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SUMMARY

The averagedischarge fromB52 feet of ColumbiaRiver shorelinehas been
measured to be greater than 6 ciibat persecond. This iswice the flow predicted
by PNL'scomputer modefor all of 31,680 feet ofshoreline andL1 times PNL's
maximum estimate of seepage per foot of shorétinghe Hanford Townsite stretch
of theriver. This measurement conflictsith a seepage modeif groundwateiflow
but supports the concept of a boullilbed channel connectinthe 200 Areas to the
river, as sketched below.
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The calculatedyroundwatettravel timefor this channel is 3 years, replacing seepage
model estimates of about 30 years.

The glaciofluvial boulders filling this channel expose miedssurfacearea to
the rapidlymoving groundwater than do tHeingold sedimentgreviously modeled.
The effects of reduced sorption the boulders dgetherwith the reducedtravel time
imply possible discharges @krtain coraminants into the ColumbiRiver up to
10,000 times as large gmeviously estimated. This resultadverselyaffects the
suitability of Hanford as a site féuture waste storageThis measuremerddversely
affects thecredibility of ongoing technical, managemengnd public information
programs at Hanford. This measurementloes notimply obvious publichealth
effects.



Hanford Reach Project - Spring 1986 Data Report PAGE 3

DISCLAIMER

The results and conclusions expressed in tagareportare theopinion of

SEARCH Technical Services which is solelyresponsible fortheir content.
Comments or corrections are solicited.
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INTRODUCTION

Hanford Reservation is thevorld's largst nucleawaste storage facility. To
assurepublic confidence in the magament of Hanford Operations, the US
Department of EnergyDOE) and its predecessordfiave conductedhealth and
environmentalstudies. There has been almost no nongovernmental ieev of
Hanford operations, sthe publicmostly has had to accef@OE evaluations of its
own operations.

However, Hanford's candidacy as the sitef the nation's first high-level
radioactive wast@epository hagaisedquestions ofthe ability of Hanford site to
contain wastes, theillingness ofHanford management tadmit problems to the
impacted public, and thaability of DOE self-monitoring. Most of those questions
have concerned the effects of airborne releaseswmvinders, and the discharge of
contaminatedyroundwater to the Columbiiver which is amajor resource of the
region.

In 1985,SEARCH Technical Services, a Washingtonconsulting firm,
began independerdtudy - the Hanford Reach Projec(HRP) - of groundwater
intrusion from Hanford into the ColumbiaRiver. After reviewing some of the
geological background, shorelinespring and water table data, monitoring well
histories andsections, andalculations oftritium entry, HRP proposed a boulder-
filled, groundwater channel connectirp0 East Area to the river near Hanford
Townsite on 31 January 1986. This propagas to be tested by tlsudywhich is
described in this data report.

For this study, means ofdentifying, sampling,and measuringhe flow of
underwateispringshad to be dased. Thesespringswere expected to account for
most of the groundwatelischarge intdhe river. Theidentificationand sampling of
nearshore underwater springs haegn accommhed in Septembdr985. Flow rate
measurement ithe criticalpart of determiningvhether thegroundwateisprings are
seepage-type of channel-tygéthe groundwater [bw is too greatind toolocalized
to be described as seepage, then the flow is described as channel-type.

In March, HRP identified a candidatehanneldischarge intothe river and
obtained underwaterideo images of anunderwaterspring, which wereaired by
KREM-2 News in Spokane.The critical measurement of channdbw rate was
postponed because of rising river levels which block spring flowAphit, the Corps
of Engineers arranged to hold the daily average flow from Priest Rapids Dam to
about 112,00@ubic feetper secondcfs) for three consecutivelays toallow this
study which involved redime measurement &00 watersamples tonvestigate 852
feet of shoreline.
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BACKGROUND

Since the 1950's, chamels in the Ringold sediments, backfilledwith
glaciofluvial Pasco gravels and boulders, have kaewn to exist botimear 200 East
Area and at the Hanford Townsite (R.E. Brown, I ntroduction to the Surface of
the Ringold Formation Beneath the Hanford Works Area, HW-66289,August
1, 1960). Many of these channels wiemewn to "bottom beeath the cuent ground
water table" allowing flow toward the ColumbiaRiver at potentially "rapid rates
[p.2]." Considered to be oldiver beds, thesechannelswere expected to be
continuous.

In 1963, D.J. Brown andW.A. Haney estimated that tritium-contaminated
groundwater reached the Columbia River in 6-7 years after discharge was begun from
PUREX (Chemical Effluents Technology Waste Disposal Investigations --
July-December, 1983 -- The Movement of Contaminated Ground Water from
the 200 Areas to the Columbia River, HW-80909). Their conclusion was based
on 1963 data from a few monitoring wells, as shown in the copy of their Fignich
is Fig. 1,below. Notice howfew monitoringwells therewere inthe tritium plume

near the Columbi®iver. Theoutside edge ofthe plume wasontoured aR¢10°%
HC/cc (microCurie per cubic centimeter) which is 2000 pCi/L (picoCurie per liter).
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Figure 1. GROUNDWATER TRITIUM CONTAMINATION - 1963
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Well 40-1is marked onFig. 1 toshow itslocation near the ColumbiRiver,
about two miles north of the presumed edge of the tritium pludosvever,Well 40-
1 actually showedinitial, erratic tritium contamination asigh as40,000 pCi/L in
1963, as may be seen in Fig. 2, below.
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Fig. 2. TRITIUM CONCENTRATION HISTORY FOR WELL 40-1
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The northward bend of the tritiupath, close toWell 40-1, was missedalthough the
data wereavailable. Thus by1963, themonitoringwell data permitted approximate
mapping of thebackfilled channektarrying trittum-contaminatecgroundwater from
200 East Area to the Columbia River and reasonable estimation of the travel time.

Knowledge of thiscontinuousbackfilled channefrom 200 EastArea to the
ColumbiaRiver wasmore orless lostafter 1963. Even with ahugeincrease in the
number of monitored wells and seismic profiles, and the development of sophisticated
computer models of groundwaterovement,the concept of a channel-tygiew
disappeared from consideration. Instead, the older notion of a seepage-type flow was
reestablished. Witsuch aseepage-type flo, the groundwatetravel timewould be
30 or moreyears(M.J. Graham Hydrology of the Separations Area, RHO-ST-

42, 1985). The total seepage rate was estimated to be 3 cubic feet per second (cfs) for
the 6-milewide tritum plume (K.R. Price, etal., Environmental Monitoring at
Hanford for 1984, PNL-5407, p. 46).

In 1982, DOE contractor, Battelle Pacific Northwest Laboratories (PNL),
began to exploréhe shorelinedischarges ofjroundwater intahe ColumbiaRiver
(W.D. McCormack and).M.V. Carlile, Investigation of Groundwater Seepage
from the Hanford Shoreline of the Columbia River, PNL-5289, November
1984). Tritum concentrations in springs erig the river within a half-mile
downstream of River Mile (RM) 28 were measured to be cloge 100,000 pCi/L.
Nearshoreriver waterwas found to contain as much &9,000 pCi/L at RM 28,
suggesting a flow rate at RR8 so greathat dilutionin theriver did not occuruntil
the groundwatemixed into the mia streamwhich has atritium concetration near
130 pCi/L. Thatis, theexploratoryobservation ofshorelinesprings provided data
which again implied theexistence of channel-type flow.PNL concluded that
observing the shoreline springs was not aneffective method of monitoring
groundwater discharges to the Columbia River (p.19).
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CONCEPTSand METHODS

Since the Columbi&iver is open topublic accessand contamination of the
ColumbiaRiver is of public concern, aiver-based method of testinpe channel
hypothess was devised.This method isbased orthe idea hat achannel-typeflow
can be identified by lcalized flowrate (cfs) per length of shorelinevhich is much
greater than can be accounted by seepage-type flow.

An estimate of the maximuiseepage-typddw in the area was obtainéem
PNL's calculation of 21.4 cfs for 6miles of shoreline (Mark Freshley, PNL
CalculationNo. HANGW-1, Januarg?, 1986, p.3). That is, ifthere is a channel-
type flow, the discharge of groundwater into the river must be much greatetlidan

cfs/6 miles = 6.76+18 cfs/ft (= ft2/sec).

In order tomeasure groundwatelischarge intdhe river, the groundwater has
to be tagged to readilgistinguish thatgroundwater fromriver water so that the
concentration oevenmuch dilutedgroundwater can bmeasuredfter it has mixed
with river water. The groundwater entering the river near RM 28 is contamimittted
several chemicals, including nitrate and several radionuclides. Nitrate was selected as
the primary tador this test because its concentrationthe groundwatefabout 4
parts pemillion (ppm)] iswell abovethe river water concentratio@bout0.2 ppm)
and because nitrate is easily measured with aifistcument to araccuracy of about
0.01 ppm. Thismeans that nitrate-contaminategtoundwater can bdetected after it
has been diluted over a hundred fold with river water.

The next part of the problem to measure thamount ofnitrate which enters
the river along a stretch of shoreline. This is accomplished by means of
hydrographicsections. Onesection, consisting of afixed line of locations, or
stations, is established upstreaof the area ofsuspectedhanneldischarge into the
river. Similarly, a fixed downstream sectioneistablished downstreraof the stretch
of shorewhere thechannel flow issuspected t@nter theriver. Targetflags are
located along the shore to survey these sections.

The survey is accomplished by means of a nautical instrumssxtaat, which
measures angles-rom each stationanglesare measuredetween targetiags. A
simple program on a pocketicrocomputer hlenreads outhe localcoordinates of
each station relative to the target flags. Those flags are sunwgiecspect to fixed
features and structures in the vicinity. The pieceéseproblem aresketched irFig.
3, below.
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Figure 3. SKETCH OF MEASURING CONCEPT

The idea, then, is taneasure thdollowing quantities atachstation ineach
section, at one instant in time:

nitrate concentration (ppm above river background)
current speed in the river (ft/sec)

water depth (ft)

distance between stations (ft)

The product of thesdour quantities, summedver each ection, is theamount of

nitrate (expressed agpmeftd/sec)crossing hat section. The differencebetween the
amount of nitrate crossingthe downstream section and the amoarussing the
upstream sectiors the amounbf nitrate (per unittime) which is entering thever
between the two sections.

Thatamount of nitrate enteng between thesections equalthe product of the
concentratn of nitrate contaminatiofppm) in the springsand thetotal flow rate
(cfs) of thosesprings. Thus, bymeasuringhe nitrate concenétion of thesprings,
their total flow rate maybe calculated. Nitrate concetrations arevery near
background values at the riverward ends of the sections.

Likely channel location ischosen bymeans ofvisual idenification of
underwatersprings and by approximatinquitrate enties alongstretches of the
shoreline. Visual identification sy means of aider usinga hookahair compressor
and a squeeze-bottlenspler. Nitrate entry is eplored byestablgshing temporary
hydrographic sections perpendicular from the river shore.  Othertechnical
considerations are described in the Errors Section of this report.
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PROCEDURES

Section locationsveredecided on théasis ofapparent land forms, locations
of observed underwater springs, imfal sampling ofnearshoraitrate values,flows
and nitrate values ofshoreline springsstability andsimplicity of observedriver
currents, and evaluation of offshore mixing between sections.

Station datawere collected in 30minuteswhen only nitrateswere smpled.
When depth, current speed and locations were measured, 120 minutes were required.

- Current. Kahl, Price AA current meter. Standard measurements were for 60
seconds with fractional counts interpolated where necessary.

- Navigation. Navy sextantangles input into HP-41CV, 3-arm protractor
program. RM 28nile post suveyed as reference. Baseline surveyedande post
and compass bearing.

- Nitrate. Orion SA 270with nitrate electrodeand automatic temperature
compensator. Iwvariance withstandardprocedure, 1 ml ionistrength adjustor was
used instead of 2 ml because of the low nitrate concentrations.

- Spring finding. Negativelybuoyantdiver with cistom hookah compressor
towed.

- Stations. Stations(except#0 and#0.5) marked by anchored floatsith
lines about three times water depth. Metzler 12" inflataitte 5SHP Hondamotor as
station boatOn alternatesampling runsywhenonly nitraeswere samg@d, the boat
nudged up tathe stations fromdownstream. For the other runs, the boat was
anchored at each station.

- Water sampling. Surface river samplescollected directlyinto rinsed
analysis orlab container. Shorelinespring samied with rinsed squeezebottle.
Underwater springs sampled with rinsed squeeze bottlawdadskirted weight with
plastic hose and JackRabbit hand pump.

- Water depth. Steel tapewith weighted end atstations, stakdeveled to
reference boulder for river level.
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RESULTS

FLOW RATE. Flow rates of groundwatdretween the twdydrographic
sections,852 ft apart, werecalculatedfor each offive measurement rungsig. 4,
below.
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Figure 4. GROUNDWATER ENTERING 852 FT OF SHORELINE

Apparentdischarges fronshorelinespringsdecreased markedly afté2:00 on 20
April, suggesting that shoreline storage was nearly discharged. By 12:00Apnl21
observation of shorelingpringsbetween RM28.5and 30failed torevealany flow.
Therefore, the last two measuremants are considered to represetite equilibrium
condition of groundwater discharge into mean river flow.

Although shot-term groundwaterldw into the ColumbiaRiver is affected by
river level, the long-tem dischargedepends only orthe amount of groundwater
flowing throughthe system. Therefore, theequilibrium condition, described by the
last two measurement runs estimatesiean annual groundwatdischarge into the
Columbia River between these two sections 852 ft apart. aférage othe last two
runs is

6.3 cfs.

Total nitratemeasured enterinthe river betweenrthe sections,expressed as
concentration times flow rate (ppmecfs) is shown in Fig. 5., below.
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Figure 5. NITRATE ENTERING 852 FT OF SHORELINE

The rise innitrate engring theriver atthe end of thestudy ismostly attributed to

rising nitrate concentration in the groundwater enteringittee. While the flow rate

(Fig. 4) had apparently reached equilibrium, the nitrate concentration continued to rise
almost linearly. This implies thatbank storagepressurewas relieved before the
stored river water walushed out. Amud longerterm study would berequired to
estimate theequilibrium concentration of contaminants in groundwater entering the
river and the amount of contaminants enterirfgigure 5provides alower bound
estimate of about 50 ppmecfs nitrate as the average for this 852 ft of shoreline.

TRAVEL TIME. The time required for water to travel fraime 200 Areas to
the Columbia River is much less for a channel-type flow than for a seepad®iype
as used in PNL's VTT computerodel. If we assumdénat thesmoothedwater table
contours andquiferthicknessesised inthe VTT model arecorrect, then the VTT
model'spredictedtravel timediffers from the travel time down a channel by the
following factor:

(relative path lengthy) (relative porosity) (relative flow rate)

— _channel travel time
seepage travel time

The available data on channel location suggests that the channel id.&ldones as
long as the VTT model seepage path, Fig. 6.
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Figure 6. APPROXIMATE PATH COMPARISON

In March 1986, a40-gallon garbagean was filledwith Pascogravel (mostly
cobbles and boulders) from the shore at RM 28.0. vbhene of wateiadded to fill
this can wasA1% ofthe volumerequired tdfill the garbage camwithout therocks.
This experimentoverestimates th@orosity of Pascaravels because ofsurface
effects of thegarbage can and impect packing.. The VIT computer model
employs a constamorosity of 0.10, whichwould be morerepresentative of the
Ringold sediments than dfie Pascogravels which fillthe channel. Based on the
above, the porosity of the channel fill is estimated to be 0.25.

The relative flow rate is (6.3 cfs / 852 ft) / (3.03 cfs / 6 mi) = 77.

Finally, the meartravel timefor the 6-mile stretch of th&/TT model is
estimated to babout 50years interpolated andveightedfor flow, based orD.R.
Friedrichs, etal., Hanford Pathline Calculational Program - Theory, Error
Analysis and Applications, ARH-ST-149, Fig. E-6, 1977). Theresulting,
calculated flow time for the channel is

25years.

SORPTION. Radionuclides andhemicals in theontaminatedyroundwatemvhich

is discharged neathe 200 Areas. are partlyemoved as th@roundwaterpasses
around the gravels and boulders which are observed to fill the channel. giéneds
and boulders are typically about 1Gf@ies as largasthe sandandclay particles of
theRingdd formation. Figure 7 showsthe Pascogravelsexposed at lowvaternear
RM 28.3.
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Figure 7. PASCO GRAVELS

Therefore, there isoughly 1/1000 as miicsurface exposed tihe passingwater in
the channel as isxposed towater passing through aequal distace of Ringold
sediments. Further, the ids in the gravelsand bouldersllow some ofthe passing
contaminant ions to remain somewhat distant from the active surfaces of the rock.

From these considerations, we sdgatt the channel-type flov provides
thousands ofimeslesssorptive capacity thadoes aseepage-typdow. Although
we know of nowateranalyses fronthe channel propeSpring 28-2 isonly a few
hundred feet fronthe downstream edge of the chann8pring 28-2water ©ntains
400times as muchodine-129 and 90@imes as much Technetium-99 as do other
shoreline springs (McCormack and Carlile, op cit., Tables B.2 and B.4).

For contaminantswhich are ealy removed bysorption, thisreduction in
sorptive capacity makes no difference; they are removed anyW@ycontaminants -
such astritium - which areessentially unaffected by sorptiothis reduction in
sorptive capacity makes no difference; they are not removed, regardless. The reduced
sorptive capacitys importantfor contaminarg havinglifetimes longer than a few
months, which are somewhat subject sorption. The identification of these
contaminants is, unfortunately, beyond the scope of HRP.
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DATA

ColumbiaRiver flow was cottrolled from Priest Rapids Dam bgrrangement
with the US ArmyCorps ofEngineerspringing the flow rateto nearly 112,00@fs,
the 1984 mean annual flow rate. This controtiedr level which was lower than the

previous level was achieved at RM 28 at 10:00 Laoake on 19 April1986, as seen
in Fig. 8, below.
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Figure 8. RIVER LEVELS AT RM 28 DURING STUDY.

The referencdevel in Fig. 28 isarbitrary. Noticetha the total measured range of
river level variation was only 1.5 inches during the study period.

Two hydrographic sectiongvere establishedB52 ft apart, perpendicular to a
98° Magnetic baseline. RM Post 285128 ft upstream ofhe downstream section

and 74 ft inlandof the baseline.Station 0 of the upstream(US) sction was

located138 ftriverward ofthis baseline.The upstram section isshown in Fig. 9,
below.
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Figure 9. UPSTREAM SECTION

The stations inthe sectionswere marked by long-linetethered floats, except

Stations 0, next to boulders, anfitations 0.5 which werevisually interpolated
between their adjacent stations.

Station 0 of the downstream (DS) section wasated 72 friverward of the
baseline. Figure 10, below, dimensions the downstream section.

Distance Offshore

] Downstream Section Profile |

Figure 10. DOWNSTREAM SECTION
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In order to minimize eddy diffusion efitrate into themain stream of theiver
between thesections, the twaectionswere located asclose together agractical
without excluding much of the obvious groundwateannel flow. At the sameime,
the sections had to be positioned off pointshefshoreline to provid a simpleriver
flow regime. Tosatisfytheserequirements, the upstie section was placedhere
the very nearshorenitrate cmcentrationgust began tdncrease substantiallgbove
background. Thigplacement allowed thase of a shorter upsam setion than
downstream section.

The concentiigon of nitrate inshorelinespring S-1, which is believed to
correspond to the downstream edg®BL Spring 28-1 is shown iRig. 11, below,
for the study period.
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Figure 11. NITRATE DEVELOPMENT AT SITE

These S-1 nitrate data are least-squares fitdiyaight line irFig. 11. There is only
a hint of departure from this straight-line increasaitrates bythe endof the study.
(A log curve fit is less well correlated.)

An Offshore Spring located in 6 ft @fater inthe major, obsered underwater
dischargearea, 109 ft upstream otthe downstreamestion, 183 ft riverward of the
baseline, was sapled at14:30 20April 1986. It yielded 4.7 ppmitrate, which is
almostidentical tothe similtaneousvalue of S-1 in Fig. 11. Other springdata
collected near the hydrographic section locations are listed in Table 1, below.

Flow rates measureat the stations inthe hydographic sectionsre listed in
Table 2, which follows Table 1.
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Table 1. NITRATE AND TEMPERATURE FOR SHORELINE SPRINGS AT SITE

Spring Name-Location Date Time Nitrate(ppm) Temp.(°C)
S1- 19 April 1986 05:30 1.7 6.7
20' US of DS Section 07:30 2.9 9.1
09:45 3.1 12.1
11:45 3.5 12.3
13.45 3.1 12.8
19:00 4.1 11.6
20 April 1986 08:10 3.8 14.3
08:45 4.98 15.4
08:45 4.7 15.8
10:12 4.5 14.4
12:50 4.6 17.9
15:40 5.1 14.5
18:19 4.7 15.7
21 April 1986 09:27 5.39 15.3
13:00 6.4 18.8
14.40 6.61 17.2
Campsprings- 19 April 1986 07:45 1.5 9.1
260" US of DS Section 09:45 1.5 12.6
11:45 1.5 12.0
13.45 1.8 14.7
20 April 1986 08:05 3.2 15.1
12:35 2.9 22.4
17:56 3.2 16.0
21 April 1986 09:50 3.8 20.1
14:55 2.3 24.7
Lower US Springs- 19 April 1986 12:15 2.9 14.5
60' DS of US Section 20 April 1986 07:50 3.4 13.2
10:44 2.5 15.5
16:17 5.4 15.0
18:29 5.1 16.2
21 April 1986 09:35 5.5 16.9
14:55 5.57 19.2
Upper US Springs- 19 April 1986 09:30 2.4 10.4
60’ US of US Section 18:30 2.8 11.3
20 April 1986 10:44 3.6 15.2
21 April 1986 09:35 3.09 17.6
14:55 4.14 20.4
Underwater Springs- 20 April 1986 14:30 3.7 14.2
109' US of DS Section, 14:30 4.0 15.6
183’ off baseline 14:30 4.7 14.0
Halfway Springs- 20 April 1986 18:02 2.9 13.9
Halfway between US 21 April 1986 09:55 3.52 16.5
and DS Sections 14:55 3.34 18.0
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Table 2. CURRENT MEASUREMENTS AT STATIONS (fps @ depth)

Runt Run3
19 April 20 April
Station#/Section 17:20-19:00 14:50-16:35

Sta0/uUs 0.022 @ 0.5 0
Sta0.5/US 0.213 @ 1.0° 0.202 @ 1.0
Stal/uUsS 0.601 @ 1.0' 0.428
Sta2/US 1.218 @ 1.0' 1.182 @ 1.0'

1.037 @ 3.0’
Sta0/DS 0.224 @ 0.5' 0.372 @ 0.5'
Sta0.5/DS 0.674 @ 0.5' 0.674 @ 1.0’
Sta1/DS 0.783 @ 1.0’ 0.946 @ 1.0'
Sta2/DS 1.326 @ 1.0° 1.398 @ 1.0’

1.254 @ 2.0’

1.290 @ 3.0’ 1.254 @ 3.0'
Sta3/DS 1.803 @ 1.0 1.912 @ 1.0’

1.692 @ 3.0° 1.618 @ 3.0’
Sta4/DS 2.308 @ 1.0’ 2.200 @ 1.0'

1.766 @ 4.0’ 2.164 @ 4.0'

below.

Nitrate concentrations inver waterat thestations islisted in Table 3,
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Table 3. NITRATE CONCENTRATIONS AT STATIONS (ppm)

Runi Run2 Run3 Run4 Run5
19 April 20 April 21 April
17:20- 10:12- 14:50- 08:50- 14:30-
Station#/Section 19:00 10:44 16:35 10:00 14:55
Sta0/US 0.52 0.50 0.42 0.592 0.484
0.48
Sta0.5/US 0.47 0.35 0.30 0.303 0.294
Stal/US 0.23 0.24 0.23 0.238 0.216
Sta2/US 0.20 0.22 0.23 0.202 0.220
Sta0/DS 2.8 0.92 0.93 1.33 0.854
Sta0.5/DS 0.51 0.40 0.36 0.344 0.386
Stal/DS 0.34 0.33 0.35 0.330 0.320
Sta2/DS 0.27 0.30 surface 0.31 surface 0.270 0.259
0.34 bottom 0.30 @ 4'
Sta3/DS 0.22 0.26 0.21 surface 0.209 0.248
0.22 @ 6'
Sta4/DS 0.20 0.24 0.20 surface 0.178 0.198
0.20 0.19 @ 4'
0.19 @ 8
Midstream 0.17 0.18 0.18 0.169 0.178
0.17 0.18 0.179 0.172
0.17

Water temperatures at the stations, measwitedthe nitrate thermistor at
the same time as nitrate concentrations were measured, are listed in Table 4, below.
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Table 4. WATER TEMPERATURE AT STATIONS (°C)

Runi Run2 Run3 Run4 RunS
19 April 20 April 21 April
17:20- 10:12- 14:50- 08:50- 14:30-
19:00 10:44 16:35 10:00 14.55
Station#/Section
Sta0/US 8.0 10.2 10.8 10.9 13.0
8.9
Sta0.5/US 8.5 9.3 10.0 9.6 11.6
Stal/US 8.0 8.8 9.3 8.6 10.8
Sta2/US 8.0 8.5 9.2 8.5 10.1
Sta0/DS 10.5 10.3 11.2 10.5 12.5
Sta0.5/DS 8.8 9.3 10.3 11.6 11.5
Stal/DS 8.3 9.5 9.6 8.7 11.0
Sta2/DS 8.4 8.7 surface 9.5 surface 8.4 10.3
9.3 bottom 99 @ 4
Sta3/DS 8.1 8.8 9.3 surface 8.3 10.0
98 @ 6'
Sta4/DS 8.6 9.3 9.5 surface 8.2 10.0
8.6 10.1 @ 4'
9.6 @ 8
Midstream 8.0 7.9 9.5 8.1 9.8
7.6 8.5 8.2 9.5
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MISC. OBSERVATIONS

After discharge of transiemiver bank storage, naspringswere observed
between 0.3 and 5 feet depth. That is, the springs apparently moved offshore.

Winds were calmand theriver glassy smootifor the duration of the
reported study.

One beaver, swimming upstream.

ERRORS

The major errors whicare known tcaffect thereported measurements of
spring water intrusion between upstream and downstream sections are as follows:

LATERAL MIXING. Nitrate islost to lateral eddieswhich mix nitrate
out beyondthe endof the sections. This loss increases ashe distancebetween
upstream and dowtream sections igicreased. Thus,the sections must be as long
as practicableand phced as closéogether as practicableThis error results in
underestimate ohitrate enteng theriver betweensectionswhich arefarther apart
than they ardong provided less excessiitrate is spilled aroundthe end of the
upstream sectiorh&nis spilled aroundthe end otthe downstram section. This is
apparently the situation in the present study.

CHANNEL OVERFLOW. As thechannelapproacheshe river, water is
spilled fromthe lower (river)side ofthe channel, reduag the flow measured from
the channel mouth. In particular, the nitrate enteringitee down toSpring 28-4 is
likely of channelorigin. This errorresults inunderestimation ofitrate entering the
river between sections.

PARALLEL FLOW. The described methodologynot suitable foriver
stretcheshaving substantial cross-emnel flow. Between theupstream and
downstream sections of tliescribed studythe flow always appeareparallel to the
shore. This is accommhed by placing thesections off points irthe river and
avoiding the bend in the river downstream of RM 28.2.

INSTRUMENT. Nitrate-selective electrodes respond nonlinearly to
nitrate cacentrationdbelow 0.5 ppm. If this onlinearity isnat explicitly factored
out -- as it is no in this study-- the addition ofnitrate betweensections is
underestimated. This error is considered insignificant for the reported test.

TEMPORAL EFFECTS. Temporal change introduce eror which
depends on changescurrentspeedwater depthin-river nitrate concentratiomiver
bank rechage, and spring nitrate concentration. Theserrors are minimized by
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conductingthe study during aradequateljjong period of minimal transients. The
establishedriver level cannot differ muls from the long-erm average toavoid
recharge ordischarge ofriver bank storagdor periodslonger thanthe study. If
significant windsblow, cross-channeand depth-varyinglows mustbe incorporated
in the analysis.

Calculations offlow rate were based orreferenceSpring S-1which is
apparently equivalent to the downstreadge of PNL fring 28-1. Figure 11 shows
that Spring S-1nitrate concenation did notcome toequilibrium during the study
period. Since most of the channel moigtiiarther along the channel th&pring S-
1, the averagenitrate concemation of groundwater entering thiwer at aninstant
might differ from the valuefor S-1. However,nitrate measurements @&-1 and the
Offshore Spring did not differ. Thuthis effect is expectetb slightly underestimate
flow rate.

AVERAGING. The estimateof nitrate-above-backgrounghassing a
hydrographic section is base@on anaverage btainedfrom data obtained at each
station along the section. For each of two adjacent stations,

(excess nitrate) ¢ (water depth)  (current speed)

is calculated and averaged with the corresponding value for the adjacent station. Then
this average isnultiplied by the disince between thestations toestimate thexcess

nitrate passing between the two stadio This mdtiod weights the statiogata by the
amount of nitrate they represent and is expected to be nearly unbiased.

For comparison, simplaverages oéachquantity were obtained between
adjacentstations. That simple averaging overestimates flow.Groundwater flows
calculated bysimple averagingwere 18%, 2%, 8%, 14%nd 7% greater than the
(reported) flows calculated ltlge weightingmethod. This close greement indicates
that thestationswere closeenough together to providgod estimates ofiver flow
between them.

RECOMMENDATIONS

(1) Obtain shallow seismicsections ofthe channeblnd fine-scalewater
table data from the monitoring wells adequate to map the channel.

(2) SampleSpring 28-1after depletingriver recharge andnalyze the
sample for heavy metals, hydrocarbons discharged2@bAreas,and radionuclides
having half life >100 days and modest sorption.

(3) Eliminate Hanford as a candidate high-level waste repository.

(4) Separate management andtical review of scientific studies of
Hanford from parties having an interest in their outcome.
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