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Executive Summary

q

As an adjunctto efficient HartfordSite characterizationand remediationof groundwater
contamination,an automaticmonitor networkhas been used to measureColumbiaRiver and adjacent
groundwaterlevels in several areasof the HartfordSite slice 1991. Waterlevels, temperatures,and
electrical conductivity measuredby the automaticmonitor networkprovided an initialdatabasewith
which to calibratemodels and from which to infer groundand river water interactionsfor site
characterizationandremediationactivities. Measurementsof the dynamic river/aquifersystem have
been simultaneousat l-hr intervals, with a quality suitable for hydrologicmodelingand for computer
model calibrationand testing. This reportdescribesthe equipment,procedures,and results from
measurementsdone in 1993.

During 1993, ColumbiaRiver and groundwaterelevations were measuredhourlyat 50 locations in
seven areas of the HanfordSite in southcentralWashington State. Watertemperaturewas measured at
I0 of these locations; electrical_nductivity was measuredat five.

Waterlevel accuracyis unknown, butis believed to be within +0.I ft. Factorsaffectingaccuracy
are topographic surveys, instrumentcalibrations,and steel tape measurements. Measurementprecision
appearsto be within 4-0.02 ft for wells and 4-0.2 ft for river stage. Repeat,xlsteel tape measurements
vary within +0.01 ft. Survey errorsvary withdistance between sites, but most @pearto be less than
4.0.07 ft.

Visual inspectionand graphicreview of data confirmedits continuity. Comparisonsbetween
simultaneoussteel tape anddataloggerreadingswere used as periodicdataqualitychecks. River
elevations varied up to 15 ft during the yearand up to 9 ft duringa single day. The 300 Areariver
elevationvaried about60% as much as the other stations becauseof the influenceof the McNary Dam
forebay. Ice Harbor Dam tailwateralso influencedthe fluctuationof the river in the 300 Area.
Groundwaterelevationsvaried up to about3 ft per day in a few wells nearest the riverand up to about
6 ft over the season in some wells.

Electricalconductivityof water in wells was influencedby river intrusionto a small degree.
Riverbank seep conductivityvaried between river and well values. Eachof these factors is important
in more efficientsite characterizationand remediafion.
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1.0 Introduction

Aquifer hydraulic properties and head gradients control contaminant migrationto the Columbia
River. Contaminant migration also depends on concentration and thermal gradients operating in the
aquifer/river system. Properly calibrated computer models can process such data to simulate inter-
actions between the unconfined aquifer and the Columbia River to show likely consequences of
remediation. Measurement variety, frequency, and accuracy must satisfy model requirements for
acceptable predictive reliability.

The monitor network is a feasible and economical system of collecting the simultaneous and
frequent data required for remedial investigation of river and groundwater interaction. Monitors
collect the data automatically and transmit it by radio telemetry to a computer for storage and
processing.

During 1993, river and groundwater levels were measured by an automatic monitor network at
50 locations in seven areas along the Columbia River on the Hanford Site. Water temperatures at
I0 locations and electrical conductivity at five locations were also measured. Pacific Northwest
Laboratory (PNL) _')personnel, under contract to Westinghouse Hanford Company (WHC), initiated
network installation early in FY 1991 at 35 sites in the 300 Area, with nine sites added later that year
in 100-F, -H, and-B Areas.

Emphasis and equipment were shifted from the 300-FF-5 Operable Unit to the I00 Aggregate Area
Operable Unit during the spring of 1993. Monitors removed from the 300 Area were installed in
100-D, -N, and -K Areas and added to the number in the -F, -H, and -]3 Areas. Eleven wells and one
river station are still monitored in the 300-FF-5 boundary while the others are spread about evenly
among the I00 Areas. The monitor network currently consists of 44 radio transceivers and 42 auto-
matic dataloggers, with one station in each area, except 100N, serving two wells. The seven areas
currently monitored are shown in Figure I.

This report summarizes conductivity, temperature, and water level data obtained by the network.
Equipment and procedures are detailed. The monitor stations are discussed. Quality and calibration
are discussed, followed by measurements and the programs used to make them. Electrical conduc-
tivity, temperatures, and water levels are presented and discussed. Finally, measurements and their
frequency and precision are presented and discussed, and conclusions are presented. Network
programming and other information are presented in the appendixes.

, (a) Operated by Battelle Memorial Institute for the U.S. Depamnent of Energy under
Contract DE-ACt_76RLO 1830.
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Figure 1. Network Monitor Station Locations During 1993



2.0 Equipmentq..

Monitor networkstationshave a datalogger,a frequencymodulated(FM) radiotransceiverwith a
radiofrequency (RF) modemconnectedto the datalogger,an FM antenna,and a 12-voltbatterywith a
solar recharging panel. The datalogger,modem, andtransceiverare installedin a weatherenclosure.
The entire assemblyis mountedon a tripod or a well post pipe. Forty-eightof the50 sites have
pressuretransducersto measurewaterdepth. Ten sites have thermocouplesto measurewater
temperatures. Five sites have probes to sense electricalconductivityandwater temperature. The
electrical conductivitymeasurements,correctedfor temperature,reflect the concentrationof dissolved
ions.

2.1 River Stations

Two of the five riverstations havethe transducerretainerpipe extending downthe river bankslope
into the waterat an angle. One station is staked to the bankandis likely to move withtime. These
two stations, located at 100-F and 100-H, requireadjustmentsto the steel tape measurementstaken
along the pipe to compensate for their non-verticalangle. The 100-F correction is 0.2425 x tape
reading. The 100-Hcorrectionwas 0.4395 x tape readingup to January 25, 1994 and 0.4417 x tape
reading thereafter. The other threestations, 100-B, 100N, and SWS-I in the 300 Area, have
vertically mountedtransducerretainerpipes. SWS-I in the 300 Area has a river stage scale mounted
on the concrete wall nextto the retainerpipe. Althoughriver stagecan be read direct/yfrom the scale,
survey indicatedtheneed for a 0.4/1 adjustment. The 100N and IOOB stationsrequiresteel tape
measurementsfrom the top of the top pipe coupling to the watersurface.

All river stationelevations were surveyed. The SWS-I scale was reportedto be 0.4/1 lower than
its indicatedvalue. Thus, the 345-/1stage scale mark is actually344.6/1 above meansea level (MSL).
The 100-F river sUttionsurveyed as 373.33 ft above MSL at the top, southcornerof the channel iron.
The bottom south corner of thechannelwas 368.48/t above MSL. The 100-Hriver stationwas
originally surveyed as 386.47 ft above MSL at the top of the 2-in. pipe coupling; resurvey on
January25, 1994 set the elevation at 386.83/1 above MSL. The loon river stationsurveyed as
426.09 ft above MSL at the top of the pipe coupling. The 100-B river stationsurveyed as 448.32 ft
above MSL at the top of the pipe coupling.

The 100-H river stationhas an electricalconductivitycell as well as a pressuretransducerattached.
This station measureddepth, electricalconductivity,andtemperatureof the water. Waterdepth was
recorded as a feet-per-voltratio, ranging between 0. and 15.xxxx. Electricalconductivitywas
recorded as milliSiemens, ranging from 0.0000 to 0.5xxx. ElectricalconductivitybeforeOctober 5,
1993 requiredtemperaturecompensationduringdataprocessing,but it was compensatedin the
dataloggerafterthat date. Temperatureranged from 0 to 30°C.

|
_j ,1
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2.2 Single-Well Stations

Single-well Stationshave transducersconnectedto channels I and2 of the currentdataloggers,with
orange, black, yellow, andblue wires connectedto 1H, IL, 2H, and 2L, respectively. The red wire is
connected to the E1 excitation channeland the white wire connected to any AG. The silver wire is not
connectedbecauseof its tendencyto create a groundloop.

2.3 Multiple-Well Stations

Multiple-weUstationshavetransducersconnected sequentially. The transducerfrom the first well,
numericallyor alphabetically,is connected as describedfor the single well station. The second
transduceris connectedwith orange, black, yellow, and blue going to 3H, 3L, 4H, and 4L,
respectively. The red wire is connectedto El with the firsttransducer, and the white wire is connected
to any AG terminal.

The readoutfrom multiple-wellstationsis in the sequence wired. Early in the monitorproject,
some well numberswere unknownwhen we began monitoring them. In some cases, the sequence was
reversed, causing difficultyin qualitycontrol. This problemrequired help from the DatabaseManager
in the Geosciences Departmentof WHC or referenceto the LaboratoryRecord Book to avoiderrors in
data interpretation.

2.4 Multiple Sensor Stations

Pressure, temperature,andelectricalconductivityof water were measured in some locations.
Stations that measuredall three were wired to measurepressure,electricalconductivity, and
temperature, in thatorder. The electrical conductivitycell has six wires. Either the blue or the black
wire can be used, butnot both. The black wire is used when high resolution is required. The
connections used were red-6L, white-6H, green-E3, black-E2, purple-AG, and clear-(]. This
configurationavoids interferenceand allows for use of two pressuretransducerson a single datalogger.

Whereelectricalconductivityis measured, temperatureis also measuredby the same transducer
and used to compensatefor thermalchanges in the riveror groundwatersolution.

2.5 Datalogger Programs

The transducersused in our monitor systems requireprecise, selectable excitation, and
simultaneous measurementsof transducerexcitationandoutput. The dataloggerprograms to
accomplish this task are shown in AppendixA.
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3.0 Procedures

Periodic maintenanceand tests were requiredto assure qualitydatathroughproperequipment
operation. Tape and dataloggerreadingsrecorded simultaneouslywere comparedwithpreviously
recorded sets to detect changes. Errorsandproblemswere addressed. Initialcalibrationand
recalibrationdeterminedthe factors for data reduction. Batteryvoltage was measuredperiodically, and
desiccantpackageswere replacedto help ensure properequipmentoperation.

3.1 Paired Tape and Datalogger Tests

Water levels at a site were simultaneouslymeasuredby steel tapeand by a datalogger. Readings
were repeatedwhen paired readingsets disagreedwith previouslypaired reading sets.

An equivalentchange in waterlevel is requiredby the tape and the datalogger. The following
equationwas used m deal with errors:

Tl -I"2= f(DLI -DL_ (I)

where Tl and T2 are steel tape readings1 and 2, "f"is the calibrationfactor for the transducer,and
DL1 andDL2 arethe paired dataloggerreadings 1 and 2.

Dataloggers measuredvolt ratios as transducervoltage output/input. The following equation
converts the dataloggerreading into elevationrelative to MSL elevation:

EMSL = Eroc-T + (DL -DLT)x F (2)

where EMSL ----elevation above Mean Sea Level
EToc = surveyed elevation at top of the well casing
T = steel tape measurement
DL - ambientdataloggerreading
DLT = damlogger reading takenwith the tapereading
F = the calibrationfactor for the transducer.

All pressuretransducer readingswere preserved asvolt ratios. Calibrationfactorswere not stored
with raw data. Raw datawere preservedin computersin two separate locations, readilyaccessibh:for
processing.

Dataloggerresolutionis 0.33_tVon its most sensitive range, which corresponds with 0.000123 ft of
, water elevationchange. Both voltage and depth resolution are displayedin Table 1.
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Table 1. DataloggerRangeandSystem Resolution,Assuming
CalibrationFactorof 0.93 ft/volt-ratio

.... i

Datalogger

Range Sensitivity System Resolu'fion
Code (my) (my) (it)

'21 2.5 0.00033 0.0001

22 7.5 0.00100 0.0003 '

23 25. 0.00333 0.0012 --

24 250. 0.0333 0101i
25 2500. 01333 0.12'

3,2 Calibration Checks

Cross-checking the dataloggerreadingswiththe steel tapemeasurementshelpedidentify errors.
Errors have been traced to well casing extension, misreadtape, transducermovement,transducer
failure, and dataloggerwiring panel failure. Table2 shows examplesof correct and erroneous tape and
dataloggerreadingsets. (See AppendixB for all readingsets.) Some well casings were extended
upwardapproximately1 ft when some of theolder wells were renovated. When the work was done, a
time lag occurred before resurveyrecordswere available, so the waterelevations appearedincorrect
until resurvey.

Steel tape measurementsare commonlyacceptedas the standard,but tapereading accuracydepends
on technique, individual observation,andweatherconditions. For example, tapemay be lodged on an
obstacle rathert_ansuspended straight into the water. Detection of this problemdependson the
observer's skill andjudgment. Also, the wet line acrossthe tapescale may resultfromeither normal
watersubmergenceor from contactwith a condensingsurfaceandmay also requirethe observer's
judgment. Repeatedtape measurementsrevealedobservererrors rangingup to I0 ft. Errorswere
more diificult to detect andresolve in wells with otherequipment. Largeamountsof condensation
nearthe top of the well casing madeaccuratemeasurementmore difficult. However, we repeated
measurementsto verify the steel tape readingswithin 0.01 ft. Disagreementbetween steel tape and
transducer readingsrequiredrepeatreadingsto achieveconsistency. Steel tape readingsshould be
questioned andprovenby replicatedremeasurement.

3.3 Precautions and Sources of Error

Errors in Table 2 andAppendixB includethose that are positive because a steel tape or datalogger
reading was too small. Errors that are negative result from a steel tape or dataloggerreading that is too
large. Condensate wetting of a steel tape causes a positive error. Transducercable slippage and steel
tape hangup cause a negative error. Aquifer changes from wind cause both positive and negative

3.2
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Table :2. PairedSets of Tape andDataloggerReadings(see Appendix]3)
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errors. Survey or well casing modifications may cause either type of error. Survey errors usually
affect accuracy, not precision. Gradual relaxation of the transducer cable causes errors, but they are
usually small. Temporary hang-up of a transducer on a pump or other obstruction in the well causes
error. Samplers and well maintenance crews frequently remove or adjust pumps; this cause of error is
relatively common. Error detection is done by plotting normalized differences between simultaneous
water elevations in similar wells. Differences are cause for system calibration recheck.

,J

Errors increase with datalogger range because resolution decreases, as shown in Table I. Since it
is necessary to use a greater range in river stations than in wells, the errors in river measurements are
greater in the river data. Errors from topographic survey should be less than +0.06 ft, for most wells.

Transducers produce errors as a result of plugged ports or vent tubes. Water, debris, or a
compressed cable cause this type of error. The vent tubes are checked, and a dry desiccant is placed in
the vented enclosure to keep air vents clean and dry. small animals, most likely porcupines, have
chewed through three transducer cables during 1993. Larger animals, such as coyotes, have not been
able to bite through the cover, however.

If monitor system bau_ry voltage drops too low, directly measured voltages increase. This type
error is most likely where solar panels fail to recharge the lead-acid battery, especially during winter
time. The pressure transducer and other readings will gradually go too high and will finally be
recorded as -99999 when overrange conditions exist.

Errors in the data were detected by list'mg each file after data download and by field observation.
Slipped fittings or observed well pumping or renovation called for error checks.

3.4 Desiccant and Battery Service

Battery voltages were measured monthly to detect potential power supply problems without data
loss. During December of both 1992 and 1993, battery power proved inadequate on several stations.
Low voltages were detected and batteries were replaced without significant data loss. However, the
causal problems differed between years. During cold winter weather in 1992, the large, 80-Ah, liquid,
lead-acid batteries discharged by parallel connection to the small gel-cell, lead-acid batteries and the
sulfate hardened to prevent recharge. The liquid and gel cells should not be connected in parallel

unless the solar charger and regulator are capable of voltage output great enough to recharge the liquid
cell under low temperatures.

During December of 1993, the systems were operated without the large batteries, and the small gel
cells l_cked capacity to withstand the prolonged cloudy weather. Solar radiation was inadequate to
recharge batteries during November, December, and January. Solar insolation during December 1993
was less than 10% of typical June radiation. Thus, it was necessary to replace and recharge batteries
each week. Solar panel enlargement proved incapable of resolving the problem. Investigation of the

power supply issue caused us to decide to do two things in the future: Install 40- to 60-Ah, sealed,
lead-acid battery with a 2-yr shelf life, and set voltage regulators to output 14. I V, with over-voltage
supply with temperature drop. This will be done during early 1994.
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The desiccant packshave been replacedwhenthe 30% indicatorbuttonin each datalogger
enclosw_ began to turnpink or when there was other evidenceof humidity. Whenthe packs were
dried in the oven at the specified 250°1:, they exploded. Aftersecuringnew packs, we poked twot

small tack holes in the clear side of each pack to allow outgassingof the watervapor. Wehad no
further problems. In each enclosure, all entrancesexcept thebreather vent were sealed. During cold,

, wet weather, replacementmay be requiredeach month. Desiccant replacementis not usually necessary
during warm weather.



4.0 Results and Conclusions

A year's data, from the earliestmeasuredin 1993up to day 340 (December6), havebeen
processed andplotted for representativesites in each of the seven areas(see AppendixB), We began

, by processing and plottingriver datato show the potentialdriving forces for the ColumbiaRiver/
aquifer interactions. Then data from selected wells in each areawere processedandplottedto
demonstratethe relative magnitudeof interactionamong the wells andbetween each well and the river.
While all of the wells showed long-termchangewith the river, some wells showed no short-term
interaction.

Electricalconductivityand temperaturewere measuredin the riverand in some wells. Examples
andcomparisonsof seep conductivityand temperaturechanges were also prepared.

,I.1 Data and Interpretations

River water elevation measurementsfor 1993 are shown in Figure2. Note that time is displayed in
Figure 2 and subsequentfigures as day of year to matchthe databasevalues. The rangeof fluctuation
in Figure 2 is most notable, with the maximumjust above 400/I and theminimumjust above 384/1 at
the 100-B river station. The single-day fluctuationat 100-B was about13/1. Also notablein Figure 2
is the attenuationof the daily cycle as the waterreaches the 300 Area. The cause of fluctuationin the
300 Area riverbetween days 84 and 115 is evidently influencedby somethingother than the upstream
river (e.g., the influencesfrom McNary forebayand Ice Harbor tailwam').

Figure 3 depicts detail more thanFigure 2 for four of the five river stationsandmore clearly
displays the dependenceof the downstream stationson the upstreamwaterfluctuation. Again, the
attenuationis apparentin the 300 Area. Figure 4 shows a still shorteranddifferent interval for all five
river stations. The attenuationin the 300 Area appearsto be about60% of the amplitudeof the 100-B
station, while all of the other stationsdemonstrate less than 20_. Figure5 shows a nearlyconstant
flow period for 10 days. However, the 300 Area river shows more than a foot of varim'on. The cause
of this variation is the composite influenceof the Ice Harbor Dam andMcNaryDam releases. In
short, the 300 Area is in the McNary forebayandresponds to the releases from the Ice HarborDam.

Figure 6 shows the fluctuationof three wells andthe river in the 300 Area, with the river data from
station SWS-1. As expected, the river fluctuatesmost, and the well farthestfrom the river fluctuates
least. Notably, the maximumriver variationdepictedis about 10/1, whereasthe 100-B river
fluctuationfor the same period was about 15/1. Figure 7 shows a 3-day interval in which hourly
elevations are visible. Clearly, the river appearsto drive the variation. Well 2-1 is nearestthe river,
well 8-1 is farthestfrom the river, with well 1-2 midwaybetween. It is somewhat surprisingthat
fluctuationsin well 2-1 are not larger because the well is within abouta hundredfeet of the river bank.

" Figure 8 shows the 100-F river elevations, with variationsfrom three wells. Measurementsstarted
in these wells in late May 1994. There is a clear patternof related variationamong the waterlevels.

. Figure 9 shows 10 days of waterlevels measuredhourly. Wells F5-43A andF5-43B differ in that they
access differenthorizons within the aquifer. It is surprising,however, that F5-43B respondsto river

4.1



RIVERWATERELEVATION
300, 100-F, 10041, 100-N, 100-B

i

398- : : : :
Li IIi , .....

'_--ii iVI=aL_, Iii!_ ,, I
: : , : :: IO0-N .i= Jl'llltlre"_i "382

COb , . . _ I I, / i : :

.,- _.__ L/ __ _ t i -
i',) _ ! ¢::; _--i

362 ' l : :

' I I°°'F I!1III _ _ _ ; :

____
338 I i i - - I I ,

0 14 28 42 56 70 84 98 112 126 140 154 168 182 196 210 224 238 252 266 280 294 308 322 336
7 21 35 49 63 77 91 IJ05 119 133 147 161 175 189 203 217 231 245 259 273 287 301 315 329 343

TIME (day of 1993)

Figure 2. Columbia River Stage .atFive Stations





RIVERWATER ELEVATION
300, IO0-F, 100-I-I, IO0-N, IO0-B

I % l _ I %

, , , , , ", , -,; 100- /Bj
, _. J • N% I I

/ _ / _, / -'-_= / '_ , I / I" x / _ u • .....

/ \ ' _ ' _, " ' llOON_%. / % ' I ] • "--- .. / \ /, , ,.,
,,,,

.- \ /.--- , ,,--_. ., \ FIOOH _
.j f ,, \ ./ "_ /

/ "O0 / '\ \ '"_ ! \ 2 " F=\ ,. .. j .xM--r : :
o -_'--_ t._ -'_ Lf __.. _ "-

m / \ / % / _. /

_= o ,,,

,,,
Iii
_J
III .-

..

,,

, , ,, ,,

,,, 300_-,- _ .._ -_-_ _._ _ _.... _ "_,=.

-- / '\\ / "\ / \ I'. " .. I_ I- i _ i ..... _ ,I _.._ I
,, _ I _.-. " --_-- "- _'-

I

305 305.5 306 306.5 307 307.5 308 308.5 309 309.5 310
305.25 305.75 308.25 308.75 307.25 307.75 308.25 308.75 309.25 309.75

TIME (dw of 1P93)

Figure 4. ColumbiaRiver Stage at Five Statiom for Fiv,_Days, Showing Time Lag andAttenuation



RIVER WATER ELEVATION
300, IO0-F, IO0-H, IO0-B

_ /
386- - ' ....... "........ I

3e4- 100-B
382 ............

380-:

378-! .....

37e-

374..... IO0-H _ ....
3 372- . .... ._
co 370- ........

3_6- _,_ ' ..... _'" /

F F364 ...... -F4== 362- '"

_, o_ 3_-,

356"

352-'

350"'

348 ....
=

1300344-' !

340. v -- ._ /--- ___ _ _ _- ....• , __ _'! -- w __

338 .... r

110 112 114 116 118 120
111 113 115 117 119

_ TIME (day of 1993)

Figure 5. ColumbiaRiver Stageat Four StationsDuring 10 Days of Low Flow



_/00£ oq,I,m.JOA_ ou_.l,pulSllO__,u_ u!suo1._ASlH_mu_ "9_.mlkI

! _-sMs-- _-)1_ _-L-t-- _'_'lli

m
r- •
rrl

0
z

o"
o
m

o_
r.=v



WATERELEVATIONS
3O0Area

344-

.J
¢D

,. o_=
,..I
ttl

T T T r ;
127.5 128.5 129.5 130.5

128 129 130
TIME (day of 1993)

araB"=-1 -4- t-= -->K-s-1 -- sws-I !

; _ 7. Detailed Variations in Water Elevations in The 300 Area



WATER ELEVATIONS
IO0-F Area

378

¢o

i
tu
...i
ttl

0 14 28 42 56 70 84 98 112 126 140 154 168 182 196 210 224 238 252 266 280 294 308 322 336
7 21 35 49 63 77 91 105 119 133 147 161 175 189 203 217 231 245 259 273 28?' 301 315 329 343

TIME (day of 1993)

I"'_-"-'_°-_ ,_ _ F.,,,,I

Figure 8. WaterElevationsin 11u'eeWellsandTheRiverat IO0-FArea



WATERELEVATIONS
IO0-F Area

372-

d

297 298 299 300 301 302 303 304 305 306 307 308
297.5 298.5 299.5 3OO.5 30t .5 3O2.5 3O3.5 304.5 3O5.5 3063 3O7.5

TIME (day of lgg3)

Figure 9. Detailed Variations in Water Elevations in 100-F Area



influencemore rapidlyandto a greaterextent than F5-43A. Evidently,better hydraulicconnectionto
or partialconfinementof the lower phreatic aquiferaccountsfor the observed behaviorin the 100-F
Area. While thereis long-terminfluencefrom the river on well F5-46, there appearsto be essentially
no influencewithin the 10-daytime interval.

Figure 10 showswater elevations from the river and three wells in the 100-HArea. Here again,
the riverseems to influenceall threewells. Well H4-11 is nearestthe river andshows the greatest
river influence. However, there appearsto be an errorin surveyedelevations. This appears to be why
well I-I4-11elevationis consistentlyhigher than the river waterelevation. There may,of course, be
another cause for this phenomenon. There may be considerablewater flow from up gradient toward
the riverpast well Ha,-11. While this seems unlikely, it couldjustify the higher elevationobserved in j
well H4-11. Anotherpossibility is that the 100-Hriver stationsurvey was incorrect. Resurvey
revealedthat there wasan errorof 0.45 ft. Also, transducershiftof about 1 ft was logged during tape
and dataloggerpairedtests. The remainingpossibility consideredwas that the top of casing survey for
well H4-11 is in error. This has not been resurveyed. Even so, the relationof groundwaterelevation
to river elevationis unquestionable,in all three wells.

Figure 11 shows a data plot for a 5-day period, with dataadjustedto display the relationships
between river andgroundwaterchanges. Well H4-11 clearly follows the river, even in fairly minor
detail. While wells H3-2A and H3-2C are shown to follow the river in Figure 10, Figure 11 shows
very limitedresponseof H3-2C and no responsefrom H3-2A. This also indicateseither better
hydrauliccontactwith the river or the existence of a partialconfining layerbetween the upperand
lower levels of the aquifer,as was the case in the 100-F area in well F5-43B.

Figure 12shows a composite of wells in the 100-D and -K Areas with the 100-B river data
superimposed. The 100-N riverstation was not installeduntil aboutday 217. Again, there appearsto
be a long-term trend for most wells to follow river fluctuation,with a greatly attenuatedamplitude.
WellD5-20 shows significant short-term fluctuation,with only tokenresponse from well IO2A. Well
D5-15 dataremainsunexplainable,though transducer errorwas a factor,and the transducerwas
replaced. Still, well behaviorseemed independentof river fluctuation. Figure 13 demonstratesthe
short-termindependencebetween the 100-D and-K Area wells and the river fluctuation. While Figure
4 showed the commonpatternof fluctuationamongall four i00-Area river stations, none of the I(X)-D
or -K wells varied with this short-termpattern. Only well D5-20 shows cyclic response as short as
7 days.

Figure 14 shows waterelevations in four wells in the 100-B Area, along with that in the river.
Waterlevels in all four wells seem to vary with that in the river. Although all well waterlevels shown
appearto be above the river level, it is helpful to recall from Figure 2 that 100-Briver water elevations
were more than 400 ft above MSL for a short period precedingthe data interval shown. Figure 15
shows how well the well and riverwater elevationscoincide. Itwouldbe more comfortableto explain
the fluctuationsin Figure 15 if well B2-12 were exactly 2 ft lower. However, well B2-12 is right next
to well B3-47, and the tops of casings appearto be aboutthe same, which survey has confirmed.
Perhapstape recordswere in error;but that is unlikely, basedon seven separatesets of paired
measurementswithoutsignificantcomputederror. We would like to adjust the riverlevel up, but the
data from well B3-47 confirmsa good matchbetween it and the river. The only remainingexplanation
we haveconsidered is the possibility that well B2-12 is upstreamfrom the river in a close-coupled
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aquiferchannel. This close-couple status is apparentfrom the detail with which the riverlevel is
duplicatedin well B2-12. Wells B4-1 andB5-2 are distantfrom the river andare expectedto have
slow response, with B4-1 being the more distant.

Electricalconductivity(EL")was measuredin the 100-H Area by sensors located in the river, well
H4-11, and two nearbyriver-bankseeps, S-152-2 and S-153-I. Figure 16 shows well H4-11 EC as

' relatively constantat 0.35 mS. The river EC is evenmore constantat about0. I mS. While neither of
these values is temperaturecompensatedduringthe intervalshown, their relativemagnituderemains
unalteredafter compensation. Temperaturecompensation and individualcalibrationfollowed this
interval when the transducerhad to be replacedbecausea porcupinedestroyedit. The EC at seep
S-153-1 varied from the river value up towardthe well value when the river flow droppedbelow the
elevation of the seep, only to decline againas the river watercovered the tramducer. Just after day
180, the transducerreadingdroppedto zero for several hours. The same phenomenonoccurredon day
184 and again aboutday 186. This drop to zero wascaused by a reduction in bankstorage andfailure
of the seep to yield drainagewater. It is likely that the seep EC never wouldrise to the level of well
H4-11 becausebankstorage representsa zone of river intrusionand influence. The evidence for this
conclusion is shown at aboutday 172, where theriver is not directly influencingthe conductivityof the
seep andyet the seep EC does not rise. On the other hand, well H4-11 clearlyshows the influenceof
intrudingriver water, especially when the river level fluctuatesstrongly abovethe 375-ft elevation.

I,

Figure 17 shows temperaturecompensatedEC for the stationsdisplayed inFigure 16 and for seep
S-152-2 at the outfall. Here, the seep EC does exceed that of well H4-11 for a short interval when the
river dropsbelow the 375-ft elevation. Again, seep $-153-1 ran low on water when the river dropped
below the 375-ft elevation. At no timedid seep $.152-2 appeardry. Instead,it seeped up throughthe
cracks in the concrete ouffall apron andformed a significant stream that flowed off the apronand into
the river.

Figure 18 shows some water temperaturesmeasuredby the EC probes. The largefluctuationsnear
day 182 resultedfrom drying of the seep, leaving the transducerexposed to the atmosphere. The low
temperaturesshownnearday 325 also representperiods of uansducer exposureto air becauseof seep
dry-down. The temperaturein well H4-11 remainednearlyconstantnear 20°C, while the river varied
from about4 to 22°C. With these relative temperatures,river waterwouldbe expected to intrude
beneath the groundwaterduring cold periods andover the top duringwarm periods. It would be useful
to finda long, screened section of well near the riverwhere EC could be measuredto distinguishriver
water intrusionlevel.
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4.2 Conclusions

. Emphasisandequipmentshiftedfrom the 300-FF-5 OperableUnit to the 100 Aggregate Aru
OperableUnit duringspring 1993. Monitorsremoved from the 300 Area were installed in 100-D, -N,
and-K Areas and added to thenumberin the -F, -H, and-]3Areas. Eleven wells andone river station

. are still monitoredin the 300-FF-5 boundarywhile the others were spreadaboutevenly among the 100
Areas. The monitornetworkcurrentlyconsists of 44 radiotramceiversand42 automaticdataloggers,
with one station in each area, except 100-N, serving two wells.

Electricalconductivityand temperature,measured at well, seep, and river locations, showed the
influenceof intrudingriver waterin both seep andwell water. Measurementfrequency remainedat
l-hr intervals.

Elevationaccuracyis believed to be within +0.1 ft. Topographicsurveys, instrumentcalibrations,
and steel tape measurementsall contributeerror. Short-termnetwork precisionappearedto be within
-1-0.02ft. Steel tape measurementswere readwithin :t:0.01 ft. Survey errorvaried with distance from
the reference,but was probablyless than -4-0.07ft. Periodictape and dataloggertests helped ensure
precisionand accuracyby includingthe entire measurementsystem in the tests. Accuracy of survey
errorsor ground shift approached 0.5 ft at SWS-I and 100-H river stations.

Examplesof conductivity,temperature,and waterlevels were presentedfor each area monitored.
River waterlevels at all five river stationswere shown to fluctuatetogether, with a phase shift and
amplitudechange to adjust for river mile andchannelcross section. Only in the 300 Area was the
river amplitude attenuatedsignificantly becauseof the McNaryDam fore,bay. Ice Harbor influenceon
the waterlevel in the 300 Area is apparentwhen waterelevations drop to 340 ft above MSL.

some equipmentproblemswere reported, such as transducerdrift andbatterydischarge.
Transducerdriftwas resolved by replacementor compensatedby periodic manualmeasurementsusing
steel t_e coupledwith dataloggerreadings. Questionabledatawere tested by comparisonwith similar
stations. For example, 100-H and 100-F river stations were compared by subtractingthe meanand
dividing by the standarddeviation. This normalizedthe dataabouta commonzero. It did not correct
for datadivergence due to time lag. Wheredatadrift was apparent, linearadjustmentwas used from
the last knowncorrect point to the measureddivergent point. Long-term driftof transducerswas
accommodatedin this manner. Key factorsin datareliability were in sire calibrationof pressure
transducers, periodic steel tape anddataloggerpaired readings,differencetests of data, andvisual data
checking. Solar radiationat Hanfordwas inadequateto recharge batteriesduring November,
December, andJanuary. Experience demonstrated the necessity to use batterieswith at least 40-Ah
capacity to operate the networkremote stationsreliably duringthis period.

Waterlevels, temperatures,and electricalconductivity measuredby the automaticmonitornetwork
provide an initial databasewith which to calibratemodels and from which to infer groundand river
waterinteractionsfor site characterizationand remediationactivities.
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Appendix A

Datalogger Programs
i

Severaldataloggerprogramswereusedto gathertherequireddata. Eachprogramcombinationis
shownseparatelyfor reference.All programsbeginwith imtructiomto measurebatteryvoltageand
storeit fordisplay. Also,aninstructionis includedto measurewithhighresolution.

The widestusewas madeof uh_programto measurepressure.This programappearsfirst. The
secondprogramaddsthermocoupletemperatureto pressure. Thethirdprogramreplacesthermocouple
temperaturewitha combinationof solutionelectricalconductivity(EC3andtemperature.The fourth
programis forEC andtemperature,
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Pressure Measurement Only

Program:

* 1 Table 1 Programs
01:3600 Sec. Execution Interval

01: P78 Resolution

01:1 High Resolution

02: P10 Battery Voltage
01:5 Loc :

03: P9 Full BRw/Compensation
01:1 Rep
02:25 2500 mV 60 Hz rejection EX Range
03:24 250 mY 60 Hz rejection BR Range
04:1 IN than

05:1 Excite all reps w/EXchan 1
06:2500 mV Excitation
07:1 Loc :
08:1 Mult
09:0 Offset

04: P86 Do

01:10 Set high Flag 0 (output)

05: P77 Real Time
01:110 Day,Hour-Minute

06: P70 Sample
01:1 Reps
02:1 Loc

07: P End Table 1
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Prusu_andThermocouple Temp_a_reMeuurement

Program: moll2

* 1 Table 1 Programs
01:3600 8ec. Execution Interval

01: P10 Battery Voltage
01:5 Loc :,

02: P78 Resolution
01: i High Resolutlon

03: P9 Full BR w/Compensatlon
01:1 Rep
02:25 2500 mV 60 Hz rejection EX Range
03:24 250 mV 60 Hz rejection BR Range
04:1 IN than
05:1 Excite all reps w/EXchan 1
06:2500 mV Excitation
07:1 Loc :
08: i Mult
09:0 Offset

04: P86 Do
01:10 Set high Flag 0 (output)

05: P77 Real Time
01:110 Day,Hour-Minute

06: PTO Sample
01: I Reps
02:1 Loc

07: P17 Module Temperature
01:2 Loc :

08: PI4 Thermocouple Temp (DIFF)
01:1 Rep
02:21 2.5 mV 60 Hz rejection Range
03:3 IN Chan

04:1 Type T (Copper-Constantan)
05:2 Ref Temp Loc
06:3 Loc :
07:1.8 Mult
08:32 Offset

09: P86 Do
01:10 Set high Flag 0 (output)

10: PT0 Sample
Ol: 1 Reps
02:3 Loc

11: P End Table 1
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Pressure, Electrical Conductivity, and Temperature Measurement

Program: mc125

* 1 Table 1 Programs
01:3600 Sec. Execution Interval

01: P10 Battery Voltage
01:5 Loc :

02: P78 Resolution
01:1 High Resolution

03 : P9 Full BR w/Compensation
01:1 Rep
02:25 2500 mV 60 Hz rejection EX Range
03:24 250 mV 60 Hz rejection BR Range
04 : 1 IN Chan
05:1 Excite all reps w/EXchan 1
06:1000 mV Excitation
07: 1 Loc :
08: 1 Mult
09: 0 Offset

04 : P86 Do
01:10 Set high Flag 0 (output)

05: P77 Real Time
01: 110 Day,Hour-Minute

06: P70 Sample
01:1 Reps
02: I I._c

07: P5 AC Half Bridge
01:1 Rep
02:15 2500 mV fast Range
03:11 IN Chan

04:2 Excite all reps w/EXchan 2
05:2500 mV Excitation
06:6 Loc :
07 : 1 Mult
08: 0 Offset

08: P59 BR Transform Rf[X/(l-X)]
01:1 Rep
02:6 Loc :
03 : .7042 Multipller (Rf)

09: P42 Z=I/X
01:6 X Loc
02:6 Z Loc :
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Prmsure, mocu'icsI Conductivity, and T_ Measutema_ (contd)

Page 2 Table 1

10. Pll Temp 107 Probe
, 01:1 Rep

02:12 IN Chan
03:3 Excite all reps w/EXchan 3
04:7 Loc :
05: 1 Mult
06: 0 Offset

ii: P34 Z=X+F
01:7 X Loc
02:-25 F
03:8 Z Loc :

12: P37 Z=X*F
01:8 X Loc
02:.01 F
03:8 Z Loc :

13: P55 Polynomial
01:1 Rep
02:8 X Loc
03:9 F(X) Loc :
04 : 1 CO
05:-2.021 C1
06:4.0445 C2
07:-6.3483 C3
08 : 0 C4
09 : 0 C5

14 : P36 Z=X*Y
01:6 X Loc
02:9 Y Loc
03 : i0 Z Loc :

15: P86 Do

01:10 Set high Flag 0 (output)

16: P70 Sample
01:1 Reps
02 : I0 Loc

• 17: PT0 Sample
01:1 Reps
02:7 Loc

I

18 : P End Table 1
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Electrical Conductivity and Temperature Measurmnents Only

Program: mc139
p

* 1 Table 1 Programs
01:3600 Sec. Execution Interval

01: PI0 Battery Voltage
01:5 Loc :

02 : P78 Resolution

01:1 High Resolution

03: P5 AC Half Bridge
01:1 Rep
02:15 2500 mV fast Range
03:11 IN Chan

04:2 Excite all reps w/EXchan 2
05:2500 mV Excitation
06:6 Loc :
07 : 1 Mult
08 : 0 Offset

04: P59 BR Transform Rf[X/(I-X)]
01:1 Rep
02:6 Loc :

03:.7148 Multiplier (Rf)

05: P42 Z=I/X
01: 6. X Loc
02:6 Z Loc :

06: PII Temp 107 Probe
01:1 Rep
02:12 IN Chan

03:3 Excite all reps w/EXchan 3
04:7 Loc :
05: 1 Mult
06: 0 Offset

07 : P34 Z=X+F
01:7 X Loc
02 : -25 F
03:8 Z Loc :

08: P37 Z=X*F
01:8 X Loc
02:.01 F
03:8 Z Loc :
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Electrical Conductivity and Temperature Measurements Only (contd)

Page 2 Table 1

09: P55 Polynomial
• 01:1 Rep

02:8 X Loc
03:9 F(X) Loc :
04: 1 •C0
05:-2.021 C1
06:4.0445 C2
07:-6.3483 C3
08 : 0 C4
09 : 0 C5

I0: P36 Z=X*¥
01:6 X Loc
02:9 Y Loc
03 : i0 Z Loc :

Ii: P86 Do
01:i0 Set high Flag 0 (output)

12 : P77 Real Time
01:ii0 Day,Hour-Minute

13 : P70 Sample
01:1 Reps
02 : i0 Loc

14 : PTO Sample
01:1 Reps
02 : 7 Loc

15: P End Table 1
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Steel Tape and Datalogger Paired Sets



Appendix B

, Steel Tape and Datalogger Paired Sets

Appendix B shows steel tapeanddataloggerpaired sets thatwere used as dataqualitychecks on the
monitorsystem. Data fromthe initialsets in 1991 throughDecember 1993 are included.
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Tape and Datalogger Reading Pairs

C_FI_:_.._r_LwQ1 WeM_ T_ne _ DLRds,_UN,(:bWdrDeT_e Sc,'1"qmDLP.d_Ak,_
MmTa,_me (77srrm tc 1.7
frou_toeodoC_ _).)_ IX_ 4m X49eJ O,/71-4)_ 1450 _4 3,_ _eS
T_dDeudoSprmd_p _.)Yr m0 4.36 3J340 _m _ m8 4_ g_63 (01
WeikS_ Time kTspe DL,qd&AM.Ch _92 UI? 4.32 1/317 _ 3_92 1433 43A8 2.1911 0J0
SWS-I _4.92 1_ 4.11 4.0_0 _ 44_ N4 43.59 9.7679 _tM
11-1,5-91 1_0 343,42 10._N0 0.03 44-_ 648 3"70 4.4928 0._ 4-21,41_ 1335 44.4S 4._2 0.00
I_$,91 1441 341,,35. &_5410 411 J_ 1428 3,45 4.7916 0.00 _ 742 4233 7.2N2 ,0.06
12.13-91 1217 341.42 9.3522 036 6.3.m 12S0 3_4 4J748 Ul 7,2,_ 740 4257 7.11119 -0.07

1354 MLm 7.7273 AdJ. 6..16.93' 1001 3.1.$ 1.11.19 0.00 1.7._ 71.3 44.21 S.134P -0.08
1-24-92 1443 341.43 7.2292 .0.01 8.6_ _ 2.22 6,1151 .0.e0 S,94_ 743 44.6"7 4.6204 407
2,$,92 1243 MIJ0 7.0P72 0.00 _ _ 2,45 _ UO 104,92 7Z5 44.47 4.8406 407
3.J-92 1422 34130 7.0g06 4M 104.92 635 2207 S.lO_ 408 11-1_92 tl87 44.3 $.0319 407
44.92 738 _4Z_ 85316 401 11-16.92 1_2 3.07 _14_ 0.06 _ 911 42.4 7J08 4e8
$-$.92 111.5 342,8 8.7018 0.(10 12.6.92 921 2,86 $,MM 0.,06 1-74_ _ 41L_ 7.04S2 409
6.2-92 1116 343.52 SL48S3 0.01 1-7-_ 1103 2219 _079 0._ 2-9-93 838 44_ 4.927 -0.0_
606.92 1046 343,32 9J_5 401 7,3413 744 227 _ 0.03 3.4J_ 81.5 44._ 4Jld2 40_
6.-7.92 811 341.50 7.1636 414 3.4Mt3 730 3.1.1 _0756 0.06 4.64_ 722 44.07 4.2814 .0._

_ 341.53 7.1081 -0.13 J-640 72S 44.58 4.?286 40.07
104-92 819 MIJ,5 _Ji98 -0.14 I-1 64148 723 4223 7,2N_ 407
U.16.92 &55 343.72 8.5221 .Leq 1.21t.92 917 _ 4.4.550 40.07 74.93 733 42 6.701)1 0.46
124,92 1001 364,05 9.9512 .0.08 2-$-92 1137 34.8,5 3.952S 40.12 6.2,,13 "706 43.g0 _ 0.07
I-7-S_ tO9 344,18 IL11_ 0.94 3-5-92 1408 34.49 4.,!810 ,0,13 6.14.03 183 (5.18 ,t,0S08 40,08
1-1.q43 16U 342.33 &0788 .0.11 44-92 804 34.28 45720 "0.13.16.15-03 T_0 43.40 3.7023 404
24_13 920 341,2 7.0_89 0.10 5-6-92 736 33.39 5.31_4 0.93 11-1_3 U27 4339 S,_019
3.41.93 183 340.41 6.0137 -0.12 6.3-92 7Z4 $2.g8 SJt2_ 0.00 12,22,10 110 43.27 4J2_6 _42
4-6.93 130 341 &62_ 40.14 7-2-92 711 NI.22 S.JN8 0.01

753 341.61 7,3075 40,11 6-7-92 739 M.Y7 Ji_517 0.04 1,8
7.41_J_ 1332 340.6 6.2163 -0.12 6.9-92 810 3.$.0 ;_4042 419 ').I_)1 101)8 40._ S.94M -0,07
6.2,4b 752 34L6 7.1S_I -031 104-92 808 3529 3.6406 .0,27 8.U.)t 0(15 (_ $.6381 407
S_14-93 924 340 $.7076 0.00 11-10.92 MO .35.14 3JMM .0.32 1_3.9E 1126 41.418 3.511108 .0.05
10-1.5-93 6,55 34_ 5.SeS2 -0,39 12-8,92 9dL5 :30.12 _ ,0.32 5t._)t _J8 42,59 &l_ 40_
11-14J_3 1444 340.93 &_ 0.00 1-7-93 925 _ &0431 .038 114,)1 133_ O.13 _ 40.03
12-21-93 1.53,5 342.00 7.7537 409 2-_.93 _8 3,5.19 3,_r/ ,0.25 $-J_ 14N 4L74 4,0M_ 40.04

3-_93 838 15.92 22912_ _J_ l_lM_ 1058 43,17 ?.SU0 U0
t_ 4._93 736 3.5.8) 22.)477 .0.23 _ 1433 42.) 228_6 0.00
1.3.SJ.5)t_ 38,63 LSI_2 0.18 _4.93 715 34.g6 3,4164 0_ 44.92 934 4211S 2J_ 0.00
1-J.91" lJ_ 3722 3.8282 4U 6_SO 735 33.13 S.7829 411 S4,92 8_0 41_9 3J092 403
3.,q-92 1517 NL_ 2.1188 -0.08 7-6.93 fl_ _ $,JO0_ 40.166,2.92 7,12 41.51 4.3146 40.01
3,S.5_ 1_ U 2.4014 0.00 6.2..93 "7Z2 34.83 4.03"74 44.1874.92 740 41_ _ 401
44.93 648 37.9S 2.8945 -0.01 9.14-_ 8S2 36.05 2271518 418 8._S2 713 43,Sl 2.2008 .0.05
JI.S.92 1428 37.46 _40_ 0.00 10.15.,93 638 36,.52 ".23Sl .4,20 J.SJ_ 748 43._ 1.4671 0.00
&l.sr_ "1250 36.99 3.9249 -0.01 11-19._ 1418 34,81 4,07JL3 _0 te4.93 725 43.74 LNM 400
6d_.gP (1231 36,82 3,8166 036 12-214_ 1,519 34.56 4,1911 .02A 11.16.9 I_0 43J_ ?.a_AI2 400
7_YJ_ 928 39.47 L1_2 0.00 L_1.92 911 41.71 4.1171 403
8.6.92. S_32 NL99 _ 0.13 [.Z fit) 1.7-93 5108 40,96 4.928 -0,08
J.9,_ .549 3).09 _0.7046 Imtld S-1.92 1130 44,42 4.7,1_ 0.03 2,448 838 43,68 1.0818 .4.01
6.17-92 "_07 38.44 4.9407 0._0S.6.92 806 44.12 5.0N6 0.003.4MO 815 44,25 1.3499 0.00
t6.84/ _ _81 4.52_ 9.01 64.92 736 41S7 S.7203 403
11-10-92 1032 38,,54 4,8137 0.03 %3.92 726 43,,14 S.S71.q _ 1-9
12,9-92 921 34dj2 _ 400 11.7.12" 658 O.3 3,6305 _20 %12.)1 1_0 19,07 3.3714 0.03
1-7-93 1107. _ 7.2877 401 _92 "/32 46.04 _ 0.03 6.t.S._L 031 IUS 3.J275 .0_

744 38.?9 4.41122 0.07 104.92 737 4S_ 3J71_ 0.01 8._.Jt 1127 _I__) 22(d_r7 0._
3-9-93 730 39,5 3.75" 0.05 11-16.9 182 45.73 _ 0.04 9,$,91 739 20,83 ?.434"7 0.04

I,_-6.92 859 43.86 5.8361 .0,0 I,_)=5)t 1.530 t9.84 3,4848 0.06
1B 1.7-93 849 43.18 6.7032 _ 1-_92 1454 1Jt_6 4.12_ 0.04
l,_J,Jl 1301 38,82 2.5,T76 0.16 7,-940 822 4.5.75 4.013 461 _q.92 _ 22.14 L1039 .0.03
l._,gJ2° 1.120 37.10 4.4456 0.11 3.51,93 800 46,2 _ 444 3.S.92 1433 22.49 0.6965 0.00

1317 NL78 _7406 0.03 4.6._ 712 _ 3.0163 .41,2_44.92 4104 22.'/8 0..1848 0.00
3,S.92 1039 38,51 3.0164 0.03 S-_93 727 O.91 3.3WS 418 S4.92. 81.5 _ 13.706Adj
4.8.Y_ 648 38.08 3.4904 0.01 7.6.93 752 44.06 _ 411 6..!.92 742 _92 J..50_ 0.00
S-S-92 14Z8 37.61 4.01_2 0.00 6.2-93 714 O_3 3._01 -0.07 ?._.92 740 23.83 _ -0.01
6,_9Z IZ$0 37.13 .4,5299 0.00 6.14-93 839 4eL.39 ,.75_ 407 I.%92 713 24.38 3.9611 .0.03
6_10.5r/* 1231 36.95 4.72,0 0.00 16.1,q-93 729 4_.07 _-0456 408 ).h92 7,0 25 3.5196 .4123
8.6.92 5102 39.14 2.7351 _M 11-19-93 1401 4326 4.0108 416 1_1J.92 725 2_03 _9199 .0,49
_.5142, S49 39.22 2.72U -_41 12-21-93 UII 44.95 4.4104 418 LI-LO.9 824 Z6J8 2._12 .0,44
1e,6.92 _S _1,93 2.5_8 0.07 t_J,92 911 2_04 2.7283 -0.43
ll*l&9 IW2 38,67 2,(D95 0J2 1-7-418 968 2S.04 2JIM8 -0,41
J,1-9-_ 921 36.05 4.4587 0,25 ?,,9-93 838 _TS Lll072 .0,39
1-7-93 1102 3JL01 S.7_1 0,23 34.93 8U 27_13 1.5113 .0.39
2.6.93 744 38.95 _ 0.27

'73O _ 1..5474 O.29
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Tape andDataloggerReadingPairs (contd)

Wd_. _ kT,e, Duu, _,cb Wd_. _... ST. ou_ ,_cb wm_. _. sine, _ _,c,
t.tM t, tm 1,2
t.14.M lX$1 32.97 _ 0.11 ?,Xldq 1110 44.W 4JJl_ tOO _t&m 11415 _ 4JM_ &m

, J4ktl 1219 33,'10 _ 0.04 IkUktt _8 40,87 4.g8_ 4eO tO4.m N6 3£41 S.0153 411
34k1_ 1310 3&X5 4.1M36 0_ Ikl_kSPt IW8 44.04 _ K01 tbUMt 817 3£24 5,2W6 411
4,d.VJ 811 32.M 5.42_ -&GO !k_91 727 45.70 3JI0_4 0.m Uldl.512 _ $4.$ _133 413
S,6_ 756 31.04 _104 too lblSUttoemmt 46,0O )._ 401 I.?-11_ 104 3146 _ 41,1
di4.m* 720 . 31.6"7 _ _01 tld41 1300 46J4 _ 0.01 _ IW 36.15 !.1672 411

' 74._ 716 32.17 4,_674 400 t.t_93 1_ 4S.I4 4.1013 0Jl 34_ 115 3£97 4._ 0_
t_JISP 733 43.73 4,4183 4.04 34.93 1012 4d_ 3_ 4_1'
9.t.n 1236 34,09 4.10_4 0.00 _ 1251 4_44 3.1473 &00
t0_-R I_ M.II 4.1_1 _ 4_5_ It_ 4£44 X168 401 I&M 1524 _ A6"J_ 4_3
U.IO,J 836 3&61 _ 0.M _ 1141 4_01 X612S &10 2-S._ 10S9 U _ .O_
12441 t03 31.72 &74_ U0 4_1_1 1014 41.17 4Jl_ _ _ l_O 3k41 &7Ill 4d2
1-748 !_2 30J4 7J54 4_0 _93 10_ 44J2 _ _ 44.5_ II U 3,e046 O_
2-_ _ 33.t_ 4.2441 0.06 8.6.93 1_7 46.00 2.111M 4_ _ 1131 lib 3_001 U0

107 M.Tt 1.W79 0_ J.5_93" _7 473t 2_ .0.01 4.1._ I_S 4JSS2 tOO
1e_-93 041 4727 2.1301 ,0.07 6d0,Pl 10_ 146 S.IlW 4W

t-t_ 11.10_ 927 47._ 7.6176 ,0_ 8.6.1_ "101s 3£61 _ .0.15t
743-91 1e37 MJ0 &TSI7 406 114.93 ta31 45.7 4.1919 433 9.t.tPP _0 31.12 _ 428
9.tl.tq 1003 36.17 7.1_ 4.18 1-7-tD 1_8 4&12 4.?MII _ 10_5q 182 311ti 2J321 4.31
Ik32.tt 1146 3£11 1.3128 408 _ 945 _.e_ 7,713 ,0,17 |l, t0.1J 1118 $1,W _.7411 4J3
t4-tq 743 3&63 4.7343 4._ 3d_J ell 47J 7,17D ,0.U 1_4J,Sq 1019 _.48 4.4M_2 4J6
U-&_ 1_ 34k3S 3.M32 2.97 1-74_ lJ_ 28J_ S,1_
1,0,_ 1.506 37Jr7 S.5572 4,01 t, tIC _k40 _ IM 2J_ 4J6 i
_1.ttl 1W0 U k_004 .&ell ?.1341 1112 4170 4,131 ).t._ g06 31.$4 7.2239
3.1,111 1442 39.07 4.2_ 4,01 IkU.t_t got 4L4S 7,1;27S_d_
44._ 917 30._ 4.4339 0.a0 8._.t_t U00 47.00 L_IS9 0.0_ &5_
J.&IPl E7 37.118 5.4168 0.01 514.1_1 728 43,30 0.tM_ KW &lJ.5tl 1_8 43,417 £_MW 0_0
64,1_ 7*,0 37J8 $Jk;18 _01 11.t_gl*,_lttt_ 0.61 7.112 MJ. 8,13.91 1217 44JI0 4,31162 0,00
_,1,5_ "730 37JJl S.6138 4.01 U.S.ttt 1_ 47.00 I._6 4.19 tJ.t.l_t 756 _ 3.1632 0.01
8.7.J'P 705 3_.4S 3._J_ 0.1.$ 1._93 1£15 0.08 Z_4t 4_18 t_tJ,tt 1011 46,$1 3.11_ 4.11
tJ_.92 739 40_ &2004 4.00 1J.93 1012 44.01 1a5424 -0.18 t-J._* 1421 _ 4J_ 0_
10-_92 731 3g_ 3J_ 0.00 _ 1251 0.1_7 kSS47 4.04 _..t._ 14130 4_72 3.17_ Adj.
11,10.9 810 :M_.73 _ 4.04 4.8.93 ID$ 0.tM 1.4000 &W ),6._ 112S 4148 X67Z 0_
I_lq 918 37.73 _7M2 4._ S.&93 1141 4_ 18Y79 K00 4.8.tJ_ _ 48_ $,710 &00
1-_._ M6 34k_2 _ 4.01 4._93 1014 42.71 2.7t87 4.01 lkSkl_ 4S_ 4._32 .0_

3.9.g8 _1 _48 2.?MM 4.00 1,693 10_7 4122 1.2428 0.00 6dO.lq 113.5 _1Jl S._ 4J8
44kM "_ 4K43 7.M2 4.01 I14.93 427 _ 0.54_ 0.00 T.t.ltl 150 47.1 _,4_10 0_J
$4543 727 40.01 1._ 0.00 104-_t MI 441 0.6100 4.97 I_!11 756 48_ 2,t_ 034
64148 "_ 37.00 tMIM 4.e_ 11.10.9 927 44J_ am .0_ t.!_ 47.37 2.45y7 104
74_ -739 3&14 $_tlt 4.01 _ 1_1 43J7 Z.78W -0_ t04J.t_ 1_0 0.28 2J_ 0,20
Ik2,t_ '708 39,39 3,8S04 O.M 1.7_ 10_ 4U3 _ _78 11-10.t_ 112Z 4_ _,4_0 0A3
9.14-413 817 40._ 2J712 0.00 2.1148 1145 44.18 la_ 473 _ 1011 4f_ 4._ 0_2
19.1.5_ 71Z 4119 2.M74 .0.08 3448 912 44.97 L1142 .0.63 1-7-18 1131 44_ S._ 0.$1
ll-ltMtl 1.511 39.44 &tJ097 4W 2-1040 106 47.16 ZIY_4 0_0
1_224_ 1129 3&78 171i38 4.19 14 $4148 _ _.74 1.51,O e.56

1.1J.!_ 1W0 33.41 I
1-1_ _ 110 33.78 4J51_ _8 3,t_
9.28.93* 1Z30 U2 63004 0.00 3,4.93 1413 33.52 4.1 &ell _.lJ._ 1200 _ 4A304
10.L_ 712 &44 &7137 4.08 4,8.93 "/49 32,Z7 5.2548 0.00 &6._ 1130 48_ 4_M0_ 0_
11-19._ • 1511 8,00 6AYe4 4.06 S.6,_ 7_ 32.32 62786 M0 4.X._ 040 _,2 5.1154 0._
1_324_ IL_ 8_ _J_ 4._ 6J._ • 730 31.04 _71@ -_M J4-YJ 1247 4K64 L75M K00

?.I.N 704 _ 4.2127 1.01 4.1._I 1226 _ &4NI "&00
IL.UI4 ?,g,5_ 1255 34.,18 11M34 0.48 Ik30.lrJ 1208 44,31 7.1806 4.00
5'._.5_ 11_ 4.5_ _.g_05 4._ _.7.J2 745 33._ 3.0611 0,00 8_.5_ 749 4dd12 4.4,507 &e_
8.tS-_t 1105 44.97 6,2738 4.10 1J.9.tpl 810 34.3.5 Z4041 4._ J.9.93 1214 47J4 &_28 0.1t_
8.13.91 IW$ 48,W $.0414 4.01 10at,_ 8D 34.19 7._ 401 10._.!_ 1327 47.1.5 3.0400 0.18
• 4-_1 7Z6 48,_0 _133S _ tt..t4_ I _ _ 4.25 lt-t_ 1130 4_97 4.1483 0.17
I_ 1.504 47._ &2S_9 &W ,lab_ _2 32 5atl_ 4.44 11._5_ 1_3 _97 OI06 148
t.tMtl 1.53.5 4_68 4.1424 -0_ 1-7-_0 _ 3114 £7312 .0.62 I-7-413 1124 44.48 t_5 1.84
_q-_ 1012 47.68 _ 4.01 _ 911 _97 3.633 4.66 2-10._ 813 47.06. 1,974S 2.10
3.S.5_ 12_1 47.57 X.T_14 4.00 3.9.93 844 34.81 7.V014 4.72 _ 1148 47.59 IJ_ 1.91
4.1.1_ 8_ 47.59 _ 0,01 _ 742 34.00 3.1085 479
S._ 1141 47.15 3J226 &00 $4,418 744 _ 3.5407 ,0.79
&2-_ 1014 46,3 4.7436 4.01 _ 70 YA27 1,7_1

• 6_.5r_ 1020 4.5..51 $.MI_ .0.01 7-9.418 816 32.0 _.40M -0.86
Ib6,_ 1_7 47.72 _ 4._ &2-_ 7_ _3,4 4.1147 4._
t_ 627 4&O 7.4699 4.e2 _.144_ I 15.W 2.1W7 .4J3
to.8.t_ 841 4_4 2,4904 4.01 10.1S4) 644 X5.47 _ -0,87

, lbtO, t 927 40.41 Z4_ 0._3 ll.lt_ 14_ 33.75 4.21.56 .0_
t_lq IWI 4_ _.ID17 0.14 12,21-93 1,527 33.48 4.5544 4._
1-748 I_W 4_8 OM6 0,21 10.1,5-93 644 35.47 7.J4M ,0,87
2,9._ I_ 48,17 '2,3999- 0.30 II-I_MD 14ZM33.75 4_U6
3,_ 912 48,51 17_1 0,4,3 12-2140 1.52"7,13,08 4,5544 .0.tl8
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TapeandDataloggerReadingPairs(contd)

Wdme Tree ScT_enC_dsAULCUWeV_ TUrn _.TWenCnd_SaLCUWd_ _m, SLT_oDLP4 _CU
4A 4-1 4.9
IM_1 NCYFI1q_LBDYEr 124.91 1_9 S_3 _ 0.Co o.t_R 1042 3T3S ?J139 0.N
b_-M 10S4 2_.17 3.5784 0.00 14_P2 1347 SZ0_ _ 416 _n.II 1231 31_ J.qJ84 0.M

1334 2t32 3.4280 401 2.13_ le_4 _O _.1308 Adj. NJ.gt 101 _42 S.lJ'R 400
1S2S 2U2 3.e016 0.W _ IeL5 S4_ S.77m 0.U _ 11_7 48.12 4_8 O_

4.V.91 1010 _.01 3.1133 401 44_Y/ 1013 NL87 5.N_ _ t_91 1404 U 6_34 404
1330 2tJ$ &lTtdJ 401 _ 1223 SIJ2 tuqT_ 0.M _ 1436 4U0 43442 Adj.

6_91 ° 13Z0 2Ul L4843 Bedsd 1.2.91 1139 S?.75 7.2338 0.01 _691 11U 4U_ 4_d8 4ed
6,IO,,M 1100 28,91 _ Ikd_ 6.30.II_ 1136 $2,14 7.8_ 0.CO 641-91 W7 40J4 S.U21 404
64S_ ° 730 28_5 S_411 0.00 _ 818 MA3 _ 407 _ 1232 3_._ _eO_ OJ

_ 28_4 S_8_3 4e_ _ 1148 _e_ 4JM46 407 _ 1213 $t_t _ _1_
8_i.91 848 _24 44287 4_ 10_-_ 1_0 _ $_01 _ 6_1i_91 1147 3&75 _ 4_
0._91 (d2 _ 3.9928 0.00 11-1042 1104 S4M S._07 40J _ 001 4L_ 4._6 .0_
te_ 2U6 3._1 _1 12.4k92 _0 $3.62 7.4909 410 5J_91 1200 4L47 _ 6_L5
11.1_ 1_04 _.M 3A65 400 1-740 1116 SLY6 _ 41_ 10_5_ 1316 4L4S _ 0_
Ut_91 1_0 2K6S 3.9774 _ _1_0 749 M.T9 5.1338 _ lb10_ 1118 41_3 M_I 0.47
1-7-13 I_ 2132 43304 _01 3_ N0 SIJ 4J741 406 Ut.fu_l 1_ 3_.14 S_Z77 0.44
_1840 8_ _ _07_ _.01 _93 647 SS_ 4AB77 _01 I-_ 1136 U _ 0.40
34,q_ 1017 _.71 3.0142 -0.01 54.93 1337 M.4 $.M48 407 _10_ t01 4L_ 3L_2 0_

6693 J27 52.58 7J_10 _.12 3-_JO tM 4_18 3_48 0.41
48 ?-_.93 _ 53._ 7.0004 401
U.5_1 11Z4 2_18 3.1_1 0.09 b2_ MI M.q4 5.49_7 _ SA
I.J_n IW4 28_ 3.4401 0._0 _14-_ 706 SJIA6 _11J47 406 1-_91 1600 _ S.4d_ 0.12

1.334 114 3.3004 0.00 10.Ul-_ 616 J£41 3.74_ 440 14-91 1312 57.41 4.7_9 0.01
J.I.91 U2S 2K41 14J41S 401 11-1_93 1322 _L0_ 5.9032 409 _4-_ 14S2 57_6 4.ql_J 401
67-582 1010 2K43 3_17 _01 1_2_-93 1234 53.q4 _ 411 4.V.SV4 935 _A _ _00
J_91 1330 U 3.10m 0.00 S_91 1X55 ST._ S_ISl 0.¢0
6,1,4_ _ 27.¢r_ 3daSl 403 4-7 6_91 922 M,13 &1074 404
64e_ _ 2'7.34 43066 -0.01 12,4.91 104S IW4 _ 0.¢0 640_ 933 U ?.e012 406
_.Y/ 848 28.1S 3.411_ -0.15 14-91 1438 3432 3.11"718 ..41,401,69111 131 -57.41 4dll_ _,W
_91 6S2 U _ -031 2-12._l I._ _.1_ 5.68_ Adj. 1,51._ 640 SS_t 4.1001 4_
10,6,91 1222 28_ 2.9_6 .0,23 3,.6,92 1107 _.24 £4713 0.14 |e,4.YJ 1149 NL2_ 331518 0.0_
tt-10._ 1004 18 3._M6 _._3 4_ I_0_ 3£8 7.M46 0.01 11.1_9 933 U _ 417
t_,_ 1050 2K_ 2,PM4 404 .$-$.93 1229 363 7AD77 UO l_lkY/ 843 57.08 5.U_ 4M
1-7-93 8_ Z8,__ 3.4113 404 6.2.92 1_6 . 35.75 7.eOa LII 1.7._ 81.5 _5 _ ,4W
2-164_ 829 28.4_ 2._ 401 61_92 _0 J_48 5._14 1.07 _ 80_ 57J_ 4..3295 .0._

1017 18 ?.8301 401 6,2S,92 _ 34,18 43947 Adj. _ 10M NLI9 3._78 4_
1-30_2 1141 35.39 3.7434 0.0O

4C b64_ J0_ YT._ _ &ram
1_5J_ IqOTINST_LLJ_ _ _01 1U$ 37.97 .0.1_q 0.01 1-_ 14_0 5S_J 4.q_9 0.07
1-_-_ 1334 3_.01 7.09£5 463 10.8.92 1310 _ 0.01_ _IZ _-J.91 1312 $£.13 _ 0.04
.1_ _.U2_ 378J9 7.0P17 _ II.IO.Y/ 1113 37..50 L4640 0.01 3.,5k91 1452 _ 3.'/8X5 0.03
4.%91 °1010 378,7 £7511 403 12.4J_2 M9 35_5 3.4_8 MO 4.%91 M.$ M,TI X44_ 0.04
fJ-JI-91 1330 YJvAJ_ &06_ 0.00 1.7-93 1140 34.74 4.454_ _01 _4tJ I_$ _ 4,16"7'/ 0.eO
_._-91 _ 378.43 £4007 401 2.1&9_ 751 37.75 1.177 _ _._ Y_2 S£3 S31M 401
6.10.Y_ _0 377._ 5.MS9 4W _ 934 31,4 &4S_ tM 640._ ,J_ S4_ £eS43 414
64_.5_ _ 377.M S_g_l _OS 4_13 6Sl _LI8 0.70_5 0.04 _ 831 S_42 3.'/129 O_
6_1_91 _ 3T8_ 6.8919 &00 S-640 1330 37._2 L_ Ul 0.5J_ 640 57.01 3.0Z32 031
l.&5_ 848 37&49 &4011 0.M 64_93 131 36.88 3.0017 .0.10 le_WJ 1149 57.12 2._ 0.28
5MJ.91 _52 377.$4 _ &O_ 741,40 tl04 36,33 ?.,,729 UO 11-10.9 1154 57.11 Z_ O_
10_.5_ 12Z2 3_K64 £1543 0.06 8-2-93 8Sl 37_3 1.3346 &eO U_91 843 M,17 3._J_64 O_
11-10.Y 1_04 377.465.4709 0._ 9.14.93° T_ 38.66 _ ¢t01 lo7.40 _ $5.77 44.528
13.Ju_ 1050 kmm b_um f_zm 10.Lq-93 41_ 39.00 0.9324 401 2-4J_ 809 M_76 3.TN9 034
1.7.93 ** 0" 00 oo II-I_D 1331 37.20 ?.88_2 401 3._93 1005 57._) 3.01Y/ 0_4
2-10_ _ 318.52 XDImd "* 12.22.93 1239 3_0 _57K) ._06
3-_ 1017 37K46 XDImd 00 SC

1._1._ 1_0 U 5.28_ 0.12
_.S.9_ 1312 28.94 4.Win 0.O4
34._ 14S2 2_ _Y_8 0.01
4._-5_ _ 2t24 4.5721 0.01
S-S-J= _ 28.74 J.2_33 0.OO
6._t-91 922 21_ 4.2217 0.01
6,,18._ 503 28,87 $.O968 ,4,01
8.6.5_ 831 28.O5 6,0061 4O4
0.0.91 64O _._ 7.3'7O4 .AM
I04-Y/ 1149 27J1 _1938 0.03
IIL-|O._ 9.5$ 112 _ -K01
L_ 843 27.77 _ _12
1-7-_ 815 27_4 _g063 _17
2_3 809 28_ 6.1379 .0.14

1_ 181 _ _13
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Tape andDatalolser Reading Pairs (contd)

Wd_e _ _Tqmnt.J_ _m.c_Wem_eTUN k.TWe_ _VJ_CUWd_ Tim St._ Ot.J__,.Cb
bl _C NUv IkweJn_..LlagY
IJ.t.LN 008 13.91 _ 0.00 U.9.tt _ 634 3.8467 0.16 11-1142 506 _74 _.41m 0J0

• J.9._ 4W S4J.5 _ .6.40 _ 1152 _76 4.S2_ 0.01 _ 1148 6.10 ?J216 4U
10.6.m _,4 54.41 4.41_ 4M _ 1508 S34 4.'NI0 "4M 1.6_ 1337 11.94 7.$F_ -I.58
1619.9 1138 _ 4.q45| .0.06 4.7.91 1e27 S.00 43T_ 0.01 _ 1150 27.58 23L$7 404

_0 S2J3 4,4519 406 S4.91 1547 5.76 _ 0.00 3.9_ 1116 3U7 &91_ 0.21
. I.?-03 1146 52.13 4.0838 407 6.2-_ 9J9 _ 3.'/0_ 0.00 _ 044 _ tlil_ .&e0

3.10_ 139 $4.24 4_183 407 &30.02 1001 6.46 &_437 0.04 _ 1046 24.64 IXJW 418
3.41,110 749 S4.04 4.1751 406 _ IJ8 _ _ 0.04 7.144g 1410 &N41

9._t 717 ".16 _WJl 0.06 8.2-_ 1318 _6.76 2.SLID .0.11
6.1 104.91 12.18 £01 3..Wa4 0.04 9.1640 _ 27.18 Ua0IJ 41J
1.M _ 0.13 U.IO.0 1017 6..U 3.644.5 0.04 10.144_ 13_ D.04 334;6 419
_.S.92 1412 46A1 S._82 0.06 13,_.91 11_ 5.97 4.2842 0.W 11-18_ 151.5 $$.$7 _ 402
3-S.4_ 1541 46.65 $.$016 0.02 1-7.40 le_7 _ 4.5782 0.02 12-21-_ 1400 14_ 3.$_$ 4.30
4,."/._ 1043 47 3.186 _ 2.10_J0 840 5.49 4.71_ 0.04
5.S.92 1323 46.17 0.04_ 0_0 ).940 IW0 S.q2 4.787 0.01 Pl-2
6.?_2 1151 4534 7.0136 _ 6.4.50 1340 25.38 IL8_3 0.18

1130 44.3 &_5 400 IIA(S_E12) _ 1338 27.48 _ 0._
9.642 917 4£67 S.S_8 0.00 t.9.91 1600 45.11 &4644 4_ _.12-50 1223 27.50 6J_9 0.01

1140 47.34 4.T781 0.01 _.5_ 1.504 45.42 _ 4W 8.'?,,_3 1307 38_ 5..5342 0,02
IG64_ 12S_ 47.38 4.7414 0.00 3.bsrJ 1,545 45.75 2,N_ 40,04 9.164D 853 _ _ 0.04
11.104_ 1145 4734 4J_I _0 4-741 I_17 45.83 _ 402 10.144_ 15U 30.t2 3.741t &02
I?_J_ 11.10 4_71 &45_ 0.07 S.S.91 1410 45.71 2.9177 0.00 11-1S40 L506 2136 4.1614 0.04
1.7._ 1044 45.36 6.1876 0.12 i.2-Y_ 1239 44._ 3.7427 0.02 12.2143 1402 U S._J3 0.01
2.18.50 _ 47.11 4.51047 0.12 6..19.91 L_I_ 44.$9 4.1_6 0.06

' 3.4k4_ 508 47.46 4.5104 0.13 Ik4.91 922 45.28 3.37_ 0.06 P_-I
6S8 47A7 _ 0.14 9.tuyJ IJ_ 45A0 3.1477 .0._ _1241 14U NL00 mDL.

S.640 1523 47.45 4J$33 0.11 1e4._ 1339 45.?1 3.M48 40.07 9.2S.91 I_ _ _ 400
6440 819 44_ 7.3122 0.10 11.19.9 1_2 45.77 ?._12 404 1_S-_1 13_ ;7.04 4.gW_ 0.00
?.M_ 048 4_8 E,_4 0.08 t24.5_ IUL5 45.58 3.1427 402 1.$.9Z 13_ 3S_ 6,_D 411
8.2-_ 833 4£49 $.6179 0.M 1-'L_ I_0 45,G 3.Y_ 404 2-_92 12_$ .1L00 S.0482 0.01
9.1440 IW9 47.4 _ 0.12 2-10.93 859 45.13 2.51_2 .0.W 3.6.92 1_0 36Ai_ 7.4012 .L07
1_1543 743 48.32 3._10 0.09 3.9.50 13_ 45.9 2.77M 401 4-74_ 745 3£71 £0423 -LS_

11-19.50 I.$42 47.00 4.g_71 0.11 _x_JunNoLo8 5-5-92 758 U 0.5V_0_ -LI4
12-21-40 1S43 46_4 S.4563 0.00 7-g4_ 922 45.04 _ 0.00 S-21-02 000 ,,o e,, 000

&2-50 004 44A7 _71 .0.04 _2442 505 3299 _IM7 0.02
7A 9.14-50 1_ 45.00 3L41714 40"; 6.30.92 852 33.50 4.7304 0.00
U._.gt 11.54 G31 5.4_0 007 19.1S-_ ?J0 45.12 _KS9 4_0 8-$4_ 1240 3L$ L_08 0.01
_.J.5_,, 13S2 4?.42 _4664 4_Z 11-10_ 1550 44.96 3.8049 406 9._-92 855 37.64 0.8_1 0.01
3.J-_ 15M 42.48 13476 0.W 12-21-50 1003 44.90 3.SNe 409 10.8.92 _4 27.84 _ 0.00
4._._ 1027 42_ _ .0.04 11-1042 1237 38 0.4_ 0A_
S._5_ .1343 42.74 _ 0.00 8-1 17,4.92 1156 3_S 2.$12 0.01

_J_ 42_4 _ 0A0 S-t._ 500 53.49 4.1018 0_ 1.640 14_ 15.44 ?.8891 0.01
i..l_Y4e 1001 42.S 4.5183 ,LM S.6,_ 137 53.12 4JJ_8 0.00 2-9-13 11.54 37.31 L07/S 0.07
_.4._ 7_$ 4?.46 _4713 407 1.3.91 1143 5?.52 _33 401 _ 1117 37.74 _ 0._
t.691 838 42.46 3.4721 407 _._10.91 1010 $1.59 £';013 401 3.24-_ 1527 31L49 4.43?2 0.e_
_9._ 711 42.61 3,_O 404 S_91 tOW ;_04 _ 404 _ 048 NL13 4.1_8 U0
t0_.5_ 1238 42.M 3,1_6 0.00 5t._ 610 S4.77 3.9083 400
11-10.9 1015 42.76 3_818 401 te_5_ 700 S4.71 _.076 460 PS-4
1_9._ 1120 4_ 3_433 0.01 It.t0.9 754 54.6 3.$238 407 9.17,91 1515 39.13
1-7.40 lg_7 4?.00 3.1406 0.01 LLg._ 828 53.12 SJL52 .021 11-11-91 1144 4L04 ?.044 401
2-19.50 840 42.68 3.1354 0.02 1-7._ 1017 _ 5.1061 -0.23 12._91 1347 4L27 1.79W 0.00
3-9.50 le00 4?.75 3._41 0.06 _ 80_ $4.5 _J01 .0.23 1-9-92 1300 41.52 L491S 0.02

3.9.50 759 54_ 3.367 421 2-4-92 12_ 41.55 L4T77 0.01
711 4.6410 _ $_.19 2.5072 413 3-6._2 1239 4L71 1.2155 0.08
13.51._ 1157 _M 33112 .4.02 .T.6.50 1316 $4.5,1 _ _ 4-7-92 756 4Lli_ L17U .0.00
_-J.Sf_e 13.52 41.04 _01M 409 6693 811 52.17 _ 419 $-$-92 "/SO 4Lg6 1.0478 0.00
3.,9.51_ 1500 .4LIO ?.8640 409 7-9.g3 _ ._I.UI _ ,0,24 6,2-1_ _ 41L.6_ _ &00
4-?.91 1104 41.30 _ 400 9.2.40 123 13.88 _ 4U 630.92 044 41.34 LT_ 400
S-S-_ 1347 4134 230_ 0.00 9.14._ _ S4A7 3.1145 414 14.92 1232 41.46 1.6115 -0_
6.3.91 _ 4LW ?.,506g 401 10.15-413 I_9 55.79 2._43 412 9.4k02 849 4L_9 _
6_10.91 1001 40.50 3.04"_ _ 11-19.40 1347 $4.41 5.7155 406 10_.92 919 42.11
8.6.91 858 41..?.4 2.'7012 400 12-21-50 1500 $3.00 42488 .0.12 11-10.92 12S3 4?.4 0.54181 0.01
5J.SP._ 717 4L44 2.504 402 12442 1134 4_ 0A904 0.17
|L0.J.91 1238 41_ _ .0_ 1-693 _ 42_ 0._i_1 _.02

. ll..19.9 1017 41.50 2.41_6 404 _ 1144 42.0J &0433 -0.W
13-5J_ 15Z0 41.2 2.M15 0.06 3._50 110S 47.10 0.11_$ 402
1-?-M 10_7 4L19 2.9149 415 4.4.50 831 4?.46 L5317 .0.02
2-10._ 84O 41.3S 2dOg5 4M
34_4_ IW0 4L44 ?.5174 4_
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Tape and Datalogger Reading Pairs (contd)

Wd_e _ S,._qm,re.ads _,Lct,W613.'Zlm i.'r.e. _ AlJz,a, W,WO, _a, kT,t,= _

I).12.91 1348 _tJe soDt. 13.S_1 IU0 soups S._JS7 _27.91 044 _N 2.113S 406
11.11-91 L_ 44,18 L930S Ul 1.942 1430 22,20 18JX0 _ 12,5.91 _ L4W0 404

133,5 44.46 _IU3 _ _ 1423 3¢m ?_ 0.W 1.040 1458 _ _ 401
1311 GIQ 4,1478 404 31442 U11 E07 8AIIJ _ _ _ 45._ _ .U0
1244 _@ .2,60¢5 tOO 4.'740 |U 30.18 6,4118 400 3_ I_ _ 1J_ 401

2.640 1245 _,01 3.1364 400 S.5_ 937 140 7JOH e_0 +7._ Me 45.3 LIMd _e_
4.74_ 741 _ 13248 0,01 &_92 748 _ 8A190 4_ S-S._ _S 45_ 1,30/0 &00

7S4 45.48 _ 0.e0 _ m0 27.10 ?.MS4 0.W 62._ 7,IS 44_J 2,M41 401
6.2._ 730 _ 1.0_3 .0.01 8-S.92 1314 32.18 5.4_ 0,04 6.30_ 813 43.81 3,,28!6 4m
6.3042 848 41.48 _ 404 94_ _17 20._9 ?._1 4_ 84_ 1304 45.48 IJ_ 401
II.J-92 123,5 44,13 2J048 401 10.0.92 _ 31.U 4.0016 0,06 lJ_J40 917 45.93 _ .0.0_

U0 44,97 2.U27 U0 11-1_92 1330 MJS 3J_4 0,08 1_4k_2 _ _ 0_79 403,
10.0.92 921 45J_ LTJU &_ 12.0.92 1.300 ZZ.28 10.118 007 11,10_ 1.307 46,47 0.4073 ._01
11-10.92 1235 45_ LTM2 0.07 1.4,48 1441 Z0.U 11.331 412 12.8.92 1327 45.8S Lle_ ,0.93

11.39 42.9_ _ 0.01 2_-_ 113S _ 1._1 .0.53 1.6,93 1430 45J7 _ ,,0.e_
1.6._ 1346 42.67 4J_04 0.04 3.0.93 1148 36.19 4.e046 ,,4L35 2.4J_ 1110 46,13 O_J8 404

114S 44.88 2.13_ 0,07 _693 922 M,2 4,0084 _ 3,0.93 t224 483S _ (LeO
3.3.93 1110 _ 1.20 0.0P S.692 1006 31.3 L43U .046 4,693 91S 46,113 &046

834 46,34 0.$131 0.13 6.14.93 1101 31.6 _ _ S.693 gSe 48JtS 0._'_
7448 I_1 21.6 9.144 448 &14._ 1046 44.78 _ .0.50

PS-43A 7.14._ 1348 20.64 0.1312 _ 7-0.93 45.17 L738 0.04
le_ 21J8 1.8075 .0_ 0.2.50 121.5 32J1 6,1918 477 0.248 11S4 45.48 1.4714 401

7440 1400 _J 1,1.306 0.40 9-1640 W2 $L93 ?.1318 -1,_ 0.1S48 1433 46J2 0J60 .0.00
7-1240 11,53 _48 ¢110J K_ 10.14.40 _ 30.51 7.7"£4 -1._ 10.1448 _ 46411 0301 407
0.243 1331 27.37 2._ 0J3 11-1648 1423 M.04 4.7"_1 ,I,JI 11-1648 lS45 4&_ _

1235 _6.5_ 1,48J5 _'1 13.2148 _ 24.N_ _ -I.IS 12-2140 1316 46.35 0J)_l 400
0.1640 .733 27.9 2.1318 0._
10.14.40 1339 1.6671 0.$3 H3-2A i'14.0
11-1848 U38 27J0 2.7_2 0.61 _ 1141 42..51 S._ 0.00 0._31 1410 4330 I._'11 4.04

12.2140 1427 3.6707 0.66 4.648 923 42,/7 _ 0.01 124.91 1219 44.50 t.45_0 .0.01
5-640 _ 45.07 1..3613 0._ 1-9.92 13.54 43.4J 2.0M6 .0._

FS.438 6.1448 10_5 41.74 6J_6 4,08 2.442 1345 43_ _ 0.50
6,_.93 I_ 23.13 11,J01 0._ 7-8.18 IZ37 41._ _ 0._ 3,692 13U 44A1_ _ 0.01
7448 1_ 24.04 _.7428 0.00 8.2-50 1:_ 42.92 _.51.53 400 4.7-4_ S04 44.15 _ 0.e_
7-1248 1152 2£01 OXSS3 0.64 0.1_ 1444 43.13 _ .0.06 _.S-92 MO 45._5 £7417 0.00
8.248 1,332 _ 8.0018 ,0.64 10.1448 1154 42.8 1,70SS .0.93 6,2.92 740 42.43 3.1_'/ .0.01
9-1640 734 27.,32 7.e_07 0.13 11-1693 1.5,57 4Z.SS _ ,0.04 _ 010 41,20 _ .0_
10.14._ 1339 27.45 L5050 0.0_ 12.21-_ 1310 42.61 1,7&52 0.10 8.5-92 1300 _ _
11018.50 U38 27.S4 _ 0.11 _ 913 _4_ 0.TNe 401
12.21.50 14Z7 Z_J0 LT0_ 0.10 H.34C 104_ _e3 44,86 _ 0_

• 11-1042 1311 43.21 1.2713 _ 11-10.92 _ 44._ 0.41.51 0._
_ 12442 1345 42,78 SJ_13 ,0.e_12-8-92 _ 41_ I._ ¢01

7.41.418 13.53 32.01 2.9M7 0.00 I-6._3 1437 _ 6A8 41,04 1.650 142S 41.33 2.1774 0.01
7-1248 1142 34.3 I..3917 0.10 2._50 11,31 4ZM 1,0132 0.00 2348 110_ 44..59 U144 0.93
0.2.40 1327 35,23 0.11196 0.36 3-9.50 1141 43,17 1,4148 400 3-948 1227 44.1 _ 0.04

1232 34.48 0.011 0,364.648 923 43.6 4._ _0_ 3-15_40 I_ 41.36 L0013 0.00
0.16.93 81,5 _ 0.$071 ,0.06 D_s_mmtsdXD 4.6-93 910 _ 0.70_ -_50
0.2048° 14_0 3,5.06 4.'_6 0._0 8-2._3 1208 _ 1.0148 0.02 _693 044 41J6 L01_6" 4,12
10.14.50 1.334 _ 4.7207 ,0.1,5 0.1,5.43 1443 42.,52 1.g014 0.11 &1448 1042 42.53 3J32 ,0.08
11°10._ 1.524 31.13 4.128) 404 10.14-93 11.54 43.43 S.0640 0.07 14.93 1222 41.11 1,2S07 .U_
L_21-50 1426 33.18 6.139 UO 11-16_ 1.557 43.38 1.0472 0.13 &2_ 1148 4167 2.706

12.2148 1.310 43J2 S.e0_l 0.16 0.1S._ 1428 44.J9 L4J_
FS,46 10.14-40 41.3S L1771 4O8
_._040 823 0.72 S.1913 0.07 11-1640 _ 44.61 _ .0.09
7448 1330 4¢87 0.16_8 0,01 13-21-93 1318 44.5 I._e6 .0,10
7-1248 1230 47._ 6,01"71 0.OO
7-14.43 1423 47.m 1.YJq09 .0,50 144.10
8.2._ 13_ 0.29 1.7447 _0_ 5-_-_" 1_S9 U _ . 0._0
S.3-93 _ 0.33 1.7010 .0._ 6.14._ 1113 _ 4A_504 .U3
0.164_J 745 48.56 4.36_ 400 74.50 1247 1/8 4J_5 _50
10-1440 _ 49.93 3,8_6 ,0.04 0.240 1212 30.78 3.8S8 .0.04
11-18.93 14.5S 48J4 4.07'_ ,0_ 0.1.5-93 14S7 31.519 2._1 ,0.13
12-2240 14_0 40._1 4._ .0.05 10.1440 1223 32.28 2.,3070 .0,18

11-16.93 1439 31.17 3..5918 .0.19
P6.1 13-2148 1329 3K_ _ .0,19
6448 906 33.27 10_ 0_00
74.93 1410 35.73 7..5071 _0_
0.2.93 1339 3_44 6.78S2 ,0.H
0.16,50 804 37.50 SJ13 ,0.14
10.1440 1347 38.45 _ ,0.18
11-1840 LS_J _l,0S S.N08 ,0.14
12.2148 1437 27.74 5J139 4.23
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Tape and Datalogpr Reading Pairs (contd)

H4.11 _1,3 E.lt
. _1_ 1104 _N 4_ Elm _ _ _ _ LO _ _ _ ?_ &m

_ 4_4 _ _ /.,14,._ 1,1111 I"7.1_ _ .4Ull I,.14B 1101 I_14 _ 0,,O0

&_ 1_ _ £_ _ _ _ K_ _ _ _1_ 114 111 _4 l_
" _ i.,I0/ ,42,,M ?£_ SM I$1_ Ii_ 17JS 4_1 4N 11-_ UU _,,_ _1011 leo

'/.I,_.418 1240 43._ il_llli0 0,06 Ibll_ 13,19 MJ6 44_l 481 1241-_ le01 _IAO 44U9 0_

_.lJ._ 1,523 4J_ 1_ .t_tS E.3=A

I0.14._ _ _4iI 2,_18 404 S.lS._ 14¢0 ir/.Y/ 4"/4_ t00 _,IS._* 10_ _ _
11-_ _ _ _ _ _ I1_ _N _ tN _1_ _ _ _ _

i.lS.il _ _ _1,111

_ _$ _ _ lb_ _ _ 3.9044 U0 S41-_ 1239 4'/X _ &00
IUi 4&43 i.llil ill0 12-2140 _ Ir/JI 47308 _i18 i.lS_ _ 4Kit &MN .lit/

31,4.51_ 13_ 41&_ .4kS_0 _.14 S-IJ_ 1_ _ _

_ _ _ L_ _ _ I_ 14,7 _ .ON S-P40 I_ S2._ &.qM tO0
_ U _ _ _ I_ _ _ _ _ 1114 _1 ?_ K_

&Ibm *"' 0'_ "" • "'" 10.14,_ IN8 16,11 ?.III19 .0,11 "/-14.41S 12S8 _M U806 418
6._,4_ 1_ 3S.'76 _.4_ 0.06 11-_ 1414 _? _ 4_ _ _ _ _

tJ._ 1.319 'l&_. 1.48,0 -¢W 10.14._ tJ_ 1131$ Jl.31_
_0 40_ _ .0.04 O_.S4A . Ib11_ _00 _,_ _ -0,83

1_ 1_ 41_ _ _ _1_ _ _._ _ _ _ 1_ _41 _
11-15.,I 1342 40,6"7 0Jl0_ _ _ _ _t.7 3.1N8 &O0
_ DU 38,M 3.3313 4_ _1_ _ _ t__ _ _
1_ 1_2 _ _ _ _ IDI 6_ _1_ 441 _11_ 1_ _ &_ &_

1_ _ _ _ _ _ _ _ 4_ _ _ _ 7_1 &01
_11_ _ _ 16_ _04 1_1_ 1_ _ _ _ _ _ _ UI_ U0
3_ i_ 4L_ 14104 40¢ 11-II _ 6L.lt _?t6 tO 6441 1 _ 5,77_ llO
1611* I 4Z18 / 101 1_21-t3 1211 IGii 41S32 ID 6_ 748 NL31 10ill It

101.5 41_ L4419 _ 0_ L3_8 SS_ t_ 4_
614_0 1111 _42 _It49 i_0 _lll _ 10_ t7,43 7,,_8S + .U3

1_1_ q232 41S4 I1778 &01 _ 1_ U L_ i04 1_ U19 S2_ _i_ _43

lilt _ It l t 1_11t 11 61 l III DII ill _9
ll._l_ _ 6_5 3_ 400 16_ l_lS 6L84 U_ .119

1,14.1_ 12-21-93 1_8 _ 4._M ,0.01 5.648 914 J&69 &OTto ,0.0_
_.1148 I.t49 40+6 4._04 0,00 6.1S48 737 _ L17Z1 ,aM

123,5 4L,12 3.4401 4W N.RP4 _ 104 _7.7 _ 0,74
4.648 M4 42.21 _217 _ _ _ _ 7.1338 tl0 7,14-40 _ 5%71 7.2_14 413

1_ 41 _ &01 _ SFFCA _TT 4.3326 _ I_ 716 6_ _ ,,0.14

• _ 1.516 _M _ i_ _21_ 1210 3939 _$16 _ _ _ _/.04 7,8711 .106
10.14,ti _ 41,,22 3._ &00
11-1648 1.523 41.07 3.7672 0._ E_l B_.D

7-1-413 1¢17 21.26 IL_16 _ 7dMO 834 4S_3 S.2_8 104
146"1 i_ _ _ 7,4Z0_ ill il_ 814 48,07 2,7'J_ ,,&_l
_-21.93 1204 43.44 7.919 4ill liI.S-_ 1206 23JI9 _ iN 9.L548 737 4117 2.1833 4W
7-148 DI6 4lt5 7.4117 i00 10.1448 t42 ll41 _0041 KPP 10.1448 7,16 47_ 3_ 406
7-1248 _ 43.01 7.4656 .0.03 11-1848 III _1 1.5148 0,12 11-17.40 1422 _ l i_

9.1.5-_ U39 43.97 6_D 0._
" 1_1_13 1246 44,40 _28 &M 130 B_.D

11-16418 1.51.5 4439 I_SS7 II _.2148 1111 13.2 i 100 lil_ !774 ILl4 l?lei i00
L_211 D35 44,33 Ill06 i19 I 1008 12 ?J_2t il 7_1 ll0 _ i_l It

l_l l 71.18 &1817 -0_ 84_ 838 23.8S It 101
,- 9,,I.I.41_ _ /2..16 _ -0,08 9.1.I_ _N2 15,33 4.4196 i00

llll I _ / .0.13 ill # _ li 41
11-18-t0 IW7 73,24 61124 _0t 11-1748 1.134 2_J I1218 _.00
12.2148 _ "/3.21 i61_ .0.1.3 12,.21-4_ _ 24.79 J.0FR .&_
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TapeandDatalogprReadingPairs(contd)

I).1 n4.1
It.17.111 1237 4£19 1.Tsll -0.04 1,13.ttl 131.t 4Ltl L_ 4,11
I_ 111004"/.06I._I01 401 13.141 1110 42,M 113111
1-9.1lI I.$16 4S.10 4,,11111 0.W l.ll.lll1458 13.10I_IM UO
1.441 _ 4£0 1.6711 110 l-ll.l_ k 13.10 It_IS
1,6m 13S7 _ 1.1Jll 0.10 1,4.11 UIO 43,10 _ .4.12

!135 4£01 4._10 -1.1124,1.W IS) _ S.474Z .0.13
l.ll-lll000 ooo ,,0 000 1.1,_ 91.1 _ _ idlO
'/.I.II,oo,,,,,,,,,,,,,,-,,oooo,-,,,,,,,,41.1.11 1121 411.19_
'/-i1,Jl"1142 _ _ 110 I,_5J_ ,,,,,,,,,,,,.,,,,,,,,,Nooo,,,,,,,
I.I-91 1406 46,90 1412S 0,01 7-11.91° 142 63,14 _ 0.10
t_tkll 10N 41,11 _ 0.01 1,1.91 1341 41,1'/ S.77';5
ll,l.lll 1044 40,42 &j_5 148 9dMB° MS 43.11 5.1417 ,4t,10
11-10._2 1436 48,_ 0.7S41 0.W 10.1.tl 1080 414.D 4,7133 0.07
12,141 1444 4S.46 3,6"704 0.12 II-I_tPl 1417 64J7 _ 0J9
1.6,40 1.140 _ 4,0144 401 114,tll 1411 64J 4.1118 0.4S
1.9,18 1244 47.9 _ 0J8 1-641 _ 64.01 4..tl4) ID8

1311 _ 0.1101 0.41 1.1,t0 1131 64,06 4.,10'1 0.43
3-13.10 _ _ _ M0 3.1_ 1,101 64.14 4.106

118t 48,1t 4,4504 kll 4.6410 1017 64_ 11011
3-17-t0 1111 64.1S _ Ul

W,,46 7-1440 1,118 43,91 4.4111 0.S7
5-21.418 1Z!0 _ 0.4D 0.11 1,1.40 737 13._ 4._8 0.48

_ _ _ 0.00 1,11.40 "NO _J8 4JIM 401
7-1448 1222 4&J4 S.4307 0.07 11,1440 713 6L97 3,M06 0.4_
1,1,410 I11 4_N 4..1114 0.1.1 11-17.40 13,16 IS20 _ 0.3)
1,LS-M t01 $1.31 _ 0.06 11.21-40 912 64.M 1.5016 0,37
10.14.t8 150 51.43 _ 0.14
11.17-t0 1,141 3L12 3.1281 0.04 K5.2
12-21-t_ 947 40._ 4.41319 0.W 1.31.4D 11t0 6L10 12133 t410

7-1440 1214 6L78 &41_
1.248 114 61.1,1 &4dVjl 411

1-t8-tll 1100 43,04 1,3101 0.10 1,1S.40 71.1 _ "M876 423
7-0.48 088 4£1 5.1012 .0.08 10.14-18 737 _ 7.5173
1,2,413 81.5 ,O.61 3.S_3 -0.10 11.17-41) 140_ 63.16 1.1401 1.31
9-1548 747 ,IK27 LN_'7 -0_ 11.21-40 181 61.55 7.7141 0.1_1
11,14.41 746 4148 I..142S .0.13
11-1748 1422 48,77 1.2444 -110
11-21-10 t_1 4S.l_I 3,86,t4 1.23

II.IY.51I1346 ?_.I_3.41_3 .0.1M
111.t 74.t t 0.1

1.1_ 1,1,18 75.12 _ 0.111
1.441 1_ 711.1.52,107S 0.e8
1.6,_1 1346 "71.10 L7_8 -O.38
,I-_J_l 147 15.16 L?IN ,4UJ6
1.S41 910 _ _ 0.10
6.1,,NI 813 15.24 L_10 0.O4
7"1'4110 ee4,ooeeeeoeo eeee

7-11-11" _ 15.43 2.1.547 0.10
1,S-YJI" 1341 71,36 2,0111 0.11

11-10,,91 1401 70.3S 0.7717
1406 76.31 0.'7718 137

1.640 1.525 76.10 _ 136
1218 "71.t16!.1_8
1259 76,13 1.1011 O..38
1011 7£57 0.t21.9 O.38
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Appendix C

Location and Calibration Data



Appendix C

Location and Calibration Data

Appendix C contains information about the locations of'the wells andriver stations, their assigned
station number,andthe transducersused there. Next is the initial calibrationdatapertainingto each
transducer.
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InstallationData

m.um. mm om_mmmmm, w
mu,_eo m ambbm_,zmA_ md_

m,ev,m n'A. _ soma msvJm _A _u. mma m,evJi s'rA. _ xnma
Ikmlo TIC Dmola TIC Ihi, llm •

pUAmI,_ (no_ _mA) (m,o AmeA)
lira 4,q} _ maraud

?1111_ 411.11 114 IIS.4 4111111 learned _ I'Pl IM-IS 411111
Ill :IU.IIV 411114 _ 41'MJiI_ lktl4U

Ildl Milled dl_ I1_ 1116111 In.Is Im PS4 _ m 4nrlJS rim De-IS n
lit tA 4Wml _ _ WMRI 4;.11141

ITI4M _ LIC _ 4111T m O_mp4JC21hTqm _ 4q._Tl 1,144B

121 IA IlIIU _ 41.441 I-II_

IIAIDI _ UI M.4IA lllli 4114111 (li0N ARIA)
lil.il Eli IA 4m _ mlmml 1.448

I_ _ _ UI _ 411111 _ Im _ _ID
N m _ _ _

iIILi_tl alLS 144 I'S.4t JMi
N IC 41mm _ J.II,48 o.ll_

n_ 4_ _ mm_ _i (Tme.EALUM)
I_1 Ikl _ _ •

411.,11 1411 PI,-I 411111 ,III,JIS MS K-If 411111
mi+m mn _mm m _ _mm _.i_m8

TnTm _ AlUlA) 4ira Jm _ ,WUe
SlIJ8 Ill IIA _NIIU _ 1-1141

?Jtill _ _ _tliPlP _ _ 11114kt tl111MP lit tA_
MIX4 lib 411171 4iT ememmem4TqDTI'_e-L_ mTqme Wlmll ll/ll41

Tt2RI 11/1#91 ECII llilllll ik,,1.41 41_18 III 141 911114
11141 IIC i _ lll/l_ lll-lS

'P_III 411UI 124 I_T 41Mm _ MII IO_A

411.1S I_ N414 _IR _ _ I IOl-i

'lnS_l 41S.Sl 123 N4-tlA _ lll,_t 414LII Mdl IC4T 42STI

1.1140 4UI_ III N4-11C

4rlJO 121 m.lA 4_
111,14 II 4MIll m_l I_

41Lll 121 NS4C m
411.11 IC ,1111111 _ II-'MII

411,414 MI 114-11 411_1

III/'I_ 4M'J_ IC_ mira 11..i.411
]msjii III 41-1

11/11/11 41_111 III lld 41111M
sms4Nl m I*T _ 4121sm _ J4E.48

41/21/11 _ _ OLIEI4 I_NIII k-I.TTI

T_ DI _1 i IktlJll
_ 4mlt _ ram,ram,rag IC_

m'_ m mA (mare Am_)

I_I WI_RI 414Un ?M
i il _ Ill _I ILl _ Ill'/ _ Ill'/ _

Ill WI+RI mull TM I_
Nil 6-1 41_ _ 141112-11 41_

_1 116 S-I MII m 441.11 114 II-Ek 41_
I_ _11_

S-II4S "
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InitialCalibrationData

CALIBRATIONFROM _110
, OoeOooeO0 oeoooooee eoooo,o,, oo,oooooo oooo,ooo, oeoQo,oooeooo o,0o00,o, oooo**Q,o

XDSN Factor Order _ XDSN Fmzr Order Lbtzd

- IN 54110 IN _110

386999 0.930129 49 .ST 425871 0.930162 34 $$

390008 0.9297.59 45 57 42_F_, 0.925998 46 $7

390084 0.925817 44 56 4?.5873 0.924778 $3 58
390088 0.921753 425874 0.927466 52 58

390089 0.930984 50 $7 425875 0.923511 55 58

390092 0.933043 48 57 42.5876 0.933277 38 $5

390466 0.931572 32 43 42_r7 0.924719focal 54 58

394096 0.940487 10 38 426118 0.919618 40 56
394990 0.934299 2 38 426120 0.927198 41

395108 0.928344 23 42 426122 0.927131 33 $5

$95112 0.934208 5 38 426123 0.92804.5 43 56
400613 0.928318 r _ 42 426125 0.924634 39 56

400615 0.926237 30 4:3 426127 0.92888 fecal 42 56
400806 0.925422 22 41 REPAIRED XD's added 9.4-92

400808 0.924320 26 42 394990 0.924224 3 108

400814 0.934277 24 42 400927 0.919469 1 108
400921 0.928259 6 38 400928 0.9243_)0 4 108

400925 0.938906 4 38 408779 0.930646 5 108

400927 0.925948 3 38 410071 0.929051 2 108

4009_ 0.930894 9 38 NEW XD's added 9-4-92
400929 0.937396 7 38 501356 1.056293 3 108

400930 0.928236 11 40 501357 1.0fK_K)4 4 108

404333 0.934862 1 38 501359 1.063546 2 108

404.rt1_ 0.93_10 8 38 501362 1.056753 5 108
404.587 0.927600 12 40 501370 1.049866 1 108

4(W7_ 0.933826 17 41 501375 1.059638 6 108
409774 0.9307rec U 40 NEWXD'sacldod-.-

409775 0.930978 28 42 481177 1.053189 147
409776 0.93:3341 27 42 482452 1.06196 reold 146

4097'78 0.931615 16 40 4.95533 1.081341 146

409779 0.935513 13 40 500042 1.081024 reoal 146
409780 0.927762 29 4:3 501379 1.05512 reoal 146

409782 0.930449 31 43 503403 1.052781 147

409783 0.928530 14 40 503546 1.058283 146

410067 0.931645 20 41 507381 1.087479 reoal 146

410070 0.93128'7 18 41 507384 1.947854 reoal 147
410071 0.9311.56 19 41 507389 1.038989 reoal 147

410075 0.923157 21 41 507392 1.088226 reoal 147

42.5860 0.925743 36 $5 507394 1.055505 reoal 146
• 425863 0.926984 51 58 507396 1.062276 reoal 147

42.5864 0.929513 47 57 507397 1.055673 reoal 146

425865 0.932000 35 55 507400 1.051118 147

• 42._FI1 0.930162 34 55 507401 1.053642 146
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