9/06/96 BOJ7B9 N' 

9/12/96 BOJ7C3 N 

U d L  I 
I 
I 

' I  
I 
I 
I 

9/06/96 BOJ7CO ' Y 33.50 U I 
. I  BOJ8S6 Y 33.50 U* I 

I 9/12/96 BOJ7C4 Y 33.50 U I 

SN EPACOlOA I 699-37-47A U d L  I 
I 
I 

a J 8 



OPER: A l l  Data f o r  699-37-47A 17 

Schedule Period: 4/01/96 - 6/30/96 RCRA Quarterly Report - 2/07/97 Receipt Period: 4/01/96 - 9/09/96 



OPER: A l l  Data for  699-37-47A 18 

Schedule Per iod:  4/01/96 - 6/30/96 RCRA Q u a r t e r l y  Report  - 2/07/97 Receipt Per iod:  4/01/96 - 9/09/96 



OPER: All Data for 699-37-47A 19 

Schedule Period: 4/01/36 - 6/30/96 RCRA Quarterly Report - 2/07/97 Receipt Period: 4/01/96 - 9/09/96 



. . ; . ?>.. -. ,,.' . - .. . . .. . ... 

Date 
1 -1 0-97 
1-1 0-97 
1-1 0-97 
1-1 0-97 
1-1 0-97 
1-1 0-97 

TO: 

Copies Description 
2 
2 Soil Parameters (Table 2) 
2 Test Methods (2 pages) 

Rigid Wall Hydraulic Conductivity (Table 1) 

. 2  Particle Size Distribution Test Report (Plate 1 and 2) 
. 1 Chains of Custody Records (4 pages) 

1, Original Invoice No. 1421 

ATTENTION: 

SUBJECT: 

R E  

Battelle Northwest for DOE 
6th & W Streets, 790 Building 
Richland, WA 99352 

Jon Lindberg 

PO 2591 32-AB8 

Date: 1-1 0-97 
Job NO.: J-1000 

Sample ID No. BOJ5Y5, BOJ5Y6, BOJ5Y7 and BOJ5Y8 

We are sending the following items: 

These are transmitted for your use. 

Remarks: Samples were tested in accordance with generally accepted laboratory procedures. Please 
call if you have any questions regarding this submittal or presentation of the data. Thank you. 

Best Regards, 
SOIL TECHNOLOGY, INC. 

/-::z-7/=+- 
Richard - Sheets, 
Vice President 

c.20 

. . . . 



Battelle Pacific Northwest Laboratories 

Sample ID 

BOJ5-Y6 - Flexible Wall 

BOJ5-Y7 - Rigid Wall 

BOJ5-Y8 - Rigid Wall 

Hydraulic Effective 
Gradient3 Porosity Conductivity2 porosity4 

. Water Content Wet Density Saturation’ 

Before After Before After Before After 
% PCf cmlsec 

25 26 125 1 26 1 .o . 1.0 3 x 10” 8 0.41 0.37 

13 14 138 139 0.90 0.98 1 x1O4 1.5 0.28 0.1 1” 

8 12 137 142 0.68 1 .oo 2 x i o 3  0.2 0.25 0.04 

Soil Technology, Inc. 
J-1 000 



Battelle Pacific Northwest Laboratories 

Specific 
Gravity * 

Moisture 
Content ' 

% 

Depth 
feet Sample Number 

BOJ5Y5 ' 325 - 327 4 I NR 
BOJ5Y6 370.5 - 375.4 19 2.71 
BOJ5Y7 420.3 - 422.3 . 8 2.72 

. BOJ5Y8 460.5 - 462.4 10 2.70 

Calcium 
Carbonate 

% 
1.0 
1.0 

. c1.0 
1.0 

Soil Technology, Inc. 
J-I 000 

c.22 
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Battelle Pacific Northwest Laboratories 

Test Methods 

Hydraulic Conductivity Testing 

Flexible Wall Tests. Hydraulic conductivity testing using a flexible wall permeameter 
was performed on one sample in general accordance with ASTM D-5084.. The 
procedure involved saturation of the head water lines, porous stones and filter fabric. 
The latex membrane is then placed over the soil and sealed on the platens with the use 
of O-rings. Drainage lines for the tail water are connected and the cell containing the 
sample is filled with water. 

The sample is then connected to a triaxial panel board using an air-water interface a 
stress is applied to the sample to consolidate the sample and minimize side-wall 
leakage. Samples were back pressure saturated. A differential pressure was set 
across the sample to achieve an appropriate gradient to measure flow through the 
sample. Flow through the sample was computed according to Darcy's law for falling 
head and raising tail water conditions as follows: 

Rigid Wall Tests. End caps are placed over each end of the sample sleeve and 
tightened. A constant head reservoir is then attached to the permeameter. The 
sample is saturated using charcoal filtered tap water in 0.5 inch tubing connected at the 
bottom fitting in an,up-flow mode. After saturation, the reservoir is sealed and a Maniott 
tube is used for setting a constant head. The outflow line elevation is fixed and flow is 
started. The use of 0.5 inch diameter lines with perforated disks and fabric without the 
use of porous stones minimizes system head losses. During hydraulic conductivity 
testing, measurements of flow with respect to time are made. Flow through the 
samples is made using constant head conditions, and is calculated using the following 
formula: k= QUAtH. 

Effective Porosity. Following measurement of the hydraulic conductivity of the 
sample, using either a rigid wall permeameter (for coarse grained material) or a flexible 
wall permeameter (for fine grained material) the tap water in the permeameter reservoir 
is removed and is replaced with saline water at approximately 20 millimhos electrical 
conductivity. Flow of the tracer through the sample is initiated and the electrical 
conductivity of the effluent is recorded over time until it reaches steady state. 

One pore volume (the effective porosity) of tracer is assumed to have flowed through 
the sample when the electrical conductivity of the effluent is equal to 50% of the 
difference between the electrical conductivity of the. tap water and the electrical 
conductivity of the tracer at steady state. This is also known as the tracer breakthrough 
(Freeze and Cherry, 1979, pp.389-393). 

Grain Size Analysis. Grain size analysis was performed on selected samples in 
general accordance with ASTM D-422. The wet sieve analysis method was used and 

Soil Technology, Inc. 
J-1 000 

C.23 



Battelle Pacific Northwest Laboratories 

determines the size distribution greater than the US. No. 200 mesh sieve. The results 

Specific Gravity. Specific gravity determinations are based on the minus U.S. No. 40 . 
sieve portion and were made on samples in general accordance with ASTM D-854 and 
are reported as specific gravity on Table 1 - 

. of the tests are presented as curves on plates 1 and 2. 

Calcium Carbonate. Calcium carbonate is determined on the soil in general 
accordance with ASTM D-4373. The soil. is placed in a reaction chamber and acid is 
added. The acid reacts with the carbonate to generate carbon dioxide gas. The 
chamber is equipped with a pressure gauge and the pressure is related to a carbonate 
content by the use of calibration curves. 

Discussion 

Sample BOJ5Y6. This sample was a core of soil that was submitted for flexible wall 
hydraulic conductivity and effective porosity testing. The testing was routine and there 
were no anomalies. 

Sample BOJ5Y7. This sample was a sandy sample submitted in a stainless steel liner, 
for rigid wall hydraulic conductivity and effective porosity testing. After the hydraulic 
conductivity test was complete and steady state flow was achieved, the effective 
porosity test was started. After the introduction of the salt solution tracer, the hydraulic 
conductivity jumped an order of magnitude, from 1 x I O 4  to 1 x103 cm/s. The 
wnductivity readings were uniform and consistent throughout the effective porosity 
test. It may be that the use of a salt solution reacted in some way with the sample, and 
this lead to a change in the conductivity. If any following testing is done, it may be 
worth considering using a different type of tracer for the testing. 

Sample BOJW8. This sample was a sandy sample submitted in a stainless steel liner, 
submitted for rigid wall hydraulic conductivity and effective porosity testing. The 
effective porosity is generally defined as the porosity that contributes to fluid flow. The 
measured effective porosity for this sample is lower than would be expected, given the 
hydraulic conductivity and the grain size analysis values. Following the test, the sample 
was taken down carefully and examined. No indications of side wall leakage, 
channeling or other anomalies could be visually identified. Like sample BOJ5Y7, the 
salt solution that was used as a tracer could have had an effect on the sample. 

Soil Technology, Inc. 
J-1 000. 

C.24. 
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% GRAVEL % SAND % COBBLES 
) 0 86 13 

, .  . .  . .  

% SILT % CLAY I 
I 

100 

90 

I 0 0 

80 

4 96 

: 70 

I 

I 

3 

I .  I 

BOJ5Y5 325-327 GP Poorly waded gravel 
SOURCE SAMPLE ## DEPTHIELEV. DATE SAMPLED USCS MATERIAL DESCRIPTION NM% LL PL 

BOJ5Y6 371.9-372.2 

i 50 

Xent Battelle Pacific Northwest Laboratories 

SOIL TECHNOLOGY, INC. 'reject RCRA Groundwater Well Samples 
CCRA Groundwater Well Samples 

5 40 

f 30 
2 

0 
0 

20 

10 

0 

PARTICLE SIZE DISTRIBUTION TEST REPORT 
U.S. SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 

" .- 
GRAIN SI; 

80 

90 

100 



PARTICLE SIZE DISTRIBUTION TEST REPORT 
U.S. SIEVE OPENING IN INCHES . U.S. STANDARD SIEVE NUMBERS ' HYDROMETER 

Client Battelle Pacific Northwest Laboratories 
Project RCRA Groundwater Well Samples 
RCRA Groundwater Well Samples 

SOIL TECHNOLOGY, INC. 
Project No. 3-1000 Plate 2 

I 
MATERIAL DESCRIPTION NM% LL PL SOURCE SAMPLE # DEPTHIELEV. DATE SAMPLED USCS 

1 BOJ5Y7 420.3-420.8 . GP-GM Poorly Rraded gravel with silt and sand 
1 BOJ5Y8 461.5-462.2 GP-GM Poorly araded gravel with silt and sand 

0 
0 

i I t 



UJ. /Z6 /Y I  15: S Y  XX5UY 3721546 

facsimile 

to: 
fax #: 

Dorothy Stewart 
372-1704 . 

1 PRIORITY DATA SDG W1418 
RESULTS FOR. BOJ7C5, BOJ7C7, BOJ7C9 

12, including this cover sheet 
date: January28, 1997 . 
pages: 

From the desk of:. 

v- 
C.27 

M 001 

Kathy Wheeler 

Analytical Services 
1820 Tennlnal Drive 
Richland, Wa 99352 

(509) 372-2395 
F a  (509) 372-1616 



I 

DATE: January 21 , 1997 

. RECORD OF DISPOSITION REV 1 

LABORATORY: Quanterra 

I NCR NO.: N/A PROJECT TITLUSAF # 96-053 

SAMPLE IDENTIFICATION NUMBERS: BOJ7C5, BOJ7C7, and  BOJ7C9 

DESCRIPTION OF EVENT: 

Isotopic Uranium analyses including the reporting of U-236 is to added to t he  analyses  reporte 
for these  samples. 

DISPOSITION OF SAMPLES: 

The isotopic uranium analyses, including the  reporting of uranium 236, is to b e  performed and 
reported with a TAT of 7 days starting 1/21/97. Results are  d u e  in 7 days  with t h e  summary d a  
package and EDD due within 15 days. 

APPROVAL SIGNATURES: 
r 

Technical Representative (Prinffsign Name) ' Date 

C.28 



01/28/97 16:OO e509 3721546 

1-28-1997 3:37PM FROM Q W A  589 375 5590 

SAlvlPLE RESULTS 
. .  

004 
P. 2 

PRIORITY 
.. 

I 

Number of R r r u k  Q 

.. 

C.29 

. k 
2. 

. -  
5 .. 
. *. 

. .  
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01/28/97 16:OO S509 3721546 

1-28-1997 3-37PM FROM'QUANTERRA 509 375 5590 

LABNAME 
14B SAMPLE ID: 

. CUENT ID: 

SAMPLE RESULTS PRIORITY 

rm 005  
P. 3 

QlJANT&A,RiCh&d SDG! W01418 

80J7C7 

70124202 .' M A m  WATER 
D A k  RECEIVED ' ll2111997 1O:OO:OO AM 

COUNTING * TOTAL REPORT YIEU) . METHOD 
1SQTOPE .RESULT ERROR (2s) ERROR ( I S )  MDA UNIT NUMBER - -  

. .  
u-234 2.20E+02 8.OE+OO 24E+Ol 5.67E-01 . p c i i  Sl - lO% RICHRC5030 

u-235 6.54E+OO .1.4E+OD 1.5€+00 1.97E-01 pCiR 91.10% ' RICHRCS030 

u-236 ?.1=-01 4.9E-01 . 5.0Ed . 5.876-01 pCin, 91.10% RIGHRG5067 

'I .39E+O2 6 .4E+OO ?.6E+Ol .. 6.25E-01 pCiL 91.10% RICHRC5030 U-238 . .  

NumbLr of Results: 

' C.30 

. 

. '  

I 



SAMPLE RESULTS 

LABNAME 

CLIENT ID: 
LAB SAMPLE ID; 

QUANTERRA, Richland 
70124203 
80J7C5 

. 

""V 

P. A 

.PRIORITY 
.SDG: W01418 \ 

hA!TRIX: WATER - 
' DA%E RECEIVED: '1/21MQQ7 l.O:OO:OO AM 

COUNTING TOTAL REPORT METHOD 
ISOTOPE RSXLT . ERROR { 2s). ERROR (2s); MDA UNlT MkD NUMBER 

- .  

U-234 1.36E+02 4.7DM) 1SE+OY . 4.85.E-OI p C A  80.00% RICHRC5030 

U-235. 3.54E+OO 7.6E-01 8.SE-01 3.lbE-01 p a  80.00% RICHRC5030 

U-236 ' 1.88E.00 5.5E-01 5.9E:Ol 2.28EOl pCiR 80.00% RICHRC5ffi7 

U-238 f.O7E+01 3.4E+OO 8.1E+OO 3.47E:OY PCA 80.00% RtCHRC5030 

Number of Res&: 

.. . 

'. . 

.. 

.. 

c.3 1 

- .  

.. 
. .  



01/28/97 16:Ol =SO9 3721546 
1-28-1 997 3 : 38PM FROM QUANEI& 509 375 5598 

@I007 
P. 5 

. .. . .  

DUPLICATE RESULTS 

LABNAME QUANTERRA,Richland * .SDo: . W01418 

. 

LABSAMPtEID: * R0124203 . . MA=: * WATER 
CUENT ID: 80J7CS DATE RECEIVED: 1/21/1997 1O;OO;OO 

I 

ORlQ LA8 SAMPLE ID: 70124203 
DUP COUNTING TOTAL REPORT YIELD METHOD .QNQ 

."*fOPE . RESULT ERROR (2  $} ERROR (2 S) MDA ' UNfT *NUMBER -&SULT RPD , 

159E+O2 5,0E+OO 1.6E*Ol .3.48€-01 
2.716+00 . 7.1E-01. . 7.6E-01 ' 5.48E-01 

2.05E-01 2.5E-01 2.5E-01 ' 4.43E-01 

pCIR 75.70% RICHRC5030 1.36E+02 2.694 

pcuL 75.70% RlCHRC5030 3.hE+00 26.489 

PCUL 75.70% RICHRC5067 I .88E+OO 160.61 9 

u-234 

U-235 

u-23s 
pCin 75.70% RICHRC5030:: 7.07E+01 2,019 

* .  .. 721E+04 3.6E+OO 8.5EMO 4.15E-01 

NumbetofResukx a 
U-238 

. .  

C.32 



01/28/97 16:Ol 23509 3721546 
I-a-1997 3-~BPM . FROM nUaNTERRa 509 37s 5590 

@I 008 
P. 6 

. .  
. *  

. .  BLANK RESULTS. . .  

L A B N W .  ' '  QUANTERRA,Rich&d - S D G  . W01418 

LAB SAMPLE 1D: TO12421 B MAT-: .. WATER 

33,qoym RICHRC5030 U-234 . -3.50E-02 7.0Em02 7.OE-02 2.48E-01 PCK 

u-235 -4.OOE42 4.0E-02 

.U-238 -7.01E-02 5.3E-02 

4.OE-02 2.1s-01 PCUr 33.30% RICHRC563b 

. 5.4E-02 33.20% R(CHRC5030 

N u m b r o f R o c u h  I 

". 

8 
I 

c.33 



01/28/97 16:02 B 5 0 9  3721546 
. 1-28-1997 3:38PM moM QWNTERRa 509 375 5590 

rm 009 
P. 7 

. *  \ 

* .  

. lA8ORATORY CONTROL SAMPLE 

WNAME: QUANTERRA, Rlchtand SDG: 
LAB SAMPLE ID T012421S .MATRIR 

W01418 
WATER 

WELD EXPECTED RECOVEF 
COUNTlNa TOTAL REPORT 

ISOTOPE RESULT ERROR(2s) EkRoR(2S) MDA UNIT 

102.62% 

7524% 
107.42% 

u-234 8.92EMO 5.8E-01 . . -l.lE+OO 5.33E-02 PCJL 8650% 8.69E+OO 

U-235 298E-01 l.lE-01 . . LlE-01 5.3sE-02 PCdL 86.50% 3.97801 
U-238 9.78EiOO 6.1E-01 1,2E+OO 1 .18E-b1 PCA 86.50% 9.1 OE+OO 

Number of Resutts: (3 . .  . .  

. .  

' .  c.34 

~ _ *  . . P . . .  



01/28/97 16: 02 ‘ 4 ’ 5 U Y  3721546 

1-28-1997 3:39PM . FROM QUANTEFSA 509 375 5590 

:. 

.. .. 

. .  

C a d v e  A d o n  Verification 

poneonfotmvllce Memo Clesurq . 

c.35- 



01/28/97 16:03 B 5 0 9  3721546 
.1-28-1997 3 t 39PM FROM nummw 509 375 5590 

M 011 
P. 9 

. .  . 

Project Manager(tim and dart): 

* .  C.36 



01/28/97 16:03 -509 3721546 012 
1-28-1997 3:68PM . FROM MJaNTERRA 509 375 5590 P: 10 

SAMPLE DATA AND LABORATORY ADMINISTRATION -I 
ROD - -  96 0080 

.R+cord of Dispositlon No. RECORD OF DISPOSITION REV I 

1ATE: January 21,1997 

ROJECT TITLUSAF - #: 96-053 - - 

;AMPLE IDENTIFICATION' - NUMBERS: 5OJIC5, BOJ7C7, and BOJ7C9 .. 
IESCRIPTION OF EVENT: ' 

' Isotopic Uranium analyses including the reporking of U-236 is'tb added to the analyses reporte 
for these samples. 

. .  

- - ~ 

IISPOSI'TLON OF SAMPLES: 

The isotopic uranium analyses, including the reporting' of uknium 236, is to be performed anc 
reported with a TAT of 7 days starting 1121197. .) . .  

& e & r * A z  *v fl&kqJ e m B  ,'A day.5.;. 

. .  

APPROVAL SIGNATURES: . .  

Date 
Karl- 
SDLA Project Coordinator (PrlntlSign Gama) - * 

.. . .  . .  
Dorothv S tewar( 
Technical Representathe (PdnuSgn Name) . Date 

L -  - 

c.37 . .  



Author: Vernon G Johnson at -PNL105 
Date: 1/29/97 9:35 AM 
Priority: Normal 
TO: Jonathan W Lindberg 
Subject: Uranium isotopes in groundwater sample . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ---- Message Contents - 

Based on a quick review of the data report for th priority samples 
associated with SDG W1418, my opinion is that the uranium isotopic 
composition i s  consistent with a natural source. 
based on the following main indicators: 

This opinion is 

1) the activity ratio of U-235 to U-238 in the sample with the highest 
total uranium concentration is 0.047. The activity ratio for a 
natural source is 0.045 (based on a mass abundance of 0.71% for 
u-235) - 
2 )  Notes from the analyst along with the results suggest there is no 
detectable U-236 which would be expected for as source that has been 
cycled through the reactor. 

The above does not rule out the possibility that a %old11 source of 
. uranium could have been used in past cold runs. However, I have no 

knowledge that this is the case. - 

C.38 
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Appendix D 

Results of Sediment and Rock Analyses 
This appendix contains the results of 

Physical Tests on Sediment 

X-Ray Difiaction of RingoId Formation Lower Mud Unit 

X-Ray Fluorescence of Uppermost Basalt Flow. 

D. 1 
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Date 
1-20-97 
1-20-97 

TO: 

Copies Description 
2 
1 

Particle Size Distribution with Hydrometer Test Report 
Copy of Invoice No. 1425 

Battelle Northwest 
6th & W Streets, 790 Building 
Richland, WA 99352 

LETTER OF TRANSMITTAL 

Date: January 20,1997 
Job No.: , J-I 000 

ATTENTION: Jon Lindberg 

SUBJECT: PO 2591 32-AB8 

RE: Sample ID No. BOJ5Y5 and BOJ5Y6 

Remarks: Samples were tested in general accordance with ASTM D-422. Please call if you have any 
questions regarding this submittal or presentation of the data. Thank you. 

Best Regards, 
SOIL TECHNOLOGY, INC. 

Vice President 
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PARTICLE SIZE DISTRIBUTION TEST REPORT 

% COBBLES 
0 
0 

HYDROMETER U.S. SIEVE OPENING IN INCHES US. STANDARD SIEVE NUMBERS 

% GRAVEL ’% SAND % SILT I % CLAY 
86 13 I 
0 4 64 I 32 

0 

10 

20 

1 
30 5 

2 
40 - c 

50 $ 
n a 

I5 

& 

s 

60 

70 5 - 
BO 

30 

100 

SOURCE 

I 

1 MATERIAL DESCRIPTION NM% LL PL SAMPLE # DEPTHIELEV. DATE SAMPLED USCS 
BOJ5Y5 325-327 GP Poorly araded aravel 
BOJ5Y6 37 I .9-372.2 ML Silt 

’roject No. 5-1000 Plate 1 



I .  

% SAND 
13 
4 

% COBBLES % GRAVEL 
86 3 0 

PARTICLE SIZE DISTRIBUTION TEST REPORT 
U.S. SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 

% SILT % CLAY I 
. 1  

32 . 6 4  3 0 0 

3 
3 

I I 

N M W  LL PI SOURCE SAMPLE # DEPTHIELEV. DATE SAMPLED USCS MATERIAL DESCRIPTION 

BOJ5Y5 325-327 GP Pborly graded wave1 
BOJ5Y6 37 1.9-372.2 ML Silt 

I I I 

Client Battelle Pacific Northwest Laboratories 

' SOIL TECHNOLOGY, INC. Project RCRA Groundwater Well Samples 
RCRA Groundwater Well Samples 

0 
0 



XRD RESULTS 

Sample : Core Sample Well 699 - 37 - 47A Depth 374.1 

Phase 

Muscovite (illite) Type@) 

Clinochlore (Vermiculite) Type@) 

Notes 

PDF # 

33-1 161 

9-466 

6-263 (26-91 1) 

16-61 3 

1) Solid solution possible in the case of the structure match with 
Albite, PDF 9-466. 

Semi Quant (wt%) 

2) Solid solution likely in the case of the identified illite-type clay. 
Also, calculated concentration was -8 wt%. 

3) . Solid solution likely in the case of the identified vermiculite-type clay. 
Also, calculated concentration was -2 wt%. 

D.5 

70 

20 

<lo 

<5 



7500 

5000 

CI) 

0 
n 

250t 

ID: 961 0230 Core Sample, Well 699-37-47A Dp 374.1 
File: 961 0230.DIF Scan: 2-751.041 11#1826. Anode: CU 

1,334161: Quark syn - Si 02 

I I I I  I I II II I I 1 I 111 I 

2-Theta 

m 
0 
n 

~7500. 

5000 

2500 

0 

ID: 961 0230 Core Sample. Well 699-37-47A. Dp 374.1 
File: 961 0230.DIF Scan: 2-751.041 11#1826, Anode: CU 

I '  
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2000- 

1500- 

v) 8 1000- 

6> 26-091: 

500- 

0. 

1 I I I I I I  I I I  I I I  1111111 1 1 1 1 I I  II 111, 11 I 1111 Ill I l l 1 1 1  I 1 1 1  I t  I I I  I t  L 
IUitite-2\ITM#lIRG -[ K ,  H:3 0 ]APSiiAI 010 [ 0 H )2 

I I I I 1 I I 1  I l l  I I I .  

2000- 

1500- 

0) 8 1000- 

6> 

500- 

0- 

IIIIII 1 ,II I I 1 1 1 '  I l l  I11 I 1  111  I 11 I I i n  1 II I 

1 111 I I Ill , n  1 1 1 1  I I  n t  I 1 11 

16~0613Ve~culite-2ilTMlRG-Mgx[Mg.Fe~[Si,AI]4010[0 H )2!4H2O 

I 
/ 

ID: 961 0230 Core Sample, Well 699-37-47A Dp 374.1 
File: 961 0230.DIF Scan: 2-75/.04/ 1/#1826. Anode: CU 

d 30 
0 I 

. ', 
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I. A: B: 
I Ref: Ibid. . 

c: . 2: 3 mp: i 1.6591 
I 1.6082 
I 1.5418 

Dx: 2.65 h: 2.66 SS/FOM: F30=77(.013,31) I 1.4536 
I 1.4189 

Ref: Swanson, Fuyat, Natl. Bur. Stand. (U.S.1, Circ. 539, 3 24 (1954) I 1.3820 
I 1.3752 
I 1.3718 

Color: Colorless ' I 1.2880 
Pattern taken at 25 C. Sample from the Glass Section at NBS, Gaithersburg, I 1.2558 
Holzer, J., McCarthy, G., North Dakota 'State University, Fargo, North Dakota, I 1.2285 
calculated patterns. 02Si type. Quartz group. Also called: silica. Also I 1.1978 
called: low quartz. Si used as internal standard. PSC: hP9. To replace 5-490 I 1.1843' 
A d  validated by calculated pattern. I 1.1804 

...................................................................................... 
ea: nwB: 1.544 ey: 1.553 Sign: + 2V: I 

...................................................................................... . .  

Maryland, USA, ground single-crystals of optical quality. Pattern reviewed by I 
USA, I(PD Grant-in-Aid (1990). Agrees well with experimental and 1 1.1999 

Plus 6 additional reflections to 0.9089. 
Mwt: 60.08. Volume[CDI : 113.00. i 

4 1  
14 I 

I 
4 1  

I 
6 1  
7 1  
8 1  
2 1  
2 1  

I 
1 1  
2 1  
I I  
3 1  
3 1  

I 

2 0 0  
2 0 1  
1 1 2  
0 0 3  
2 0 2  

1 0 3  
2 1 0  
2 1 1  
1 1 3  
3 0 0  

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

2 2 0  
2 1 3  

1 1 4  
3 1 0  

7 2 1  

Strong lines: 3.34/~ 4.26/2 1.8211 1.54/1 2.46/1 2.28/1 1.37/1 1.38/1 

. 
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I 

I 
I 
I-------------------------------------------------------------------------------------- 

I NaAlSi 0 
I 3 8  

I Sodium Aluminum Silicate 
I Albite, ordered 
I Rad: CuKal Lambda: 1.5405 Filter: Ni d-sp: 
I Cutoff: Int: Diffractometer I/Icor: 2.1 
I Ref: Smith, Mineral. Mag., 31 47 (1956) 
I I-------------------------------------------------------------------------------------- 

I a: 8.144 b: 12.787 C: 7.160 A: C: 

I 
I-------------------------------------------~-------------------------------.----------- 

I--------------------------------------------------------------------------------.------ I 

I Sys: Triclinic S.G.: C-1 (2) 

I A: 94.26 B: 116.6 C: 87.67 z: 4 mp: 1118 deg. 
I Ref: Ibid. 
1 mC: 2.62 Dm: 2.61 SS/FOM: F30=36(.014,60) 

I ea: 1.525 nwB: 1.529 ey: 1.536 Sign: + 2V: 70 deg. 
I Ref: Winchell, H., Elements of Optical Mineralogy, 2 312 (1951) 

I Color: Colorless, gray, white, bluish 
I orthoclase 1.8. 
I composition to 502 anorthite see Smith, Mineral. Mag., 31 47 
I (1956), also Smith, Yoder, Am. Mineral., 41 632 (1956). Feldspar 
I group, plagioclase subgroup. C.D. Cell: a=7.439. b=7.718, c=7.160, . 
I alphad07.32, beta400.44, gamma=115.03, a/b=0.9638, c/b=0.9276, S.G.=P-l (2). 
I PSC: aP26. To replace 1-739 and validated by calculated pattern 20-554. Mwt: 
I 262.22. Volume [CD] : 332.42. 

. I Specimen from Amelia, Virginia, USA. Composition (wt.%): albite 98.2, 
Low temperature structure. For variations in 2theta with 

6.39 
5.94 
5.59 
4.03 
3.857 

3.780 
3.684 
3.663 
3.509 
3.484 

3.375 
3.196 
3.151 
2.964 
2.933 

2.866 
2.843 
2.787 
2.639 
2.563 

2.538 
2.511 
2.496 
2.460 
2.443 

20 
2 
2 
16 
8 

25 
20 
16 
10 
2 

8 
100 
10 
10 
16 

8 
2 
2 
6 
8 

2 
2 
6 
6 
4 

0 0' 1 
-1 -1 1 
-1 1 1 
-2 0 1 
1 -1 1 

1 1 1  
1 3 0  
-1 -3 1 
-1 -1 2 
-2 -2 1 

I 
-1 1 2 I 
0 0 2  I 
-2 2 0 I 
1 -3 1 I 
0 -2 2 I 

I 
1 3 1  I 
-1 -3 2 I 
0 2 2  I 
-1 3 2 I 
-2 -4 1 I 

I 
-3 -1 2 I 
1 -1 2 I 
2 -2 1 I 
2 2 1  I 
-2 4 1 I 

I 

I - - - - -- - 
I 2.431 
I 2.405 
I 2.388 
I 2.320 
I 2.278 
I 2.189 
I 2.125 
I 2.119 
I 2.076 
I 2.035 

I 

I 2 1  
I 2 1  
I 4 1  
I 4 1  
I 2 1  
I .  I 
I 4 1  
I 8 1  
I 6 1  
I 2 1  
I 2 1  

-1 -5 1 
2 4 0  
3 1 0  
-3 -3 1 
-1 1 3 

0 4 2  
0 6 0 .  
-1 -3 3 
2 -4 1 
2 4 1 '  

I 
2.000 I 2 I 2 0 2  I 1 1  I 
1.980 I 4 I 0 6 1  I I 1  I 
1.927 I 2 I 2 -2 2 I I 1  I 
1.889 I 8 I 2 2 2  I I I  I 
1.851 I 2 I -4 0 3 I I I  I 

I .  I I  I 
-2 6 1 I I 1  I 

1.829 I 4 I -2 6 0 I I I  I 
1.824 1 18 I 0 -4 3 I I 1  I 
1.804 I 6 I 1 1 3  I I I  - 1  
1.785 I 8 I -2 0 4 I ,I I I 

.--------+-----+----------------------+---------+-----+---------------------- 

I 1  
1.844 I 3 I 

...................................................................................................................... 

Strong lines: 3.20/X 3.78/3 6.39/2 3.68/2 1.82/2 4.03/2 3.66/2 2.93/2 
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KAl (Si All0 (0H.F) 
2 3 10 2 

Potassium Aluminum Silicate Hydroxide 

ea: 1.50-1.56 nwB: ey: 1.59-1.61 Sign: - 2V: 36-50 deg. 
Ref: Hendricks, Jefferson, Am. Mineral., 24 759 (1939) 

...................................................................................... 
Color: colorless 
Space group by Jackson, West, 2. Kristallogr., 76 211 (1930) and 
Hendricks, Jefferson, Am. Mineral., 24 729 (1939). Other sources 
give refractive indexes for muscovites: epslio~lpha=1.55-1.57, 
nomegabeta=l. 58-1 - 61, epsliongamma=l. 59-1.62. 
dioctahedral subgroup. C.D. Cell: a=20.050, b=9.030, c=5.190, beta=95.77, 
a/b=2.2204, c/b=0.5748, S.G.=AZ/a (15). PSC: mC84. Volurne[CD]: 934.90. 

Locality not give& Mica group, 

.-------- 
9.95 
4.97 
4.47 
4.30 
4.11 

3.95 
3.88 
3.73 
3.48 
3.34 

3.32 
3.19 
3.12 
2.987 
2.859 

2.789 
2.596 
2.566 
2 - 505 
2.491 

2.465 
2.450 
2.398 
2.384 
2.254 

. - - - -  

95 
30 
20 
4 
4 

6 
14 
18 
20 
25 

100 
30 
2 
35 
25 

20 
16 
55 

14 

8 
8 
10 
25 
10 

a 

0 0 2  
0 0 4  
-1 1 1 
1 1 1  
0 2 2  

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

0 0 6  
1 1 4  
-1 1 5 

0 2 5  
1 1 5  

-1 1 6 
-1 3 1 
1 1 6  
-1 1 7 
0 0 8  

-1 3 3 
2 0 2  

-2 0 4 
1 3 3  
0 4 0  

d A I 1nt.I h k l  h k 1. h k l  
.-------- 
2.236 
2.208 
2.189 
2.149 
2.132 

2.070 
2.053 
1.993 
1.972 
1.951 

1.941 
1.894 
1.871 
1.822 
1.746 

1.731 
1.710 . 
1.704 
1.699 
1.662 

4 1  
8 1  
4 1  
16 I 
20 I 

I 
4 1  . 
6 1  
45 I 
10 I 
6 1  

I 
4 1  
2 1  
4 1  
4 1  
4 1  

I 
8 1  
6 1  
6 1  
4 1  
12 I 

-1 3 5 
2 2 1  
0 2 8  
2 2 2  
1 3 5  

2 2. 3 
0 4 4  
0 0 10 
-1 3 7 
2 0 6  

-2 2 6 
-2 0 8 
1 3 7  
0 2 10 

-2 2 8 

-1 3 9 
2 0 8  
-1 5 1 
-3 1 1 
0 0 12 

1.646 I 25 
1.631 I 6 
1.620 I 6 
1.603 I 6 
1.573 I 4 

1.559 I 8 
1.541 I 4 
1.524 I .I2 
1.504 I 30 
1.453 1- 4 

1.424 I 2 
1.414 I 2 
1.388 I 2 
1.375 I 2 
1.352 I 12 

1.335 I 10. 
1.321 . I  4 
1.299 I 8 
1.292 I '  6 
1.274 I 6 

I 

I 

I 

1 3 9  
-1 5 4 
2 4 3  

-3 1 6 

-2 2 10 
-1 5 6 
-1 3 11 
-2 4 7 
0 2 13 

0 0 14 
0 4 11 
1 5 8  
-3 3 7 
-1 3 13 

-2 4 .5 

-3 3 8 
-2 2 13 
-2 6 0 
-3 3 9 
-2 6 4 

1.267 
1.253 
1.246 
1.227 
1.221 

1.208 
1.200 
1.1903 
1.1828 
1.1582 

1.1300 
1.1220 
1.1167 

4 1  
6 1  
8 1  
4 1  
6 1  

I 
4 1  
4 1  
4 1  
4 1  
2 1  

I 
2 1  
4 1  
4 1  

I 
I 
I 
I 
I 
I .  
I 
I 

0 4 13 
-2 2 14 
-3 5 0 
3 5 2  
-1 7 4 

3 5 3  
4 2 3  

-2 2 15 
-1 7 6 
0 6 11 

. 2 ,  6 8 
1 5 13 
0 6 12 

4.97/3 3.19/3 1.50/3 
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26-911 JCPDS-ICDD Copyright (c) 1995 PDF-2 Sets 1-45 database Quality: i ------------------------------------------------------------------------------------------------------------------------------- 

A: B: 95.18 C: 
Ref: Ibid. 

2: 4 mp: 

Dx: 2.82 Dm: 2.79 SS/FOM: F18=2(.082,148) 

I d A I 1nt.I h k l  

i 2.463 
I 

.--_--_------_------------------------------------------------------------------------ 
ea: 1.579 nwB: 1.602 ey: 1.618 Sign: - 2V: 37 deg. 
Ref: Ibid. I 2.241 

I 2.005 
I 1.499 .------------------------------------------------------------------------------------- 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Color: White 
Specimen from Tanakami-yam pegmatite, Shiga Prefecture, Japan. Chemical 
analysis (wt.%): Si02 45.67, Al203 36.88, MnO 0.82, K20 8-90, R20 6.78, F 
0.64, minor Na20, FeO, Fe203. Density calculatedkor K1 no H30. 2M1 
structure. Mica group, dioctahedral subgroup. C.D. Cell: a=20.160, b=9.000, 
c-5.190, beta-95.18, a/b=2.2400, c/b=0.5767, S.G.=AZ/a (15). Si used as 
internal standard. PSC: mC84. To replace 9-334 and 15-603. Volume[CDl: 
937.83. 

0 0 2  

1 1 0  

-1 1 3 

I 
90 I 
50 I 0 0 4  
16 I 
14 I -1 1 1 

0 2 3  
-1 1 4 
0 0 6  
1 1 4  
0 2 5  

1 1 5  
-1 1 6 
1 3 1  
0 0 8  
-1 3 3 

2 2 0  
1 3 6  

I 
4 1  
50 I 
14 I -3 3 1 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Strong lines: 3.34/X 10.0/9 5.02/5 2.01/5 2.99/2 4.48/2 3.20/2 4.44/1 

'D. 1 1 



I 7.121 
I 4.747 

----+---------------------- 

0 * o  1 
I 

67 I 
100 I 
43 I 0 0 3  
7 1  
221 1 1  0, - 1 1  0 

I 
9 I -1 -1 1, -1 1 1 
221 0 - 2  1, 0 2 1 

0 0 2  

0 2 0  

8 1  1 - 1  1, 1 1  1 
13 I -1 1 2, -1 -1 2 

0 2 2  6 1  
I 

8 1  1 - 1  2, 1 1  2 
53 I 0 0 4  
6 1  -1 -1 3 
5 1  0 - 2  3, 0 2 3 
4 1  1 - 1  3, 1 1  3 

I 
3 1  -1 1 4 
9 1  0 0 5  
3 )  0 2 4, 0 - 2  4 
.31 1 1 4 .  - 1 3  0 
19 I [ 1 3 1, -2 0 21 

I 
27 I -1 3 2, -1 -3 '2 

25 1 1  1 3 2 ,  2 0 -31 
23 I 2 0 1  

2 1  0 -2 5 
9 1 -1 3 3, -1 -3 3 

I 

Strong lines: 7.12/i 14.2/7 3.56/5 4.75/4 2.55/3 2.45/3 4.60/2 4.41/2 
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Mg (Mg,Fe) (Si,=) 0 (OH) !4H 0 
x 3 410 2 2 I 

I 14.2 
I 7.14 
I 4.76 
I 4.41 

Magnesium Iron Aluminum Silicate Hydroxide Hydrate 

Vermiculite-2M I 4.57 

Rad: CuKa Lambda: 1.5418 Filter: d-sp: Guinier I 
cutoff: Int: Densitometer I/Icor: I 4.35 

...................................................................................... 

Ref: Mukherjee, Clay Miner. Bull., 5 194 (1963) I 4.25 
I 3.56 
I 2.85 ...................................................................................... 

Sys: Monoclinic S.G.: C2/c (15) I 2.615 
A: B: 94.6 C: 2: 4 mp: I 2.570 
Ref: Ibid. I 2.525 

I 2.430 
Dx: 2.26 Dm: 2.28 SS/FOM: F30=3(.054,203) I 2.380 

I 2.365 
Ref: Winchell, H., Elements of Optical Mineralogy, 2 396 (1951) I 2.265 

I 2.170 
Specimen from Ajmer-Marwar, India (Indian Museum 8247). CAS no.: 1318-00-9. I 2.040 

a: 5.24 b: 9.17 c: 28.60 A: C: I 

...................................................................................... 
ea: 1.525 nwB: 1.545 ey: 1.545 Sign: - 2V: 0 deg. I 

I 2.200 
Color: Brown, green I 2.080 
Analysis 4wt.O): Si02 34.92, A1203 13.97, Fe203 6.25, FeO 0.52,  MgO 20.37, 
CaO 2.15, Na20 0.32, m0 21.00. Chlorite group, tri/trioctahedral subgroup. I 2.010 

S.G.=M/a (15). PSC: mC1408. To replace 10-418 and validated by calculated I 1.820 

...................................................................................... 

I 
C.D. Cell: a~28.600, b=9.170, c=5.240, beta=94.60, a/b=3.1189,.c/b=O.5714, I 1.975 
pattern 34-166. Structure reference: Shirozu, k., Bailey, S., Am. Mineral., 51 I 1.790 
1124 (1966). Volume[CDI : 1369.83. I 1.725 

I 

I 
I 100 
I 15 
I 10 
I 60 
I 10 
I 
I 10 
I "  
I 25 
I 30 
I 50 
I 
I 50 
I 45 
1 . 5  
I 35 
I "  
I 
I 5  
I 5  
I "  
I 5b 
I 10 
I 
I "  
I 5  
I 5  
I "  
I 10 
I 

h k l  

0 0 2  
0 0 4  

. O  0 6 
0 2 0  
-1 1 2 

0 2 2  
1 1 2  
0 0 8  
0 0 10 
-1 3 2 

-1 3 3 
-2 0 4 
-1 3 5 
0 0 12 

-2 0 6 

-2 2 2 
-2 2 4 
-1 1 12 
1 3 8  
0 0 14 

-2 p 10 
-1 3 10 
1 3 11 
2 2 9  

-2 4 1 

Strong lines: 14.2/X 1.53/7 4.57/6 2.62/5 2.57/5 2.53/5..2.37/4 2.85/3 
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I XRD - REQUEST FOR ANALYTICAL SERVICE 
This Analysis is Governed by QA Plan MCS-007 

(Refer to PAP-70-208) 

DATE 

Impact Level Pacific Northwest Laboratories 

Work Requested B 

Org Code PayrdNo.  *Work Package No. 
*Submitted . 
*Required 39T21 3 s 7 7 d  m8373q 

Samples: 

/ 

'Possible Chemistry (cations, anions, functional groups): 

'Analysis Required (check all that apply): 

a Qualitative Phase Identification 

1 Crystallite Size 

Semi Quantitative Analysis 

Quantitative Analysis 
~~~ 7 Lattice Parameter Determination a Data Collection ONLY (2-Theta Range 

c] Other (specify): 

Scan Rate 1 

*Requestor Supplied Information *Requestor Signature 

Reviewer Date \ n  

n , // 
D.14 BD-1700-003 (04/93) 



XRD Sample / File Log form : IgR0ne.W 

Requestor : 

Sample : 

Wk Pkg : 

Operator : a=*cL 

Experimental Summary 

Apparatus : 

V / I (power) : 

28 Range : 

Scan Rate : 

.! Philips X-Ray Diffractometer (M&TE ID APD3620) 

- Philips X-Ray Diffractometer (M&TE ID APD3621) 

L cu' Other : 

,\ 45 kV/40mA Other : 

Sample Mount : d Zero Bkgnd Cavity ( 1 2 ~ )  

Zero Bkgnd Plate 

- Self (monor i i  suds) 

- 5 - 75" 

\I 0.04"/2sec 

0.05" / 2 sec 

Temperature : d 

Zero Bkgnd Cavity (gmm) 

Glass Cavity 

. Other: 

J Other: Z-75 

- Other : 

Room Temp 

D.15 

Other : 



PROJECT S P E C I F I C  RECORD TRANSFER FORM 

To: Project Record Custodian (Customer) 

From: KLM Analytical EDXRF Service Center 

The records l’isted below are being submitted to the Project Records Custodian 
(as defined by the Task File Index) for storage i n  the program f i les .  
records have been inspected for  1 egi b i  1 i ty ,  completeness , and cl ar i  t y  and were 

Tvpe o f  records: 

. These 

generated i n  response t o  Purchase Request # M , 8 3  73Y 
r 

The records l i s ted  above have been received, inspected and stored. 
s igning  and returning th is  form .to the indicated Analytical Service Center as 
proof o f  receipt. Mail t o  KLM Analytical, 2000 Logston Blvd. Richland WA 99352 

I am 

. Project Records Custodian 

Date 

D.16 



Kt.p l -AW -16 -1 
f m  

TEST/ANALYSIS SUMMARY 

KLM ANALYTICAL EDXRF ANALYSIS SERVICE CENTER: 2000 LOGSTON BLVD. RICHLAND WA 

IDENTIFICATION 

Project  ~ / 5 q  ,&// (6 Sa t) &$L& e// H-3747A 

Requester r e  WP# f i B 3 7 3 5 /  
u 

ARF# 76-/ 
Service Lab Ident i f ica t ion  Numbers 

[/- f6 -1 
4 2 - / 1 - 2  
R 3 46-3 

Requester Sample Numbers Analyzed 

&#a/+ (6ff-37-47Pj 
pa d e& 4 5i7'- s;Zs'C.Pf) 

Type of Analysis--. 

MEASURING TEST EQUIPMENT USED . 

Date /dc30k' +% 

Instrument Calib. No 
[ 3 XRF 0810 RGD #09 
[ 3 XRF 0810a RGD #10 
[ ] XRF 770 RGD #31 [M XRF SRS3000 RGD #42 

ANALYTICAL METHOD USED: 

Instrument 
[ 3 Balance 
[ ] Balance 
[ 3 Balance 

Procedures used: (See ARF for  Designated Procedure) 

[ ] ALO 266 
[ 3 7-40-48 

PM R- 
L J  

Test Instructions used: 

[ I  
[ I  

Cali bration No. 
512-06-03-017 
512-06-03-018 
5i2-06-03-oi5 

[ I  

M and TE performed checks included w i t  data ['id 

TEST/ANALYSIS SUMMARY PREPARED . BY /a DATE: ///I/@ 
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Date 

Si02 
A1203 
Ti02 
FeO* 
MnO 
CaO 
MgO 
K2 0 
Na20 
P205 
Total 

Si02 
A1203 
Ti02 
FeO* 
MnO 
CaO 

K2 0 
Na20 
P205 

MgO 

Ni 
Cr 
sc 
v 
Ba 
Rb 
Sr 
Zr 
Y 
Nb 
Ga 
cu 
Zn 
Pb 
La 
Ce 

DC23GR DC23GR DC23GR DC23GR DC23GR DC23GR 
395 435 590 665 785 835 

13-Jan-93 13-Jan-93 13-Jan-93 13-Jan-93 13-Jan-93 13-Jan-93 

51.55 
12.66 
3.535 
14.99 
0.212 
8.70 
4.09 
1.26 
2.54 
0.552 

100 IO9 

EM EM P P 
Unnormalized Results (Weight %) : 

51.42 54.90 
14.51 
1.606 
10.41 
0.168 
9.93 
6.41 
0.81 
2.53 
0 -240 
01.. 51 

12.52 
3.607 
15.22 
0.215 
8.37 
4.21 
1.30 
2.59 
0.567 
00.02 

Normalized Results (Weight % ) :  
51.50 51.41 54.08 
12.65 12.52 14.29 
3.53 3.61 1.582 

14.98 15.22 10.25 
0.212 0.215 0.165 
8.69 8.37 9.78 
4.09 4.21 6.31 
.1.26 1.30 0.80 
2.54 2.59 2.49 
0.552 0.567 0.236 

Trace Elements (ppm) : 
2 6 

23 27 
36 32 

406 420 
475 469 
30 34 

235 230 
246 249 
51 51 

27.1 27.9 
22 21 
16 10 

155 
6 

183 
24 
35 33 
79 69 

36 
93 
25 

266 
277 
21 

234 
13 8 
31 

13.3 
20 
47. 
95 
14 
13 
26 

53.20 
14.51 
1.635 
10.61 
0 175 
10.43 
6.90 
0.73 
2.48 
0.229 

100.90 

52.73 
14.38 
1.620 
10.52 
0.173 
10.34 
6.84 
0.72 
2.46 
0.227 

40 
99 
27 

278 
245 
16 

228 
135 
29 

14.4 
19 
49 
97 
7 

18 
45 

ESQ 

54.40 
13.26 
3.026 
13.34 
0.188 
7.62 
3.84 
1.65 
3.00 

' 0.408 
100.73 

54.00 
13.16 
3.00 
13.24 
0.187 
7.56 
3.81 
1.64 
2.98 
0.405 

3 
13 
19 

347 
576 
47 
258 
208 
40 

24.8 
24 
9 

128 
13 
32 
68 

ESQ 

53.81 
13.09 
3.083 
13.61 
0.192 
7.54 
3.81 
1.71 
3.02 
0.408 

100.27 

53.66 
13.05 I 

3.07 
13.57 
0.191 
7.52 
3.80 
1.71 
3.01 
0 -407 

0 
14 
21 
365 
591 
44 
257 
212 
43 

24.8 
23 
14 
303 
38 
20 
62 
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Th 6 6 3 3 8 6 

Date 

Si02 
A1203 
Ti02. 
FeO* 
MnO 
CaO 

K2 0 
Na20 
P205 
Total 

MgO 

Si02 
A1203 
Ti02 
FeO* 
MnO 
CaO 

K20 
Na20 
P205 

MgO 

Ni 
Cr 
sc 
V 
Ba 
Rb 
Sr 
Zr 
Y 
Nb 

DC23GR DC23GR DC23GR DC23GR DC23GR 
925 955 1015 2595 2620 

14-Jan-93 14-Jan-93. 14-Jan-93 14-Jan-93 14-Jan-93 

54.66 
13 -83 
3.011 
12 89 
0.213 
6.65 
2.66 
2.40 
3 -28 
0.860 

100.45 

54.41 
13.77 
3.00 

12.83 
0.212 
6.62 
2.65 
2.39 
3.27 
0.86 

0 
5 

23 
234 
3066 
45 
295 
434 
51 

23.7 

. -  

TJM 

54.61 
13.57 
2.757 
12.74 
0.215 
6.26 
2.71 
2.59 
3.44 
0.955 
99.85 

54.69 
'13.59 
2.76 
12.76 
0.215 
6.27 
2.71 
2.59 
3.45 
0.96 

0 
2 

25 
188 

3308 
44 
280 
448 
50 

23.6 

PR PR 
Unnormal iz 

54.53 55.02 55.14 
'13.54 , 14.29 14.18 
2.673 1.753 1.819 
12.70 11.39 11.50 
0.205 0.194 0.195 
6.21 . 8.56 8.42 
2.74 4.89 4.57 
2.73 1.23 1.22 
'3.40 3.12 3.20 
0.959 0.318 0.353 
99.69 100.77 100.60 

54.70 
13.58 
2.68 
12.74 
0.206 
6.23 
2.75 
2.74 
3.41 
0.96. 

c 

0 
3 

21 
162 

3313 
47 
281 
454 
51 

22.4 

Normalized 
54.60 54.81 
14.18 14.10 

1.808 

0.693 0.194 
8.50 8.37 
4.85 . 4.54 

. 1.22 1.21 
3.10 3.18 
0.316 0.351 

'1.740 
11'. 3 0 -11.43 

Trace Elem 
10 2 
48 41 
30 37 
309 289 
503 562 
33 . 32 
308 310 
156 163 
33 36 

11.7 12.7 
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Ga 
cu 
Zn 
Pb 
La 
Ce 
Th 

22 
5 

138 
9 

30 
68 
' 8  

22 
2 

13 2 
12 
44 
70 
5 

22 
0 

12 7 
12 
57 
80 
6 

21 
18 
111 

6 
24 
5.0 
3 

22 
.19 
117 

5 
22 
46 
1 
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RLS Spectral KUT Processed Data 
Project: Eastern Hanford Site; 6OOArea 
Borehole: . 699-37-47A 

Log Date : Aug. 23,1996 
Westinghouse Hanford Co. 
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RLS Spectral KUT Processed Data 
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RLS Spectral KUT Processed Data 

21 

Borehole: 699-37-47A 

0 

Log Date : Oct. 14, 1996 
Analysis Date: Oct. 14, 1996 

Total Gamma Potassium Uranium Thorium 
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RLS Spectral KUT Processed Data 
Borehole: 699-37-47A Log Date : Oct. 14, 1996 

Analysis Date: Oct. 14, 1996 

Total Gamma .Potassium Uranium Thorium 4 
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RLS Spectral KUT Processed Data 
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Bo re h o le: 699-37-47A 
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RLS Gamma-Ray Borehole Survey 

Location : Eastern Hanford Site; 600 Area Log Date AUg. 23, 1996 
Bo re h o le: 69 9-37-47A 
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RLS Gamma-Ray Borehole Survey 

Location : Eastern Hanford Site; 600 Area Log Date Aug. 23,. 1996 
Borehole: 699-37-47A 
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RLS Gamma-Ray Borehole Survey 

Borehole: 699-37-47A 
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RLS Gamma-Ray Borehole Survey 

Bore hole: 699-37-47A 
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Appendix F 

Aquifer Testing 

This appendix contains the 

Well Development Record 

Slug Testing Results and Analysis 

K-V Associates Flowmeter Results. 
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c Rad.YDist. of/From Pumping Well 5' If Pump On: date I c / q / t C  time D / 

Elevation of Meas. Point &A Duration of Aquifer Test $44 4,;e . 
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Meas. Point for W.L's ' Pump Off: date 47/74 time Y@ :#57 
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Project NO. M83735 

-- - 
Date, : *  December 18,1996 

To B.A. Williams 

From ---?CY F.A. Spa 

Subject Slua Test Analvsis Results for Well 699-37-47A 

. . .~. BACKGROUND .. 

Internal Distribution 
-. 

D.G. Horton 
J.W. Lindberg 
S.P. Luttrell 
R.M. Smith 
V.R. Vermeul -. 
File/LB 

* i  . . .  . -  

'This letter report presents the analysis results of slug tests conducted at well 699-37-47A, 
following well completion and developmental pumping. The fietd tests were performed in 
support of t he  Hanford Integrated Groundwater Project, and specifically pertains t o  Tri- 
Party Agreement milestone M-24. The purpose of t h e  slug tests w a s  to  provide initial 
hydraulic property estimates for the  unconfihed aquifer in proximity to  well 699-37-47A. 
The depth interval tas ted represents the  upper 27 f t  of the  unconfined aquifer, from . 
approximately 31 1 to 338 f t  bgs. Preliminary geologic information indicates tha t  
hydrogeologic unit E of the  Ringold Formation occurs between a depth of 31 1 t o  367 ft 

367 t o  412 f t  bgs and 427 t o  437 (Lower Mud Unit) f t  bgs. 
bgs. Underlying unit E are discernable fine-grained silt and clay units occurring between , .  

The tests were conducted on November 8, 1996, following well completion and 
development activities. The well has  a 4-in. diameter well 'screen completion, which is 

'surrounded by a 2-in. annular well sandpack. Slug testing was conducted by removing a 
slugging rod (slug withdrawal test) of known displacement volume. Slug withdrawal tests 
were employed rather than slug injection tests (i.e., .by rapidly immersing t h e  slugging rod) 
because of their reported superior results for unconfined aquifer tests where the  water 
table occurs within the  well screen section (e.g., Bouwer 1989). In total, six slug 
withdrawal tests were conducted. For the  f i rs t  t w o  tests (1A and 1 B); t h e  slugging rod 
displacement volume was 0.1'27 ft3. For t h e  second (2A and 2B) and third set (3A and 3B)  
of tests, slugging rods with displacement volumes of 0.324 ft3 and 0.41 4 ft3 were utilized, 
respectively. Different sized slugging rods were used during testing to  impart varying 
stress levels during. testing, which are useful for assessing .the effectiveness of well 
development'and the  presence of dynamic skin effects (Butler et al. 1996). The similarity' 
in test responses for the  three different slug rod sizes used indicates t ha t  t h e  well had been 
adequately developed and that skin effects did not adversely effect t h e  slug test response. 

All six slug tests exhibited complete recovery patterns within = 5 secs of test initiation, 
which is indicative of highly transmissive test formation conditions. Because of the  
existing high transmissivity conditions, t he  test formation was recoverying as the  slugging 
rod was  being removed t o  initiate t he  test, s o  a "full" stress level associated with the  

t 

c 
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slugging rod volume could not be applied during the test. Because of the lower stress 
levels and associated small test responses observed during the first four tests (tests lA ,  
1 B, 2A and 2B), .quantitative analysis efforts were focused on the t w o  higher stress slug 
withdrawal test results (Le., tests 3A and 3B). 

ANALYSIS METHODS 

Analytical .methods used in the analysis of the slug withdrawal tests conducted at well 
699-37-47A include the type-curve matching method'for unconfined and confined aquifers, 

' as presented in Hyder et al. (1 9941, Hyder and Butler (1 9951, Spane and Wurstner (1 9931, 
and Spane (1 996), and the semi-empirical straight-line analysis method described in 
Bouwer and Rice (1 976) and Bouwer (1 989). Because the type-curve analytical methods 
can use all or any part of the slug test response in the analysis. procedure, they are 
particularly useful in the analysis of highly tr8nsmissive unconfined aquifer tests (e.g., as 
exhibited at well 69k-37-47A). They also do not have any of the inherent analytical 
weaknesses of the commonly used Bouwer and Rice method (e.g., assumption of steady- 
state flow, isotropic conditions, etc.1, as originally described in Bouwer and Rice, 1976 and 
Bouwer, 1 989 for unconfined aquifer slug tests. These analytical limitations are discussed 
in Hyder and Butler 11 9951, Brown et al. (1 9951, and Bouwer (1 996). 

Because of the ease of application, the type-curve method described in Spane (1996) was 
used for final analysis of the slug test responses for tests 3A and 38. The method 
,presented in Spane !1996) pertains to the analysis of slug interference tests; however, the 
general procedure of converting available pumping test type curves t o  an equivalent slug 
test response also zpplies. It should be noted that the analytical methods presented in 
Spane (1 996) and Hyder and Butler (1 995) both account for the effects of well partial 
penetration, anisotropy, well bore storage, and aquifer elasticity effects (storativity); and, as 
a consequence, provide similar results. For comparison purposes, tests 3 A  and 3B were 
also anal'yzed using the Bouwer.and Rice (1 976) method. Test analysis results are 
presented-in Table 1. 

Several analytical assumptions were made to  facilitate the type-curve analysis of the slug 
test results.. These assumptions include: 

- only test data reflective of laminar flow conditions 
were the focus of the type-curve analysis - 
a vertical anisotropy (K,) val$e of 0.1 was assumed 

a storativity value of 0.0001 was used as an initial test 
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match parameter 

f -  

the  well screen interval was  assumed to  be equivalent t o  
the  test interval section. 

. All stan'dard hydrologic test analysis methods assume that laminar flow conditions exist 
within the aquifer and well during testing. Laminar flow conditions during testing were 
determined by calculating flow velocities within the  . . . .  well casing (based on timed/fluid 
pressure measurements obtained in the well column)',-B.nd.then determining the Reynolds 
Number based. on standard fluid mechanics relationships. Laminar flow conditions were 
assumed to exist when Reynolds Numbers I 2,000 were indicated. It should be noted 
that the Reynolds Number calculations are .based on steady. flow condition assumptions 
and, therefore, some uncertainty exists a s  t o  what  threshold Reynolds Number value is 
indicative of laminar flow for test responses,Iwith exponentially decreasing flow rate 
characteristics. 

To standardize the slug test type-curve matching analysis for all slug test responses, a 
vertical anisotropy (K,) of 0.1 w a s  assumed. Previous investigations by the author have 
indicated that  single-well slug test responses are relatively insensitive t o  vertical 
anisotropy; and, therefore, the use of an assumed (constant) value of 0.1 is not expected 
t o  have any significant impact on the determination of transmissivity (T) and hydraulic . 
conductivity (K,) from the  type-curve matching analysis. 

To facilitate the  unconfined aquifer slug-test type-curve analysis, an elastic storage value 
of 0.0001 w a s  utilized for all initial analysis runs. Ager initial matches'were made thiough 
adjustm'ents of transmissivity, additional adjustments of storativity were then attempted to  
improve the  overall match of the  test response pattern. In both test cases, slight 
modifications (i.e., decreasing S )  were made t o  input storativity values, but no significant 

. improvement in the final analysis matches w a s  observed. It should be noted, however, 
that  other factors influence the shape of the slug test curve Ce.g., skin effects, vertical 
anisotropy). For this reason, storativity value used in the final slug test analyses is 
considered to be of qualitative value, and should not be used (as in the case for 
transmissivity) for quantitative applications. 

For the slug test analysis, the well screen interval (rather than the  sandpack interval) w a s  
used to  represent the test interval for the analyses. This was based on the assumption 
that the formation materials within the screened interval-have 'a higher permeability than 

. the sandpack; and, therefore, test response transmission is expected t o  propagate faster 
laterally from the well screen to the surrbunding test formation, than vertically within the  . 
sandpack zone. In reality, only small differences exist between individual well site well 
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screen and sandpack interval lengths (Le., in comparison to the  aquifer thickness 
relationship); and, subsequently, no significant differences in analysis results would be 
expected. 

ANALYSIS RESULTS 

Figures 1 through 4 present the  analysis results for slug tests 3A and 3B. Fluid flow 
analysis of the tests indicates that  flow conditions were-near the  laminar/turbulent flow 
boundary (Le., Re = 2,000) for most of the  recovery response. As shown in Figures 2 and 
4, predicted type-cur /e analyses were not able t o  match the  later-time test response (Le., 
generally between 2.5 t o  4 sec). The reason for this is not readily apparent, but may be 
attributed, in part, to heterogeneous formation response or flow turbulence in the vicinity 
of the well. 

As shown in Table 1, analysis'results indicate that a significantly higher range for hydraulic 
conductivity (I 60.7 ;o 196.4 ft/d) w a s  obtained from type-curve analyses, in comparison 
t o  estimates obtained with the  Bouwer and Rice method (99.9 to 114.1 ft/d). As noted 
previously, because of its semi-empirical nature, analytical results obtained using the 
Bouwer and Rice method (Le., in contrast t o  results obtained using the type-curve 
matching method) are expected t o  be subject t o  error. Bouwer and Rice (1 976) indicated 
that the estimate of hydraulic conductivity and transmissivity using their analysis method 
should be accurate to within 10 t o  25%. Recently however, Hyder and Butler (1995) 
report that the errors a s  great as 100% can occur under certain test site conditions. For 
these reasons, greater credence is afforded the analytical results obtained using the type-' 
curve matching approach, which has more rigorous analytical basis. 

. . .  

* 

Based on the overall tetter type-curve match result obtained for test 3B, best estimate 
values for hydraulic conductivity and transmissivity of 196.4 ft/d and 1 1,000 ft2/d, 
respectively are assigned for the unconfined aquifer in proximity t o  well 699-37-47A. It 
should be noted, however, that  because of the  very rapid recovery of the  slug test 
responses (Le., I 5 sed,  the  cited best estimate values should be considered to  be very 
qualitative in nature. 
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BEST ESTIMATE VALUE: 

TABLE 1. Comparison of Test Analysis Results for Slug Withdrawal Test 3A and 38 Conducted at Well 699-3747A. 

. . 196.4 11000 

TEST 

3A 

3B 

TEST PARAMETERS 
H o  

rc 1 rw b (observed) 

l.2301.333 I 56 0.227 

.2301.333 I 56 I o*221 ': 
I I 

I 

ANALYSIS METHODS 

BOUWER AND RICE TYPE CURVE 

ftld f t2/d ft ld ft2/d 
K O  T K.3 T 

I I I 
99.9 5595 160.7 9000 +' I 

d 

114.1 6390 I * 196.4 
: 

11000 
I .. 

rw = radial distance to undisturbed portion of aquifer (Bouwer 1989) 

b = aquifer thickness 

K, = equivalent hydraulic conductivity, determined by dividing T by b; K, is an assigned average value for the entire 
aquifer thickness 

T ,  = transmissivity 
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-1.23690 
-1.32480 
-1.35010 
-1.32730 
-1- 
-1.17240 
-1.06950 
-0.95480 
9.85190 
-0.74480 
4.651aO 
-OS070 
-0.47450 

-0.330% 
-0.27440 
-0- 
-0.16980 
-0.12710 
-0.W370 
-0.Q6020 
-0.03010 
-0.m 
0.01850 
0.03940 
0.05610 
0.- 
0.08290 

-0.aim 

0.00000 
0.00080 
0.01180 
0.21030 
0.5(28) 
1.oO290 
1.52180 
205240 
252100 
285500 
3.03160 
3.0E340 
268720 
283910 
264660 
214320 
223400 
203660 
1.85240 0 
1.6833 
1.52850 
1 m w  
1.26150 
1.15190 
1.(#900 c 
0.0703 
0 . m  
0.81880 
0.7- 
0.7@330 
0.65140 
0 . W  
0.55930 
0.52170 
0.m0 
0.45140 
0.4PlO 



KVA Flowmeter Measurements 
W e l l  Number: 699-37-47A 

Test No.: A37-3.4 
Date: 11-11-96 

Analysis Type: SUM 

No. 1 Thermistor Alignment: North 

Calculated Vector Angle: S 33.5 E 

Probe No. : 2D-1 
Controller No.: B 
Computer Interface No.: 2 

Flowrate Calculation: 

Clibration Curve Date: October 1995 

Calibration Cuve: Assumed Effective 'Porosity @ 20% 

(0.051 x mV) - 0.04 
Flowrate = 1.0 ft./day 

Effective Porosity 

Vector Fit Calculation: 

100- (( (A+B+C+D)/Cal.Vector Length)x100)= % 

loo-((( )/ xlOO)= % 

4.85 

F.15 



I N-S ITU FLOW M EAS LJ REM ENTS Tot Dep. = 342.6 ft.TOC 

smnw 
810 
910 

11-12-9 PROBE @ 323.0 ft (BTOC) 7.4ft BWL Declination Correction: 21 HEATER @ 1.6 amps Dep. Water = 31 5.6 E T 0  

MdnME: 
81: 
91: 

In-Sttu Flow Measurements . 
Well No 

4 2 1 2 1  4.4 
0 50 loo 150 

5ssccndnsurlr 

-uys -------4E4w 9- 

TEST NO. 1 -TEST NO. 2 
2 

317 5 1.53490 
317 10 -1.58180 
317 15 -1.83650 
317 20. -241880 
317 25 -325580 
317 30 -421170 
317 35 4.2Q370 
317 40 -6.10430 
317 45 -6.78970 
317 50 -721810 
317 55 -7.42050 

317 65 -7.37530 
317 60 -7.44740 

317 70 - 7 m  
317 75 - 7 . W  

3:; ; 
317 95 -6.13240 
317 100 5.91530 
317 105 4.70150 
317 110 -5.5o050 
317 . 115 5.30780 
317 120 -5.12430 
317 125 -4.95170 

0 0.00000 0.00000 0.00000 
5 -0.oQIlO 0.00168 0.00165 
10 -0.06365 -0.00586 9.01680 
15 -0.16175 -0.01882 -0.03690 
20 -023260 -0.02307 -0.04660 
25 425870 -0.01597 -0.01560 
30 -0.25?80 -0.01262 0.01350 
35 -om80 o.oo(o8 0.119E5 
40 -0.13670 0.02128 021x5 
45 -0.m 0.0443 0 3 5 2 0  
50 0.01820 0.06313 a m  
55 0.06635 . 0.09078 0.45725 
60 0.08445 0.11043 0.49710 
65 0.09235 0.11668 0.52725 
70 0.09625 0.13473 0.54325 
75 0.09420 0.14063 0.55165 
80 0.08335 0.15113 0.54&3J 
85 0.074% a15023 0.53530 
90 0.06330 0.15153 0.52190 
95 0.05430 0.14983 0.50810 
100 0.04615 0.14653 0.- 
105 0.03315 0.14568 0.47290 
110 0 . m  0.13858. 0.45675 

120 0.01815 0.12893 0.43270 
125 0.01020 0.13103 0.41pO 
130 4.00145 0.12478 0.39630 
135 -0.oozL5 0.11388 0.38965 
140 I -0.00475 I 0.11308 I 0.37245 I 
145 -0.00810 0.10598 0.36200 
150 -0.01230 0.10258 0.J5355 
155 -0.02025 O.om18 0.33895 
160 -0.02065 0.09758 0.328(5 
165 -0.m655 0.- 0.3131630 
170 -0.03070 0.08885 0.- 
175 -0.ozBu) 0.03248 0.3oO(o 03125 
180 6.- 0.0808j . 029370 0.25915 

)'TAL I -0.6874 I 318614 I 121077 I 7.578% 

115 aoim 0.1- 0 .~815  

0,00000 
-0.00080 
0.01845 
0.06665 
0.11315 
0.14590 
0.17065 
0.18285 
0.18290 
0.17120 
0 . 1 5 0  
0.14400 
0.14775 
0.16115 
0.17170 
0.18675 
o m 0  . 
022400 
023905 
025120 
03165 
027005 
027675 
O m  
02eQ90 
0.27925 
0.28430 
028015 
027845 

0.27510 
O m  
O m  
026755 
02QBO 

o m 6 0  

0 NORTH KVFL025 (25mV) SOUTH@ 0910 11/12/96 Screened Interval = 30 ft. 
TEST NO. 1 

317 0 
317 5 
317 10 
317 15 
317 20 
317 25 
317 30 
317 35 
317 40 
317 45 
317 50 
317 55 
317 60 
317 65 
317 70 
317 75 
317 80 
317 85 
317 90 
317 95 
317 100 
317 105 
317 110 
317 115 
317 120 
317 125 
317 130 
317 135 
317 140 
317 !45 
317 150 
317 155 

317 165 
317 170 
317 175 
317 180 

317 160 

TEST-N0.2 

-1.55120 
-1.56290 
-1.7290 
-217380 
-289780 
-3.78700 
4.73310 
4.63310 
-6.39150 
-6.90430 
-7.19550 
-7.30160 
-7.2523 
-7zouo 
-7.Ox)20 
-6.86080 
-6.66800 
-6.45340 
-625150 
-6.0(620 
-5.w 
-5.M900 
-5.(6300 
-5.28700 
-5.10180 
-4M10 
-4.80160 
-4.65580 
-4.51420 
-4.3&?50 
-4.2.6370 
-4.15120 
-4.04160 
a s 1 0  
385140 
-3.75160 
367120 

-0.65617 
-0.95700 
-0.97879 
-1.03240 
-1.12130 
-124110 
-1.39110 
-1.57130 
-1.77240 
-1.97430 
-215870 
-231540 
-243360 
-252410 
-256770 
-259280 
-258690 
-257020 
-253750 
-244560 
-244360 
-239080 
-2- 
-227680 
-221900 . 
-215790 
-210610 
-2rnl+O 
-200110 
-1.WlO 
-1.90310 
-1.85180 
-1.81340 
- 1 . m  
-1.53290 

.-1.66090 
:1.69610 

-1.79250 
-1.79250 
-1.- 
1.94750 
-214030 
-236820 
-258610 
-280900 
-299670 
3.11910 
-3.18020 
-3.1838) 
-3.15170 
3.08720 
3.o03(0 
-290870 
-281740 
-253020 
-264810 
-256180 
-248470 
-2416W 
-23(980 
:22a€o 
-222190 
-2172lo 
-212930 
-208150 
-2oJBM1 
-1.69770 
-1.96260 
-1.93570 
-1.90610 
-1.87960 
-1.85360 
-1.83100 
-1.81090 

-6.07470 
-6.41300 
-6.02440 
-5.83590 
-5.50070 
4.05820 
-4.57470 
-4.09870 
4.69230 
3.- 
-3.32770 
3.34780 
-3.44510 
3.59250 
-3.77100 
-3.95370 
-4.1220 
4.27970 
-4.42050 

-4.66850 
-4.76520 
-4.85120 
-4.82830 
4.oO460 
-5.06320 
-5.1 1170 
-5.18110 
5.20720 
-52w 
-5.28010 
-5.x13B) 
4.33210 
-5.35890 
-5.28400 
4.40410 
-5.42170 

-4.55120 

0.00000 
-0.01170 
-0.17170 
-0.GpB) 
-1- 
-223580 
-3.18190 
-4.08190 
-4.&(050 
3.35310 
-5.64230 
-5.75040 
-5.74110 
-5.55320 
-5.49900 
-530960 
-5.11680 
-4.90820 
-4.70030 
-4.49500 
-428720 
-4.09780 
-3.91180 
4.73580 
-3.5608) 
-3.3s390 
32x1(0 
-3.10460 
-296300 
-283250 
-271250 
-260600 
-249040 
-239(90 
-23o020 
-22oou) 
-212000 

0.00000 
-0.ooo83 
ro.op62 
-0.07623 
-0.18513 
-034a3 
-0.43493 
-0.61513 
9.81623 
-1.01813 
-1.20253 
-1.- 
-1.47743 
-1.567S.3 
-1.61153 
-1.6366) 
-1.63073 
-1.61403 
-1.58133 
-1.53943 
-1.48743 
-1.43463 
-1.37933 
1.32073 
- 1 m  
1.20173 
-1.15053 
-1.oBsp 
-1.04403 
689293 
-0- 
-0.90163 
-0.85723 
-0.81613 
-0.77673 
-0.73393 
-0.70473 

0.000QO 
0.00000 
-0 .OmO 
4.15500 

-0.57570 
-0.8M60 
-1.01650 
-l.!B420 
-1.32660 
-1.38770 
-1.33110 
-1.35920 
-1.29470 
-121090 
-1.116p 
-1.02490 
-0.93770 
-0.85660 
-0.76930 
-0.69pg 
-0.62350 
4.55130 
-0.49610 
-0.43240 
-0.m 
-0.33680 
-028900 
-024550 
Qn#P 
-0.17010 
-0.14320 
-0.11390 
-0.08710 
-0.06110 
-0.03850 
-0.01840 

-0.34780 

BASE TIME "0" SUBTRACTED I 

0.00000 

0.- 
OPSBO 

1.01w 
1.50000 
1.97600 
238240 
264220 
274700 
272690 
262960 
248220 
230370 
212100' 
1.95250 
1.7- 
1.65(20 
1.52350 
1.40620 
131150 
1 m .  
1.14640 
l.ofol0 
1.01150 
0.96300 
0.01360 
0.867EU 
0.82810 
0.79460 
0.n110 
0.74260 
0.717(580 
6.69070 
0.67060 
0.65300 

a00170 

ansoQ 

0.6 -n 

a" O2 5 
€ 0  

I 

-0.96181 
-0.96600 
4.97271 
1.00040 
-1.08080 
-121480 
-1.37150 
-1.58510 
-1.82060 
-206860 -m 
-250260 
- 2 6 8 ) l O  
-276310 
-284280, 
-287970 
-289480 
-287630 
-284620 
-28#)90 - 
-274230 

-261830 
-256130 
-258250 
-242560 
-236190 
-u&(80 
-223290 
-216610 
-211390 
-205180 
-201420 
-1.96730 
-1.91520 
4.86670 
-1.82820 

,;ram0 

-1.7s130 
- 1 . m  
- 1 . M  
-1.87250 
-204590 
-2335a9 
-268190 
-3.04710 
-3.42160 
-3.72830 
-3s5950 
4.09690 
-4.14470 
-4.14050 
-4.08870 
-4.01080 
3909(0 
-3.78960 
-3.69070 
-3.57680 
-3.47040 
-3.36060 
-326010 
-3.16510 
-3.08910 
-289530 
-292070 
-285960 
-278170 
-272050 
-266850 
-261240 
-256210 
-251 100 
-246240 
-243060 
-239710 

-6.Oao 
$.Ou20 
-6.03310 
4.94100. 
4.69880 
-5.32180 
-4.88780 
-4.- 
-4.- 
3.72610 
-3.608s 
-3.60760 
3.71240 
3.8868) 
-4.08620 
-4299co 
-4.5ce.40 
-4.- 
-4.87040 
-5.02540 
4.16360 
427510 
-5.37650 
-5.- 
-5.53820 
-5.59350 
-5.65210 
-5.63320 
5.75590 
5 . m  
5.80210 
-5.8poo 
-5.85150 
4.86580 
-5.88340 
5.89840 
-5.91180 

0.00000 
O.Oo250 
-0.04440 
-0.29910 
4.88140 
-1.71840 
-267430 
-3.- 
-4.56690 
-5.2523 
-5.67870 
-5.88310 
-5.9looo 
-5.85130 
-5.69150 
-5.m 
-52BJK) 
-5.05810 
-4.82890 
-4.59560 
-4.- 
4.16410 
-3.s6310 
3.77Mo 
-3.58690 
-3.41430 
4.24750 
-3.10010 
-295350 
-281610 
-268790 
-256550 
-244910 
-234180 
-223880 
-214160 
- 2 m  

0.00000 
-0.00419 
-0.01m 
-0.- 
-0.11899 
-025299 
-0.40969 
-0.62329 
-0.85879 
-1.10679 
-1.32870 
-1.W79 
-1.69829 
1.80129 
-1.88099 
1.91789 
-183289 
1.91449 
-1.6843 
-1.- 
-1.78049 
- 1 . m  
-LE5649 
-159349 
-1- 
-1.46519 
-1.4WW 
-1.- 
-127lW 
-1 2ou19 
-1.15209 
-1.08589 
-1.05Ps 
-1.00549 
-0ssu9 
-090489 
-0.86E.39 

0.00000 
4.o0330 
-0.00410 
-0.08120 
-025460 
-0.54450 
-0.89060 
-1.25660 
-1.63030 
-1.93700 
-216820 
-230560 
-235340 
-234920 
-229740 
-221950 
-211810 
-200830 
-1.8924 
-1.78560 
-1.m10 
-1.56930 
-1.48880 
-1.37240 
-1.29780 
-1- 
-1.12940 
-1.06830 
-0.99040 
-0.82920 
-0.87720 
9.82110 
4.77080 
-0.71970 
4.67110 
-0.63930 
-0.a)580 

F.16 

. 

0.00000 
0.o0330 
0.01340 
O.lOSdO 
0.- 
0.72470 
1.15870 
1.61030 
201660 
2299w 
2- 
24za0 
233410 
215990 
1.96030. 
1.74760 
1.54310 . 
1.34700 
1.17610 Q 

1.02110 
0.632SO 

0,67000 
O.sa710 
0.50E30 . 
0.45300 
0.39440 
0.35350 
0.31060 
O m  
024440 
O P J S O  
0.19500 
0.18070 
0.16310 
0.14810 
0.13470 

m140 



KVA Flowmeter Measurements 
W e l l  Number: 699-37-47A 

Test No.: A37-7.4 
Date: 11-12-96 

Analysis Type: SUM 

No. 1 Thermistor Alignment: North 

Calculated Vector Angle: S 79.1' E 

Flowrate Calculation: 

Clibration Curve Date: October 1995 

Calibration Cuve: Assumed Effective Porosity @ 20% 

(0.051 x mV) - 0.04 
Flowrate = 2.4 ft./day 

Effective Porosity 

Vector Fit Calculation: 

100 - (( (A+B+ C+D)/Cal.Vector Length)x 1 00) = % 

loo-((( I/ . x l O O ) =  % 

'------ 

Probe No. : 2D-1 
Controller No.: B 
Computer Interface No.: 2 

I 

F.17 

79.1" 



IN-SITU FLOW MEASUREMENTS Tot Dep.=342.6ftTOC 
11-12-9 PROBE @ 327.0 ft (BTOC) 11.4ft BWL .Declination Correction: 2 HEATER @ 1.6 amps Dep. Water = 315.6 E T 0  

Test 11.4 on1 1/12/96 @ 1 
VELL NO: 6993746~ 

DIRECTICWI DATE: StartllMElEndllME 
NORTH )ll-lZ-SU 10151 1018 

EST2 som 111-1296 11161 1119 

TESTNO.1 - l E S l N 0 . 2  
2 

0 
5 
10' 
15 . 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 

95 
100 
105 
110 
115 
120 
125 
130 

90 

0.oOoM) 
0 . W  
0.05115 
0.13530 
om10 
O Z 9 &  
O m 4 5  
0.18320 
0.09890 
0.00175 
-0.09380 
-0.16835 
-022745 
-027140 
-0.30115 
-0322c5 
-0- 
-0.34245 
.-0.347€5 
-0.34am 
-0.34750 
-0.34710 
-0.34250 
4.33740 
-0.- 
a32400 
-0.31895 

0.OoMK) 
O.OOO83 
0.01004 
0.02891 
0 . W  
0.05865 
0.07075 
0.07911 
0.06736 
0.05685 
0.03546 
0.01536 
-0.00894 
-0.- 
-0.049% 
4.06505 
-0.07765 
-0.o9020 
9.09355 
9.09940 
-0.- 
-0.09730 
-0.10360 
-0.10020 
9 . w 5  
-0.09725 
-0.09690 

0.00000 
0.00005 
O.Oo550 
0.o3060 
0.05320 
0.C6390 
0.06325 
0.06695 
0.05895 
0.- 
0.O3800 
0.03045 
0.02585 
0.01915 
0.02165 
O.OpB0 
0.03090 
0.- 
0 . m  
0.04520 
0.M770 

0 . m  
0.06235 
0.05860 
0.06820 
0.07C3 

aosio5 

0.00000 
0.00125 
-0.015x) 
-0.05(05 
-0.08625 
-0,09960 
-0.08915 
-0.o5900 
O.oOc50 
0.07510 
0 . l W  
O Z S S  
0.25940 
029620 
0.31930 
033810 
0.34685 
0.35145 

0 . W  
0.35515 
035100 
0.34935 
0.34515 
0.3345 
0.- 
0.32960 

135 -031p5 -0.08764 0.W40 0.32855 
140 I -0.30640 I -0.09055 I 0.07575 I 0.32210 
145 -029470 -0.08385 0.07415 0.31830 
150 -0.2%20 4.08555 0.06390 0.31415 
155 -028750 -0.08180 0.07080 0.30910 
160 -028205 -0.07419 0.07410 0.30615 
165 427820 -0.07170 0.07535 0.30070 
170 426820 -0.06920 0.07245 0.29650 
175 -025945 -0.06965 0.o8080 029185 
180 -025525 -0.06165 0.080a) 028430 

XAL I -6.81985 I -1.512805 I 1.8517 I 8.1296 

15 NORTH KVFL025 (25rnv) SOUTH@' 11 15 11/12/96 Screened Interval = 30 ft. 
TEST NO. 1 [BASE TIME "0" SUBTRACTED 

317 0 
317 5 

. 317 10 
317 15 
317 20 
317 25 
317 30 
317 35 
317 40 
317 45 
317 50 
317 55 
317 60 
317 65 
317 70 
317 75 
317 80 
317 85 
317 90 
317 95 . 
317 100 
317 105 
317 110 
317 115 

317 125 
317 130 
317 135 
317 140 
'317 145 
317 150 
317 155 
317 160 
317 165 
317 170 
317 175 
317 180 

317 im 

TEST N0.2 

-1.51800 
-1.51380 
-1.57410 
-1.87320 
-2524W 
-3.45560 
-4.52120 
-5.6280 
-6.63900 
-7.42640 
- 7 . w  
821050 
8- 
826250 
-8.14270 
-7.96680 
-7.75650 
-7.5288) 
-7.29990 
-7.06290 
-6.83580 
-6.61300 
-6.39940 
-6.18990 
-5.eW80 
-5.80290 
-5.62530 
-5.45440 
-53938) 
-5.14030 
-4.98530 
-4.858#) 
-4.12730 
-4.6o080 
'-4.46520 
4.36710 
-4.w 

-0- 
-0.98768 
-0.93773 
-1.M880 
-1.1- 
-1.31100 
-1.51540 
-1.75670 . -203150 
-2u1200 
-2*9980 
-2m40  
-281480 
-291190 
-295800 
-297980 
-297140 
-295470 
-290270 
-285160 
-277790 
-270750 
-265140 
-251350 
-249140 
-2zxm 
-236410 
-22&(50 
-222750, 
-216130 
-2lm70 
-2- 
-1 so40 
-1SS30 
-1.88010 
-1.84140 
-1.78520 

-1.78440 . 
-1.78600 
-1.80450 
-1.87900 
-204740 
-22s580 
-255760 
-282400 
-3.0948) 
am40 
-3.47990 
3.57w 
-3.6123 
4.61060 
-3.56790 
-3.50670 
-3.41790 
-3.3zs3 
4.2490 
-3.15400 
-3.069(0 
-298310 
-288520 
-281640 
-275440 
-267570 
-2W870 
-255840 
-2(9060 
-2- 
-240430 
-235900 
-231130 
-22688) 
-zPs40 
-219410 
-215530 

-6.m 
4.03580 
-6.01890 
-5.!31100 
-5.62200 
-5.18550 
-4.65610 
-4.08640 
-3.53940 
-3.10880 
-285660 
-275530 
-278(60 
-28smo 
-3.07440 
-326290 
346150 
as5500 
-3.82610 
-3.9mo 

. -4.14MK1 
-426990 
-4m 
4.48350 
-4.56810 
-4.65360 . -4.72310 
-4.77670 
-4.8300 
-4.87720 
-492160 
-4.95930 
-4-0 
-5.02120 
-5.05320 
-5.07920 
-5.1W40 

0.00000 
0.W420 
-0:05610 
-0.35520 
-1.oO690 
-1.93760 
-3.oO320 
-4.10480 
-5.12100 
-5.90840 
-6.42280 
-6.63250 
-6.76220 
-6.74450 
-6.62610 
-6.w 
-6p850 
-6.01060 
-5.78190 
-5.54490 
-5.31780 
-5.o9500 
-4.88140 

-4.47680 
-4.28490 
-4.10730 
as2640 

-3.62230 
3.47730 
3.34ooo 
-320930 
-3.08280 
-296720 
-284910 
-2746% 

-4.mim 

anso 

0.00000 
0.00167 
9.00838 
-0.4(9(5 
-0.15745 
4.32165 
-0.52605 
-0.76735 
-1.M215 
-1.29265 
-1.51045 
-1.68W 
-1.82545 
-1.92255 
-1.9@€5 
-1SU45 
-1.98iU5 
-1.96535 
-1.91335 
-1.8625 
-1.78855 
-1.71815 
-1.66205 
1.58415 
-1.50205 
-1.44085 
-1.37475 
-129515 
-1p815 
1.17195 
-1.11335 
-1.0555 
-0.99105 
-0.93995 
-0.89135 
-0.85m 
-0.75585 

0.00000 
-0.00160 
9.02510 
-0.0948) 
-026300 
-0.51100 
9.m 
-1.03960 
-1.31020 
-1.53800 
1.69550 
-1.78ax) 
-1.82790 
1.82620 I 
-1.78350 
- 1 . m  
-1.63350 
-1.54390 
- 1 . w  
-1.36960 
-128500 
-1.18870 
-1.11080 
-to1200 
-0.97wo 
-0.89130 
-0.62430 

-0.70620 
-0.65920 
-0.61990 
-0.57460 
-0.52890 
-0.- 
-0.45400 
-0.406x) * 
-0.37190 

-0.nm 

BASE TIME "0" SUBTRACTED I 

0.00000 
0.00420 
0.a2010 
O.lr)#) 
0.41800 
0.85450 - 
1.38390 
1.9538) 
25008). 
253120 
3.18340 
3.20470 * 
325540 
3.14060 
2.96560 
2 m 1 0  
257850 
238500 
221330 
204410 
1.90000 * 

1.65620 
1.66550 

1.38640 
1.31WO 
1.26330 
1.205% 
1.16280 
1.11840 
1.08070 
1.- 
1.01280 
O S M W  
0.96080 
0.9308) 

tnoio 

i.47im 

317 
317 
317 

In-Si i  FIowMeasurements 317 
Well No 317 

317 
0.4 317 

317 
317 

02 317 
317 
317 
317 

1 0  ,317 
317 
317 
317 
317 
317 
317 

0 50 100 150 317 
317 
317 

+M --+w 0- 317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 

-02 

-0.4 
zoQ 

SsscOnJcLantr 

0 
5 
10 
15 

25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 
180 

20 

-1.49680 
-1.slmo 
4.65520 
-21260 
-290990 
-3.89110 

-5- 
6.81560 
-7.40870 
-7.73200 
-7.8526u 

. -7.82410 
-7.69850 
-7.51820 
-7.30150 
-7.06520 
-6.82150 
-6.58280 
-6.34410 
-6.1198) 
-5.89760 
.5.69320 
-5.9390 
-5.30960 
5.13370 
-4- 
-4.80870 
-4.65960 
-4.51970 
-4.38570 
4.26180 
-4.14200 
-4.02720 
-3.92760 
-3.82100 
-3.73720 

-4.sm 

- -  
F.18 

-098924 
-0.98924 
-1.01770 
-1.09650 
-1.23470 
-1.42820 
-1.65680 
-1Sl4ao 
-216610 
-23sEJ.l 
-25708) 
-270800 
-279680 
-2w 
-285880 
-2&(960 
-281600 

-271550 
-265270 
-258490 
-251280 
-244410 
-251300 
-230180 
-2p58) 
-217020 
-210910 
-204639 
-1- 
-1.93150 
-1.88290 
-1.83190 
-1.78560 
-1.74ZO 
-1.70230 
-1.66180 

-277420 

-1.78830 
-1.7WW 
-1.82440 
-1.94410 
-215770 
-241910 
-268800 
-296180 
-3.21640 
4.41830 
4.56980 
-3.63520 
-3.66190 
-3.65280 
-3.61510 
555820 
-3.48360 
-3.40910 
-3.- 
-3.2- 
3.16870 
4.08910 
-3.01460 
-29(500 
-287550 
-281600 
-275320 
-289710 
-2- 
-2c&sm 
-251800 
-250450 
-246340 
-2uJzo 
-2387P 
-235620 
-232020 

-6.m3.(0 
-6.02170 
-5.9723 
-5.78630 
5.43290 
- 4 S Y I O  
-4.46120 
-3.65180 
-3.52330 
-3.24240 
-3.13100 
-3.15780 . -328680 
4.47520 
4.69640 
4.92250 
-4.13860 
-4.34130 
-4..5pgo 
-4.68890 
482970 
-4.m 
-5.06590 
5.151p 
-5m 
5.30710 
-538510 
-5.41680 
-5.46210 
-5.49723 
5.5?33 
3.56090 
-5.58960 
-5.61200 
-5.62960 
-5.64630 
-5.66140 

0.00000 
-0.o0580 
-0.1!3840 

. -0.62580 
-1.41310 
-239730 
-3.44610 
-4.47120 
5.31880 
5.91190 
-623520 
-6.35580 
-6.32730 
-6.20170 
-6.02240 
-5.80470 
-5.56840 
5.32610 
-5.088w 
-4.84730 
-4.62280 
- 4 . 0  
-4.10640 
-3.99710 
-3.81280 
3.65690 
-3.46940 

.a31190 
-3.16280 
-3.02290 
-288890 
-27- 
-264520 
-253040 
-243080 
-233020 
-223640 

0.00000 
0.00000 
-0.02&(6 
-0.10726 
-0.24546 
-0.43896 
-0.66756 
-0.925% 
-1.17886 
-1.40636 
-1.50136 
-1.71876 
1.80756 
-1.85526 
-1.86956 
-1.66026 
-1.82676 
-1.7- 
-1.72626 
-1.- 
-1.59566 
-1.52356 
-1.- 
1.38376 
1.31256 
-1.24636 
-1.18096 
-1.11986 
-1.05106 
-1.00426 
-0.94228 
-0.89366 
-0.84256 
-0.79656 
-0.75296 
-0.71276 
-0.67256 

0.00000 
-0.00170 
-0.03610 
-0.15580 
-0.m 
-0.63080 

-1.17350 
-1.42810 
-1.63000 

1.84690 
-1.87960 
-1.88450 
-1.82680 
1.75990 
-1.- 
-1.62080 
-1.jneO 
-1.56oOo 
- 1 m  
-1.3oOa 
-1 2 6 3 0  
-1.15670 
-1.08720 
-1.omo 
9- 
-0.908BO 
-0 .85nO 
4.80750 
-0.75970 
-0.71820 
-0.67510 
4 . m  
-0.59890 
-0m 

-0.Wj70 

-i.nm 

-0.53im 

0.- 
0.00170 
0.05110 
0.23710 
0.59050 
1.w0 
1.56220 
207160 
219960 
278100 
269240 
28658) 
273660 
25(820 
232700 
21m 
1.88480 
1.88210 
1.49950 
1.33450 
1.18510 
1.06810 
0.95750 
0.86620 
0.7- 
0.71630 
0.m0 
0.6068) 
0.56130 
032620 
0.4m10 
0.(8250 
0.43400 
0.41140 
0.39280 
0.37710 
0- 



KVA Flowmeter Measurements 
Well Number: 699-37-47A 

Test No.: A37-11.4 
Date: 11-12-96 

Analysis Type SUM 

No. 1 Thermistor Alignment: North 

Calculated Vector Angle: S 24.8' E 

Flowrate Calculation: 

Clibration Curve Date: ' October 1995 

Calibration Cuve: Assumed Effective Porosity 62 20% 

(0.051 x mV) - 0.04 
Flowrate = 1.7 ft./day Effective Porosity 

Vekor Fit Calculation:' 

100-(((A+B+C+D)/Cal.Vector Length)x100)= % 

loo-((( I/  xlOO)= % 

Probe No. : 2D-1 
Controller No.: B 
Computer Interface No.: 2 

A 24-83 

. F.19 

7.56 



IN-SITU FLOW MEASUREMENTS T o t  Dep.=342.6ft.TOC 

DIRECTION:~ D A E  
EST1 NOKlH (111296 
EST2 som 111-1296 

11-12-9 PROBE a331.0 ft (BTOC) 15.4ft BWL Declination Correction: 2 HEATER @ 1.6 amps Dep. Water = 315.6 %TO 
!41 NORTH KVFL025 (25mV) SOUTH@ 1340 11!12/96 Screened Interval = 30 ft 

ShrtnMElUldnME 
1241 I 124 
13401 1 X  

6st 15.4 on11/12/96 Q 
JELL NO: 6993747A 

lnsttu FlowMeasurements 
WellNO . 

0.4 -, I 

317 
317 
317 
317 
317 

TESTNO.1 -TESTNO.2 
2 

0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
85 
100 
105 
110 
115 
120 
125 
130 

0.00000 
-0.00875 
-0.08515 
-023910 
- o m 5  
-0.(6660 
-0.49260 
-0.46840 
-0.37439 
423190 
-0.09625 
0.01215 
0.09295 
0.14780 
0.18675 
020980 
022740 
024290 
025125 
a25300 
025695 
0257s 
025845 
025805 
025805 
025725 
4256(0 

0.00000 
0.00122 
0.01425 
0.03767 
0.06157 
0.08082 
0.09802 
0.10637 
0.10427 
o.os1n 
0.07457 
0.E672 
0.05982 
0.02557 
0.01387 
0.W427 
-0.04103 
-0.01043 
-0.01418 
-0.m33 
-0.02173 
-0.m553 
-0.03013 
-0.43178 
-0.- 
-0.- 
-0.03598 

0.00000 
0.00210 
0.02135 
0.06075 
0.09760 
0.11435 
0.11985 
0.12865 
0.12405 
0.10685 
0.09095 
0.07420 
0 . W  
0.05365 
0.05160 
0.O5200 
0.05435 
0.06080 
0.06750 
0.07420 
0.o8090 
0.08715 
0.09595 
0.10100 
0 . 1 w  
0.11355 
0.11680 

0.00000 
-0.00295 
-0.43140 
-0.09505 
4.16420 
-0.iv275 
-0.axso 
-0.19025 
-0.13585 
-0.05135 
0.0390 
0.10690 
0.15885 
0.19605 
021910 
023295 
0.23885 
024510 
024565 
024765 
024725 
02- 
0 2 e  
024893 
024975 
025185 
025355 

135 025645 -0.03553 0.1m 0.25605 
140 1 025645 I -0.QyuKI I 0.12775 I 0.25815 
145 025356 -0.03768 0.13275 025815 
150 o m  -0.m808 0.136% 026110 
155 025270 0.14115 02622.5 
160 025060 -0.03768 0.14365 026490 
165 025105 -0.- 0.14825 026615 
170 025270 -0.04018 0.15035 O z e i S  
175 025110 -0.5855 0.15245 O m  
180 025025 -0.w 0.15575 028721 

3TAL I 3.11105 I 0.174275 I 3.5319 I 5.23846 

TEST NO. 1 (BASE.TIME "o* SUBTRACTED 

317 0 
317 5 
317 10 
317 15 

317 25 
317 30 
317 35 
317 40 
317 45 . 
317 50 
317 55 
317 60 
317 65 
317 70 
317 75 
317 80 
317 85 
317 90 
317 95 

. 317 100 
317 105 
317 110 
317 115 

~ 317 120 
317 125 
317 130 
317 135 
317 140 
317 145 
317 150 
317 155 . 317 160 
317 165 
317 170 
317 175 
317 180 

317 m 

TEST N0.2 

-1.49140 - 0 S a 4  
-1.50560 -0.9s300 
-1.68900 -0.09655 

3.1- 4.12810 
-428750 -127100 
5.51590 -1.453% 
-6.71000 -1.67120 
-7.71320 -1.89980 

-8.m -228990 
-8.81380 -242560 
-8.87360 -2516M 
-8.72540 -257130 
-8.49950 -254470 
-823300 -259550 
-7.94580 -253380 
-7.64270 -254280 
-7.34483 -249840 
-7.05800 -2- 
-6.77680 -239380 
-6.508oO -233523 
-625180 -227990 
-6.o0560 -221880 
5.77m -215930 
5.55510 -210070 
535080 -204710 
5.14980 -1.99100 
-4.96890 -18(080 
-4.79560 4.89060 
-4.6JoQ) -1.84200 
-4.47- -1.79590 
-4.33030 -1.75160 
-4.19190 1.70890 
4.06210 -1.67370 
3.9358) -1.53020 
3.82090 -1.f9580 

- m a  - 1 . m  

-8.- -211330 

-1.7- 
-1.79680 
-1.79930 
- 1 . M  
-2#3690 
-223470 
-249170 
-2747!X 
3.01000 
324440 
3.42810 
a* 
3.61870 
-3.64050 
-3.62870 
359110 
-3.53660 
-3.m 
-3.40180 
-3.32%0 
-325700 
-3.16580 
-3.11550 
-3.05100 
-298890 
-292190 
-287020 
-281990 
-276800 
-2721130 
-267510 
-263240 
-259390 
-255100 
-252100 
-248670 
-245490 

6.02580 
-6.02&(0 
-6.02580 
5.94210 
4.68930 
52558) 
-4.74300 
410100 
3.52070 
3.0(520 
-274040 
-261060 
-262480 
-273370 
-290620 
4.10960 
-3.32310 
3.53160 
3.72750 
-3.9ceu 
-4.07500 
-4z40 
-4.35380 
-4.47190 
-4S570 
-4.- 
-4.7- 
-4.816W 
- 4 . m  
-4.93660 
-4.s8600 
4.03370 
5.07470 
5.11150 
5.14760 
5.17520 
5.17520 

0.00000 

-0.19760 
-0.74530 
-1.65550 
-279610 
-4.02450 
52188) 
622100 
6.9Moo 
-72e.5su 
-7.42240 
-7.33220 
-723.0 
-7.00780 
-6.74160 
-6.- 
-6.15130 
-5.85320 
-5.56760 
528540 
5.01660 
-4.76040 
-4.51420 
-4284&l 
-4.06370 
4.85840 
-3.6ywo 
3.47750 
-3.30420 
3.13920 
-298520 
-283850 
-270050 
-251410 
-244420 
-232950 

-0.01420 
0.00000 
O.ooo&( 
-0.00251 
9.04106 
-0.1- 
-Om16 
-0.45966 
-0.67736 
-0.90596 
-1.11946 
-1.ZSI?@3 
-1.43176 
-1.52216 
1.5746 
-1.- 
-1.60166 
-1.579% 
-1.54896 
-1.50156 
-1.45606 
-1.39996 
-1.34136 
-128506 
-122496 
-1.1- 
-1.10686 
-1.05326 

-09(696 
-0.89676 
-0.84816 
-0.80206 
-0.75776 
-0.71506 
-0.67886 
-0.63636 
-0.60196 

-0.m716 

0.00000 
-0.00250 
-0.00500 
-0.06110 
-021260 
-0.44040 
-0.69740 
4.85360 
-121570 
-1.45010 
-1.63180 
-1.75410 
-1.82440 
-1.84620 
- 1 . M  
-1.78680 
-1.74230 
-1.m90 
-1.60750 
-1.53470 
-1.46270 
-139150 
-1.32120 
-135870 
-1.19560 
-1.13380 
-1.07590 
-1.OiSO 
4S7370 
-092600 
-0.88080 
-0.83310 
4.78960 
-0.76270 
-0.72670 
-0.69240 
-0.6608) 

0.00000 
-0.o0160 
0.00000 
O.oBJI0 
0.33650 
0.77020 
1.3Z280 
1gu80 
250510 
2g8oQ) 
3.28540 
3.4141520 
3.40100 
329210 
3.11960 
291620 
270210 
249420 
2288jo 
21168) 
1.8KLBO 
1.60340 
1.67200 
1.56390 
1.15010 
1 . m  
128100 
120W 
1.14780 
1.08920 
1.03980 
0.89210 
0.95110 
0.01439 
0.87820 
0.85060 
0.85060 

BASE TIME "0" SUBTRACTED I 
317 0 -1.46630 -l.O0(90 

0 2  

0 3 
242 

-0.4 

0 50 100 150 m 
5sesondnuv&b 

317 
317' 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317' 
317 
3 4 7  

- .. 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 

5 
10 
15 

25 
30 
35 
40 
45 
50 
55 
60 
E5 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
1ZU 
125 
130 
135 
140 
145 
150 
155 
la, 
185 
170 
175 
180 

m 

-1.26360 
-1.49700 
-1.734W 
-235690 
-3.32980 
-4.5ceO 
5.74870 
-6.94010 
-7ssoo 
-8.56030 
-8.91360 
-9.O3500 
-8.99650 
884850 
4.62810 
-8.37610 
-8.lMW 
-7.82Zm 
-7.5(050 
-7.26420 
-6.99880 
6.74420 
6.49720 
-626180 
-6.04510 
683910 
5.6yIp 
5.m 
427820 
5.11510 
-4.95150 

+.eggso 
-4.51300 
-4.41330 
-429WO 

-4.8076o 

F.20 

-1.006% 
-1.03590 
-1.12130 
-129XO 
.-1.44370 
-1.6608) 
4.89500 
-211940 
-230690 
-245010 
-254810 
-260670 
-263350 
-263350 
-261510 
-258080 
-2533#) 
-248110 
-241830 
-236140 
-229520 
-223070 
-216630 
-210510 
- 2 w o  
-198620 
-193100 
-1.87510 
-1.82630 
-1.77690 
-1.75080 
-1.gmO 
-1.84280 
-1.6oUo 
-1.56420 
-1.56420 

-1.78950 
-1.79620 
-1.83720 
-1.97210 
-219730 
-245860 
-27mm 
-3.ooOu) 
425?a 
-3.45330 
3.60320 
-3.6[mK) 
4.73470 
-3.74300 
3.72710 
-3,69030 
3.6)170 
-358800 
a53zuo 
-3.- 
-3.41400 
-3.35530 
-3.3azW 
32- 
3.18790 
-3.15020 
-3.loX)o 
3.05970 
3.01870 
-298100 
-294420 
-290990 
-287640 
-284870 
-281690 
-278680 
-276160 

-6.00910 
-6.#wJo 

d.73!So 
5.34420 
-4.83340 
-426650 
am380 
-3rspg 
-292560 
-2m10  
-280770 
-282580 
-3.lWlO 
-3.mn, 
-3.55880 
4.78410 
-4.00510 
-420190 
-4.38780 
-4.56280 
-4.70180 
-4.aUlO 
-455300 
5.05850 
-5.15230 
423526 
5.31140 
-5.37760 
5.43620 
5.49150 
5.54170 
5.58780 
4.62710 
5.- 
5.69750 
&.ma, 

O.o00[)(3 
O.OoJJ0 
-0.03010 
- 0 m 1 0  
-0,890oO 
-1.86290 
-3.03930 
-428180 
5.47320 
6.44110 
-7.- 
-7.- 
-7.56810 
-7.- 
-7.38140 
-7.16120 
-6.m 
-6.63710 
-6.35570 
-6.0738) 
4.79730 

-5m 
5.03(330 
-4.8o090 
-4.57820 
-4.37220 
-4.17130 
-3ss040 
-3.81130 
-3.64880 
-3.49060 
4.34070 
-32oim 
-3.07610 
-294640 
-283000 

-5.smm 

0.00000 
-0.00180 
-0.43100 
-0.11640 
-025540 
-0.4aM 
-0.65610 
-0.89010 
-1.11450 
-13ZJO 
-1.44520 
-1.54320 
-1.60180 
-1.6288) 
-1.6288) 
-1.61020 
-1.57590 
-1.52810 
-1.47a 
-1.41340 
-1.3.XW 
-129030 
- 1 m  
-1.16140 
- 1 . 1 m  
-1.o4080 
-0.98130 
-0.92610 
-0.87080 
-0.62140 
-0.m 
-0.72590 
-0.68240 
-0.63890 
-0.58950 
-0.55830 
-0.55930 

0.00000 
-0.m 
4.04770 
-0.1828) 
9.40780 
-0.66910 
-0.93710 
-121090 
-1.46380 
-1.- 
-1.81370 
-1.90250 
'1.64520 
1.95350 
-l.S37a( 
-1.9ooso 
-1.85220 
- 1 . W  
-1.74250 
-1.68310 
-1.62450 
- 1 . W  
-1.51310 
-1.45870 
- 1 . W  
-1.36010 
-1.31550 
-127OiU 
-1Pe20 
-1.18150 
-1.15470 
- 1 . 1 m  
-1.48690 
-1.05920 
-1.02740 
-099720 
4.97210 

0.00000 
O.Oo330 
0.0620 
027380 

1.17670 
1.74260 
23c30 
277Eao 
3 . m  
321900 
320140 
a m  
290000 
2@3140 
245430 
222m 
204(00 
1.0720 e 
1.62130 
1.45630 
1.30730 
1.17500 
l.osB10 
0.65060 
0.85530 
0 . m  

0.Q150 
0.51290 
051760 
0.46740 
0.42130 
0.38200 
0.34510 
0.31160 
028150 . 

o.wm 

o . w o  



KVA Flowmeter Measurements 
Well Number: 699-37-47A 

Test No.: .A37-15.4 
Date: 11- 12-96 

Analysis Type: SUM 

No. 1 Thermistor Alignment: North 

Calculated Vector Angle: CAN NOT INTERPRET DATA 

Probe No. : 2D-1 
Controller No.: B 
Computer Interface No.: 2 

Flowrate Calculation: 

Clibration Curve Date:  October 1995 

Calibration Cuve: Assumed Effective Porosity @ 20% 

(0.051 x’mV) - 0.04 
Flowrate = CAN NOT INTERPRET DATA 

Effective Porosity 

Vector Fit Calculation: 

100- (((A+B+C+D)/Cal.Vector Length)x 1 OO)= % 

loo-((( ’) / xlOO)= % 

I 

F.21 



IN-SITU FLOW MEASUREMENTS T o t  Dep.=342.6ft.TOC 
11-12-9 PROBE @ 335.0 ft (BTOC) 19.4ft BWL Declination Correction: 2 HEATER Q 1.6 a m p s  

TEST NO. 1 

Dep. Water = 315.6 fLT0 
50 NORTH KVFL025 (25mV) SOUTH@ 1550 11/12/96 Screened Interval = 30 f t  

* 

@E TIME "0" SUBTRACTED 
Test 19.4 on11/12/96 @ i 

VEU NO: 6993747A 
ShrtllME: MdTIME: 

1450 14x 
1539 154: 

TESTNO.1 -lESTNO.2 
2 

0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 

65 
70 
75 
80 
85 
90 
Bs 

105 
110 
115 
120 

'125 
130 

m 

im 

0.00000 
-0.o0610 
am455 
423740 
-0.38015 
-0.44285 
-0.44755 
-0.39356 
Q26ou) 
-0.o9090 
0.41495 
020930 
0 . m  
0.40690 
0.46970 
0.51665 
05$160 
0.58860 
0.61040 

0.64345 

0.€6770 
0.67275 

0.66450 
0.68865 

a m  

a- 

a m  

0.00000 
0.00002 
-0.01213 
-0.03433 
-0.os813 
9.04853 
-0.03268 
0.- 
0.41702 
0.16702 
026792 
0.36627 
0.45592 
0.53337 

0.65897 
0.70707 
0.74727 

0.80837 

o.E.442 
0.86910 

0.89591 
0.9CC04 

o.mis 

0.78~17 

aBun 

0.88420 

a91130 

0.00000 
-0.ooo(5 
-0.Q1010 
4o6070 
4.09335 
-0.09335 
9.06785 
-0.02810 
0.a3515 
0.11345 

027750 
03915 
0.41070 
0.- 
0.50195 
0.53710 
0 . m  . 
0.56945 
0.6L1950 
0.62710 
0.63970 
0.65055 
0.65765 
0.66565 
0.67195 
0.67610 

o.imm 

0.00000 
o.miffi 
0.- 
0.09960 
.0.18210 
O P s 2 0  
026790 
0.27460 
024115 
0.18210 
0.11385 
0.C5775 
0.01635 
-0.aeES 
-0.02595 
-0.03180 
-0.03225 
-0.03015 
-0.02640 
-0.02010 

-0.01300 
am840 
-01)0(65 
-0.00375 
-0.00090 

-0.01760 

o.mi25 
135 0.69365 0.91728 0.61900 -0.ooo85 
140 I 0.69410' 1 0.92063 I 0.68115 I 0.00000 
145 0.69370 0.521ot 0.68325 0.00165 
150 0.69240 os2394 0.- 0.00000 
155 0.69(50 092226 0.- o.oOo(5 

im a6995 ~ESKI 0.68404 -0.min 

im am45 os-zzo 0.6~155 -0.00255 
165 o.sD3lo 0- 0.88236 -0.ooo85 

175 0.69075 492017 0.61902 -0.00375 
180 0.68905 0.92147 0.67776 -0.o0505 

TTAL I 13.6623 I 21.37689 I 15.68908 I 1.46725 

317 0 -1.46270 
317 5 ' -1.47530 
317 10 -1.65110 
317 15 -217280 
317 20 -3.02260 
317 25 -4.05610 
317 30 -5.156M) 
317 35 - 6 2 6 W  
317 40 -7.a5160 
317 45 -7.60260 
317 50 -7.88050 
317 55 . -7.- 

317 65 -7.65120 
317 70 -7.42000 
317 75 -7.14040 
317 80 -6.843iU 
317 85 ' -6.55010 
317 90 -626290 
317 95 -5.9KW 

317 105 -5.W10 
317 110 - 5 m  
317 115 -4.98550 
317 1 P  -4.76330 
317 125 -4.56070 
317 130 -4.36560 
317 135 -4.18480 
317 140 -4.0230 
317 145 -3.86410 
317 150 -3.71590 
317 155 -3.57610 

317 165 -3.32400 
317 170 -3ZM80 
317 175 -3.10220 
317 180 -299920 

317 m -7.84960 

317 im -5.70950 

317 im -3.w 

TEST NO2 

-0.9888( 
-0.I)9051 
-1.01810 
-1.wno 
- 1 m  
-1.40160 
1.60680 
-1:81610 
-1- 
-211250 
-216190 
-215020 
-2w240 
-200280 
-1.88980 
-1 .7W 
-1.64030 
-1.51130 
-1.38400 
-1.26770 
-1.14950 
-1.0(330 
-0.94195 
-0.&(985 
-0.76103 
-0.68407 
-0.60787 
-0.m 
-0.47558 
-0.42283 
-0.36757 
-0,32068 
-0.27370 
- O m  
-0.19425 
9.16411 
-0.12811 

-1.- 
-1.7828) 
-1.82440 
-195610 
-217440 
-241890 
-264920 
-285600 
-3.01170 
'3.08960 
-3..09Q(O 
3.m 
-291790 
-277640 
-262320 
-246660 
-231090 
-215340 
-202(1(0 
-1.88980 
-1.T1090 
-1.66450 

-1.47950 
-1.30740 
1.32790 
126350 
- 1 m o  
-1.15290 
-1.10770 
-to6500 
-1.O2900 
-0.fS721 
-0.- 

-0.91767 
-0.89757 

- 1 . F O  

-0,Sl l l  

6.01340 0.00000 
-6.01090 . -0.01260 
-5.95140 . -0.18840 
-5.73880 
4 3 1 9 0  
-4.81860 
-423ooo 
a.63800 
-3.1308) 
-276970 
-251880 
-253110 
-259;320 
-2m 
-289110 

326540 
-3.(5Qso 
-3.62380 
- 3 . 7 m  
-3.93ozo 
-4.06250 
-4.18060 
-428610 
-4.38400 
-4.46950 
-4.w 
-4.62020 
-4.68380 
-4.73910 
-4.79350 
-4.84ou) 
-4.88560 
-4.02410 
-496550 
-4.93860 
4.02960 

aonm 

-0.71010 
-1.55990 
-25s400 
-3.69330 . -4.74330 
-5.58890 
4.13990 
-6.41780 
-6.4808) 
-6.38690 
-6.19850 
-5.8mo 
-5.m 
-5.38ox) 
-5.08740 
-4.8oop 
-4.52060 
-4.24680 
-3.99140 
-3.74610 
-3.52080 
-3.3wm 
-3.o9800 
-290290 
-272210 
-255860 
-24.0140 
-225320 
-211340 
-1.88530 
-1.86130 
-1.74410 
-1.63950 
-1.53650 

0.00000 

-0.02926 
-0.10886 
-0.23046 
-0.41278 
-0.61706 
-0.m 
-1.00646 
-1.12366 
-1.17306 
1.16136 
-1.10356 
-1.01396 
-0.90098 
-0.T1616 
-0.65146 
-0.52246 
-0.30516 
-027a36 
-0.16076 
-0.05446 
0.04689 
0.13888 
O p s g l  
0.3M77 
0.38097 
0.447% 
0.51326 
0.56601 
0.62127 
0.66816 
0.71505 
0.75641 
0.78459 
0.82473 
0.86413 

-0.mim 
0.00000 

-0.04350 
-0.17580 
-0.38350 
-0.gJ800 
-0.86830 
-1.07510 
-1poBo 
-1.30B70 
-1.309K) 
-124510 

-093550 
-0.84230 
-0.68nO 
o m  
-0.37854 
-025950 
-0.10890 
0.01Ooo 
0.11640 
0.2lSP 
0.30140 
0.3&350 
0.45300 
0.51740 
0.57520 
0.- 
0.67320 
0.7171590 
0.75180 
0.78389 
0.81132 
0.83970 
0.86323 
O.BBu3 

-0 .~170  

-i.inm 

BASE TIME "0" SUBTRACTED I 

0.00000 
O.Oo250 
0.062oO 
0.274€0 
0.67150 
l.lWB0 
1.78340 
237540 
288280 
3.24370 
3.- 
3.1spo 
3.42120 
3.29310 
3.12230 
293640 
274800 
256290 
238960 
223050 
208320 
1.05090 
1.- 
1.72730 
1.62820 
1.543% 
1 . 0  
1.39320 
1.32960 
1.27430 
1.21990 
1.17300 
1.1nso 
1.08930 
l.(WD90 
1.01480 
0.88YIo 

7HERM.l m . 2  
mV+tU-S mV+NE/-SW 

lnSthr flow Measurements 
Well No 

1 
0.8 

0.6 

0.4 

$ m  
0 

I 

U 

0 50 im 150 zoo 
5s&cndnantr 

317 0 -1.- -1.OlD60 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 

5 
10 
15 
20 
25 
30 
35 
40 
45 

.50  
55 

65 
70 
75 
80 
85 
90 
95 

105 
110 
115 
1 P  
125 
130 
135 
140 
145 
150 
155 

' 160 
165 
170 
175 
180 

m 

im 

-1.48i20 

- m i m  
-1.50130 
-1.71730 

-3.19010 
-42Som 
-5.43820 
-6.55010 
-7.44010 
-8.Ob970 
-8.38120 
-8.51600 
-8.49430 
-8.37870 

-7.97770 
-7.7- 
- 7 . m  
-7.25850 
-7.01570 
-6.78630 
-6.m 
-6.34820 
8.13820 
-5.8(900 
-5.7620 
-5.59f40 
-5.42980 
- 5 m  
-5.12UX 
-4.swo 
-4.85380 
4.73070 

-4.m 
4.39660 

-8.imm 

-4.61100 

F.22 

-1.Olpo 
- 1 . 0 1 ~  
-1.o5080 
-1.15380 
-1.- 
1.56320 
-1.- 
-217110 
-246830 
-271950 
-290(50 
-3.m 
-3.09130 
-3.11470 
-3.10470 
-3.07620 
-3.02760 
-296590 
-290620 
-264010 
-2m 
-270190 
-264000 
-257550 
-251190 
-245240 
-230720 
-23388) 
-228650 
-223720 

-215850 
-210750 
-2w140 
-202620 
-1.99280 

-218700 

-1.79350 
-1.79430 
-1.f9680 
-1.- 
-2mm 
-224480 
-252610 
-281240 
-3..Q)(60 
-33910 
-3.49820 
-3.59360 
a.62880 
-3.61010 
-3.56680 
-3.48310 
-3.39770 
-3.3ou)o 
-3.21190 
-3.12140 
-3.03i70 
-295650 
-267940 
-284140 
-274130 
-268440 
-2- 
-251630 
-252180 
-248680 
-244570 
-240890 
-2m 
-232690 
-231680 
-228830 
-226510 

-5.s9ooo 
-5.99080 
-5.985Bo 
-5.91460 
-5.68270 

4.74240 
-4.16380 
-358950 
-3.11050 
-278310 
-262320 

- 5 n m  

-260150 
-267760 
-281580 
-299acQ 
-3.17750 
-3.36680 
-3.54760 
-3.71530 
4.87160 
-4.01310 

-425340 
-4.35310 
-4.44430 
-4.52390 
-4.59510 
-4.66040 
-4.71900 
4.77010 
-4.81610 
-4.85880 
-4.89900 
-483xK) 
-4.96770 
-4.89610 

-4.1(040 

0.00000 
O.MK)80 
-0.01530 
-0.23530 
-0.79960 
-1.70810 
-279820 
-395620 
-5.06810 
-5.s5810 
- 6 . W O  
-6.8992D 
-7.03400 
-7.01230 
-6.89670 
-6.71500 
-6.49570 
-6.26460 
4.02100 
-5.n- 
4.53370 
-5.30430 
4.08150 
-4.66620 
-4.- 
-4.46700 
-428(320 
-4.10940 
-3.94780 
-3.78880 
-3.63800 
am40 
-3.37180 
-3.24870 
-3.12900 
-3.02100 
-291460 

0.00000 

-0.00500 
-0.o1020 
-0.14320 
-0.31570 
-0.5628) 
-0.m. 
-1.160% 
1 . m o  
-1.70690 
-1.89390 
-201540 
-208410 
-21M10 
-2w410 
-206560 
-201700 
-1.!?XM 
-1.85560 
-1.82950 
-1.7- 
-1.69130 
-1.62940 
-1.58490 
1.50130 
-1.44180 
-1.38680 
-1.32800 
-1.27800 
-1 p660 
-1.17640 

-1.OgQBo 
- 1 . W  
-1.01560 
-os8220 

-0.mi70 

-i.i379o 

0.00000 
-0.00080 
-0.#1330 
-0.05C(o 
-020680 
-0.45130 
-0.73260 
-1.01W 
-1.30110 
-1.53560 
-1.70470 
-1.80010 
-1.83530 
-1.81690 
-1.7- 
-1.68960 
-1.60420 
-1.51130 
-1.41640 
-1.32790 

-1.16300 
-1.08580 
-1.01390 

-0.6oow 
-0.83480 
-0.78280 
-0.73430 
-0.89330 
-0.Bspo 
-0.61540 
-0.5&1(0 
-0.55340 
-0.5233 
-0.49460 
-0.m 

-izum 

-0.04780 

0.00000 
4.00080 
0.004P 
0.07540 
0.30730 
0.71640 
124760 
1.82620 
240050 
287950 
3.206m 
3.36680 
3.m 
3.31240 
3.17420 
3.00000 
281250 
262320 
2u240 ci 

227070 
2 1 1 w  
1.07690 
1.84f60 
1 .M6D 
1.63690 - 
1.54570 
1.46610 
1.39490 
1.32960 

1.21890 
1.17390 
1.13120 
1.09100 
1.056QO 
l.OpJ0 
099390 

i n i m  



KVA Flowmeter Measurements 
’Well Number: 699-37-47A 

Test No.: A35-19.4 
Date: 11- 12-96 

Analysis Type: SUM 

No.1. Thermistor Alignment: North 

Calculated Vector Angle: 
9 

N 48.9’ E 

Flowrate Calculation: 

Clibration Curve Date: October 1995 

Calibration Cuve: Assumed Effective Porosity Q 20% 

(0.051 x mV) - 0.04 
Flowrate = = 5.2 %/day 

Effective Porosity 

Vector Fit Calculation: 

100- (( (A+B+C+D)/Cal.Vector Length)x100)= % 

loo-((( I/ x lOO)=  % 

Probe No. : 2D-1 
Controller No.: B 
Computer Interface No.: 2 

48.g 

F.23 



IN-SITU FLOW MEASUREMENTS Tot Dep.=342.6fLTOC 
11-139 PROBE 63 335.0 ft lBTOCll9.4ft BWL Declination Correction: 2 HEATER @ 1.6 amps Dep. Water = 315.6 RTO 

ret 19.4A 'on1 1/13/96 C 
VELL NO: 69957.47~ 

TESTNO.1 -TESTN0.2 
2 

0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
€5 
io0 
io5 
110 
115 
120 
125 
130 
135 O.sm40 1.12302 
140 I 0.91120 I 1.12636 
145 0.91800 1.12845 
150 0.91965 1.12869 
155 
160 
165 
170 

0,00000 
4.m045 
am465 
-0.01135 
4.o0805 
0.01'185 
0.05550 
0.10775 
0.17345 
024755 
O m  

0.(6530 
0.52356 

a307Bo 

asam 
0.61330 
0.67565 
0.7171550 
0.74815 

0.8M75 
0.82655 
0.64456 
0.86175 

xms 

a87515 
0.88650 
0.89365 

0.00000 

-0.ooOu) 
O.Oo630 
0.0255 
0.0WS 
0.11980 
0.19056 
027686 
0.37146 
0.(6821 
0.55856 
0.64416 ' 0.m21 
0.78826 
0.64816 
0.89801 
0.94242 
0.97842 
1.w863 
1.- 
1.05803 
1.07648 
1 .ow7 
1.10246 
1.11085 
1.11670 

-o.rniw 

a m  1.1~~31 
a m  1.12870 
0113180 1.12845 
o.sx95 1.12553 

0.00000 
O.Oo250 
O.oM)85 
-o.oM)85 
0.00375 
0.02095 
0.04725 
0 . W  
0.13MO 
0.18130 
024080 
0.29400 

,0.3(505 
0.33365 
0.43% 
0.47330 
050566 
O.su00 

0.57720 
0.59565 
0.60860 
0.621 60 
0.63040 
0.63796 
0.- 
a m  
0.- 

I O . 6 5 8 0 6  I 
O.ES766 
0.- 

0.65933 
0.65851 
0.S58U3 

0.56190 

0.00000 
0.00175 
o.oQ115 
0.00635 
0.01555 
O.OlSE5 
0.01018(5 
0.01275 
0.00525 
9.00770 
-0.01900 
4 .m 
4.o5040 
4.06615 
9.08180 
409355 
4.10(90 
4.f1705 
4.12710 
4.13675 
9.14600 
4.15395 
4.16190 
4.16820 
4.17450 
-0.1- 
-0.185u) 
-0.19045 
-0.19505 
4.19755 
420135 
4 m  
- o m  
421095 
4.21100 

175 0113140 1.12430 0.65613 421435 
180 0.93100 1.11967 0.65Pg 921430 

JTAL I 21.6483 I 27.76296 I15.7891751 -3.98165 

I921 NORTH KVFL025 (25mV SOUTH@ 7025 11/13/96 Screened Interval = 30 ft. 
TEST NO. 1 IBASE TIME "rr SUBTRACTED 

318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 

0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
85 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
156 
160 
165 
170 
175 
180 

TEST N0.2 

-1.52230 
-1.53320 
-1.65550 
-208690 
-286360 
-3.85660 
-4.930(0 
4.98020 
-6.85230 
-7.43370 
-7.73120 
-7.80410 
-7.71110 
-7.52170 
-7.25950 
-6.97550 
-6.66800 
-6.36050 
-6.05130 
5.76480 
4.48170 
4.21610 
-4.96560 
-4.72770 
-4.50650 
-4.Zs620 

-3.91580 
-3.74330 
-3.58320 
-3.43330 
-329250 
-3.16020 
3.03110 
-292140 
-281160 
-270940 

-4.ioim 

4.Ml 
4.98776 
-1.- 
-1.05980 
-1.1538) 
-1.27430 
-1.40830 
-1.54820 
-1.66130 
-1.72420 
4.52810 
-1.68060 

-1.47120 
-1.3263 
-1.19Po 
-1.- 
4.90147 
4.76407 
4.6J505 
4.51273 
9.39795 
429155 
4.19688 
4.lW 
4.m681 
0.04189 
0.11143 
0.17091 
O m  
027647 
0.32171 
0.36528 
0.40298 
0.43565 
0.46749 
0.- 

-i.sim 

-1.74760, 
-1.74600 
-1.77360 
-1.88250 
- 2 m o  
-23064.0 
-252850 
-252280 
-286440 
-293060 
-290710 
-ut2500 
-2693Xl 
-253180 
-235670 
-217740 
-200230 
-1.83480 
-1.67810 
-1.53650 
-1.40410 
-126940 
-1.17880 
4.08580 
-0.99349 
4.92157 
4.85281 
am23 
4.73809 
4.E3369 
4.64761 
4.61159 
4.57975' 
4.5(959 
4.52362 
4.50184 
4.58341 

-6.10170 0.00000 
4.09910 4.01090 
4.06230 -0.15320 
4.88970 4.56463 
4.523m -1.34130 
4.01750 -233320 
-4.43700 -3.u)810 
-3.83710 -4.45790 
-3.30010 4.uKK) 
-290970 5.91140 
-268ax) -6ae90 
-261730 * -6.27840 
-266000 -6.18880 
-278060 5.99940 
-294230 4.73720 
-3.12160 5.(5320 
-3.30930 5.14570 

-3.66530 -4.53500 
-3.82200 -424250 
a97030 -3.959(0 
-4.10270 -3.69580 
-4.22160 344530 
-4.32890 4.20540 
-4.42690 -298420 
-4.51320 -277390 
-4.59280 -257870 
-4.m -239350 
-4.73020 -222100 
-4.78800 -206090 
-4,8(080 -1.91100 
-4.89020 -1.77020 
-4s3460 -1.63790 
-4m 4.50880 
4.01420 -1.39910 
4.05190 -1.28%30 
-5.082#1 -1.18710 

-3.49190 -4.83820 

0.00000 
4.m 
4.moo9 
4.07539 
-0.16919 
928989 
4.4- 
4.56579 
4.67m 
4.m 
4.4399 
4.69619 
4.80658 
4.48679 
4.35189 
o m  
4.06119 
0.082w 
0- 
0.34936 
0.471eJ3 
0.58646 
0.69288 
0.78753 

0.957m 
1.- 
1.09584 
1.15532 
121061 
1- 
1.30612 
1.34969 
1 .?a739 
1.42006 
1.45190 
1 . m  

o.mmi 

0.00000 
0.00160 
4.026oO 
-0.130 
-0.33010 
4.55880 
4.780Su 
4.97520 
-1.11680 
4 . 1 m  
-1.15850 
-1.01140 
-094590 
4 . 7 m  
-0.60910 
4.42980 
4.25470 
4.08720 
0.06850 
021110 
0.343% 
0.45820 
0.58880 
0.66180 
0.7481 1 
0.- 
0.69473 
0.95337 
1 . m 1  
1.05391 
1.09399 
1.13m1 
1.16785 
1.19801 
1.22398 
124576 
126419 

BASE TIME "0" SUBTRACTED I 

0.00000 
O.#xLso 
0 . W  
021200 
0n810 
1.08420 \ 

1.6&(70 
2260 
280160 
3.18200 
3.41570 
3.48440 
3.44170 
3.32110 
3.15940 
288010 
279240 
280980 
243% 
2nbt0 
213140 
1.98900 
1.88010 
1.77280 
1.67484 
1 . W  
1- 
1.43770 
1.37150 
1.31370 
128)90 
121150 
1.16710 
1.12440 
1.08750 
1.M980 
1.01970. 

318 - ._ 
318 
318 

In4tu  Flow Measurein& 318 
Well No 318 

12 
1 

Ob 

0.6 

3 0.4 
E 

0 2  

0 

-02 

~~ 

318 
318 
318 
318 
318 
31B 
318 
318 
318 
318 
318 
318 
318 

318 
318 

+uus -uEcsw-#3w 6- 318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 

0 
5 
10 
15 
;ED 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
8 5 '  
30 
95 

105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 

io0 

im 

-151960 
-1.52960 
-1.- 
-206150 
- 2 w  
a88850 
5.03810 
-6.19300 
-7.19650 
-7.92610 
838100 
-8.59380 
-8.Q900 
856610 
-8.42290 . 
aPg(0 
801660 
-7.78880 
-7.55090 
-7.31380 
-7.08850 
6.86650 
-6.65200 
- 6 . c o  
-625110 
-6.06650 
4.88560 
4.72390 
-5.5e300 
4.41650 
426SsfJ 
4.14080 
4.01430 
-4.aS200 
- 4 . 7 m  
-4.67170 
-4.SWlO 

-1.mm 
-1.m770 
-1.027w 
-1.03510 
-122800 
-1.42570 
-1.67120 
1.95260 
-223830 
r2rwCo 
-268810 
-282300 
-29a28) 
-293690 
-293610 
-291180 
-28&(90 
-280960 
-274420 
-267560 
-260600 
-253730 
-246180 
-238610 
-233460 
-227180 
-221480 
-215780 

-2- 
-200620 
-1.96G20 
-191740 
-1.87723 
-1.83870 
-1.60440 
-1.nooO 

-210510 

-1.78830 
-1.80270 
-1.82700 
-1.SSZSO 
-213680 
-24oooo 
-267470 
-290 
-3.17650 
3.s4490 
a.0 
-3.46470 
a43530 
-3.37080 
-311950 
-3.17570 
-3.06510 
-2EL5450 
-284560 
-274260 
-264710 
-255870 
-257370 
-239830 
-232710 
-226590 
-220560 
-215200 
-210590 
-206070 
-2o2050 
-1.97940 
-1.95010 
-1.91830 
-1.83150 
-1.86380 
-1.- 

-6.06310 
-6.060 
-6.QL800 
5.86380 
4.51610 
5 . 0 1 m  
443130 
am4m 
-311200 
-285570 
-2- 
-250800 
-252D60 
-260850 
-274010 
-2(L956Q 
-3.08)90 
4.21920 
-3.37254 
axE)90 
-3.63970 
- 3 . 7 m  
-3.85920 
-3.85390 
4.03930 
-4.11390 
-4.18340 
-4.24453 
-4.30150 
-4..35(30 
-4.39954 
-4.- 
-4.48160 
-4.51680 
4.5558) 
-4.58(60 
-4.61480 

F.24 

0,00000 
4.OloOo 
4.12390 
4.54190 
-1.32520 
-23aw) 
-3.51910 
-4.67340 
4.67690 
-6.- 
-6.86140 
-7.07420 
-7.11950 
-7.04650 

' -690330 
-6.71980 
-6.497oo 
-626920 
-6.03130 
5.70420 
4.Sg190 
5.34690 
4.13240 
-4.82890 

, -4.73450 
-4.w 
-4.36600 
- 4 2 W a  
- 4 . m  
-3.83690 
-3.75030 
-3.62120 
-3.49470 
-3.37240 
-326100 
-3.15210 
-3.04910 

0.00000 
0.00000 
4.01930 
4.).088(10 
4pmo 
4.41800 
4.66350 
QSc(90 
-1 Po60 
-1.48270 
-1.680(0 
-1.81530 
-1.840 
-1.92920 
-132840 
- l g O ( l O  
-1.85720 

-1.73650 
-1.667SO 
-1.59830 
-1.52960 
-1.46010 
-139140 
-132690 
-1.26410 
-la710 
-1.15020 
-1.09740 
- 1 . 0 0  
4.s9850 
085250 
490970 
4,86950 

4 . 7 W O  
4.76230 

-i.mim 

-o.mm 

0.00000 
-0.omo 
4.02770 
4.133B 
4.33760 
4.60070 

-1.14430 
-1.3lEO 
1.545W 
-1.64110 
1.66540 
-1.63600 
-1.57150 
-1.48020 
-1.37640 
-1.26580 
-1.15620 
- 1 . 0 0  
4.x) 
-0.84780 
4.75900 
4.67440 
-0.58900 
4.52780 
4.4668) 
4.4os.N 
4.35270 
4.jo68) 
4.26140 
4.22120 
-0.18010 
0.15080 
4.11900 
4.09Po 
4.06450 
o.O(o20 

o.mm 

0.00000 
-0.00090 
0.03510 
0 . 1 m  
054700 
1.05290 
1.63180 
223910 
279110 
3.20740 
3.45370 
3.m10 
3.54250 
3.45460 
3.- 
3.16120 
3.o0220 
284380 
2mo6o g 
2m20 
242340 
230690 
220390 
210920 
2- c 
1.S4920 
1.87070 
1.81SB) 
1.76160 
1.70880 
1.65360 
1.52090 
1.58150 
1.54630 
15095 
1.47b50 
1.44830 



KVA Flowmeter Measurements 
W e l l  Number: 699-37-47A 

Test No.: A35-19:4A 
Date: 11- 13-96 

Analysis Type: SUM 

No.1 Thermistor Alignment: North 

Calculated Vector Angle: N 36.5’ E 

Flowrate Calculation: 

Clibration Curve Date: October 1995 

Calibration Cuve: Assumed Effective Porosity Q 20% 

(0.051 x mV) - 0.04 Flowrate = = 6.8 ft./day 
Effective Porosity 

Vector Fit Calculation: 

100-(((A+B+C+D)/Cal.Vector Length)x100)= % 

loo-((( )/ xlOO)= % 

Probe No. : 2D-1 
Controller No.: B 
Computer Interface No.: 2 

F.25 



IN-SITU FLOW MEASUREMENTS T o t  Dep.=342.6ftTOC 
11-13-9 PROBE @ 333.0 ft (BTOC) 17.4ft BWL Declination Correction: 2 HEATER @ 1.6 amps  Dep. Water = 31 5.6 f t T 0  

Test 17.4 on11/13/96 @ 1220 NORTH KVFL025 (25mV) SOUTH@ 7320 11/13/96 Screened Interval =3Oft. 
VELL NO: 6993 '146~  I TESTNO.1 IBASE TIME no" SUBTRACTED 

TEST NO. 1 -TEST NO. 2 

0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
€5 
70 
75 
80 
85 
'90 
95 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
155 
170 

- - 

0.00000 
O.Oo460 
0.mwO 
0.05185 
0.019oO 
0.10065 
0.11895 
0.12265 
0.12505 
0.12580 
0.122s 
0.13240 
0.14290 
0.15715 
0.17135 
0.18650 
o m 1 0  
021915 
023385 
0.24515 
025025 
0.27- 
028165 
029590 
0.30305 
0.31210 
0.32065 
0.32700 

0.33500 
0.WW 

0.35010 
0.35175 
0.35680 

-mzzK 

0.2+!30 

0.00000 
4.00170 
O.M)290 
0.01880 
0.- 
0.06355 
0.08940 
0.11155 
0.13870 
0.1- 
0.19560 
022740 
026005 
OB275 
032415 
0.35515 
0.38155 
0.40755 
0.42805 
0.44330 
0.46915 
0.(&(20 
0.49325 
0.51015 
0.52315 
0.53150 

0.56620 

0.55110 
456085 
0.56295 
0.56120 

0.56885 

aswo 
-rxEGr 

a s  

O.#wKx, 
O.OoQ(0 
-0.o0505 
-0.m?ao 
-0.- 
0.01595 
0.- 
0.07125 
0.10730 
0.15045 
0.19525 
O m  
O.Z73!X 
0.31205 

0.36435 
0.38320 
0.- 
0.41915 
0.4245 
0.4443 
0.45435 
0.46190 
0.46855 
0.47275 
0.47690 
0.47940 
0.48110 

0.48230 
0.48110 
0.4a315 
0.48025 
0.47940 
0.47535 

, 0.33885 

l T C a r r  

O.oo#x) 
-0.00375 ' 

9 . w 5  
4.00875 
4.00835 
-0.Cn455 
0 . m  
0.W8w) 
0.02275 
o.Qu10 
0.04795 
0.05920 
0.06340 
0.06160 
0.07180 
0.06970 
0.068M 
0.07056 
0.06465 
o.oQ15 
0.05965 
0.05685 
O.ox1Bo 
0.- 
0.- 
0.04330 
0.04C30 
0.03865 
0.- 
0.- 
O.Qfll0 
0.029oO 
0.02885 
0.mBB) 
O..M565 . _... 

175 . 0.35670 0.57140 0.47855 0.02645 
180 0.35935 O S 7 W  0.47520 0.02315 
m I 80699 I 13.13205 1 .  ii.7899 I 1 . ~ 1 7  

TEST N0.2 

-1.44190 
-1.44360 
-1.55330 
-1.99790 
-280510 
3.86550 
5.m660 
-6.zocc% 
-721030 
- 7 . m  
-8.37840 
-8.56850 
-8.56010 
443870 
-8.2353 
-7.93410 
-7.71360 
-7.4x60 
-7.14170 
-6.85870 
-6.58160 
-6.31780 
-6.06490 
4.82380 
5.59680 
4.38250 
5.17820 
-4.s3640 
-4.80640 
-4.63560 
4 . 4 7 m  
-4.32490 
-4.18OOO 
-4.0(860 
3.92210 
3.a0410 
-3.69100 

-1.O0850 
-1.00770 
-0.96250 
-0.77sao 
-0.40580 
0.10330 
0.68090 
1.27110 
1.80610 
221130 
215850 
256(60 
256210 
2- 
235870 
221640 
206(00 
191250 
1.76760 
1.63450 
1.51100 
1.40010 
1.30130 
120610 
1.12550 
1.05180 
0.98490 
0.92290 
0.86350 

0.76380 

0.67850 
0.- 
0.60230 
0.51050 
0.53950 

o.aiza 

0.71860 

-1.80580 

-1.&(520 
-IS733 
-220100 
-24a4ao 
-27&370 
5.07670 
3.33120 
3.51530 
3.61330 
3.63610 
3..60240 
-3.52290 
3.41650 
323770 
3.17130 
3.044w 
-292180 
-2- 
-269740 
-259360 
-25Q230 
-241530 
-233490 
-226543 
-219680 
-213980 
-208290 
-2030 
-1.98910 
- 1 . W  
-1.90710 
-1.87110 
-1.a4100 

-1.78070 

-i.aiwo 

-i.aim 

-6.01890 0.00000 
-6.02140 -0.00170 
-6.04570 -0.12140 
-6.12520 4.56600 
-6zw -1.36320 
-6.46920 -242160 
-6.71620 -33470 
-6.9EQJ -4.75860 
-7.zWo 5.76820 
-7.48730 6.49610 
- 7 . m  6.93650 
-7.75270 - -7.11660 
-7.80210 -7.11820 , 

-7.80710 -6.99680 

-7.73170 -6.55220 
-7.66890 -6.27170 
-7.59190 -5.90870 
-751570 -5.69980 
-7.43200 5.41680 
-7.35aO -5.13970 

-7.15510 -4.m 
-7.11970 -438190 
- 7 . w  4 . 1 w  
-6.91990 -3.94Ca 
-6.91550 3.73630 
-6.85Jx) -3.54450 
679740 3.- 
-6.74300 -3.19370 
-6.69360 -3.03210 
-8.64420 -2- 
-6.59990 -213810 
-6.55880 -260670 
6.51950 -248020 
-6..48550 -236220 
-6.44830 -224910 

-7.p360 -6.79340 

- 7 m i o  -4.87590 

0.00000 
0.00080 
0.Qo 
023270 
0.60270 
1.11180 
1.68940 
221960 

3,21880 
3.46680 
3.51310 
3.57060 
3.- 
3.36720 

3.41250 

27?610 
2wOo 
252250 
2.(0860 
230980 
221520 
2134m 
206030 
1.93340 
1.93140 
1.87200 
1.82090 
1 . m  
1.72710 
1.68100 
1.6493 
1.61060 
1 . m  
1.5u100 

2aim 

. 322490 
z a i w  

0.00000 
4.00420 
4.039(0 
;0.16750 
4.38520 
4.m 
4sTlSo 
-127090 
-1.52540 
-1.70SO 
-1.80750 
-1.83090 
-1.7- 
-1.71710 
-1.81070 
-1.49190 
-1.36560 
-1 23aa 
-1.11500 
4.B9880 
-0.89160 
-0.78780 
4.69650 
4.60g50 
4.52910 
4.25960 
4.39100 
4.33400 
4.277IQ 
4.22860 
4.1m 
9.13900 
9.10130 
4.06530 
4.03520 
4.00120 
0.02510 

BASE TIME "0" SUBTRACTED I 

0.00000 
4.o0250 
-0.m 
-0.10630 
-0.25mJ 
-0.4s040 , 

-0.69730 
-0.97810 
-1.24EO 
-l.z(wo 
-1.62SW 
-1.7330 a 
-1.78320 
-1.7- 
1.75870 
4.71280 
-1.65oOo 
-1.51300 
-1.19600 
-1.41310 
-1.33190 
-1.25320 ' 

-1.17620 
- 1 . 1 w  
-1.- 
9.66100 
4.89a60 
4.83.0 

4.72410 
-0.67470 
-0.62530 
-0.5a100 
9.53990 
-0.so060 
4 . w  
-0.42940 

s.naS0 

318 
318 
318 
318 

lMKu Flow Measurements 
Well No 

-. . 
318 5 0 3  318 

> 318 
E 02 318' 

318 
0.1 318 

318 
318 0 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
15 
80 
as 
90 
55 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 
180 

. -1.43330 
- 1 . W  
-208210 
- 2 0  
-4.0(550 
-524500 
-6.42630 
-7.44mo 
817010 
-8.m 
-8.soJsD 
482640 
-a.l?350 
-8.56850 
4.34760 
-8.14230 
-7.8(940 
-7.58990 
-7.3BSo 
-7..08260 
-6.84730 
-6.60870 
-6.39610 
-6.18340 
5Sa40 
5 . m  
5.62090 
4.15260 
4 2 8 T I O  
5.13950 
-4.99720 
-4.86070 
-4.73260 
-4.61620 
-4.49400 
-4..39020 

F .26 

-1.o#uo 
o m  
4.8(1950 
4.47870 
4.01990 
0.506R) 
1.05190 
1 53260 
1.88680 
207100 
211370 
204So 
lSu270 
1.71430 
1.51oM) 
1.30480 
1.10130 
0.91540 
0 . m  
O.!j7M 
0.43560 
0.30610 
0.19030 
0.08310 
-0.04130 
4.09280 
4.16560 
-0.Zx.60 
-023790 
4.35400 
4.403Co 
-0.45200 
4.19300 
4.53150 
4.56&(0 
4.5Sas 

-1.M700 

-1.83630 
-1.96690 
-220140 
-251790 
-285(50 
-3.zano 
a54700 

-4.00500 
-4.10550 
-4.15070 
-4.14820 
-4.os=xo 
-4.02760 
4.93890 
4.85090 
-3.76130 
-3.67510 
358720 
-3.54350 
3.2130 
3.3538, 

-3po(o 
-3.15680 
4.10320 
4..01I)60 
4.OoQ20 
-295250 
-291pO 
-286880 
-283110 
-280090 
-276830 
-273230 

-1.aim 

-3.81740 

-6.0568) 
4.03160 
-6.05590 
6.12540 
-627190 
-6.m 
-6.74M)o 
-7.02970 
- 7 m  . 
- 7 . m  
-7.7m40 
-7.88880 
-7.- 
-7.s6ooo 
-7.933w 
-7.88880 
-7.82110 
-7.75070 
-7.66270 
-7.57- 
-7.48780 
-7.40150 
-7.31440 
-723500 
-7.15870 
-7.oa420 
-7.01380 
-6.- 
6.88570 
-6.82880 
-6.77350 
-6.71990 
-6.67550 
-6.63370 
6.58850 , 
-6.55410 
-6.51230 

0.00000 
-0.01090 
-0.16240 
-0.65970 
-1.52120 
-262290 
-3.82260 
-5.o0390 
-6.018x) 
-6.74770 
-7.1- 
-7.38140 
-7.40400 
-7.31 110 
-7.13810 
4.9zszo 
-6.67mo 
-6.42700 
-6.16750 
5.90710 
-5.66020 
5.42490 
4.18630 
-4.97370 
-4.76100 
-4.56600 
-4.?.7760 
-4.19850 
4.o3020 
-3.86530 
3.71110 
3.51480 
4.43830 
3.31020 
3.19YK) 
4.07160 
-296780 

0.00000 
O.OM20 
0 . W  
0.19510 
0.- 
0.98470 
1.51060 
205654 
253720 
289140 
3.07560 
3.11830 
805aXl 
294130 
271890 
2 5 1 M  
23owo 
210590 
lspoo 
1.74340 
1.58(20 
1.44020 
1.31130 
1.1- 
¶.can0 
0.99720 
0.91180 
0.83900 
0.78870 

0.- 
0.60120 
0.55260 
0.51160 
0.47310 
0.43620 
0.(0610 

a m  

0.00000 
4.00500 
-0.oEsM 
9.15990 
-0.390 
-0.71090 
-1.04750 
-1.41340 
-1.74000 
-201040 
-218800 
-228850 
-234370 
-234120 
-2288(0 
-2p060 

-204390 
-19500 
-1.86810 
-1.78020 
-1.69650 
-1.g2030 
1.54660 
-1.47- 
-1.41340 
-1- 
-1.i9620 
-1.2424260 
-1.19320 
-1.11560 
-1.10530 
-1.06lao 
-1.ou10 
4.99390 
9.66130 
4.92550 

22i3im 

0.00000 
O.oo5oa 

-0.OlBJo 
9.08880 
9.23530 
9.44130 
4.7m0 
9.99310 
-1292CQ 
-1.5368) 
-1.72580 
-1.852ZU 
-1.91ooo 
-1.92340 
-1.00330 
-1.852ZU 
-1.78610 
-1.7141D 
-1.62610 ' 1  

-1.53740 
-1.45120 
-1.36490 
-1.27780 
-1,19740 

-1.04760 
4 m  . 
9.91190 
4.84910 
4.70220 
4.- 
4.68330 
4.65830 
4.54110 
4561W 
4.51750 
4.47570 

-i.imo 



KVA Flowmeter Measurements 
Well Number: 699-37-47A 

Test No.: A35-17.4 
Date: 11-13-96 

Analysis Type: SUM 

No.1 Thermistor Alignment: North 

'Calculated Vector Angle: N 53.3' E 

Flowrate Calculation: 

Clibration Curve Date: October 1995 

Calibration Cuve: Assumed Effective Porosity Q 20% 

(0.051 x mV) - 0.04 Flowrate = = 3.3 ft./day 
Effective Porosity 

Vector Fit Calculation: 

1 00- (( (A+B + C+D)/Cal.Vec tor Length)x 100) = % 

loo-((( I/ xlOO)= % 

Probe No. : 2D-1 
Controller No.: B 
Computer Interface No.: 2 

F.27 



IN-SITU FLOW MEASUREMENTS Tot Dep.=342.6ftTOC 

mrtnnMP 
1420 
1520 

11-139 PROBE @ 323.0 ft (BTOC) 7.4ft BWL Declination Correction: 21 HEATER @ 1.6 amps Dep. Water = 315.6 ftT0 

M ~ T I M E :  
142 
152 

TESTNO.1 -TESTNO.2 
2 

0 0.00000 0.00000 0.00000 0.00000 
5 O.O(a75 0.00000 9.00120 -0,00040 
10 0.m890 o.Oo550 0.w710 -0.00965 

' 15 0.W375 0.01425 0.omO -0.- 
20 0.16020 0 . m  0.04855 -0.41215 

30 0.18815 0.04640 0.41280 -0.08945 
2s a i m  403680 0.06440 awcm 
35 0.17175 a m  0.- -0.m 
40 o.iiio5 a m  0.- - 0 . 0 ~ 5  

50 -11.041s aoim 0.08315 0.~185 

60 a i m 5  -0.01350 amas o . i m  

45 0.05525 0.03215 0.08615 O.QL615 

55 -0.10625 -0.ooG55 0.08105 0.145w 

65 -0.19415 -0.02650 0.41900 02115 
70 -021x15 -0.0?360 0.08105 024375 
75 -02135 -0.W 0.08320 OZS15 
80 -0.242QS -0.04570 0.08695 027175 
85 - 0 a a  -0.04910 awiw ozm 
90 -025265 0.05155 ' 0.09MO 0- 
45 -0.25354 -0.m 0.wm 028385 
100 -025305 -0.05650 0.wm 02465 
105 -04630 -0.05280 0 . 1 ~  028255 
110 -0.24255 -0.05240 0.10245 0.28170 
115 - 0 2 4 2 l O  -0.- 0 . 1 W  027835 
120 -023415 -0.05530 0.10245 027415 
125 . -0m -0.05280 0 . 1 W  027165 
130 -022615 -0.05280 0.10375 026870 
155 -0ps20 -0.04985 0.10250 026500 
140 1 4 2 1 9 4 5  I -0.04945 I O.lm50 I 0.25950 
145 -0Zl605 -0.04775 0.102543 025190 
1% -021315 -0.- 0.10210 025525 
155 -020520 -0.m 0.10045 024945 
160 -0m -0.- 0.09875 024530 
165 -0.18890 . -0.04315 0.09960 023945 
170 4 1 9 6 9  -0.04065 0.03745 023690 
175 4.19175 -0.04105 0.09750 023230 
180 4.18585 -0.04105 0.095oO 0.22730 

DTAL I -4.7067 I -0.- I 3.0423 I 6.30115 

420 NORTH KvFL025 (25mV) SOUTH@ 7520 11/13/96 Screened Interval = 30 f t  
TEST NO. 1 BASE TIME "0" SUBTRACTED 

3ia o 
3ia 5 

TEST N0.2 

-1.41710 
-1.41710 
-1.- 
-1.67400 
-222480 
-3.o6600 
-4.05360 
5.07230 
-6.03310 
-6.76900 
-7.29703 
-7.55400 
-7.63270 
-7.57010 
-7.43930 
-7.24930 
-7.03170 
-6.8015(3 
-6.55880 
-6.32610 
-6.w760 
5.86990 
-5.65820 
4.46230 
5.26393 
-5.09070 
-4.91570 
-4.76160 
-4.60680 
-4.46450 
-4.33om 
-4.19920 
-4.08700 
4..96990 
-3.81030 
-3.78810 
a.68680 

-1.01700 
-1.01700 
-1.02110 
-1.05880 
-1.14670 
-129070 
-1.47820 
-1.7oooO 
-1.s5110 
-218960 
-239800 
-255460 
-267420 
-275210 
-259560 

-280980 
-2m10 
-2752SU 
-271190 
-266920 
-261560 
-256290 
-250930 
-245660 
-24om 
-234780 
-229340 
-22*(80 
-219540 
-214940 
-210420 
-205820 
-201800 
-1.91530 
-195760 
-1.80330 

-2a1400 

-1.78960 
-1.80120 
-1.80880 
-1.8Mo 
-202054 
-225410 
-252440 
-279640 
-3.06180 
-328270 
3 . 4 m  
-3.5M)(o 
-3.50960 
-3.47440 
-3.40580 
-3.32120 
-32p30 
-3.11850 
-3.02410 
-292620 
-283830 
-275120 
-267260 
-2m140 
-253454 
-247420 
-241560 
-236450 
-231130 
-227080 
-2Ps90 
-219210 
-215850 
-212130 
-2- 
-206990 
-2Oum 

-5.99370 
-6.w050 
-5.99300 
5.01090 
5.m 
-526560 
-4.75250 
-420430 
-3.61950 
-3.i6100 
-289650 
-290360 
-293190 
-3.o6090 
-3.2- 
-3.m 
-3.85350 
-3.859(0 
-4.05280 
-42,270 
-4.39340 
-4.53910 
-4.66550 

-4.88560 
-4.97350 
5.053oO 
4.12320 
&la770 
5.24120 
529150 
5.33670 
5.37770 
4.41150 
-5.w 
5.47810 
-5.50680 

-4.7aim 

O.wo00  
0.53000 
-0.o3090 
-025690 
-0.8oTIO 
-1.64890 
-263650 

-4.81600 
, 6.38180 

-6.13690 
-6.21560 
-6.16200 
-6.ozpo 
*.a3220 
5.81cBo 
5.m 
-5.14170 
-4.909oO 
-4.68050 
-4.45280 
-4.24110 
-4.(u!j20 
-3.84580 
-3.67360 
a.49860 
4.34450 
-3.18970 
-3.04740 

-3.6552o 

-5.a799o 

-291350 
-278210 
-266990 
-255280 
-2153p 
-235100 
-224oao 

0.00000 
0.00000 
-0.00410 
-0.04180 
0.12970 
-027370 
-0.46120 
-0.68300 
4.03410 
-1.17260 
-1.38100 . -1.5428) 
-1.65120 
-1.73510 
-1.77MO 
-1.79700 
-1.t8280 
-1.77110 
-1.- 
-1.69490 
-1.65223 
-1.- 
-1.54590 
-1.49230 
-1.43960 
-1.18350 
4.33080 
-1.27640 
-1.22780 
-1.17840 
-1.13240 
-1.08720 
-1.04120 
-1.00100 
-0se30 
-0.92060 
-0.lBE3 

0.00000 
-0.00160 
-0.o0920 
-0.06810 
-0poBo 
-0.Isoo 
-0.72460 
-099680 
-1 262a 
-1.48310 
-1.62880 
-1.70080 
-1.71000 
-1.67460 
-1.50820 
-1.52160 
-1.42370 
-1.31890 
-1.22150 
-1.1268) 
-1.03870 
-0.95160 
-0m 
4.80180 
-0.73490 
-0.67m 
-0.81ax) 
-0.56490 
-0.51470 
-0.47120 
-0.42930 
-0.39250 
-0.35900 
-0.32470 
-029820 
-0.27030 
-024520 PE TIME "0" SUBTRACTED 

0.00000 
-0.oooM) 
0.00610 
0 . W  
0.32650 
0.73410 J 

12mD 
1.795(0 
23xrx) 
273370 
3.00320 
3.09610 0 
3.06180 
293880 
275970 
256510 
23(g20 
2 1 m  
1 . W  
1.76700 
1.60630 
1.46060 
1.33420 
1.21790 
1.11410 
1.02620 
0.84610 
0.87650 

0.75850 . 
0.70820 
0.- 

0.58520 
0.55170 
0.62180 
0.4B310 

o.ai2oo 

a m  

-1.81OiU -6.01- 
-1.- -6.OlOB) 
-1.8p60 -5.- 
- 1 m o  -5.84810 
-212820 -5.53860 
-2.393xl -5.04590 
-268060 -4.m 
-297680 -4.41480 
-3z5050 -3.62790 
-3.(6560 4.32420 
-3.60530 -3.19110 
-3.87310 -320150 

-3.64300 -3.51410 
3.57850 -3.- 
-3.- -3.97520 
3.40780 -420790 
-3.31330 -4.4u)o 
-3.21870 -4.- 
4.13080 -4.81130 
-3.04290 -4.97360 
-296260 5.11510 
-288810 .523980 
-281610 5.34944 
-275000 5.44480 
-268890 5.m 
- 2 m  4.60130 
-258010 '4.66410 
-2.52930 , -5.71760 
-24a640 4.76790 
-244370 -5.80890 
-2(0360 -5.- 

-233410 d.OM30 
-23023 -5.93270 
-2275s -5.35360 
-224620 5.97210 

-3.maio -3.3~330 

-236610 5 . a m  

0.00000 
-0.001x) 
-0.0.970 
4.44440 
-1.12810 
-2- 
-3.01280 
-0 
-4.83810 
5.45240 
-5.79720 
-5.92440 
-5.90010 
-5.77370 
-5.59210 
5.3E950 
-5.12850 
-4.88070 
-4.63640 
4.4opo 
-4.17440 
-3.950m 
-3.75600 

4.37850 
-3.2ouo 
-3.os6u) 
-288810 
-27- 
-261530 
-248720 
-237170 
-225880 
-21- 
- 2 w  
-1236750 
-1.88210 

-3.sioo 

O.wo00 
O.o##o 
-0.01510 
-0.07m 
-0.18580 
-0.34730 
-0S4w 

-1.- 
-1- 
-1AlOiU 
-l.!n15O 
-1.63020 
-1.68210 
-1.71140 
-1.71730 
-1.701 40 
-1.61290 
-1.63280 
-1.59510 
-1.54320 
-1.493W 
'-1.44110 
-1.33340 
-132900 
-127700 
- 1 m  
-1.17670 
-1.12890 
1.08290 
-1.- 
-0.992xl 
-0m 
-0.01470 
-O.m 
-0.LlylSo 
-0.ao420 

-0.7a750 

F.28 

0.00000 
O.oa080 
-0.m340 
-0.1- 
-0.31800 
-0.58330 
-0.87040 
-1.16660 
-1.44030 
-1.656(0 
-1.76580 
-1.- 
- 1 . m  
-1.83280 
-1.76630 
-1.68800 
-1.59760 
-1EmlO 
-1.40854 
-1.32060 
-1.2mO 
-1.15240 

-1.00590 
-0.m 

-0.- 
-0.7- 
4.71910 
-0.67620 
-0.63350 
4.59340 
-0.556.50 
-0.52390 
-0.49210 
0.(6530 
-0.43600 

-i.mm 

-0.ma70 

0.00a00 
0.00000 
0.02aK) 
0.161so 
0.41200 
0.91470 
1.42610 
193580 
238270 
26a640 
281950 
2ao610 
268730 
249650 
2272m 
2 w  
1.80270 
1.5828) 
12.7760 . 
1.19930 
1.03700 
0.89560 
0.77080 
0.666120 
0.56580 I 

0.48290 
0.40530 
0.34650 
029W 
024270 
020170 
0.16410 
0.13140 
0.10630 
0 . m  
0.05100 
0 . W  

. . . , ._ -. - 
* -  

I ,  



. KVA Flowmeter Measurements 
W e l l  N.umber: 699-37-47A 

Test No.: A37-7.4A 
Date: 11-13-96 

Analysis Type: SUM 

No. 1 Thermistor Alignment: North . 

Probe No. : 2D-1 
Controller No.: B 
Computer Interface No.: 2 

Calculated Vector Angle:. S 38.9’ E 

’ Flowrate Calculation: 

Clibration C u r v e  Date: October 1995 

Calibration Cuve: Assumed Effective Porosity Q 20% 

(0.051 x mV) - 0.04 
Flowrate = = 1.3 ft./day 

Effective Porosity 

Vector Fit Calculation: 

100- (( (A+B+C+D)/Cal.Vector Length)xlOO) = % 

* loo-((( X l O O ) =  
\ 

% 

5.92 



FLOWMETER VECTOR ANALYSIS 
Well Number: 6993747A 

Quadrant Factor . 
0 

Flow Meter V+or Analysis 
Well: Regional 
Test Date: 

Best symmetry 

Theta Av. 24.99 degrees 
r=  16.60 . 

Avg r = 237 
Sdev = 1.43 

SUm SUm 
TestNo. Theta n SinTheta CosTheta nSinTheta nCosTheta nSinTheta nCosTheta 

A37-3.4 303.5 1.00 -0.83 0.55 -0.83 0.55 7.01 15.05 
A37-7.4. 349.1 240 -0.19 0.98 -0.45 236 
A37-7-4A 308.9 1.30 -0.78 0.63 -1.01 0.82 
A37-11.4 294.8 1.70 -0.91 0.42 -1.54 0.71 
A37-17.4 36.7' 3.30 0.60 0.80 1.97 265 
A37-19.4 41 .l 5.20 0.66 0.75 3.42 3.92 
A37-19.44 53.5 6.8 0.80 0.59 5.47 . 4.04 

M e a n  Velocity = 2.37 Wday Q N 6 5 O  E 

Quadrant Factor 
360 

Flow Meter Vector Analysis 
Well : Regional 
Test Date: 

Best symmetry 

Thetadv. 319.11 degrees 
r =  5.87 

Sdev = 0.52 
Avg r = 1.47 . 

SUm SUm 
TestNo. Theta n SinTheta CosTheta nSinTheta nCosTheta nSinTheta nCosTheta 

A37-3.4 303.5 1.00 -0.83 0.55 -0.83 0.55 -3.84 4.44 
A37-7.4 349.1 240 -0.19 0.98 -0.45 236 

A37-7.4 308.9 1.30 -0.78 0.63 -1 .Ol 0.82 
A37-11.4 294.8 1.70 -0.91 0.42 -1.54 0.71 

M e a n  Velocity = 1.47 ftlday @ S 49.1° E 

Quadrant Factor . 
0 

Flow Meter Vector Analysis Best Symmetrv 
Well: . Regional 
Test Date: Theta Av. 45.66 degrees 

r=  15.18 

sdev = 1.43 
Avg r = 5.06 

Sirm SUm 
TestNo. Theta n SinTheta CosTheta nSinTheta nCosTheta nSinTheta nCosTheta 

A37-17.4 36.7 3.30 0.60 ' 0.80 1.97 265 10.86 10.61 
A37-19.4 41 .l 5.20 0.66 0.75 3.42 3.92 
A37-19.44 53.5 6.8 0.80 0.59 5.47 4.04 

M e a n  Velocity = 5.1 Wday @ N 4 4 3 O  E 

F.30 
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7' ft./day 

6 ft./day 

5 ft./day 

4 ft./day 

3 ft:/day 

2 ft./day 

1 ft./day 
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7 ft./day 

6 ft./day 

5 ft./day 

4 ft./day 

3 ft./day 

2 ft./day 

1 ft./day 

I 
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7 ft./day 

6 ft./day 

5 ft./day 

4 ft./day 

3 ft./day 

2 ft./day 

1 ft./day 

c 
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SUM METHOD 

PROBE 
CONTROL BOX 
COMPUTER INTERFACE: 

STANDARD CURVE CALCULATIONS 
OCTOBER 1995 

Flowrate = (0.044 x mV) -0.021 

2D-1 
B 
2 

Flowrate 

0.27 
0.55 
0.55 
0.55 
1.37 
2.74 

mVolts Calculated 

5.09 0.20 
14.83 0.63 
15.39 0.66 
13.76 0.58 
26.'58 1.15 
63.08 2.75 

Flowrate 

Regression Output: 
Constant Regression Output: 
Constant 
Std Err of Y Est 
R Squared 

. No. of Observations 
Degrees of Freedom 
X Coeficient(s) 
X Coefticient(s) 

PROBE: 
CONTROL BOX 
COMPUTER INTERFACE: 

0.035 
0.044 

0.465 
-0.021 
0.134 
0.983 
6.000 
4.000 

Flowrate = (0.049 x mV) -0.075 

2D-1 
B 
2 

Flowrate 

0.27 
0.55 
0.55 
0.55 
1.37 
2.74 
2.74 
2.74 

Regression Output: 
Constant 
Std Err of Y Est 
R Squared 
No. of Observations 
Degrees of Freedom 

X Coefticient(s) 
Std Err of Coef. 

0.049 
0.003 

Flowrate = (0.051 x rnV) -0.040 

2D-1 
B 
2 

Flowrate 

0.27 
0.55 
1.37 
2.74 

mVolts Calculated 
Flowrate 

5.09 0.22 
13-76 0.66 
26.58 1.32 
55.04 2.77 

F.37 

mVolts Calculated 
Flowrate 

5.09 0.17 
14.83 0.65 
15.39 0.68 
13.76 0.60 
26.58 1.23 
63.08 3.02 
55.04 2.62 ' 

51.72 2.46 

Regression Output: 
Constant 
Std E n  of Y Est 
R Squared 
No. of Observations 
Degrees of Freedom 

X Coefticient(s) 
Std E n  of Coef. 

-0.040 
0.096 
0.995 
4.000 
2.000 

0.051 
0.003 

-0.075 
0.194 
0.974 
8.000 
6.000 



PROBEZD-I wi compute incz IN-SITU FLOW MEASUREMENTS 

DIRECTIONI DAIE: [.sartnr.e 
RUN1 NORTH (10-27-95 . 1103 
RUN 2 SOUTH 110-27-95 1 1200 

mnm 
110: 
120: 

0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
65 
90 
95 
100 
105 
110 . 
115 
120 
125 

0.00000 
0.00X)o 
0.OoJMI 
0.01378 
0.03258 
0.06516 
0.10586 
0.15911 
0.21016 
0.25891 
0.30736 
0.34856 
0.38191 
0.41836 
0.44841 
0.46941 
0.46746 
0.50686 
0.51641 
0.52462 
0.53279 
0.53813 
0.54166 
0.54579 
0.54303 
0.54367 

o.ooGQo 
0.00013 
0.00168 
0.00540 
0.01293 
0.02560 
0.04325 
0.0- 
0.09516 
0.12356 
0.15515 
0.18381 
0.20836 
0.23286 
0.25265 
0.26756 
0.27981 
0.29120 
0.29856 
0.30370 
0.31031 
0.31334 
0.31607 
0.31846 
0.31794 
0.31818 

0.03000 
-0.OoooO 
0.00025 
-0.00175 
-0.00999 
-0.01174 
-0.01999 
-0.02849 
-0.03414 
-0.03904 
-0.04539 
-0.05004 
4.05594 
-0.05884 
-0.06259 
-0.06594 
9.06779 
-0.07079 
-0.07134 
-0.07269 
-0.07524 
-0.07384 
-0,07584 
-0.07635 
-0.07574 
-0.07599 

0.00000 
-0.01040 
-0.03m 
-0.00495 
-0.01220 
-0.02635 
-0.04775 
-0.07860 
-0.11765 
-0.15950 
-0.20670 
-0.25415 
-0.29920 
-0.34250 
-0.36205 
-0,41640 
-024215 
-0.26730 
-0.4S415 
-0.49795 
-0.50950 
-0.51770 
-0.52335 
-0.52770 
-0.52985 
-0.53010 

130 0.52841 0.31607 -0.07587 -0.52795 
135 0.53987 0.31619 -0.07574 -0.52610 
140 I 0.53250 1 0.31282 I -0.07587 1 -0.52260 
145 0.53046 0.30979 -0.07412 -0.51845 . 
150 0.52798 0.31091 -0.07549 -0.51465 
155 0.52322 0.30603 -0.07463 -0.50930 
160 0.51812 0.30315 -0.07400 -0.505EO 
1E5 0.51219 0.29927 -0.07449 -0.50080 
170 0 . m 5  029726 -0.07449 -0.49605 
175 0.50547 0.29450 -0.07400 -0.49140 
180 0.49eO6 0.29037 -0.07425 -0.42575 

)TAL I 14.24248 I 8.10[3515 I -204239 1 -12.97865 

7-5 (7.5mv) SOUTH Q 1200 10!27/35 FLOW RATE *day 0.55 
e Gear ratio HGITER @ 1.65 amps 

TEST NO. 1 BASE TIME "0' SUBTRACTED 

300 0 
300 5 
300 10 
300 15 
300 20 
300 25 
300 30 
300 35 
300 40 
300 45 
3Sl 50 
300 55 
300 60 
300 65 
300 70 
300 75 
300 80 
300 85 
303 90 
300 95 
300 100 
303 105 
300 110 
305 115 
300 120 
303 125 
300 130 
300 135 
330 140 
300 145 
300 150 
300 155 
303 160 
300 165 
300 170 
300 175 
303 180 

TEST N0.2 

-0.30247 
-0.30272 
-0.35981 
-0.53863 
-0.81826 
-1.12970 
-1.43720 
-1.72940 
-1.94330 
-2.03510 
-2.02210 . -1.93970 
-1.82360 
-1.68610 
-1.54490 
-1.41120 
-1.28320 
-1.16430 
-1.05610 

-0,86734 
-0.78496 
-0.71060 
-0.64324 
-0.W66 
-0.53057 
-0.48353 
-0.43717 
-0.40112 
-0.36206 
-0.33176 
-0.30397 
-0.27968 
-0.25564 
-0.23461 
-0.21458 
-0.19780 

-0.95798 

0.62196 
0.62021 
0.55611 
0.31S24 
-0.06438 
-0.55260 
-1.01730 
-1.46400 
-1.83630 
-207720 
-218860 
-2.19660 
-213250 
-202010 
-1.84090 
-1.72990 
-1.57440 
-1.41940 
-1.27050 
-1.12820 
-0.99379 
-0.8683 
-0.75066 
-0.64249 
-0.54384 
-0.45095 
-0.36707 
-0.28661 
-0.21758 
-0.15223 
-0.09014 
-0.03555 
0.01502 
0.06210 
0.10541 
0.14547 
0.16253 

-0.68756 
-0.68907 
-0.71786 
-0.63003 
-1.02680 
-1.23240 
-1.44120 
-1.64350 
-1.81260 
-1.92800 
-1.98780 
-1.99060 
-1.95380 
-1.88020 
-1.78830 
-1.68840 
-1.58490 
-1.48600 
-1.8940 
-1.30200 
-1.223a) 
-1.14700 
-1.08040 
-1.01980 
-0,96449 
-0.91592 
-0.87210 
-0.63253 
-0.79647 
4.76367 
-0.73388 
-0.70659 
-0.68205 
-0.66001 
-0.6399s 
-0.62146 
-0.60653 

-3.48550 
-3.48510 
-3.45330 
-3.31040 
-3.03670 
-2.68970 
-233510 
-201140 
-1.77950 
-1.68410 
-1.73520 
-1.9opo 
-2.14810 
-2.43150 
-272520 
-3.01 120 
-3.26910 
-3.50340 
-3.70270 
-3.87420 
-4.01900 
-4.13640 
-4.23703 
-4.31590 
-4.37830 
-4.42760 
-4,46490 
-4.49270 
-4.51270 
-4.52620 
-4.53420 
-4.53700 
-4.53610 
-4.53350 
-4 52800 
-4.52020 
-4.51070 

0.00000 0.03000 
-0.00025 -0.03175 
-0.05734 -0.06585 
-0.23636 4.30272 
-0.51579 -0.70634 
-0.82723 -1.17456 
-1:13473 -1.63926 
-1.42693 -2OE596 
-1.64083 -245526 
-1.73263 -269916 
-1.71963 -261056 
-1.63723 -281856 
-1.52113 -275446 
-1.38363 -264206 
-1.24243 -250286 
-1.10873 -235186 
-0.98073 -219636 
-0.86183 -204136 
-0.75363 -1.e9246 
-0.65551 -f.75016 
-0.56487 -1.61575 
-0.48249 -1.49030 
-0,40813 -1.37262 
-0,34077 ,-1.26445 
-0.28319 -1.16560 
-0.22810 -1.07251 
-0.18103 -0.98903 
-0.13470 -0,91040 
-0.09865 -0.85954 
-0.05959 9.77419 
-0.02929 -0.71210 
-0.00150 -0.65751 
0.02279 -0.60694 
0.04683 -0.55986 
0.06786 -0.51655 
0.08789 -0.47649 
0.10467 -0.43943 

0.00000 
-0.00151 
-0.03030 
-0.14247 
-0.33924 
-0.54684 
-0.75364 
-0.95594 
-1.12504 
-1.24044 
-1.30024 
-1.30304 
-1.26624 
-1.19264 
-1.1 0074 
-1.00084 
-0.89734 
-0.79844 
-0.70168 
-0.61444 
-0.53604 
-0.45944 
-0.39284 
-0.33224 
-0.27693 
-0.22836 
-0.18454 
-0.14497 
-0.10691 
-0.07611 
-0.04632 
-0.01903 
0.00551 
0.02755 
0.04758 
0.06610 
0.06063 

PE TIME "0" SUBTRACTED 

0.0woo 
0.00050 
0.03230 
0.17520 

0.79590 
1.15050 
1.47420 
1.70610 -~ 
1.75040 
1.58340 
1.33750 
1.05410 
0.76040 * 
0.47440 
0.21650 
-0.01780 
-021710 
-0.3e860 
-0.53340 
-0.65280 
-0,75140 
-0.83030 
-0.89270 
-0.94200 
-0.97930 
-1.00710 
-1.02710 
-1.04060 
1.04860 
-1.05140 
-1.05110 
-1.04790 
-1.04240 
-1.0360 
-1.02510 

o.;cego 

1.80150 . 

JULlAN BSEC THERM1 THERM2 THERM3 THERM4 THERM1 THERM2 THERM3 THERM4 
DAY ISAhWLEimV +N/-SlmV +NE/-SWlmV +rJWimV + S 3 N W l  l m V  +N/-S ImV +NU-SWI mV +U-W ImV +SU-NWI 

300 0 -0.49356 0.38137 -0.81934 
. 300 

InSitu Flow Measurements i303 
' 

I 

300 
3 m  
300 ! 300 

. 
0 50 100 150 200 

T i  (scc) 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
I10 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
1 i O  
1 i 5  
163 

-0.49781 
-0.55866 
-0.75749 
-1.07450 
-1.45110 
-1.84200 
-2.23870 
-255470 
-2.74400 
-282790 
-282790 
-277850 
-271390 
-263280 
-254110 
-2.44920 
-236910 
-228000 

-212400 
-20523 
-1.92503 
-1.92590 
-1.86280 
-1.80300 
-1.75140 
-1.70800 
-1.65720 
-1.6i410 
-1.5i880 
-1.5cl50 
-1.5SX'To? 
-1 4x10 
-1 c4.m 
-?.416%3 
-1.ma3 

-2ige30 

F.38, 

0.37937 
0.31176 
0.06186 

-0.84438 
-1.34443 
-1.FA130 
-2.26520 
-256490 
-2.73950. 
-2.80480 
-2.7.980 
-2.72640 
-262640 
-2.50560 
-237460 
-2.24240 
-2.10820 
-1.97620 
Cl.E55W 
-i.73560 
-1.62340 
-1.SZOW 
-1.42030 
-1.32793 
-1.23980 
-1.16140 
-1.08383 
-1.01240 
-0.05255 
-G.8EtZO 
-0 93183 
-3.ZX2 
-0.72Cb 
.e.;ss:2 
-i.E3Ei9 

-0.35082 

-0.82064 
-0.85014 
-0.95832 
-1.13860 
-1.34270 
-1.53300 
-1.71830 
-1.87610 
-1.98170 
-2.02890 
-202230 
-1.97370 
-1.8S430 
-1.79490 
-1 .W 
-1.581'10 
-1.47620 
-1.37850 
-1.28840 
-1.20450 
-1.13110 
-1.06050 
-0.99888 
-0.94479 
9.89571 
-0.85214 
-0.81263 
-0.77652 
-0.i4722 
-3.71467 
-0.S912 
-0.55554 
-3.64260 
-C.6277 
-C.6?524 
-0.5BC2: 

-3.47970 
-3.47840 
-3.44410 
-3.29460 
-3 00640 
-2.63110 
-223370 
-1.84830 
-1.53650 
-1,35920 
-1.31590 
-1.3eSJO 
-1.54380 
-1.74060 
-1 95520 
-2 17250 
-237890 
-256290 
-2i2850 
-287243 
-299410 
-3.09710 
-3.18440 
-3.25460 
-3.31270 
-3.36150 
-3.40310 
-3.43460 
-3.46164 
-3.48340 
-3.49300 
-3.51250 
-3.51520 
-3.52653 
-3,53003 
-2.5?150 
-3.53333 

0.00000 0.0~00 
-0.00425 -0.W200 
-0.06510 -0.06961 
-0.26393 -0.31351 
-0.58094 4.73219 
-0.95754 -1.22575 
-1.34844 ' -1.72577 
-1.74514 
-206114 
-225044 
-233434 
-233434 
-2.28494 
-222034 
-213924 
-204754 
-1.95564 
-1.87554 
-1.78644 
-1.70474 
-1.63044 
-1.55874 
-1.49144 
-1.43234 
-1.36924 
-1 31544 
-1.25784 
-1.21444 
-1.16364 
-1.12054 
-1.08524 
-1.04794 
-1.01344 
-;.si754 
-"ti5104 
-0.3234 
-029:44 

-222267 
-2.64657 
-2.94621 
-3.12087 
-3.18617 
-3.17117 
-3.10777 
-3.00817 
-288697 
-2.i5597 
-262377 
-248957 
-235157 
-223C37 
-2.11697 
-2.ow77 
-1.90127 
-1.80167 
-1.70927 
-1.62117 
-1.54277 
-1.45517 
-1.39377 
-1.32392 
-1.26957 
-1.21323 
-1.15633 
-1.11106 
-1.06%9 
-1.02516 

0.0oooo o.ooooo 
-0.00150 0.W130 
-0.03080 0.03560 
-0.13898 0.18510 
-0.31926 0.47330 
-0.52336 0,64860 
-0.71366 1.24MO 
-0.89896 1.63140 
-1.05576 1.94143 
-f.16236 2 . 1 W  
-1.20346 2.16240 
-1.20296 2.09170 
-1.15436 . 1.93590 
-1.07496 
-0.97556 
-0.86896 
-0.76176 
-0.656e6 
-0.55916 
-0.46906 
-0.3?,516 
-0.31176 
-0.24116 
-0.17954 
-0.12545 
-0.07637 
-0.03283 
0.00651 

0.07212 
0.10467 
0.13022 
0.153:o 
0 176% 
0.55657 
0.2i4:3 
0.22913 

0.042e2 

1.73910 
1.52450 
1.30720 
1.10180 
0.91680 
0.75120 
0.60730 
0.48560 
0.38260 
0.29530 
0.22510 
0.16700 
0.11820 
0.07660 

3.01e10 
-0.00373 
-0 0193 
-3,33253 
-3.c3555 
- i .%tX  
9 35532 
-?.Sii? 
-3.35253 

004510 a 

-. - 



KVA Flowmeter Measurements 
Calibration Testing 

Date: 10-27-95 

Flow Rate: 0.55 ft/day 

Calibration Test No. : 11 

Analysis Type: SUM 

No.1 Thermistor Alignment: North 

Calculated Vector Angle: N 10.7deg W 
I 

Vector Fit Calculation: 

100- (( (A+B+C+D)/Cal.Vector Length)x100)= % 

0.33 7 

OB60 3- 
-I + 0.15 

0.13 

Probe No. : 1 
Controller No.: 2 
Computer Interface No.: 2 

10.T 

F.39 



PROQEZPI wl com'pute 1nt2 
10-27-95 ' Test 12 on 10/27/95 Q 1300 NORTH KVFL07-5 (7.5mW SOUTH 12 1413 1fX7/95 FLOW RATE *day o.ss 

IN-SITU FLOW MEASUREMENTS 
Gear Setus 1:196 Reducti3n Gear. 24:30 

NELL NO: CALIBRATION TEST 12 

RUN 2 SOUTH 110-27-95 I 14131 141 

 DIRECTION:^ DAE l s t a r t n ~ e  IEndnME 
RUN1 NORTH 110-27-95 I i,w3) 130 

TEST NO. 1 -TEST NO. 2 
2 

SSEC m m t . i i  mmA2 
I ~ A L  mV +NI-S mV +NEI-SW 

0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
e5 
90 
95 
100 
105 
110 
115 
120 
125 

O.Owo0 
-0.o0501 
-0.01578 
-0.02253 
-0.00344 
0.03351 
0.07896 
0.14231 
0.21256 
0.28596 
0.34541 
0.39741 
0.43361 
0.45516 
0.47441. 
0.49091 
0.50596 
0.51651 
0.52771 
0.53G61 
0.54261 
0 3 7 9 6  
0.55250 
0.55673 
0.55649 
0.55386 

O.wo00 
-0.00326 
-0.02292 
-0.04306 
-0.04529 
9.02901 
-0.00256 
0.03539 
0.08304 
0.13364 
0.17849 
0.21679 
0.24544 
0.26559 
0.27964 
0.29154 
0.3M14 
0.30964 
0.315S 
0.32104 
0.32514 
0.32829 
0.33174 
0.33262 
0.33W 
0.33175 

0.00ooo 
9.00126 
-0.01140 ' 
-0.02518 
-0.03067 
-0.03388 
-0.03642 
-0.03813 
-0.03543 
-0.03202 
-0.05462 
-0.03862 
-0.04062 
-0.M352 
-0.04717 
-0.05183 
-0.05652 
-0.05923 
-0.w33 
-0.05987 
-0.07203 
-0.07612 
-0.07817 
-0.08563 
-0.06343 
-0.08263 

0.00000 
0.00185 
0.01250 
0.02530. 
0.02340 
0.00470 
-0.03010 
-0.08375 
-0.14500 
-0.21260 
-0.27645 
-0.33405 
-0.37875 
-0.41080 
-0.42395 
-0.45210 
-0.46680 
-0.47860 
-0.48735 
4.4%10 
4.50060 
-0.50505 
-0.50945 
-0.51195 
-0.51235 

-~ -0.51220 
130 0.55510 0.33190 -0.08480 -0.51050 
135 0.55559 0.33012 -0.08754 -0.50865 
140 I 0.55025 I 0.32625 I -0.06729 I -0.50665 
145 0.54825 0.32651 -0.08704 -0.50365 
150 0.54246 0.32299 -0.08679 -0.5WW 
155 0.54384 0.32173 -0.06754 -0.49740 
I60 0.53669 0.31960 -0.08717 -0.49285 
165 0.5336 0.31594 -0.08Ed2 -0.- 
170 0.52993 0.31408 -0.08692 -0.48415 
175 0.52345 0.31096 -0.osS04 -0.47960 
180 0.52356 0.30E57 -008554 -0.47500 

>TAL I 14.647s I 8.34C3l I -217782 I -13.11895 

!;Gear ratia HEATER-@ 1.65amps 

BASE TIME "0" SUBTRACTED 

5SEC THERM11 P E R M 2  I T H I R M 3  
INTEVAL mV +NI-S mV +NW-SW mV +El-W 

TEST NO. 1 

303 0 
300 5 
300 10 
300 15 
300 20 
300 25 
300 30 
300 35 
300 40 
3 w  45 
300 50 
3 w  55 
3W 63 
303 65 
300 70 
300 75 
3 0 0 8 0  
300 85 
303 90 
303 95 
330 100 

. 303 105 
393 110 
333 115 
303 120 
303 125 
303 130 
305 135 
300 140 
300 145 
300 150 
300 155 
300 160 
300 165 
303 170 
300 175 
324 180 

TEST N0.2 

3 w  0 
303 5 

10 
InSitu Flow Measurements !300 f 5  

0.6 
/- - 

-".. , Y 

, . . / L -  J , 
1 

-.- . 
0 M 100 150 200 

lime (see.) 

-0.54216 
-0.55243 
-c.€513 
-0.67693 
-1.17320 
-1.4&320 
-1.7S50 
-2.04370 
-220400 
-224850 
-219930 
-2.09530 
-1.97680 
-1.e5760 
-1.74090 
-1.62300 
-1.50760 
-1.39990 
-1.29420 
- 1 m o  
-1.10690 
-1.02533 
-0.94462 
-0.87475 
-0.81464 
-0.76180 
-0.71372 
-0.66614 
-0.62682 
-0.58676 
-0.55670 
-0.51914 
-0.49685 
-0.47431 
-0.45177 
a 4 2 2 3  . 
9.40620 

0.31779 
0.30627 
0.18556 
-0.12070 
-0.55644 
-1.02550 
-1.48350 
-1.90300 
-2.22470 
-2.41330 
-2.48093 
-2.45790 
-2.37753 
-226260 
-212830 
-1.98080 
-1.E330 
-1.67953 
-1.53160 
-1.391 80 
-1.25610 
-1.13240 
-1.01500 
-0.90605 
-0 8123 
-0.71698 
-0.63258 
-0.p5695 
-0.48909 
-0.41797 
-0.35811 
-0.30152 
-0.24968 
-020360 
-0.15927 
-0.11795 
-0.07939 

WERMI THERM2 
nV +NI-S.mV I +NE/-% 

-1.70480 
-205500 
-248290 
-2.78370 
-2.97330 
-3.04440 
-3.oLLiO 
-2.99860 
-2.92250 
- 2 W 3 0  
-2.75943 
-2.67630 
-258i10 
-2.50220 
-242430 
-234670 
-227360 
-2.20420 
-2.14280 
-206220 
-2024:O 

-1.93190 
-1.88190 
-1.W9EO 
-1.e9c20 
-1.76143 
-1.3553 
-:.=E33 
-1.5512 
-i.€SXLl 
-1.EXXJ 

- 1 . 9 7 ~ ~ 1  

-1.13403 
-1.64490 
-214030 
-2.c5i30 
-2,84710 
-3.00440 
3.05800 
-3.03490 
-296030 
-2.85410 
-273040 
-2.60010 
-2.46510 
-2.32990 
-220040 
-2.07490 
-1.95550 
-1.84503 
-1.73780 
-1,63890 
-1.54703 
-1.4€290 
-1.36370 
-1.30810 
-1.23750 
-1.17063 
-1.11150 
-1.c55.40 
-1.O322M 
-0.55299 
-0.930J8 
-0.8&!5 

-0.85143 
-0.85795 
-0.91329 
-1.05980 
-1.25690 
-1.46570 
-1.67210 
-1.86940 
-202720 
-2.12710 
-2.16620 
-216060 
-2.10550 
-2.02390 

. -1.92800 
-1.82210 
-1.71910 
-1.62350 
-1.52830 
-1.44570 
-1.36610 
-1.29E50 
-1.23240 
-1.17550 
-1.12520 
-1.07730 
-1.03380 
-0.99921 
-0.96240 

-* -0.93059 
-0.90054 
-0.87500 
-0.&5096 
-0.82892 
-0.80863 
-0.79461 
-0.77458 

-3.49560 
-3.49040 
- 3 . 4 m  
-3.2.370 
-293420 
-258790 
-225230 
-1.97110 ' 
-1.79830 
-1.76650 
-1.86410 
-205920 
-230593 
-257110 
-2wc30 
3.08520 
a31330 
-3.51870 
-3.69850 
3.85270 
3.98620 
-4.09800 
-5.19120 
-4.26810 
-4.32770 
-4.37500 
-4.21000 
-4.43660 
-4.45810 
-4.47340 
-4.48193 
-4.48790 
-4.48840 
-4.48640 
-4.48220 
-4,47690 
-4.47070 

O.OWO0 
-0.01027 
-0.10919 
-0.33482 
-0.65104 
-0.94104 
-1.24334 
-1.50154 
-1.66184 
-1.70434 
-1.65664 
-1.55314 
-1.43464 
-1.31544 
-1.19874 
-1.08064 
-0.96564 
-0.&5774 
-0.75204 
-0.65834 
-0.56474 

-0.40246 
-0.33259 
-0.27248 
-0.21964 
-0.17156 

-0.08466 
-0.04660 
-0.01454 
0.02302 
0.04531 
0,06785 
0.09039 
0.11293 
0.13596 

-0.48114 

-0.12398 

BASE TIME "0" SUBTRACTED 

-0.696i4 0.15127 -0.94218 
-0.70100 0.14626 -0.94619 
-0.77438 0.W57 -0,98125 

~ 4.98651 -0.20111 -1.10020 
'303 20 -1.32093 -0.6338 -1.23630 

3 0 3 3 5  

300 45 
jJg3 40 

3 M  60 
303 . 65 
333 70 
303 75 
3 M  80 

j303 85 
300 93 

1300 95 
!300 105 

1333 115 
jm 120 

1390 
105 

300 110 

303 125 
333 130 
3 w  135 
3 M  160 
E23 145 
533 :!3 
233 155 
7 3  163 
525 IES 
523 173 
253 IT5 
zs :e3 

F.40 

-1.48870 
-1.69000 
-1.88390 
-204710 
-215380 
-218970 
-2.17410 
-211500 
-202760 
-1.92240 
-1.80920 
-1.63680 
-1.59280 
-1.49040 
-1.39670 
-1.31280 
-1.23500 
-1.16680 
-1.10500 
-1.04910 
-1.00280 
-0.95495 
-0.91488 
-0.8i857 
-0.54726 
-0.8lT;l 
-0.75066 
-0.757?7 
-0.;4%?.3 
-0.72554 
-0 .7CZE 
-0.65425 

0.00wo 
-0.01152 
-3.13223 
-0.4J&19 
-0 67623 
-1.34329 
-1.80129 
-222379 
-254249 
-273109 
-2.79869 

-2.69529 
-258039 
-2.44609 
-229859 
-2.14709 
-1.99709 
-1.84939 
-1.70959 
-1.57589 
-1.45019 
-1.33279 
-1.22384 
-1.13018 
-1.03477 
-0.95037 
-0.87474 
-0.80688 
-0.73576 
-0.67590 
-0.61931 
-0.56747 
-0.52139 
-0.47706 
-0.43574 
-0.39718 

-2~1569 

0.ow00 
-0.00652 
-0.06186 
-3.20937 
-0.40547 
-0.61427 
-0.82067 
-1.01797 
-1.17577 
-1.27567 
-1.31677 
-1.30917 
-1.25407 
-1.17247 
-1.07457 
-0.97067 
-0.86767 
-0.76907 
-0.67667 
-0.59427 
-0.51467 
-0.44507 
-0.38097 
-0.32407 
-0.27377 
-0.22587 

-0.14778 
-0.1 1097 
-0.07916 
-0.04911 
-0.02357 
0.00047 
0.02251 
0.04230 

0.07685 

-0.iez37 

0.05682 

0.00000 
0.00520 
0.069m 
0.26090 
0.56140 
0.90770 

1.52450 
1.69730 . 
1.72910 
1.63150 
1.43640 
1.18970 
0.92450 
0.66130 
0.41040 
0.18230 
-0.02310 
-0.20290 
-0.35710 
-0.49060 
4.64240 
-0.69560 

-0.e3210 
-0.87940 
-0 91440 
-0.94100 

1.242ao 

-0.77250 

-0.96250. 
-0.97780 
-0.98630 
-0.99230 
-0.99280 
-0.99080 
-0.98660 
-0.98130 
-0.97510 

-3.41733 
3.41580 
-3.37250 
-3.20700 
-2.90270 
-2.51930 
-2.1 D6x) 
-1.72530 
-1.43000 
-1.26300 
-1.23BO 
-1.31280 
-1.47010 
-1.67120 
-1.88810 
-210270 
-230140 
-248320 
-264550 
-278620 
-290670 
-3.00960 
-3 09400 
-3.16590 
-3.22470 
-3.27230 
-3.310iO 
-3.34100 
-3.36650 
.-3.3720 
-3.403.M 
-3.41430 
-3.42440 
-3.631EQ 
-3.:3550 
-3 43540 
-3.44irs 

0.03000 
-0.00426 
-0.07764 
-0.289i7 
-0.62416 
-1.03306 
-1.40126 
-1.78616 
-2.08696 
-227626 
-2.34766 
-234796 
-230186 
-222576 
-214756 
-206266 
-1.97956 
-1.89036 
-1.80746 
-1.72756 
-1.64996 
-1.57706 
-1.50746 
-1.44606 
-1.58546 
-1.32736 
-1.28i76 
-1.23516 
-1.18516 
-1.14306 
-1.lC346 
-1.06466 
-1.03205 
-0.bS226 
-3.GE846 
-0.C2t56 
-0.bi l l5 

0.00000 
-0.MHOl 
-0.08640 
-0 35238 
-0.78565 
-1.28527 
-1.79617 
-229157 
-270857 
-2.99837 
-3.15567 
-3.20927 
-3.18617 
-3.11 157 
-3.00537 
-2.88167 
-2.75137 
-2.61637 

-235167 
-2.22617 
-210677 
-129627 
-1.8S07 
-1.79017 
-1.60627 
-1.61417 
-1.53497 
-1.45537 
-1.5€877 
-1.32187 
-1.26277 

-1.15327 
-1.10522 
-1 C.T&S 
-1,014s2 

-24ei i7 

-imm 

0.oowo 
-0.w401 
-0.03907 
-0.15802 
-0.3412 
-0.54652 
-0.74782 
-0.94172 
-1.10492 
-1.21162 
-1.24752 
-1.23192 
-1.17282 
-1.oe542 
-0.98022 
-0.66702 
-0.75462 
-0.65362 

-0.45452 
-0.37062 
-0.29262 
-0P4E2 
-0.16282 
-0.10692 
-0.06062 
-G 01277 
0.C2730 
0.06331 
0.0%92 
0.12447 
0.15152 
0.1745: 
0.1S3?5 
3.215E4 '".)̂ :a 
0.24753 

-o.sezz 

. .  
. .. -~ 

0.ooDDo 
0.00150 
0.04483 
0.21030 
0.51460 
0.89830 
1.31100 
1.69200 
1.98730 
215430 
2.18460 
2.10450 
1,94720 
1.74610 
1.52920 
131460 
1.11590 
0.93410 
0.77180 
0.63110 
0.51060 
0.40770 * 
0,32.?20 
0.25140 
0.1b260 
0.14500 
0 10660 
GJ7630 * 
C.05080 
0.02250 
0.C1370 
t $2253 
-C.03710 
.O.O14P3 
-3 ClB33 
-u v-.. 13 
-C.C2510 
c --q, 



KVA Flowmeter Measurements 
Calibration Testing 

Date: 10-27-95 

Flow Rate: 0.55 ft/day. . 

Calibration Test No. : 12 

Analysis Type: SUM 

No. 1 Thermistor Alignment: North 

Calculated Vector Angle: N 1l.ldeg. W 

Vector Fit Calculation: 

100- (( (A+B+C+D)/Cal.Vector Length)x100)= 

loo-((( 0.44+0.13+0.15+0.?3 )x100)= 90.6 % 

0.44 7 

0.15 

Probe No. : 2D-I 
Controller No.: 2 
Computer Interface No.: 2 

F.41 



PROBE2D-1 WJ c o m p u t c ~ n r ~  IN-SITU FLOW MEASUREMENTS ' 
10-2a95 Test 13 on lORB195 Q 1055 NORTH KWLO7-5 (7.5mv) SOUTH Q 0853 10/2325 FLOW RATE *day 0.55 

Gear SehlD 1396 Reductian Gear. 24:33 Drive Gear ;aria kiEF;FER @ 1.65 amps 

BASE TIME "0' SUBTRACTED 

THERM3 THERM4 

VELL NO: CALIBRATION TEST 13 TEST NO. 1 

1358 JULIAN 5SEC THERM1 1 GAY /lK€VALlmV +N/-SlmF:Fg&lmV + 3 W l m v  +sWNWi 

TEST NO. 1 -TEST NO. 2 
2 I 331 

301 
301 

5SEC THERM1 THERM2 301 
NiEvAL mV+NI-S mV+NEI-SW 3 1  

301 
0 
5 
10 
15 
20 
25 
33 
3 
40 
45 
50 
55 
60 
65 
70 
75 
80 
ffi 
90 
95 
100 
105. 
110 
115 
120 
125 

0.oOM)o 
0.00263 
0.03222 
0.08300 
0.12888 
0.1717'3 
0.21323 
024858 
0.26863 
02348 
0.31453 
0.23078 
0.35423 
0.37313 
0.40378 
0.42935 
0.44333 
0.45863 
0.46688 
0.47918 
0.48453 
0.49463 
0.49273 
0.49448 
0.49413 
0.49228 

o.ow00 
0.00301 
0.03045 
0.07871 
0.12030 
0.15496 
0.18731 
0.21951 
0.24032 
0.25551 
0.27091 
0.28222 
0.295C2 
0.30457 
0.31762 
0.32962 
0.33722 
0.34376 
0.34687 
0.35097 
0.35462 
0.35566 
0.35567 
0.35392 
0.35217 
0.35112 

o.mo0 
-0.00140 
0.01180 
0.03180 
0.04675 
0.04700 
0.06403 
0.04260 
0.0375 
0.03245 
0.02535 
0.02580 
0.02245 
0.02145 
0.01755 
0.01480 
0.01345 
0.01015 
0.01240 
0.01025 
0.00915 
0.00930 
0.00715 
0.00665 
0.00615 
0,00380 

0.00000 
-0.00150 
-0.01980 
-0.05290 
-0.08515 
-0.103-w 
-0.11660 
-0.12715 
-0.12870 
-0.12965 
-0.13760 
-0.15035 
-0.16325 
-0.16795 
-3.21410 
-0.24080 
-0.2630 
-0.28530 
-0.33155 
-0.31765 
-0.33220 
-0.S4500 
-0.35355 
-0.36030 
-0.3120 
-0.36910 

130 0.49Mu 0.34936 0.00315 -0.37395 
135 0.49308 0.34687 0.00180 -0.37660 
120 I 0.48983 1 0.34421 I 0.00115 I -0.37720 
145 0.48653 0.33386 O.00lM -0.37700 
150 0.48268 0.3396 -0.00025 -0.37520 

160 0.47479 0.32892 -0.w290 -0.37280 
165 0.47315 0.32617 -0.00700 -0.37420 
170 0.46991 0.32217 -0.00655 -0.37345 
175 0.46399 0.31826 -0.00735 -0.37110 
180 0.46261 0.31477 -0.00805 -0.36370 

1% 0.47715 0.33207 -0.00200 -0.37545 

lTAL I 13.716715 I 10.25165 I 0.4881 I -9.276 

301 
301 
301 
301 
331 
301 
301 
301 
301 
301 
301 
331 
301 
301 
301 
301 
301 
301 
301 
301 
331 
301 
301 
221 
301 
301 
301 
301 
301 
301 
3C1 

TEST NO 

0 
5 
10 
15 
23 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
ffi 
90 
95 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
$55 
163 
165 
170 
175 
183 

.2 

-0.6534 
-0.69m 
-0.74347 
-0.94525 
-1.30920 
-1.75290 
-223560 
-2.63450 
-295560 
-3.11850 
-3.12300 
-3.04860 
-2.90770 
-274180 
-255550 
-236900 
-2.21290 
-2.06100 
-1.P2690 
-1.79600 
-1.68450 
-1.56040 
-1.49693 
. -1.41850 

-1.34850 
-1.28010 
-1.21370 
-1.16130 
-1.11270 
-1.06860 
-1.03000 
-0.99536 
-0.96027 
-0.92267 
-0.89334 
-0.86577 
-0.63895 

-3.27974 
-0.26074 
-0.32461 
-0.53417 
-0.94525 
-1.47943 
-205670 
-264800 
-3.18370 
-3.59430 
-3.85520 
-3.98860 
-4.01960 
-397730 
-3.87850 
-3.74340 
-3.59380 
-3.43280 
-3.27020 
-3.10553 
-294330 
-278980 
-2.64370 
-2.50810 
-237870 
-225370 
-2.13640 
-2.02860 
-1.92660 
-1.63380 
-1.74710 
-1.66540 
-1.58770 
-1.51320 
-1.44600. 
-1.38240 
-1.32270 

-1.45060 
-1.4580 
-1,47160 
-1.56870 
-1.76620 
-201760 
-2.27780 
-253470 
-276380 
-2.94430 

. -3.06010 
-3.12380 
-3.14380 

.-3.12430 
-3.08040 
-3.01800 
-2.94050 
-285980 
-2.76810 
-2.68390 
-260080 
-2.52093 
-244370 
-2.37070 
-2.30180 
-2.24210 
-2.18170 
'-2.12730 
-207540 
-2.02830 
-1 .9ao 
-1.94310 
-1.90500 
-1.67440 
-l.&3760 
-1.80570 
-1.77870 

-3.664M 
-3.sM50 
.-3.66270 
-3.5S40 
-3.26820 
-281920 
-256880 
-2.25650 
-202790 
-1.9360 
-1.99080 
-215400 
-239080 
-2.65880 
-294200 
-3.22400 
-3.47700 
-3.70480 
-3.90080 
-4.071M 
-4.21E20 
-4.33710 
-4.43290 
-4.50930 
-4.5€950 
-4.61PLO 
-4.65823 
-4.68680 
-4.7CSlO 
-4.71640 
-4.72190 
-4.72360 
-4.72160 
-4.71990 
-4.71410 
-4.70510 
-4.69580 

0.00300 0.Wow 
-3.00100 -0.00100 
4.04813 -0.44487 
-0.24991 -0.25443 
-0.61386 -0.66551 
-1.05156 -1.19966 
-1.51026 -1.77696 
-1.93916 -236826 
-226026 -290396 
-2.42316 -3.31456 
-242766' -855346 
-2.35326 -3.70886 
-221236 -3.73986 
-204646 -3.69756 
-1.86016 -3.59876 
-1.67366 -3.46366 
-1.51756 -3.31406 
-1.36566 -3.15306 
-1.23156 -2.99046 
-1.10266 -2.82576 
-0.98916 -266356 
-0.88506 -251006 
-0.80156 -23636 
-0.72316 -222836 
-0.65316 -2.09896 
-0.58476 -1.97396 
-0.51836 -1.85666 
-0.46598 -1.74886 
-0.41736 -1.64686 
-0.37326 -1.55406 
-0.33466 , -1.46736 
-0.30002 -1.36566 
-0.26493 -1.30796 
-0.22733 -1.22346 
-0.13800 -1.16626 
-0.17W3 -1.10266 
-0.14361 -1.p4296 

0.00000 
-0.00630 
-0.02100 
-0.11810 
-0.31560 
-0.56700 
-0.827zo 
-1.08510 
-1.31320 
-1.49370 
-1.60950 
-1.67320 
-1.69320 
-1.67370 
-1.62980 
-1.56740 
-1.48990 
-1.40920 
-1.31750 
-1.23330 
-1.15000 
-1.07030 
-0.99310 
-0.92010 
-0.85120 
5.79150 
-0.73110 
-0.67670 
-0.62480 
-0.57770 
-0.53290 
-0.49250 
-0.45440 
-0.4230 
-0.38700 
-0.35610 
-0.32810 

YE TIME "0" SUBTRACTED 

0.00003 
-0.Oa350 
0.02130 
0.14860 
0.41580 
0.76480 
1.11520 
1.42750 
1.65610 
1.74840 
1.69320 
1.53o(N 
1.29320 
1.02520 
0.74000 
0.45000 
0.207W 

-0.21680 
-0.38700 
-0.53220 
.0.€5310 
-0.74890 
-0.82530 
-0.88550 
-0.93440 
-0.97420 
-1.03280 
-1.02110 
-1.03240 
-1.03790 
-1.03960 
-1.03760 
-1.oXl90 
-1.03010 
-1.02110 
-1.01180 

-o.moao 

J U W  5SEC THERM1 THERM2 THERM3 THERM1 THERM2 THERM3 
DAY SAMPLE mV +N/-S mV +NEI-SW mV +El-W mV +N/S mV +NW-SW mV +W.W 

301 0 -0.69538 -0.24341 
301 

! 301 

301 
In-Situ Flow Measurements is31 . 

0.6 , 

0.4 

" 0 2  
s x 

€ 0  

-02 

-0.4 
0 50 100 150 203 . 

T i e  g e t )  

301 
1301 
i 301 
' 301 ! 301 
i 301 
I301 
3 1  
331 
301 : 311 

1301 
301 

I 301 

; 331 

i z:: 
I301 

' 1331 
391 
301 
301 
331 
301 
301 
3 3  
321 
3:1 
331 
321 
231 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
e5 
90 
95 
100 
:05 
110 
115 . 
120 
125 
133 
135 
140 
145 
150 
155 
160 
$65 
170 
175 
180 

-0.70165 
-0.80994 
-1.11130 
-1.56703 
-209640 
-263210 
-3.13170 
-3.49290 
-3.69750 
-3.75210 
-3.7102U 
-3.61620 
-3.4Z10 
-3.36310 
-3.22770 
-3.09960 
-297830 
-2.86070 
-275540 
-2.65360 
-258970 
-248240 
-243750 
-2.23680 
-2.26510 
-220743 
-214750 
-i.09240 
-204170 
-1.89540 
-1.P4970 
-1.03995 
-1.8E937 
-1.83323 
-1.75360 
-1.X4i3 

F.42 

-0.25043 
-0.34919 
-0.65527 
-1.14960 
-1.75300 
-2.39500 
-3.05070 
-3.62800 
-4.06jOo 
-4.55870 
-4.51670 
4.57330 
-4.55050 
-4.47780 
-4.36630 
4.23190 
-4.08400 
-3.92760 
-3.77110 
-3.61520 
-3.46480 
-3.31870 
-3.17960 
-3.04670 
-281960 
-2.80330 
-2.68600 
-2.57870 
-2.47720 
-238270 
-2E320 
-2.20825 
-2.12020 
-2.t54'03 

-1.91590 
-1.~8260 

-1.JeeJo 
-1.39180 
-1.43290 
-1.57000 
-1.79740 
-204930 
-230350 
-255760 
-2.78100 
-2.94690 
-3.05650 
-3.11310 
-3.12640 
3.10490 
-3.E.320 
-298530 
-2.90510 
-281780 
- 2 m o  
-264210 
-255660 
-247720 
-2.39no 
-2.32170 
-225180 
-2.18740 
-212570 
-206860 
-201540 
-1.96933 
-1.92070 
-1.87ESO 
-1.E3E93 
-1.iSt15 
-1.io20 
-1.7373 
-1.7930 

-3.69400 0.00000 
-3.69150 -0.00627 
-3.63310 -0.11256 
-3.43960 -0.41592 
-3.10790 -0.87162 
-272140 -1.40102 
-234560 -1.93672 
-201pO -243632. 
-1.78050 -2.79752 
-1.68630 -3.00212 
-1.72560 -3.05672 
-1.8633 -3.01482 
-206230 -2.92082 
-2.29290 -2.79272 
-2.52580 -266772 
-275240 -2.53232 
-295920 -2.40422 
-3.14420 -228292 
-3.30770 -216532 
-3.44530 -206102 
-3.56180 -1.95822 
-3.65710 -1.67432 
-3.73580 -1.76702 
-3.79870 -1.71212 
-3.64910 -1.64142 
-3,89020 -1.5E972 
-3.92030 -1.51252 
-3.94360 -1.45212 
-3.96070 -1.33702 
-3.97240 -1.34632 
-3.98150 -1.33302 
-3.98270 -1.2Z32 
-3.92691 -?.21262 
-3.5250 - l . C X !  
-?.Si23 -1.127EZ 
-3.8723 -: 20642 
-3.556443 -1.cji6fZ 

0.00000 
-0.00702 
-0.10578 
-0.41186 
-0.90619 
-1.50359 
-215159 
-28G729 
-3.38453 
-3.82559 
-4.11529 
-4.27329 
-4.32989 
-4.30709 
-4.23439 
-4.12289 
-3.96649 
-3.84059 
-3.66419 
-3.62769 ' 
-3.37219 
-3.22139 
-3.07529 
-293619 
-280329 
-267619 
-2.55653 
-244259 
-233529 
-223379 
-213,029 
-2.02579 
-1.55579 
-1.Si57? 
-1.8J059 ' 

-1.7319 
-1.67243 

0.0oooo 
-0.00350 
-0.04460 
-0.18170 
-0.40910 
-0.66100 
-0.91520 
-1.16930 
-1.39270 
-1.55860 
-1.66620 
-1.72480 
-1.73810 
-1.71660 
-1.66490 
-1.59703 
-1.516EO 
-:.42950 
-1.34230 
-1.25380 
-1.16eJo 
-1.c6890 
-1.05740 
-0.53340 
-0,86250 
-0.72910 
-0.73740 
-0.FeOso 
-0.62710 
4.58370 
-0.53240 
-0 48850 
-0 44860 
-0.42520 
4.37390 
4.32$40 
-0.31223 

0.00000 
0.00250 
0.06041 
0.25440 
0.58610 
0.97260 
1.34840 
1.68180 
1.91350 
2.00770 
1.96840 
1.83070 
1.63170 
1.40110 
1.16820 
0.94160 

0.54983 
0.36QO 
0.24870 
O.Iz?20 
0.03690 - 
-c.o41zo I 

-0.10470 
-0.15510 
-0.19E20 
-0.2262.0 
-0249EO 4 

-0.25670 
-0.27UD 
-0.28750 
-0.m70 
-0.252m 
-7.257750 
-0.2220 
-0.27693 
-127243 

0 . 7 ~ 0  

--__ _. 



KVA. Flowmeter Measurements 
Calibration Testing 

Date: 10-28-95 

Flow Rate: 0.55 ft/day 

Calibration Test No. : 13 

Analysis Type: SUM 

No.1 Thermistor Alignment: North 

Calculated Vector Angle: N 0.4deg. E 

Vector Fit Calculation: 

loo-( ((A+B+C+D)/Cal.Vector Length)x100)= % 

loo-((( 0.05+0.32+0.00+0.27 )~100)= 95.3 % 

1 0.32 
t _I 

0.27 3 
0.00 f 

F.43 

Probe No. : 2D-1 
Controller .No.: 2 
Computer Interface No.: 2 



PROBEZD-1 W/ computclnt~ IN-SITU FLOW MEASUREMENTS 
i o z a 9 5  Test 14 on 1m8195 Q 1311 NORTH KVF 

GearSetuD 1:196 Reductition Gear. 24:60 

NELL NO: CALIBRATION TEST 14 
D1RECTION:I DATE- StartTIME: IEndTIME: 

RUN 1 NORTH 110-28-95 1311 1 131, 
RUN 2 SOUTH 110-28-95 1505) 153 

TEST NO. 1 -TEST NO. 2 
2 

5SEC T H E R M  1 1 THERM-2 
IKFEVAL mV +N/S mV + N V W  

0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
120 
125 
130 0.19935 0.10347 -0.04985 -0.17875 
135 0.20149 0.10513 -0.04960 -0.17975 
140 I 020444 1 0.10688 ' 1  -0.04945 1 -0.18040 
145 0.2U310 0.10723 -0.04860 -0.17950 
150 0.20335 0.10723 -0.04835 -0.17850 

160 0.19809 0.10598 -0.045e5 -0.17415 
.165 0.19809 . 0.10547 -0.04545 -0.17300 
170 0.19774 0.10548 -0.04520 -0.17200 
175 0.19480 0.10537 -0.04485 -0.17075. 
180 0.19535 0.10557 -0.04425 -0.16945 

OTAL I 4.96859 I 2313125 1 -1.5181 I -4.40755 

155 020225 , 0.10673 -0.04685 -0.17700 

o.ow00 
-0.00026 
-0.00238 
-0.03336 
9.00135 
0.00909 
0.01814 
0.03189 
0.05244 
0.07189 
0.09095 

'0.10824 
0.11734 
0.12450 
0.12656 
0.13329 
0.15909 
0.17724 
0.18514 
0.19014 
0.19544 
0.19429 
0.19330 
0.19809 
OM105 
0.19995 

0.00000 
-0.00013 
-0.OO501 
-0.01066 
-0.01593 
-0.01623 
-0.01458 
-0.00917 
0.00143 
0.01197 
0.02353 
0.03592 
0.04452 
0.05042 
0.05558 
0.06083 
0.07257 
0.08337 
0.08918 
0.09353 
0.09668' 
0.09793 
0.09833 
0.09877 
0.10233 
0.10333 

0.00MK) 
-0.00045 
-0.00220 

-0.01265 
-0.02065 
-0.02905 
-0.03590 
-0.040~0 
-0.m 
-0.04550 
-0.04650 
-0.04650 
-0.04660 
-0.04600 
-0.04660 
-0.04960 
-0.05415 
-0.05475 
-0.05450 
-0.05465 
-0.05345 
-0.05390 
-0.05325 
-0.05135 
-0.05170 

-0.omw 

0.00000 
O.OOO85 
0.00310 
0 . r n l O  
0.00575 
0.00110 
-0.00740 
-0.02045 
-0.03785 
-0.05575 
-0.075 10 
-0.09360 
-0.10825 
-0.11620 
-0.12535 
-0.13170 
-0.14465 
-0.15795 
-0.16745 
-0.17335 
-0.17725 
-0.17835 
-0.17900 
-0.17950 
-0.17985 
-0.18050 

:-5 (7.5mv SOUTH @ 1505 lORW5 FLOW RATE *day 0.27 
'e Gear ratio HEATER @ 1.65 amps 

TEST NO. 1 b E  TIME " 0  SUBTRACTED 

5SEC THERM 11 THERM2 I THERM3 
IECrmAL mV +W-S mV + N V W  mV +V-W 

301 0 
301 5 
3Sl 10 
301 15 

' 301 20 
301 . 25 
301 30 
301 ?5 
301 , 40 
301 45 
3C1 50 
301 55 
301 60 
301 65 
301 70 
301 75 
301 80 
3C1 85 
301 90 
301 95 
301 100 
301 105 
331 110 
301 115 
331 120 
301 125 
301 130 
301 135 
331 140 
301 145 
331 150 
301 155 
301 160 
301 I65 
301 170 
301 175 
301 180 

-0.71046 
-0.72074 
-0.82549 
-1.10910 
-1.53090 
-1.99960 
-2.47300 
-2.88350 
-3.15490 
-3.27340 
-3.26360 
-3.17540 
-3.05140 
-290650 
-2.76170 
-2.60880 
-246070 
-231660 

-206150 
-1.95270 
-1.86580 
-1.78310 
-1.70360 
-1.62970 
-1.56280 
-1.50160 
-1.44123 
-1.38310 
-1.33750 
-1.29890 
-1.26000 
-1.22520 
-1.19110 
-1.15650 
-1.12600 
-1.09600 

-2164eo 

-0.20309 
-0.21276. 
4.31877 

-1.11440 
-1.68060 
-227450 
-285410 
-3.33960 
-3.66840 
-3.89340 
-3.98110 
-3.9830 
-3.92670 
-3.82650 
-3.69720 
-3.55010 
-3.39200 
-3.23230 
-3.07340 
-2.91930. 
-2.77470 
-263810 
-250910 
-238000 
-226120 
-215020 
-2.04340 
-1.94190 
-1.84970 
-1.76580 
-1.68730 
-1.61260 
-1.54170 
-1.47410 
-1.41090 
-1.35130 

-0.me27 

-1.26750 
-1.27630 
-1.31970 
-1.46430 
-1.69990 
-1.96820 
-2.23940 
-250100 
-272210 
-2.88050 
-296670 
-3.00280 
-2.99500 
-2.95360 
-2.89050 
-281200 
-2.72580 
-264040 
-2.55040 
-246220 
-237700 
-229450 
-221940 
-214620 
-207750 
-201810 
-1.95520 
-1.90080 
-1.85070 
-1.80390 
-1.75880 
-1.71 690 
-1.67860 
-1.64850 
-1.61340 
-1.58410 
-1.55630 

3.86730 
-3.86280 
3.80220 
-3.60750 
-3.29240 
-2.93110 
-258800 

-2.12360 
-2oe530 
-217880 
-2.36600 
-260430 
-2.86170 
-3.11750 
-3.36110 
-3.58590 
-3.78740 
3.96430 
-4.11600 
-4.24130 
-4.34250 
-4.42470 
-4.48790 
-4.54020 
-4.58380 
-4,61190 
-4.63650 
-4.6550 
-4.66600 
-4.66930 
-4.66780 
-4.66330 
-4.65950 
-4.55400 
-4.64650 
4.63aM 

-2.299eo 

TESTN0.2 . 

JULlAN 5SEC THERM1 THERM2 THERM3 
DAY SAMPLE mV +W-S mV + N V - W  mV +V-W 

301 
301 

I 301 
; 301 

0.3 1 3 C l  

InSiiu Flow Measurements 

0 2  ~ -'1 

" 0.1 

E 

.I 

* 

o g  

0 200 50 100 150 
T I  (scc) 

-0.1 - 
-02 i 

i 301 
-*s - rNELsw4-*M ++- i 301 

I301 
331 
371 
301 
301 
31 
301 
351 
3 3  
251 
3 C l  
301 

301 0 -0.61397 -0.16164 -1.37450 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
150 
165 
170 
175 
180 

-0.62374 -0.17016 -1.38230 
-0.72423 -0.26639 -1.42220 
-1.00670 4.56460 -1.56000 
-1.43170 -1.04020 -1.78150 
-1.92130 -1.60580 -203440 
-241280 -2.20300 -2.28820 
-2.85080 -279340 -253610 
-3.1E330 3.30010 -2.74760 
-3.32070 -3.67OW -2.90020 

-3.29540 -4.01060 -3.01670 
-3.18960 ' -4.03060 -3.00890 
-3.05900 3.9e520 -2.96730 
-291790 -3.89550 -290540 
-277890 -3.77650 -2.82570 
-2.68240 -3.65290 -2722 
-257460 -3.51640 -2.63900 
-245860 5.36830 -254780 
-232530 -3.21810 -2.46010 
-224710 -3.07030 -237460 
-2.15590 -292e20 -229450 
-2.Oi320 -279240 -2.21E50 
-2.00330 -266430 -214660 
-1.93530 -254230 . -208170 
-1.86620 -242550 -202160 

-1.74770 -221130 -1.9050 
-1.E055O -2.11330 -1.85873 
-1.64720 -2.02180 -1.81360 
-1.60910 -1.53790 -1.76990 
-1.56800 -1.85340 -1.73010 
-1.52490 -1.5820 -1.E9353 
-1.49380 -1.71030 -1.65453 
-1.45550 -1.G2iO -l.C&53 
-1.410:O -1.57930 -; C i X 3  
-1.351iO -1.52313 -7.57470 

-3.34900 -3.89810 -2.ge250 

-1.83380 -2314eo -1.962~0 

F.44 

-3.78030 

-3.72140 
-3.53270 
-3.21693 
-264630 
-248620 
-217190 
-1.96090 
-1.89680 
-1.94160 
-209180 
-230080 
-253830 
-278040 
-3.010iO 
-3.20960 
-3.38450 
-3.54240 
-3.68250 
-3.79980 
-3.89880 
-3.97970 
-4.04190 
4.09350 
-4.132230 
+.16740 
-4.19003 
-4.20720 
-4.22000 
-4.22230 
4.22680 
-t.22:03 
-L.2553 
4.22233 
4.2iioo 
-4.21233 

a m s o  

0.00000 
-0.01028 
-0.11503 
-0.39944 
-0.82044 
-1.28914 
-1.76254 
-217304 
-244444 
-256294 
-255314 
-246494 
-234094 
-219604 
-205124 
-1.89834 
-1.75024 
-1.60614 
-1.47434 
-1.35104 
-1.24224 
-1.15334 
-1.07264 
-0.99314 
-0.91924 
-0.85234 
-0.79114 
-0.73074 
-0.67264 
-0.62704 
-0.58844 
-0.54954 
-0.51474 
-0.48064 
-0.44604 
-0.41554 
-0.38644 

0.03030 
-0.00877 
-0.11478 
-0.42428 
-0.91041 
-1.47661 
-2.07051 
-265011 
-3.13561 
-3.46441 
-3.66941 
-3.77711 
3.77991 
-3.72271 
-3.62251 
-3.49321 
3.3461 1 
-3.18801 
-3.02831 
-2.86941 
-2.71531 
-257071 
-2.43411 
-2.30511 
-2.17601 
-205721 
-1.94621 
-1.83941 
-1.73791 
-1.64571 
-1.56181 
-1.48331 
-1.40861 
-1.33771 
-1.27011 
-1.20691 
-1.14731 

0.oowQ 
-0.00870 
-0.05210 
-0.19670 
-0.43230 
-0.70120 
-0.97180 
-1,23340 
-1.45450 
-1.61290 
-1.69910 
-1.73520 
-1.72740 
-1.68600 
-1.62290 
-1.54440 
-1.45820 
-1.37280 
-1.26280 
-1.19460 
-1.10940 
-1.02690 
-0.95180 
-0.87860 
9.80990 
-0.75050 
-0.68760 
-0.63320 
-0.58310 
-0.53630 
-0.49120 
-0.42930 
-0.41100 
-0.38090 
-0.34580 
-0.31650 
-0.28870 

0.OwM) 
0.00450 
0.06510 
0.25980 
0.57490 
0.93620 
1.27930 
1.56750 
1.74370 .- 
1.78200 
1.68850 
1.50130 
1.25300 . l.M)560 
0.74980 0 

0.50620 
0.28140 
0.07990 
-0.09700 
-0.24870 
-0.37400 
-0.47520 
-0.55740 
-0.62060 
-0.67290 
-0.71350 
-0.74460 
-0.76920 

-0.75870 
-0.80200 
-0.80050 
-0.79600 
-0.79220 
-0.78670 
-0.77920 
-0.77090 

-0.78770 

3ASE TIME "0" SUBTRACTED 

THERM1 THERM2 THERM3 
mV +N/S mV +NV-SW mV +U-W 

0.00000 
-0.00977 
-0.11026 
-0.39273 
-0.81773 
-1.30733 
-1.79863 
-223683 
-2.54933 
-2.70673 
-273503 
-268143 
-257563 
-244503 
-230393 
-216493 
-2.06M3 
-1.96063 
-1.64463 
-1.73133 
-1.63313 
-1.54193 
-1.45923 
-1.38933 
-1.32133 
-1.2523 
-1.18983 
-1.13373 
-1.08153 
-IS3333 
-0.99513 
-0.95403 
-0.01C93 

-0.E4153 
-2.63513 
-0.77713 

-0.e7w 

0.00000 
-0.00952 
-0.10475 
-0.40296 
-0.87856 
-1.44416 
-2.04136 
-2.63176 
-3.13846 
-3.50836 
3.73646 
-3.64896 
-3.85e96 
-3.82356 
-3.73386 
-3.61486 
-3.49126 
-3.35476 
-3.20666 
-3.05646 
-290866 
-276656 
-263076 
-2.50266 
-238066 
-226386 
-2.15316 
-2 04966 
-1.05166 
-1.86016 
-1.77626 
-1.69676 
-1.62056 
-1.54865 
-1.43106 
-1 47766 
-1.35846 

0.00000 
-0.00780 
-0.04770 
-0.1e550 
-0.40700 
-0.65990 
-0.91370 
-1.16160 
-1.37310 
-1.52570 
-1.60810 
-1.64220 
-1.63440 
-1.59280 
-1.53wO 
-1.45120 
-1.35900 
-1.26450 
-1.17330 
-1.08560 
-1.00010 
-0.92000 
-0.84400 
-0.77210 
-0.70720 
-0.64710 
4.58790 
-0.53400 
-0.46420 
-0.43910 
-0.39450 
-0.35560 
-0.31930 
-0.23033 
-0.25543 
-0.PFEO 
-0.2002p 

0.oOMx) 
0.00280 
0,05890 
0.24760 
0.56340 
0,93400 
1.29410 
1.6ofxo 
1.81940 
1.89350 
1.83870 
1.w0 
1,47950 
1.24200 
0.99990 
0.76960 
0.57070 
0.39580 
0.23790 
0.09800 
-0.01950 " 
-0.lle50 
-0.19940 
-0.261 60 
-0.31320 
-0.35250 
-0.38710 
-0.40570 
-0.42693 

-0.44500 
-0.44650 
-0.44770 
-0.44€20 
-0.44270 
-0.43770 
-0.43230 

-0.43970 

I -  

- ,  



KVA Flowmeter Measurements 
Calibration Testing 

Date: 10-28-95 

Flow Rate: 0.27 ft/day 

Calibration Test No. : 14 

Analysis Type: SUM 

, Calculated Vector Angle: N 17.ldeg. W . 

Vector Fit Calculation: 

loo-( ((A+B+C+D)/Cal.Vector Length)x100)= % 

loo-((( 0.103+0.030+0.006+0.078 )~100)=  89.9 % 

0.079 

0.103 7 

0.030 

. Probe No. : 2D-1 . 
Controller No.: 2 
Computer Interface No.: 2 

- 17.1' 

> 
I. 

J 

F.45 



PROEEZD-1 WI compute intz IN-SITU FLOW MEASUREMENTS 
1322895 Test 15 on 1Oi28195 Q 1934 NORTH KM 

Gear Setup 1396 Reduction Gear. 60:JO 

WELL NO: CALIBRATION TEST 15 . 
R U N 1  
RUN 2 

DIRECTI0N:I DATE: IS72ItTIt.E EndTIME 
NOXTH 110-28-95 I 1934 193 
SOUTH il0-28-95 I 2100 210 

TEST NO. 1 -TEST NO. 2 
2 

SSEC THERM1 1 THERM2 
l W W  mV+W-S mV +NU-SW 

lnSau flow Measurements 

0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
120 
125 
$30 

301 
301 

0.00001 
-0.00025 
-0.02769 
-0.06479 
4.06542 
-0.01997 
0.05263 
0.15588 
.OB218 
0.43978 
0.57323 
0.68148 
0.76943 
0.83973 
0.- 
0.94023 
0.97318 
0.59623 
1.01343 
top03 
1.02813 
1.03274 
1.03513 
1.03339 
1.03075 
1.02712 
1.01845 

-*s -uIEcw-+=bw -=+- 

0.00000 
-0.00201 
-0.02995 
-0.08259 
-0.11619 
-0.11499 
-0.09334 
-0.05274 
0.01801 

0.19561 
0.27606 
0.34586 
0.40236 
0.44736 
0.48511 
0.51451 
0.53671 
0.55291 
0.56341 
0.57241 
0.57871 
o.se311 
0.58426 
0.58486 
0.58466 
0.58176 

0.10731 

331 
301 

0.00Odo 
-0.OOO65 
-0.01345 
-0.04365 
-0.07445 
4.09490 
-0.10785 
9.11990 
-0.12765 
-0.12840 

. -0.12eao 
-0.13015 
-0.13295 
-0.14060 
-0.14270 
-0.14820 
-0.15270 
-0.1mo 
-0.16075 
-0.16285 
-0.16350 
9.16910 
-0.16960 
-0.17070 
-0.17105 
-0.17185 
-0.17155 

0.00000 
0.00165 
0.01680 
0.04915 
0.06495 
0.04740 
-0.00295 
-0.07673 
-0.17870 
-0.29875 
-0.41715 
-0.52240 
-0.61360 
-0.68695 
-0.74420 
-0.79180 
-0.82800 
-0.85710 
-0.67655 
-0.88945 

-0 90565 
-0.90930 
-0.91035 
-0.90915 
-0.90700 
-0.90160 

-0.egm 

13S 1.01484 0.51926 -0.17145 -0.89660 
140 I 1.00359 I 0.57441 1 -0.16960 I 9.89035 
145 0.99391 0.51096 -0.17020 . -0.88320 
150 0.98601 0.56571 -0.16855 -0.87415 
155 0.97385 0.56121 -0.16795 -0.86640 
160 0.96571 0.55686 -0.16680 -0.85815 
165 0.95636 0.55106 -0.16515 '4.84910 
170 0.94671 0.54573 -0.16465 -0.84095 
175 0.- 0.54019 -0.16265 9.83110 
180 * 0.52200 0.53258 -0.15900 -0.82030 

3TAL I 26.369655 I 13.602745 I -5.02165 I -22.557 

L5 (i.5mv) SOUTH @ 2100 1MW95 FLOW RATE +day 1.37 
e Gear ratio HEATER e 1.65 amps 

TEST NO. 1 BASE TIME "0 SUBTRACTED 

301 0 
301 5 
301 10 
301 15 
301 20 
331 25 
301 30 
301 35 
301 40 
301 45 
301 50 
301 55 
301 60 
301 65 
3C1 70 
301 75 
301 80 
301 85 
331 90 
301 95 
301 100 
301 105 
301 110 . 
301 115 
301 120 
301 125 
301 130 
301 135 

. 301 140 
301 145 
301 150 
301 155 
301 160 
301 165 
301 170 
301 175 
331 180 

TEST N0.2 

-3.73301 
-0.73401 
-0.81445 
-1.04450 
-1.39810 
-1.78900 
-2.15620 
-2.46120 
-2.68240 
-2.72380 
-2.66410 
-2.52593 
-234190 
-2.14210 
-1.95340 
-1.76250 
-1.59030 
-1.44170 
-1.30590 
-1.19240 
- 1 . O e a n  
-0.99238 
-0,90291 
-0.83198 
-0.76351 
-0.70192 
-0.65406 
-0.59918 
-0.56359 
-0.52625 
-0.49323 
-0.46586 
-0.43604 
-0.41624 
-0.39444 
-0.37539 
5.36587 

-0.168cO 
-0.17216 
-0.24809 
4.50757 
-0.94251 
-1.46430 
-2.00430 
-2.54110 
-209640 
-3.31720 

-3.56780 
-3.54500 
-3.46130 
-3.34100 
-3.19090 
-3.02530 
-286360 
-2.69820 
-253980 
-238300 
-2.23490 
-209250 
-1.96140 
-1.83593 
-1.71810 
-1.61110 
-1.50910 
-1.41610 
-1.32870 
-1.22800 
-1.17180 
-1.10040 
-1.03600 
-0.97451 
-0.91794 
-0.86751 

-3.49ego 

-1.26000 
-1.26230 

.-1.29660 
-1.42470 
-1.64870 
-1.92060 
-2.19280 
-245940 
-2.70220 
-2.88190 
-2.99720 
-3.05630 
-3.07390 
-3.05560 
-3.00270 
-2.93780 
-2.85960 
-277690 
-2.68870 
-2.60070 
-2.51630 
-2.43910 
-2.35990 
-223770 
-2.21m 
-2.15490 
-209420 
-203790 
-1.98550 
-1.93590 
-1.88050 
-1.84690 
-1.80730 
-1.77020 
-1.73610 
-1.70430 
-1.67370 

-3.72640 
-3.72390 

-3.52390 
-3.25250 
-293700 
-2.64960 
-2.418eo 
-229300 
-230650 
-2.44710 
-267970 
-297010 
-3.27840 
-3.58130 
-3.87100 
-4.13210 
-4.36320 
-4.55740 
-4.71830 
-4.85390 
-4.96540 
-5.05540 
-5.12420 
-5.17760 
-5.21MO 
-5.24470 
-5.26430 
-5.27430 
-5.27690 
-5.2733 
-5.26600 
-5.25580 
-5.24250 

-5.20920 
-5.18760 

3.68230 

4.22770 

0.w000 
-0.00100 
-0.08144 
-0.31 149 
-0.66539 
-1.05599 
-1.42319 
-1.74819 
-1.95139 
-200079 
-1.23109 
-1.79199 
-1.60889 
-1.40909 
-1.22039 
-1.02949 
-0.85729 
-0.70863 
-0.51289 
-0.45939 
-0.35179 
-0.25937 
-0.16990 
-0.09897 
-0.03056 
0.03109 
0.07895 
0.13383 
0.16942 
0.20676 
0,23908 
0.26715 
0.29697 
0.31677 
0.33851 
0.35762 
0.36714 

0.oom 
-0.00376 
-0.07969 
-0.33957 

-1.29590 
-1.83590 
-2.37270 
-2.82800 
-3.14880 
-3.33050 
-3.39940 
-3.37660 
-3.29290 
-3.17260 
-3.02250 
-2.86090 
-2.69520 
-2.52980 
-2.37140 
-221460 
-2.06650 
-1.92410 
-1.79300 
-1.66750 
-1.54970 
-1.44270 
-1.34070 
-1.24770 
-1.16030 
-1.07960 
-1.00340 
-0.93200 
-0.86760 
-0.80617 
-0.74954 
-0.65917 

- o m 1 1  

0.03000 
-0.00230 
-0.03660 
-0.16470 
-0.38670 
-0.66060 
-0.93280 
-1.19940 
-1.44220 
-1.62190 
-1.75720 
-1.79630 
-1.81390 
-1.79560 
-1.74270 
-1.67780 
-1.59960 
-1.51690 
-1.42870 
-1.34070 
-1.25630 
-1.17910 
-1.09990 
-1.02770 
-0.95850 
-0.89490 
-0.83420 
-0.77790 
-0.72550 
-0.67590 
-0.62950 
-0.58690 
-0.54730 
-0.51020 
-0.47610 
-0.44430 
-0.41370 

BASE TIME "0" SUBTRACTED I 

0.00000 
0.00250 
0.06610 
0.20250 
0.47390 
0.78940 
1.07680 
1.30760 
1.43340 < '  

1.41990 
1.27930 
1.04670 
0.75630 
0.44800 
0.14510 a. 
-0.14460 
-0.40570 
-0.63680 
-0.83100 
-0.99190 
-1.12750 
-1.23900 
-1.32900 
-1.39780 
-1.45120 
-1.49200 
-1.51830 
-1.53790 
1.54790 
-1.55040 
-1.54690 
-1.53960 
-1.52940 
-1.51610 
-1.50130 
-1.48280 
-1.46120 

JULIAN 5SEC THERM1 THERM2 THERM3 THERM4 THERM1 THERM2 THERM3 
mv +NI-S mv +NEI-SW mv + S W  DAY SIMPLE mV +WS I mV +NE/-SW mV +U-W mV +SU-W 

301 

301 E . 
0 

u. 

-1 
0 50 100 1.50 

time (S< I301 CCO 

301 
331 . 301 
301 

301 
391 
321 
301 
331 
3 3  
331 

331 

0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 ' 
75 
80 
85 
90 
95 
100 
105 
110 
115 
120 
125 
130 

,135 
140 
145 
150 
155 
150 
i65 
170 
l i 5  
;ED 

-0.76425 
-0.76475 
-0.79031 
-0.94616 
-1.29850 
-1.78030 
-2.292'0 
-282420 
- 3 . m 3  
-3.64460 
-3.84180 
-3.91920 
-3.91200 
-3.85280 
-3.77190 
-3.67420 
-3.56790 
-3.46540 
-3.36400 
-3.26770 
-3.17230 
-3.08910 
9.OoL20 
-293030 
-285630 
-276740 
-2.72220 
-266010 
-2.60200 
-2S530 
-2G720 

.-24<40,0 
- 2 . l i 3 0  
.2.5€2? 
-2.315:o 
-2 PS73 
-224:10 

-0.16C38 
-0.16413 
-0.18417 
-0.33877 
-0.70611 
-1.23030 
-1.81360 
-2.43160 
-3.02840 
-3.52780 
-3.88810 
-4.11590 
-4.23270 
-4.26200 
-4.23170 
-4.15830 
-0.05434 
-3.93300 
9.80030 
-3.66260 
-3.52380 
-3.36830 
-3.2%70 
-3.12590 
-3.001 60 
-288330 
-2.77064 
-2.EEZ60 
-2,56390 
-2.46660 
-237SeO 
-2.20020 
-:.X!13 
-2.lXZ:D 
-2.:zco 
-1.E12S3 

a s3c-c 
-,.-.."I 

-1.20380 
-1.20480 
-1.21350 
-1.28120 
-1.44360 
-1.67460 
-1.92090 
-2.16340 
-2.39070 
-256890 
-268340 
-2.73980 
-2.75180 

-266110 
-2.5e520 
-249800 
-240530 
-231103 
-221860 
-2.13310 
-204470 
-1.96450 
-1.89010 
-1.62020 
-1.75500 
-1.69490 
-1.63880 
-1.59010 
-1.52930 
-:.49520 
-1.4Y60 
-1.41750 
-1.25579 
-1.8059 
-1.3ZZ9 
-1.25250 

-27ie20 

F.46 

-3.i6460 
-3.76540 
-3.75410 
-3.66040 
-3.42060 
-3.070DO 
-268190 
-2.33350 
-1.97380 
-1.74720 
-1.65100 
-1.67310 
-1.78110 
-1.94270 
-2.13110 
-2.32560 
-251430 
-268720 
-284250 
-297760 
3.09360 
-3.19230 
-3.27500 

' -3.34170 
-3.39750 
-3.44260 
-3.47970 
-3.50930 
-3.53160 
-3.54860 
-3.56?,20 
-3.57140 
-3.5770 
-3.59250 
-3.5293 
-3.55520 
-3.55520 

. 0.w000 
-0.OoD50 
-0.02606 
-0.18191 
-0.53425 
-1.01605 
-1.52845 
-205995 
-253575 
-2.88035 
-3.07755 
-3.15495 
-3.14775 
-3.08855 
-3.00765 
-290935 
-280365 
-270115 
-259975 
-250345 
-2.40805 
-232485 
-224015 
-216575 
-209205. 
-202315 
-1.95795 
-1.89585 
-123775 
-1.78105 
-1.73295 
-1.68055 
-1.63445 
-1.58505 
-1.55435 
-1.51445 
-1.47685 

0.00000 
0.00025 
-0.01979 
-0.17439 
-0.54173 
-1.06592 
-1.64922 
-2.26722 
-286402 
-3.36342 
-3.72372 
-3.95152 
-4.06832 
-4.09762 
-4.06132 
-3.99392 
-3.88992 
-3.76862 
-3.63562 
-3.49822 
-3.35942 
-3.22392 
-3.09332 
-296152 
-2.83722 
-2.71902 
-260622 
-249922 

' -239652 
-23G222 
-221102 
-2.12582 
-204572 
-1.0E9i2 
-1.68762 
-1.IY-92 
-1.itX2 

0 . W  
-0.00100 
-0.00970 

-0.23980 
-0.47080 
-0.71710 
-0.95960 
-1.18690 
-1.36510 
-1.47960 
-1.53wO 
-1.54800 
-1.51440 
-1.45730 
-1.38140 
-1.29420 
-1.20150 
-1.10720 
-1.01500 
-0.92930 
-0.84090 
-0.76070 
-0.68630 
-0.61640 
-0.55120 
-0.49110 
-0.43500 
-0.38630 
-0.33550 
-0.25240 
-0.25100 
-3.21570 
-0.17090 
-0.14850 
-0.11900 
-9,CSiO 

-0.07740 

o.Ooo00 
-0.00080 . 
0.01wJ 
0.10420 
0.34400 
0.69460 
1.08270 
1.46110 
1.79080 
2.01740 
211360 
209150 
1.98350 
1.82190 
1.62350 
1.43900 
1.25030 
1.07740 
0.92210 
0.78700 
0.67100 
0.57230 
0.48960 
0.42290 
0.36710 
0.32200 
0.28490 a 
0.25530 
0.23280 
0.21600 
0.20140 
0.19220 
9.18690 

0.1&060 
0.17940 
0.17920 

0.1e210 



' KVA Flowmeter' Measurements * 

Calibration Testing 
Date: 10-28-95 

Flow Rate: 1.37 ft/day 

Calibration Test  No. : 15 

Analysis Type: SUM 

No.1 Thermistor Alignment: North 

Calculated Vector Angle: N 12.3deg. W 

Vector Fit Calculation: 

100- (( (A+B+C+D)/Cal.Vector Length)xl OO)= 

loo-((( 0.39+0.40+0.14+0.15 )xlOO)= 95.9 % 

% 

Y . 3 9  

12.3' - r 

7 

0.40 

F.47 

Probe No. : 2D-1 
Controller No.: 2 
Computer Interface No.: 2 



PROBE2D1 w f c o m p u ~ c ~ n ~ ~  IN-SITU FLOW MEASUREMENTS 

RUN1 
RUN 2 

DIRECFI0N:I DATE: 1 StatlTIME: lEnd TIME: 
NORTH !i0-2995 t 7001 70: 
SOUTH 110-29-9s I 8551 851 

0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 

180 205105 1.1620 -0.36910 -1.64280 
TAL 62.96379 I 3271402 I -11.5167 I -528976 

- - 

175 

o.oow0 
-0.W476 
-0.00778 
0.01409 
0.1DOu 
0.26014 
0.46523 
0.72379 
1.00479 
1.2727834 
1.52344 
1.74079 
1.92194 
206613 
217435 
224719 
23D499 
234261 
236873 
238175 
238181 
237754 
236729 
235301 
223660 
231779 
229613 
227435 

1 225117 1 
222582 
219727 
217244 
214803 
212257 
210016 
207747 

0.oooM) 
-0.GQ326 
-0.01694 
-0.02651 
-0.00731 
0.04524 
0.12324 
0.2334 
0.36859 
0.51244 
0.65124 
0.77999 
0.89289 
0.98659 
1.06454 
1.12539 
1.17279 
1210p 
123804 
125194 
1.27044 
127759 
128164 
1.28179 
1.27964 
127594 
1.26929 
126244 
1.25406 
1.24417 
1.23364 
1.22250 
1.21173 
120125 
1.19031 
1.17980 

0.00ow 
-0.00240 
-0.00980 
-0.02985 
-0.05525 
-0.08325 
-0.12155 
-0.16020 . 
-0.19720 
-0.23370 
-0.26970 
-0.30490 
-0.23715 
-0.36235 
-0.38315 
-0.39905 
-0.41105 
-0.42120 
-0.42505 
-0.42820 
-0.a2955 
-0.42790 
-0.42825 
-0.42610 
-0.42320 
-0,42210 
-0.41590 
-0.41230 

-0.40125 
-0.39860 
-0.39345 
-0.38765 
-0.38505 
-0.37915 
-0.37425 

-pzETi- 

0.00000 
0.00075 
0.00605 
0.00305 
-0.03535 
-0.42160 
-0.25075 
-0.42395 
-0.63085 
-0.85130 
-1.06530 
-1.26455 
-1.44330 
-1.59315 
-1.71865 
4.81775 
-1.89685 
-1.95795 
-2.00425 
-2.03495 
-205630 
-206800 
-207305 
-207165 
-206540 
-205510 
-204225 
-202690 
-200925 
-1.99005 
-1.96955 
-1.94800 
-1.92640 
'-1.90580 
-1.88350 
-1.86345 

7-5 (7.5mv) SOUTH Q 0855 1oR9l-05 FLOW RATE *day 274 
'Ye Gear ratio HEATER Q 1.65 amps 

TEST NO. 1 KE TIME "0" SUBTRACTED 

I Ju!JkN DAY I INTEYAL 5SEC PERMII mV +N/S 

302 0 
302 5 
302 10 
302 15 
302 20 
302 25 
302 30 
302 35 
302 40 
302 45 
302 50 
302 55 
362 60 
302 65 

. 302 70 
302 75 
302 -80 
302 85 
3a2 90 
302 95 
302 100 
302 105 
332 110 
302 115 
302 120 
302 125 
302 130 
302 135 
302 140 
302 145 
302 150 
302 155 
332 160 
302 165 
302 170 
302 175 
302 180 

TEST N0.2 

-0.77907 
-0.78635 
-0.88488 
-1.12990 
-1.44680 
-1.74840 
-200800 
-217420 
-219750 
-2.07570 
-1.85050 
-1.55710 
-1.25150 
-0.96361 
-0.70108 
-0.47240 
-0.26880 
-0.08826 
0.06469 
0.19382 
0.30064 
0.39241 
0.47340 
0.54085 
0.59652 
0.64591 
0.68528 
0.72013 
0.74797 
0.76727 
0.78006 
0.79260 . 
0.80739 

.0.81667 
0.82444 
0.82946 
0.83573 

-0.35581 
4.36464 
-0.46965 
-0.76854 
-1.22670 
-1.74970 
-2.28450 
-278930 
-3.18820 
-3.44040 
-3.54980 
-3.54200 
-3.45200 
-3.31130 
-3.13630 
-2.94470 
-2.74740 
-254750 
-2?5470 
-216970 
-1.99540 
-1.83170 
-1.65770 
-1.53430 
-1.40270 
-127880 
-1.16620 
-1.DM)90 
-0.96436 
-0.87635 
-0.79661 
-0.72189 
-0.65093 
-0.58549 
-0.52556 
-0.46989 
-0.41899 

-1.44560 
-1.45310 
-1.49950 
-1.65590 
-1.91270 
-221780 
-253350 
-284340 
-3.11170 
-3.31630 
-3.45550 
-3,53920 
-3,57464 
-3.56430 
-3.52470 
-3.46330 
-3.38730 
-3.30580 
-3.21500 
-3.12580 
-3.03WO 
-2.955050 
-286800 
-278950 
-271500 
-264910 
-257810 
-2.51650 
-2.45780 
-240240 
-235200 
-230280 
-2.25640 
-2.21860 
-2.17720 
-213960 
-210450 

-3.66640 
-9.66490 
-3.60770 
-3.42820 
-3.15560 
-2.87680 
-2.65460 
-2.52300 
-252820 
-268720 
-2.97380 
-3.34670 
-3.75890 
-4.16580 
-4.55220 
-4.90180 
-5.20940 
-5.47700 
-5.50140 
-5-0 
-6.03410 
-6.15150 
-6.24530 
-6.31470 
-6.36440 
-6.3970 
-6.41830 
-6.42600 
-6.42550 
-6.41700 
-6.40100 
-6.37970 
-6.35580 
-6.33130 
-6.30190 
-6.27330 
-6.24200 

0.00ow 
-0.00828 
-0.10581 
-0.35W 
-0.66773 
-0.96933 
-1.22893 
-1.39513 
-1.41843 
-1.29663 
-1.07143 
-0.77803 
-0.47243 
-0.18454 

0.30667 
0.51027 
0.69031 
0.84376 
0.97289 
1.07971 
1.17148 
1.25247 
1.31992 
1.37559 
1.42498 
1.46435 
1.49920 
1.52704 
1.54634 
1.55913 
1.57167 
1.58646 
1.59574 
1.60351 
1.64853 
1.61480 

0.07789 

O.ow00  
-0.00903 
-0.11384 
-0.41273 
-0.67089 
-1.39389 
-1.92869 
-243349 
-283239 
-3,08459 
-3.19399 
-3.18619 
-3.09619 
-295549 
-278049 
-258889 
-239159 
-219169 
-1.99889 
-1.81389 
-1.63959 
-1.47589 
-1.32189 
-1.17849 
-1.04689 
-0.92299 
-0.81039 
-0.70509 
-0.60855 
-0.52054 
-0.44080 
-0.36608 
-0.29512 
-0.22968 
-0.16975 
-0.11408 
-0.06318 

o.wo00 

4.05370 
-0.21010 
-0.46690 
-0.77200 
-1.08770 
-1.39760 
-1.66590 
-1.87050 
-200970 
-209340 
-212880 
-211850 
-2.07890 
-201750 
-1.94150 
-1.8MXH) 
-1 76920 
-1.680W 
-1.59020 
-1.50470 
-1.42220 
-1.34370 
-1.26920 
-1.20330 
-1.13230 
-1.07070 
-1.01200 
-0.95660 
-0.90620 
-0.85100 
-0.81060 
-0.77280 
-0.73140 
-0.69380 
-0.65870 

-0..00730 

BASE TIME " o m  SUBTRACTED I 

0.00300 
0.00350 
0.06070 
0.24020 
0.51280 
0.79160 
1,01380 
1.14540 
1.14020 
0.98120 
0.69480 
0.32170 
.0.09050 
4.49720 
-0.88380 
-1.23340 
-1.54100 
-1.80860 
-2m 
-221750 
-236510 
-2.48310 
-257690 
-264630 
-269500 
-2.72930 
-2.74990 
-275760 
-275710 
-274860 
-273260 
-271130 
-268740 
-265290 
-263350 
-260490 
-257360 

J U W  5SEC T H E R M 1  THERM2 T H E R M 3  THERM4 THERM1 THERM2 THERM3 THERM4 
DAY lsAMPLE[mV +WS!mV +NB-WlmV +EIW)mV +SWNwI I mV +W-S ImV +NU-SWI mV +EI-W ImV +SELNWI 

332 0 . -0.56850 -0.08673 
302 
312 

In-Situ Flow Measurements I 332 

3, 

! 332 
302 

I 352 
I332 

T i  (KC) 

I 302 
- c w s  ++td3swc4€bw -o*- 302 

302 
302 
3C2 
302 
332 
3 2  
3C2 
3P2 
232 
3c2 
?2 
at2 

5 
10 
15 
20 
25 
30 
35 
40 
45 ~ 

50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
153 
155 
lE3 
3 5 5  
170 
i f5  
183 

-0.56825 
-0.65874 
-0.94751 
-1.43730 
-205810 
-272790 
-3.41120 
3.99650 
-4.42180 
-4.68680 
4.82810 
-4.88480 
-4.88530 
-4.83920 
-4.75620 
-4.65820 
-4.56290. 
-4.4-9 
-4,35910 
-4.25260 
-4.15210 
-4.05060 
-3.95480 
-3.86610 
-3.77910 
-3.69640 
G.61800 
-3.54380 
-3.473SO 
-3.40390 
-3.?4 170 
-3.27&13 
-3.21SP3 
- S . l E W  
-9.11480 
-8G57iD 

-0.08924 
-0.16669 
-0.44643 
-0.54xK) 
-1.57110 
-2.26190 
-2.98710 
-3.65630 
-4.19620 
-4.58320 
4.83290 
-4.96870 
-5.01540 
-4.99630 
-4.92640 
-4.82390 
-4.e900 
-4.56170 
-4.41650 
-4.26720 
-4.11780 
-3.97190 
-3.8280 
5.69290 
-2.56150 
9.43570 
-3.31670 
-3.2C30 
-3.c95w 
-239480 
-2E8780 
-2.8cuO 
-2.71893 
-2E>510 
-255043 
-2.4S833 

F.48 

-1.25210 -3.85290 
-1.25460 3.85090 
-1.28620 -3.80510 
-1.40250 -3.61880 
-1.60850 -3.26940 
-1.85740 -2.81810 
-209670 . -233760 
-2.32930 -1.85960 
-252360 -1.45100 
-2.55520 -1.16910 
-2.72240 -1.02770 
-273570 -1.00210 
-270660 , -1.C5680 
-264590 -1.16380 
-256470 -1.29940 
-247150 -1.45080 
-2.37150 -1.60020 
-226370 -1.74560 
-2.17120 -1.87740 
-207570 -200050 
-1.9eJZO -2.10600 
-1.90100 . -22oow 
-1.81780 -228370 
-1.74360 -235590 
-1.67490 -241810 
-1.61120 -247200 
-1.55260 -2.51810 
-1.49820 -2.55670 
-1.44eSO -2.50150 
-1.40620 -2.62140 
-1.36110 -2.64640 
-1.32220 -266620 
-1.22740 -2.65750 
-1.2%83 -2.70463 
-1.22520 -2.71940 
-1.:8740 -2.7953'35 
-1.17260 -2.76080 

0.00000 
0.00025 
-0.09024 
-0.37901 
-0.86860 
-1.48960 
-215940 
-284270 
-3.42800 
-3.8530 
-4.11830 
-4.25960 
-4.31630 
-4.31680 
-4.27070 
4.18770 
-4.09970 
-3.99440 
-3.89370 
-3.79060 
-3.66410 
-3.58360 
-3.48210 
-3.38610 
-3.29760 
-3.21060 
-3.12790 
-3.04950 
-297530 
-2.90530 
- 2 w o  
-2.77320 
-270360 
-2E5iLO 
-2.59651 
-254640. 
-2.40830 

0.00000 
-0.W251 
-0.07996 
-0.35970 
-0:85627 
-1.48437 
-217517 
-290037 
-3.56957 
-4.10947 

.4.#4617 
-4.88197 
-4.92867 
-4.90957 
-4.83967 
-4.73717 
4.61227 
-4.47497 
-4.32977 
-4.18047 
-4.03107 
-3.88517 
-3.74207 
-3.60617 
-3.47487 
-3.34897 
-3.22997 
-5.11667 
-3.0387 
-290807 
-2.81107 
.2.7lW 
-2.63217 
-2 55G37 
-2.47367 
-2.40157 

-4.29647 

o.ooooo 
-0.w250 
-0.0310 
-0.15040 
4.35640 
-0.60530 
-0.84460 
-1.07720 
-1.27150 
-1.40310 
-1.47030 
-1.48360 
-1.45450 
-1.39380 
-1.31260 
-121940 
-1.11940 
-1.01760 
9.91910 
-0.82360 
-0.73110 
4.64890 
-0.56570 
-0.49150 

9.35910 
-0.30050 
-0.24610 
-0.19640 
-0.15410 
-0.10900 
-0.07010 
-0.02530 
-0.00270 
0.02693 
0.W70 
0.37950 

-0.42280 

Y 

0 . ~ 0  . 
0.W200 
0.04780 
0.23410 
0.5e3M 
1.03480 
1.51530 
1.9930 
240190 
268380 
2.82520 
2.85080 
279610 
2.6e910 
25530 
240210 
225270 
2.10734 
1.975% 
1.85240 
1.74690 
1.65290 
1.56920 
1.49700 
1.43484 
1.38090 
1.33480 
1.29620 
1.26140 
1.2350 
1.23650 
l.lU70 
1.16520 
1.14%3 
1.1'SO 
1.f2253 
1.11233 



KVA F lowmeter  Measurements 
7 Calibration Testing 

Date: 10-29-95 

Flow Rate: 2.74 ft/day 
Calibration Test NO. 16 

Analysis Type: SUM 
No. 1 Thermistor Alignment: NORTH 

Calculated Vector Angle: N 11.8deg. W 

Probe: 2D-1 
Controller: 2 
Computer Interface: 2 

Vector Fit Ca I c u I a tion : 

A+B+C+D)/Cal.Vector Length)xl OO)= % 
1.1 9+ 1.00+0.55+0.10 1x1 OO)= 95.5 

1 .oo 

F.49 



AQUIFER TEST INFORMATION SHEET Page of- 

, WELL INFORMATION 

Total Well Depth: 
Measurinn 

Depth to Water: 

Well Casing Diameter: 

I 
I 
I 7- I 

Protective Casing Dia.: 

Cement Pad Thickness: 

q/. 5ii  Pad to Measing Point (MP): d 
Screened Interval: 

Hanford Coordinates: 

EQUIPMENT INFORMATION 
Cal. Due Eunc. TE 

Date Yes 1 N . Name Description Serial No. 

I I 

TEST INFO RMATlO N Reference: Field Activity No. 47-/@-3/ 
Datum Point: zfl c/C&S,flG 1 ;  . 
Pumping Method: l!!!i 
Slug Volume: /ujA 

Transducer Depth (BWL): /c' h.% 
Initial Pressure (PI): f$4. 
Slug Level (Pmax./min.): /J/4 

Transducer Measure Units: &/;I 

Controlling Document: 

Personnel: 

I ~ - 

F.50 - A-6000-959 (11192) 



I I 

I 

F.5 I A-6000-959.1 (1 1/92) 



Pie-Maintananca I f'oat-Mainfenanca 
I 

. h m p  TYPO 
hain0 Size TYPO Sot At .,.. "$ --,_- . Pump Modal 4 
: a h g  Parlorations Schadula I~lterval Tubinn Siza/Type ____._____ N/\ ----_- --N/A---- 
Wall Scraanls) Type Intorval 

- __XJ/A -- I-... ---.--- N/A---. Tubin0 Longth . 

- Length-Bonom of Tubing 10 Pump Intake 

. Laat Recorded Last Recorded Langfh-Top of Tubing fo Rafarance Point 

Pump Intaka Set a t  (Depth1 

Ciirranf llolofalrcolh~aarurillg Point 

Dapfh-to-Wafer Dapf h-f o-Boftom 
--.on U ____ ...- ()()--. -. 

Current 

c 



I i 
AQUIFER TCST INFORMATION SHEET [Continuation Page) Page I cf 

I Test No. I -  I est Name 

I 
/ I  

t 
NOTES 

Recorded B y : J d  Lr@5 & j!,&&i 
Sign dad 2rint Nan%.  G2;e 

I ’  
F.53 A-ECCS-259.1 (11192) 



FIELD ACTIVITY REPORT - 
WELL SERVICES 

Well ID 
1121w% 1 Pago 1 of 

Report NO. 
97--.l10 - 02 

Pro-Maintenance Port-Maintenance 
construction Depth a()-- 

- -+/A --a- ----- N/A--- 

Depth-to-Water Depth-to-Bottom 

.--O() ---- 

Tubing SizelType 

m o w  [it. 1.315 Lowered the flaw meter another 4' Lo 335'- lkfor~e the last move the? yip: 
Was raised sevc?ra,l jointri to check far alignnient.. A l l  tfic jojnts  w e r e  aligned 1i.ktt t h ' y  

1 ,Lcott; t:rley . pats 

. . 

Report By I), 15- Costovich Reviewed By 

Adv- Plant, I(ng5.ncer litle Kpgineering 'I'echni c i  an Title 
- 

\ - Sipnature 

DISTRIBUTION: Vr'hiie-Field File Custodian Ycilow-Grocp Files F, F.54 t Coordinator Goldenrod-Team Leader BC-GOW-178 [OZ/!.'j) 
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I I 
AQUIFER TEST INFORi'YIATIOM SHEET (Continuation Page) J ~ a g e  of .I 

I 

Secorded By: 1.6 . G A ~ s  & 
Sipn end P:int Name Date 

A-6C00-959.1 (1 3/92) F.55 
.. 

- -  - -  - - -- I- -- -- - 
P - 



i 

'Well ID 

1 Page 1 of - FIELD ACTIVITY REPORT - W Y Z %  
WELL SERVICES 

Casino Size TYPO Set  At 

ss ----- 
Caning Perforations Schedule Interval I _---- H/A---- --N/A-- 
Well Screen(s1 Type - Interval 

-I- ----- S/A -.-- -- N/A ---- --+/A ---- ---- 
Last Recorded ___-_ N/A ---I- ---fJ/&-- -- 

.- (&-- -()o--- g m p  Intake Set at (Depth) e----- IJ/A _____ ---- N/I\---- 

R/A- Tubing Length 

Length-Top of Tubin0 to  Reference Point Last Racorded 
Depth-to-Water Depth-to-Bottom 

Current Currmnt RofmrmncelMoacuring Point 
Depth-to-Water Depth-to-Bottom 

1312-60 

Dascription of Operations/Rernarks 
I \.Is€? I'flrn #l I 
'The pig was then rigxed up on the well and inspected, A pre,job and s'afety meeting w X i  

I h c l d -  13eifiE careful not  t o  drop  the p i p  i n t o  t h e  well vas talked about- The flax meter* 
was miocd 2' t o  333'- kiter t h e  d i r e c t i o n a l  shot:; uerc completed at 333' we rvmoved 
1.0' of Dire.- This well set  the f . 1 0 ~  m c t t e p  at 323'- nefore t h e  last move the p i p  U;I.S 

~~ 

raised several. joints  to check for alignment;. All the jo in t s  were %limed :Like t h e y  
I ZjtlDDoBO t o  he, The w e l l  was left with Jim doing his testing-------------------- 1 

I J 
DISTRIBUTION: White-Field File Cuctodian Yellow-Group files i m b .  3ordinator  Goldonrod-Team Lecder BC-G3).T'7t? 102,'X~ 

F.56 



Well ID 
FIELD ACTIVITY REPORT - 15%1\%% 

WELL SERVICES 
ContractlWok Order No. Well Name Rig TypolModel Rig No. 

Purpose 
Rinip !;e t;ti ng5'1' 6!!H1310 ------M/II----- 

Reference 
6-37-57A 

f;uppwI; B1 c);r Mwt,er* 'l'cst-i ng -_ _.-_.__-_____ .__ ______.__ )J/A --___-_- ----_-------- 
Plou Meter- 
'r&i ng 

Construction Depth -()()-- Post-Maintenance 

1 Pago 1 of 

Repon No. 

Location 

9'1- 0 3  0 -04 .  

'200 h : 5 t  
---N/fi ,-.--.-.. -- 

Lart Recorded . 
Depth-to-Water 

..-- (-J&-- 

Last Recorded 
Depth-to-&nom 

---oo--- 

Start ' lims 0700 
Endl ime a)" 

'lime N,/A 

G Contract Time 

Total l imo Q 

Current 
Depth-to-Water 

315-60 

Tho rig wan then rigged up on t h e  well ami inspected, A prejob m i l  safety m e e t i n g  kas 

Current 
Depth-to-&nom 

312,30 

31STRIBUTI@N: \','hite-Field Fila Custodian Yellow-Group Files Pink-P F 57 rdinstor Goldenrod-Team Leader BC-Goo0.,7C (021>C) 
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	Sodium Aluminum Silicate
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	Cutoff: Int: Diffractometer I/Icor:
	Ref: Smith Mineral Mag
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	0.64 minor Na20 FeO Fe203 Density calculatedkor K1 no H30 2M1

	structure Mica group dioctahedral subgroup C.D Cell: a=20.160 b=9.000
	c-5.190 beta-95.18 a/b=2.2400 c/b=0.5767 S.G.=AZ/a 15). Si used as
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