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We have collected all data with 3 exceptions: 1) the BHI chromium special studies, 2) data
from Washington Department of Health, and 3) additional data for the McNary Pool area. The
chromium data is expected soon. ..le Washington Department of Health will not be able to
provide the data until February 28 or 29. We currently have McNary Pool data from the
SESP project and the Department of Health data will include McNary Pool data. All leads
provided for obtaining additional McNary Pool area data have been followed up. Some
additional contacts were received from the Corps of Engineers and those are being pursued.
The Pasco USGS office was not aware of any sampling below Richland but referred us to the
Portland office who would know for sure. We have calls into the USGS in Portland.

Processing data - Where sufficient data exists, a representative value will be determined over
time for each location in the segment. A data distribution will be applied to the representative
values for each location in a segment. Where there are insufficient data points, we will apply
a data distribution to observed values.

A decision is needed for determi = ; how to choose a representative value for a single ' 1ition
over time. Where there is an obvious increasing or decreasing trend, the most recent value
will be used. The te  agreed with this conn t. These values will be part of the distribution
and will be represented on a lognormal chart. However, there was much discussion with no
resolution on how to determine a representative value where no trend exists.

There were discussions about using filtered versus unfiltered samples and the divergence of the
results. It was noted that when the wells a first drilled, the unfiltered samples will initially
show higher results which is from the drilling process. It was also noted that in some cases
the unfiltered samples became higher in more recent years. Because of criticisms that
sampling was taking to much time, the san ling methodology was changed. The rate of
purging was increased which increased the sediment that is generated and collected in the
samples. An artifact of this sampling process is higher values for unfiltered samples.

Objections will be raised where data is sparse and a distribution is used across too large of a
se; nt. If there is no data, then a segment needs to be represented as having no data. Data
should not be extrapolated beyond what is real.

The information contained in the “100-D Area Groundwater Chromium Levels” charts was
provided by Bechtel groundwater staff. ..is data has been corrected for known errors, e.g.,
data not in the same units, problems with the names, etc.

Several team members recommended that  filtered data be used. In cases where there is a
difference between filtered and unfiltered : nples, a decision is needed as to which data to

. use.

The decision on using filtered or unfiltered should be based on what you are going to do with
the data. For the human health scoping level risk as  sment, groundwater will be used as a
surrogate for seep data. For this reason, some team members felt that filtered data should be
used.  was noted that when filtered data is used, the data would only include chromium plus
6 and not chromium plus 3. Technically, you can argue for both filtered or unfiltered.

L lly, there is not a clear signal as to which should be used.

A session to review data plots using a fast graphics data package was proposed. Larry
Gadbois volunteered to work on this for a full day. After much discussion, it was realized that
the volume of graphs could not be looked at in one day and professional judgement would be
needed on each graph to determine a representative value. This would also result in ntering






comments from the technical peer reviewers. Later this week, EPA, Ecology and DOE will identify
key comments and reach agreement on proposed resolution. Next week, the CRCIA project
management team will review the comments and proposed resolutions. Following team input, PNNL
will complete resolution of the comments. Copies of the comment resolution will be distributed to the
directors of the technical peer reviewers and other reviewers. On the back of the flow chart is a
sample of the review comments form. Electronic copies were distributed to team members via ccmail
and diskettes after last week’s meeting. Where possible, it is recommended that the electronic form be
used to submit comments. This will ease the comment consolidation process and make it very clear
what is a comment. When the comments are part of a letter, it’s hard to tell if the introductory
paragraph is intended to be a comment.

Publication Ques ns for the Comprehensive Section - Thomas W. Woods

The team needs to decide by next meeting who will be the writer for the comprehensive section. Bob
Stewart indicated that Larry Gadbois and Dave Holland had initially offered to help with the draft.
The writer needs to attend all of the weekly moming meetings. Everything needs to be captured on
one compu and we may want to record the meetings. Tom Woods agreed to take the lead to
prepare an outline for the comprehensive section with Paul Danielson, Dave Holland, Larry Gadbois,
and Amoret Bunn providing assistance. Team members need to review information that Tom
presented at the 2/13/96 weekly meeting and provide comments to Tom. This presentation will be the
beginning for the outline.

The issue of document clearance was raised. There no longer is a requirement for a document
clearance.

This section will be a part of the scoping level risk assessment document. How do we want to receive
and handle comments on this section. It was agreed to write the section as a team and also receive the
comments as part of the whole document. The comment resolution process will also be a team effort.

Comprehensive Chapter:

. None identified at this meeting.

Agreements:

. Where there is a clear upward or downward trend, a representative value will be chosen from the
most resent data point.

. The data task can move forward using a heuristic to determine representative values that Larry
Gadbois will develop. Jerry Yokel, Paul Danielson, Amoret Bunn, Bruce Napier, Dick Gilbert,
and Dick Big,  staff will review the heuristic and provide comments and concurrence.

. It was agreed to write the comprehensive section as a team and also receive the comments as part
' of the whole document. The comment resolution process will also be a team effort.






AGENDA
Columbia River Comprehensive Impact Assessment
Weekly Project Management Team

Scheduled from 9:00 - 12:30 p.m., February 20, 1996
BHI Bui ng, 3350 George Washington Way, 1B40 Conference Room

Scheduled from 1:30 - 4:30 p.m., February 20, 1996
Battelle's ETB Building, Columbia River Room

Mo! ng Session

1. 9:00 - Bob Stewart - Introduction
2. 9:10 - Thomas W. Woods - Comprehensive Section
. Facilitated whiteboard discussion
. Stat  nt of purpose
° Uses and users of information
. Discussion of requirements for 2/27/96 meeting

Afternoon Session

1. 1:30 - Bob Stewart - Introduction
2. 1:35 - Michael] Blanton - Status of Exposure Model Evaluation
3. 1:45 - Nancy Myers - Project team to turn in comments on “Public Involvement Issue Paper”
4, 1:50 - Terri Miley - Data Update
. Method r choosing representative data
. Example data sets
. Concentration data distributions
5. 3:00 - Break
6. 3:10 - Sandra Cannon - Publication Update
. Report distribution list
. SLRA document outline
. Review process for FY96 documents
7. 3:30 - Thomas W. Woods - Publication Questions of Comprehensive Section
. Identify writing team and lead writer for comprehensive section
. Clearance issues/requirements for comprehensive section
. Pro s for incorporating comments on the comprehensive section
8. 3:50 - Thomas W. Woods - Summary of Morning Session on the Comprehensive Section
9. 4:20 - Review of Upcc  ng Meetings
2/27/96 - EESB Snoqualmie Room
. Terri Miley - Data Update
. Bruce Napier - Team input on comment resolution for the Contaminants of Concern report
. Thomas W. Woods - Continued effort on comprehensive section

3/5/96 - EESB Snoqualmie Room
. Thomas W. Woods - Continued effort on comprehensive section
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P -pose of Columbia River Comprehensive Impact Assessment

The purpose of the Columbia River study is

- to conduct and

- to provide a protocol and mechanism for

a compr¢ ensive assessment of the current and future impact on human
health, the environment, and cultures of Hanford Site activities on the river,

so that

- projected effects can be assessed relative to regulatory standards, sound
he: h physics, sociological, and biological standards

- adequacy of pollution prevention and facility .pollution control can be
assessed

- public health, environmental, and cultural impact of Hanford Site
operations can be assessed

- information for environmental management of the Hanford Site can be
- provid(
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[ etern isticard St is
Mode of Chemical Fate
in Acuatic Sys ems’

Robert V. homann?

This chapter has several purposes, among them: to surr arize the basic
models- of the steady-state transport and fate of chemicals in aquatic
systems including uptake and distribution in the aquatic food chain; to
illustrate the deterministic time variable behavior of chemical fate models
with several applications to the Great Lakes; to develop some statistical
models of chemical variability in aquatic organisms, specifically, fish.

The ability to analyze and predict the transport of potentially toxic
chemicals is one of the central requirements of risk assessment and subse-
quent risk management. Steady-state models can be of specific value in
the early stages of chemical screening for generic problem contexts and to
elucidate basic principles of chemical fate and uptake into the food chain.
Time variable models are particularly useful for predicting recovery times
of aquatic systems fc »wing some abatement program of chemical con-
trol. These steady-state and time variable models essentially estimate the
average or deterministically varying chemical exposure concentration to
aquatic organisms. Risk assessment also requires some evaluation of the
stochastic behavior of chemicals both in the water and in fish. This chap-
ter is therefore divided into four parts: 1) the basic theory and associated
equations; 2) steady-state simplifications; 3) deterministic time variable
models; 4) analytical and numerical models of statistical behavior of
chemicals in fish.

! This article also appears in **Applied Mathematical Ecology,”” edited by S.A. Levinetal.,
Springer-Verlag, Berlin, Heidetberg, New York, 1989.

? Manhattan College, Environmental Engineering and Science Program, Bronx, New York
10471 ‘
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10.1 Theory
10.1.1 Physical-Chemical Fate and Transport Model ,

The principal components of the physical-chemical fate and transpo
model framework are reviewed by Thomann and Muelier (1987), Delos & et
al. h(1984) Thomann and Di Toro (1983), and Di Toro et al. (1981) among
others

The development can bcgm by consulenng a simple . one- dlmensu:m
river as shown in Figure 10.1. The chemical in the water column is tran
ported by the flow Q. Losses of chemical may occur as a result of micré
bial degradation, volatilization, or other pathways. The sediment how:
ever in all of the models discussed in this paper is not considered to b
moving. There is a transfer of chemical from the sediment to the water,
column and vice versa via settling and resuspension of particulate chemi
cal forms and sediment diffusion of dissolved chemical.
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Figure 10.1. Notation for physico-chemical fate model in streams.
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The one-dimensional mass balance equation for any form of the chemi-
cal (dissolved or particulate) is for the water column

0
Thale A YT (Qc) +— Y [8 ] + sources — sinks (10.1)

and for the surface sediment

3cz = sources — sinks (10.2)

at
where ¢ and ¢, are the chemical concentrations in the water column and
sediment (m;ll’ my = mass of toxicant, P = bulk volume of solids plus
water); @ is the river flow (%/1); A is the cross-sectional area (19); E is the
{ongitudinal dispersion coefficient (1%1); x is distance downstream and ¢ is
time.

The chemical in the models discussed hetrein is assumed to be com-
posed of two forms: 1, the dissolved form, ci (m7/l3; I3, = volume of
water); and 2. the partlculate form, ¢, (mi/P}), i.e., the toxicant sorbed
onto parttculate matter in the water column or sedlment The total chemi-
cal concentration is then

cr= ¢, + dcg

(10.3)
where ¢ is the porosity [£2/%).
Equation 10.3 is
cr=¢, +¢q (10.4)
where
cs = ¢y (10.5)

for ¢4 (m1/1?) as the porosity corrected dissolved concentration.
With the general framework described, the detailed equations for the
various forms of the chemical can be presented.

Dissolved Chemical

An explicit finite differencing of Equation 10.1 together with sources and
sinks of the dissolved chemical in a temporally constant control volume
(V1) of the water column is given by

d
W= "Eﬂ = [(Qcﬁl) = Qicar + E'((Cdl)+ - Cdl)

+ E'((car)” — ca)] (Transport)
+kay Viep) — kymVicy  (Sorption-desorption)
+ KraA(ch — ch) (Sediment diffusive exchange)
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— KnVicyy (Decay & losses)
— knA(cglH, — ¢y} (Volatilization)

+ Wai  (Input)

The group of terms in brackets represents the transport and dlsperslon
of the dissolved toxicant. Superscript + indicates the upstream direction
and superscript — indicates the downstream direction. The net transport
flows, O, are written in an equivalent backward difference approximation

which increases the dissolved form (the desorption rate is kg [1/¢]), and
the adsorption from the dissolved phase onto the parl:culates given by

tion is m (m,!!’) (m, = mass of solids,) Note that this latter term depends
on the mass of solids available for sorption from the dissolved phase. &%
The third group of Equation 10.6 represents the diffusive exchange be- $
tween the sediment dissolved chemical concentration cj, in the interstitial
water and the dissolved chemical concentration in the water column, cj,. 3
The sediment—water diffusive transfer coefficient, Xsy,(//f) can be consid- &
ered as an overall interfacial transfer coefficient relating to the diffusion of g
the toxicant across the sediment-water interface. [,
Decay and loss mechanisms such as biodegradation, photolysis etc. of %
the dissolved form are included in the fourth group of the equation. There- &
fore, K;(1/t) represents the sum of individual rates, some of which in turn . :
may represent rather complex mechanisms. Note that for this model ail
the loss rates are assumed to be first order, .
Volatilization of the dissolved toxicant is given by the fifth group of 8
Equation 10.6 where ¢, represents the gas phase of the chemical (m7/13; 3
B = volume of gas) which may or may not be zero, and H, is the
chry s constant for the chemical (my/I3 + my/B3). g
The last line represents all external sources or inputs of dissolved ¥}
chemical, Wy (mz/f) from point direct dlscharge sources as well as non- 7%
point and tributary inputs.
An equation similar to Equation 10.6 can be written for the dissolved
chemical in the sediment layer underneath the typical water column seg-
ment 1. This layer is designated with the subscript 2. Thus,
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dCz‘

Vo—- ar karVacp — kamVicsn

+ Kmd(cy — cp)
=~ KnVien
— bnden

+ KmAlch = ¢ly) (10.8)

The first three lines of the right side of Equation 10.8 have already been
discussed relative to the water column. The fourth line of Equation 10.8
expresses the “burial’* or transfer down into the sediment of the dis-
solved toxicant due to net sedimentation or build-up of the sediment layer
at a net sedimentation rate of vg(I/1). The last line of Equation 10.8 is the
diffusive exchange of dissolved toxicant between the first and second
sediment layers under the water colurnn. Similar equations can be written
for each successive sediment layer. Note that there are no dissolved
transport terms for the sediment thereby indicating that the sediment is
assumed to be stationary in the horizontal direction. Also, mechanicat
mixing of sediment layers (due, for example, to bioturbation) is not in-
cluded, but is readily added with an additional mixing term.

Particulate Chemical

The mass balance equation for the chemical sorbed onto the particulates
in the water column segment 1 is given by

- dc,,l

Vi =—= = Q)" = Qicar + E'((cp1)* — cp1)

+ E'(¢)” — ¢)) (Transport)

— kaVie, + ic.;llelcdl (Pesorption-sorption)
~ v;Ac,  (Particulate settling)

+ v,Ac,; (Particulate resuspension)

= KnVic,t (Decay)

+ Wp  (Input) (10.9)

Thefirst group of this equation is the transport of the particulate chemical
due to net advection (Q) and dispersion (E'). The particulate chemical is
assumed to be transported in the same manner as the dissolved form. The
second group is the desorption-sorption mechanism discussed above and as
can be noted for the particulate form, sorption is a source and desorption
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is a sink of toxicant. The third and fourth groups are respectively the partic.
ulate settling of the chemical from the water column and the resuspension
of particulate chemical from the sediment into the water column. The 2
settling velocity, vs(I/t) and the resuspension velocity v, (/1) are functiong 3
of particle type (sand, silt, organics) and the hydrodynamics of the water—.
sediment interface. The fifth group represents any decay mechanisms (e.g.
bacterial degradation) of the chemical on/in the particulates at a rate K[/ b
t] and the last line is the external mass input of particulate t0x1cant
pl[mTlr]
_ . The particulate chemical in the sediment is given by an equation similar
to Equation 10.9 except that, as noted, the sediment is assumed to be &
stationary in the horizontal direction. That is, bed load transport or sedi-"
ment movement horizontally throughout the water body is not con:’

sidered. ":a
The particulate chemical equatlon for the sedlment segment underlymg
the water column segment 1 is then given by i
dey, V3
V2 _dt_z = —kpaVacp + kamiVacs
+ v Acy — v Acp
p2 VaCp2
~ vahcp (10.10) ¥

The first three lines of this equation parallel the equivalent mechanisms 3
in the water column (sorption-desorption, $ettling-resuspension, and de- ° :
cay; at rate Kj,). The fourth line represents the net downward flux of 74
sediment particulate toxicant due to the net sedimentation velocity vy. %
Again, mlxmg of the sediment due to factors such as bioturbation or deep
sediment mixing is not included, but can be added as an additional mixing
term.

10.1.2 Local Equilibrium Equations

Equations 10.6 and 10.8 for the dissolved component and Equations 10.9
and 10,10 for the particulate component in the water column segments
and sediment segments, respectively, represent a set of interactive, differ-
ential equations, one for each control volume of the finite difference grid.
Note that the coupling of the dissolved and particulate components is
through the reaction kinetics of sorption and desorption. For some chemi-
cals, these reaction kinetics tend to be *‘fast” (i.e. completion times on
the order of hours) compared to the kinetics inherent in other mechanisms
of the problem, These latter mechanisms include bacterial decay, net loss
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rates to the sediment, and sedimentation rates that have reaction times on
the order of days to years.

The *‘fast’* kinetics of sorption-desorption indicate that for time scales
of days to years, there will be a virtually continuous equilibration of the
dissolved and particulate forms depending on the local solids concentra-
tion. This partitioning between the two components permits the specifica-
tion of the fraction of dissolved and particulate chemical to the total. The

- dissolved and particulate chemical are therefore assumed to be always in

a “local equilibrium’ with each other. Assuming that the kinetics are
reversible and that the sorptronfdesorptlon kinatics are linear, then a par-
tition coefficient Y mz/ms + my/I3] can be defined as follows:

, Y =rlc; (10.11)
or since ¢} = cd $
V=9 =rlcy (10.12)

for ¥ as [mg/m, =~ m/JP} and r as thc chemical concentration on a solids
basis [mz/m;].

The particulate toxicant concentration relative to the bulk volume is
given by (for m as the solids concentration, m,/I?) -

cp=rm (10.13)
The fraction of the total that is dissolved, fy, is given by
fa=(1+Ym! (10.14)
and the particulate chemical as a fraction of total chemical () is given by
§'m
=TT vm (10.15)

The local equilibrium assumption therefore permits specification at all
times and places of the fraction of the total toxicant in the dissolved and
particulate form. It should be stressed again here that this local equilib-
rium assumption assumes complete reversibility between the solid and
liquid phases. There is evidence (e.g., Di Toro et al. 1982a; Di Toro 1985)
that this is not the case for certain chemicals.

Also in these relationships it is assumed that the parutlon coefficient
does not depend on the concentration of the sorbing solids. There is
considerable evidence, however, as given by O'Connor and Connolly
{1980) and Di Toro (1985) who indicate that the partition coeflicient does
apparently depend on the concentration of solids. The development con-
tinues here on the assumption of a constant partition coefficient.

With this assumption, attention can then be focused solely on the mass
balance equation for the total chemical. The total chemical in the water
column or sediment is given by Equation 10.3. Adding the water column
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equations for dissolved chemical (Equation 10.6) and particulate chemicaf;
(Equation 10.9) and using Equations 10.14 and 10.15 gives

V) —— dcﬂ [QC-“ Q|Cn + E’(C;I - Cn) + E'(Cﬁ - ¢71)
+ keA(fnacrafds — foen) — (K)Vien
+ knAllc/He) — fnenl — viAfpicn + vAfenn
+ Wn (10.16)
where K| Ka + Kp| -

Note that the kinetics of sorption-desorption do not appear in th
equation because it represents a mass balance of the total. The net loss
rates and exchanges that are dependent on the form of the toxicant d
however, rcmam

an

V2 ar ~KiA(fnen/d: = faen) — (KI)VZC];Z

+ vAficn — vAfcn = viAfprcn
+ KrA(fasemi/ds — fﬁzcnf{ﬁz)
where K; = K + Kz

* Equations 10.16 and 10.17 are the fundamental equations used in the.
succeeding analyses. These equations are coupled parametically to the 33

suspended solids and sediment solids concentrations (see Equations 10.14 1k
and 10.15). These concentrations can be specified externally as an input )
or the mechanisms of solids settling, resuspension, and deposition can be i
explicitly modeled. In addition, an independent tracer can be used to .-;,:

calibrate these parameters; see Thomann and Di Toro (1983) forthe use of g
plutonium-239,240 as a tracer.

10.1.3 Food Chain Model

The transfer of a chemical in the aquatic food chain occurs through two
principal routes:

5o 71 AL X

1. direct uptake from the water.
2. accumulation due to consumption of contammated prey.

The uplake of a chemical directly from water through transfer across
the gills as in fish or through surface sorption and subsequent cellular
incorporation as in phytoplankton is an important route for transfer of: :
rhemirale Thic untake is oftén measured by laboratory experiments dur-
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ing which test organisms are placed in aquaria with known (and fixed)
water concentrations of the chemical, The accumulation of the chemical

" over time is then measured and the resulting equilibrium concentration in

the organism divided by the water concentration is termed the bioconcen-
tration factor (BCF). A simple representation of this mechanism is given
by a mass balance equation around a given organism. Thus,

v’

ar = kawe — K (10.18)
where ¢’ is the whole body burden of the chemical (my); . is the uptake
sorption and/or transfer rate (P/t - m(w); m(w) = mass of organism, wet
weight; w is the weight of the organism, m(w); ¢ is the dissolved water
concentration (mz/I3); K is the desorption and excretion rate (1/¢) and ¢ is
time. This equation indicates that the mass input (;1g/d) of toxicant given
by k.we is offset by the depuration mass loss rate (pg/d) given by K»'.
The whole body burden ¥’ is given by

' = pw (10.19

where v is the concentration of the chemical (m/m(w)). Substitution of
Equation 10.19 into Equation 10.18 gives, after simplification

dv

pri . — K'p

(10.20)
=K+G

for G(1/1) as the net growth rate of the weight of the organism. At equilib-
rium or steady state,

where K'

ke
v= 1 (10.21)
and the BCF is given by
v k.
Ny = Pl G (10.22)
The ratio N,,, the bioconcentration factor, is in units my/m(w) +~ my/B,

e.g., pglkg + pgll (= likp).

For organic chemicals, the BCF is conveniently defined on a lipid-
normalized basis, i.e., my/m(lip) -~ my/P, e.g., pg/ke(lipid) + ptgll The
lipid normalization assumes that the lipid compartment of the organism is
the principal receptor of the hydrophobic organic chemical.

The octanol-water partition coefficient (K,.,) of a chemical is a usel‘ul
ordering parameter to express the tendency of organic chemicals to parti-
tion into the lipid pool.

At equilibrium then for organic chemical BCF, to first approximation,

Ny = Ko ‘(10.23)
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