


















































DR-2: Based on trenching studies and hydraulic modeling studies of the Diversion Dam
study reach, compare the updated characterizations of paleohydrologic bounds
and paleofloods for the BLR with those used in flood frequency analyses of the
prior studies.

Characterizations and discussions of comparability are developed and detailed in
Sections 2 and 3 of the final flood hazard report.

DR-3: Based on the evaluations conducted for DR-2 determine the inputs and weightings
for flood frequency in the logic tree that will be used to evaluate the probability of
flood stage at key TRA/INTEC sites.

As work progressed it became evident that the discharge AEP was the controlling
variable in the analysis of flood hazard. As a result the logic tree developed into a single
branch with the starting discharge AEP dictating the additional variables used. Variation
due to other factors was determined to be less than the uncertainty associated with
topographic resolution in the hydraulic models.

DR-4: Based on the results of DR-1, DR-2, and DR-3, calculate the stage/probability
curves for the INL facilities.

A detailed discussion of the development of the stage/probability curves is provided in
Section 5 of the Final flood hazard report. Appendix F provides additional curves for
each of the modeled discharges at each critical facility.

3.6. Specify Tolerable Limits on Decision Errors

This step sets out the acceptable limits on decision error. These limits are typically used
to establish performance goals for the data collection design. Because of the empirical
nature of the data it is difficult to place limits on the data use. Discussions will be carried
out between all parties concerned, with considerable input from the peer reviewers, to
determine what qualifies as sufficient supporting data. The emphasis in all studies is to
develop a probabilistic description of each of the inputs and modeled parameters in order
to allow the propagation of potential uncertainty through the full study.

Peer reviewers provided comments and recommendations for follow-on work/additional
research. Although this work is outside the scope of the present project, certain aspects
would serve to potentially further constrain uncertainties or provide additional support for
various actions.

3.7. Optimize the Design

The limits of the area selected for flow simulations to develop stage/discharge probability
information have been defined by the limits of inundation shown by previous studies,
critical facility locations, and sites where flood frequency inputs are developed and
applied based on previous work. The study area encompassed an approximate three to
four mile wide strip, centered on the present Big Lost River channel, and extending from
the INL diversion dam to the railroad bridge east of INTEC.

The areas and trench sites for the evaluation of paleohydrologic bounds were based on
the results of previous studies. This detailed study reach encompassed the Big Lost River
channel and immediate overbank areas from the INL diversion dam to approximately
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three miles downstream at the old pioneer diversion. This area was selected based on
multiple areas of channel control due to basalt outcrops.

Trench locations for paleohydrologic/geomorphologic study were selected using
information and comments from the previous BOR study. The "Big Loop” site was
chosen to evaluate the many earth mounds in the area, some of which occur in
paleochannels of presumed Pleistocene age. Excavations through the mounds and
channels showed that soils and stratigraphy were generally continuous across the
channels, providing no evidence of post-late Pleistocene Big Lost River flow at these
sites.

Trench excavations at "the Saddle" were carried out to determine constraints on flow
through the saddle. This location included a 900 meter (2953 foot) long trench that
yielded definitive evidence that water had not flowed through the saddle in Holocene
times. Trenches on terrace sites adjacent to the channel showed evidence of a paleofloods
about 400-600 years ago, but this evidence was limited to lower sites that did not reach a
stage required for flow through the Saddle.

The final trench location was on a terrace on at sharp bend in the river. Previous
modeling showed that as flood stage increased, this area became subject to increasing
erosive forces. It was anticipated that trenches at this site would provide additional
constraint on flood frequency. However, due to cultural resource restrictions, the project
was unable to complete a continuous trench and unable to extend trenches to critical
locations near the banks. A series of smaller disconnected trenches were dug which
exposed a consistent soil and stratigraphic sequence, although absolute correlation could
not be established due to the disconnected nature of the exposures. There was some
evidence of flood erosion/overtopping, and a stage limit for this evidence at the site, but
positive evidence of paleoflood stratigraphy was limited.
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4. DATA QUALITY ASSESSMENT

A data quality assessment (DQA) is a formal process for examining the data results to see that
they meet the users end needs as stated in the project DQO’s. Therefore, data quality assessment
can also be thought of as reconciling the reported data to the project DQO’s. The EPA provides
guidance for this reconciliation through EPA QA/G-9, “Guidance for Data Quality Assessment”
(EPA, 1998).

The DQA process is the scientific and statistical evaluation of data to determine if the data
produced are of the right type, quality, and quantity to support their intended use. Like the DQO
process, which it supports, the DQA is an iterative process, consisting of five steps:

e Review the DQO's and sampling design.

¢ Conduct a preliminary data review.

e Select a statistical test.

« Verify the assumptions of the statistical test.
e Draw conclusions from the data.

As stated in the discussion on DQOs certain exceptions were made for this project as itisnot a
typical engineering design. The data for this project consists of empirical data such as model
simulations, field observations, and narrative descriptions of the methods used to create the
graphical end-products (stage/probability plots). In line with those changes the DQA that
follows will present narrative explanations to the various questions posed under the DQO
process rather than actual numbers.

41. Review the Data Quality Objectives and Sampling Design

The main objective of this activity is to provide a context for analyzing the data in later
steps. The goal is to familiarize the data analyst with the main features of the program
used to generate the data. The data analyst will review all documents associated with the
data being reviewed. This will include the QAP, associated DQO’s, and the draft and
final reports. The DQO's, through the established principal study questions, will guide
the assessment by providing an understanding of what the end use of the data is.

For PSQ-2, paleohydrologic bounds and development of paleohydrologic inputs for use
in flood frequency analyses were expected to generally follow the conclusions reached by
the previous study (Ostenaa et. al., 1999). These inputs are characterized with a best
estimate or best estimate range, and an associated range of uncertainty. The study reach
used for modeling is termed the INEEL Diversion Dam study reach. This is an
approximate three mile stretch of the Big Lost River from immediately downstream of
the INEEL diversion dam to the old Pioneer diversion structure. This stretch has been
used by other researchers in the past because of the fixed channel constraints provided by
frequent basalt outcrops.

Criteria for paleohydrologic bounds in the diversion dam study reach were developed
based on data available in the literature, the framework developed in Appendix D of the
final flood hazard report, and the site specific sediments evident in the trenches. The first
step in the criteria development was to designate different geomorphic surfaces. These
ranged from the upper-most Pleistocene gravel surface to the present channel bottom and
most recent accretionary bars and terraces.
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The next step in the process was to perform detailed soil mapping of the trench faces for
the identification of specific facies that could be extended across the arca or that
represented a specific event. Standard geomorphic relationships (truncation of soil
horizons, interfingering of different soil compositions, soil development/calcium
carbonate leaching) were observed and recorded. As part of this task radiocarbon age
dates were obtained for different well defined zones. Sediment provenance studies were
also performed as part of this step.

The final step in this process was the application of the erosion thresholds developed in
Appendix D and the ficld observations for whether a particular geomorphic surface had
been modified. As such, PDFs for the various geomorphic surfaces observed were
developed consisting of a minimum required value, a best/most probable value and a
maximum value., The minimum value represented the minimum value of stream power
per unit area or bed shear stress to cause modification of the surface. The best/most
probable values represented the value that corresponded best with the observed field data,
while the maximum value represented the stream power/shear stress value at which there
was virtual certainty that a given geomorphic surface would be modified. These values
were derived from field observations of material composition and literature values on
their movement. Independent estimates from multiple subareas on each geomorphic
surface were combined subjectively into a single probability statement for each
paleohydrologic bound.

For PSQ-1, the 2-D flow modeling and a range of discharges determined from previous
flood hazard studies were simulated. A sufficient number of simulations were conducted
to adequately portray the variability in the model results that result from variations in the
inputs and model used. Sensitivity testing of the models was used to determine the total
number of simulations required for the analyses as described in Appendix C of the final
flood hazard report.

Discharges were modeled with four adjustable variables related to infiltration (full or none)
and bridge and culvert conveyance (full or partial). Full infiltration assumed an infiltration
capacity of approximately 15%, while none assumed no infiltration loses. This is detailed
in Appendix D of the final report. Full conveyance of culverts assumes that all culverts are
100% open. Partial conveyance assumes only the bridges/culverts in the Big Lost River
channel are open to flow. Appendix C of the final report also provides details on bridge
and culvert conveyance.

For PSQ-3, potential flood frequency inputs from the current and previous studies were
weighted according to participatory and final peer reviewer input, empirical data, and the
professional judgment of project participants for input into the logic tree assessment for
PSQ-4. Inputs from previous studies were not used due to incomplete results or
discrepancies in the previous data determined through the present study.

The stage-probability plots for the selected areas of INTEC and TRA were developed
from the inundation flows performed under PSQ-2. The probabilities were assigned
based on revised flood frequency analyses completed for the present study.

For PSQ-4, a logic tree for flood frequency and hydraulic modeling scenarios was
developed (Figure 1). Based on the modeling results, the primary variable for the logic
tree is the input discharge AEP. Examples of final AEP/stage diagrams derived from the
logic tree for selected discharges are shown in the final flood hazard report.
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To derive a set of AEP/stage curves using the conceptual logic tree developed for this
study one starts by selecting an AEP of interest. The hydrograph shape for that AEP is
propagated downstream to the point of interest. The discharges associated with the AEP
are interpolated and constrained by known AEP relations (see Figure 2-12 of the final
flood hazard report). Finally infiltration and bridge/culvert effects are applied. The final
product is a set of AEP/stage (depth) curves for the different infiltration and
bridge/culvert combinations with 95 percent upper and lower bounds. Depending on the
distance downstream of the INL diversion dam, different discharges may appear as
inflection points on the graph.

4,2. Conduct a Preliminary Data Review

In this step the data analyst will normally perform a preliminary data evaluation, calculate
some basic statistics, and graph the data. The goal here is for the data analyst 1o get a feel
for the “structure” of the data. Basic statistics are often used to provide a numerical
determination of whether the data will meet the project DQO’s. Because of the empirical
nature of this projects data this evaluatjon is done less mathematically.

Outputs from the 2-D hydraulic modeling for each simulated discharge are displayed as
plots of inundation extent displaying water surface and additional contour information for
depth, stream power and shear stress.

Paleohydrologic inputs for flood frequency are displayed as PDF's. The primary
functional shape developed was a triangular distribution, although some PDF’s developed
trapezoidal shapes based on the data available for each of the inputs. The peer reviewers
were fully presented with all the assumptions made during PDF determination and asked
to carefully evaluate those assumptions during their review.

Flood frequency inputs are portrayed as continuous frequency distributions and
associated uncertainties for a range of annual probabilities and discharges. Differing
weights of previous frequency analyses will be required because not all previous
frequency analyses extend over the same ranges of discharge or annual probability.

Logic trees were to be portrayed in graphical form with simplified titles for each branch
10 show the relative weights and relationships of each of the elements used in the
calculation of flood stage probability at the facility sites. In the final report the logic tree
turned out to be a single linear process with results dependent on the initial AEP used.

One of the major setbacks to the completion of the project was the unplanned
requirement to reprocess the input topographic data. The accuracy of topographic data
used in the flood hazard studies was called into question when initial hydraulic modeling
results based on newly acquired topographic data from the paleoflood study reach
downstream of the INL Diversion Dam were found to be significantly different than
modeling results from previous studies. Extensive analyses of the topographic data used
in these modeling studies was undertaken in an effort to characterize the accuracy of each
to the topographic data sets used in the flood hazard analyses.

Each group of topographic data used in these analyses has been compared to an
independent, more accurate, set of GPS field survey data. Aerial photography flown in
2000 was used to generate 3-ft grid data for detailed hydraulic modeling of a paleoflood
study reach downstream of the INL Diversion Dam. More than 800 points were surveyed
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with GPS in this reach to evaluate the accuracy of the topographic grid. National Map
Accuracy Standards (NMAS) and American Society for Photogrammetry and Remote
Sensing (ASPRS) accuracy measures indicate that the grid data is sufficient for mapping
with contour intervals of approximately 1.3 to 1.5 ft or larger. For the same reach, grids
derived from the 1993 INL 2-ft contour map did not meet standards for 4-ft contour
mapping and appeared to be significantly warped in some areas.

For the main Big Lost River corridor between the INL Diversion Dam and areas
downstream of INTEC and TRA, comparisons indicated that the original INL 2-ft
contour map was close but generally does not meet ASPRS standards for class 1 mapping
as a 4-ft contour map, the standard cited in Federal Emergency Management Agency
(FEMA) Bulletin 37 for flood hazard mapping. The original 2-ft map also does not meet
NMAS standards for a 4-ft contour map based on the present comparison data. The 2003
BOR 5-ft grid developed from the 1993 photography and original Aerographics control
data meets both ASPRS and NMAS standards for approximately 3-ft contour mapping.
Measured accuracy values on the 2003 BOR 5-ft grid are generally 25 to 50% better than
values measured on surfaces derived from the 1993 INL 2-ft contour map. The level of
accuracy achieved by the 2003 BOR 5-ft grid appears to be limited by the underlying
accuracy of the original control network used for the 1993 photography.

4.3. Select a Statistical Test

The main objective of this step is for the data analyst to select an appropriate statistical
hypothesis for testing the data. In a classical sense the data being tested are analytical
values. These lend themselves directly to statistical comparisons. However, the primary
data produced by the FHS study are not measured values but are empirical in nature. The
data produced often consists of outputs derived from models or scientific judgments.
Unlike analytical values this type of information does not center on an "expected" value.
As such, most of these outputs do not lend themselves readily to statistical testing. The
emphasis in this study is to develop probabilistic characterizations and to draw upon
inputs from expert peer reviewers to assess and test whether sufficient basis exists for
drawing the presented conclusions.

Expert peer reviewers were consulted at key phases during the study in order to assess the
data and confirm underlying assumptions. Expert peer reviewers in hydraulics,
paleoflood hydrology, and probabilistic characterization were included as study
participants (see Section 2.1). Both participatory and final peer reviewers received
detailed presentations, including a visit to the field area/trench sites, on the proposed
methods and the final outcomes.

Multiple sensitivity analyses were performed on both the TrimR2D and RiCOM codes.
Details of these analyses are presented in Appendix C of the final report.

4.4, Verify the Assumptions of the Statistical Test
The goal of this step is to determine whether the underlying assumptions of the statistical
test are still valid given the data collected.

Participatory peer reviewers provided comments on the validity of data and assumptions
throughout the project. Documentation of participatory peer reviewer comments are
maintained by the PM. Comments provided by the final peer reviewers on the draft final
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flood hazard report covered application of the assumptions made for this project and are
included in Appendix C.

4.5. Draw Conclusions from the Data

Once the statistical test has been chosen and it has been determined that the underlying
assumptions are valid then the chosen statistical hypothesis is run and tested. Based on
the results of the hypothesis test the data analyst draws a conclusion from the data.

Based on expert peer reviews, the draft report was revised and comment/response
documents were prepared to document how peer reviewer recommendations were
implemented into the final study report. Recommendations not implemented are
documented and described, along with rationale for not implementing recommendations.

Conclusions drawn from the paleohydrologic data are detailed in the final flood hazard
report, Draft final report peer reviewers provided comments (Appendix C) on the
application of the palechydrologic data to the final decisions. They also provided
comments on the use and results of the 2-D hydraulic model inundation maps.

The results for PSQ-4, calculations from the logic tree, were to provide the principal
conclusions from the study. As work progressed it became evident that a formal logic
tree approach was not necessary as the discharge AEP was the controlling variable in the
analysis of flood hazard. As a result the logic tree developed into a single branch with
the starting AEP dictating the values of the follow-on variables. The peer reviewers felt
that formal weighting of the AEP for other factors was inappropriate given the increasing
uncertainties with the longer AEPs and the detailed bounding constraints developed in the
report.

The final outcome is a detailed set of AEP vs. stage diagrams for different discharges at
each critical facility location. The development of these diagrams is detailed in Section 5
of the final flood hazard report. This section also addresses constraints on extending the
curves beyond and AEP of 2 x 10™. Appendix F provides a complete set of diagrams of
the final probability/stage curves at the selected facilities at INTEC and TRA.
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5. CONCLUSION

The overall objective of this project was to develop and document a relationship between AEP
and stage/discharge for PC-1 to PC-4 facilities at the INL. Following guidance described in
DOE standard 1020 and using the peer review process detailed in NUREG/CR-6372 as guidance,
the design process and final curve development underwent a rigorous review by experts in the
fields of hydraulics, uncertainty analysis, and paleohydrology.

This report documents the QA used in each step of the development process throughout the study
to mect the stated DQOs. As part of this process a data assessment based on the DQOs detailed
in the QAP is also presented. Assessment shows that all DQOs for the project were met. Peer
review comments supported the documented process and generally recommended additional
activities to provide further constraints on uncertainty in areas such as infiltration losses. The
peer reviewers concurred with the final analytical process and outcomes as being reasonable and
well thought-out.

The final outcome of this project revealed that the anticipated multi-branch logic tree approach
was unnecessary. A single controlling variable (AEP) was found for the analysis of flood hazard
at the INL. The initial discharge AEP determined the values for the additional variables used in
the analysis. Plots of inundation depth for AEPs out to at least 1 in 100,000 years (10°°) were
generated for each critical location at the INL. Peer reviewers agreed that formal weighting of
AEPs for other factors in the logic tree approach was uncalled for.
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APPENDIX A
MINUTES FROM OCTOBER PEER REVIEW MEETING



Big Lost River Flood Hazard

October 5, 2004
Stoller Corporation
Idaho Falls, Idaho
Attendees:  Dan O’Connell Bureau of Reclamation

Robert Creed Department of Energy-Idaho
Scott Jensen BBWI
Dr. Klaus Jorde ~ University of Idaho
Dr Paul Link Idaho State University
Dr. Upmanu (Manu) Lall  Columbia University
Chris Martin S.M. Stoller Corporation
Kathy Morgan S.M. Stoller Corporation
Dean Ostenaa Bureau of Reclamation

Bob welcomed the group and thanked them for the contribution that would be given to the
report. He stated that this is a diverse group that reflects multi disciplinary nature of the project.
The site with an operating nuclear reactor not only is it multi disciplinary but each of those
disciplines has to be pursued in a very serious and rigorous manner to data and analysis
supporting the conclusions that we reach on this project. I want to stress that this is not the first
review that we have had here. We have had a number of peer reviews and most importantly
during the last segment of work we had what we refer to a participatory peer review as
recommended by NUREG 6372. That nuclear regulatory commission guidance on the use of
experts on the seismic hazards analyses is basically the template for the review structure and
process that we have been following.

Bob continued with a review of maps of the INEEL, Mackay Dam, the flow path of the Big Lost
River, Big Lost Sinks, and Little Lost Sinks. Internal drainage system, one of the important
conclusions you draw from the drainage system is that over geologic time this basin has never
filled up with enough water to cut a path to the Snake River. It provides a first order very broad
constraint on the consistency of flows.

For the validation review, a couple of key questions we want o ask are

1. Do the processes, all of the processes--review, data acquisition, analytical--support
the probabilistic models?
2. What changes, if any, need to be made to our probabilistic models to optimize our

defensibility and acceptability?
Bob emphasized that extensive reviews have been preformed and he has sent comments and
comment response documents to illustrate that point. So in the classical sense this is not a peer
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review requiring verification and validation in a formal sense. Having said that, however, Dr.
Jorde and Dr. Lall are world class experts in their fields and if they see something that looks like
it really has to be addressed in technical perspective, we will certainly considered that very
seriously. If you feel like it is so bad that we can’t proceed with the final probabilistic model.
We obviously have more work to do.

Bob commented that here is what we have to have out of this.

v 100 and 500-year flows that are equal and arguably exceed FEMA techniques and
requirements.
v DOE flood model that goes out to 100,000-year return period
v" Lay the foundation for subsequent work.
e Consideration of how do we assess and modify the INEEL Diversion Dam
v QA quality assurance and quality control has to be documented and robust.

He continued while we have a note taker here and I appreciate that. Almost every meeting [ run
like this I demand that people put things in writing if they think it is a serious issue. So in spite
of having a note taker, if you have an issue that has to be addressed we have to see it in writing.
Ultimately, we are going to transfer a nice, wonderful, incredible, extensive, and defensible data
set to the INEEL. That will be Scott’s job or he will have a hand in it somehow. Do the INEEL
A & E standards still exist?

Scott replied yes.

A map was reviewed and the chance for flows to come out of Mackay Dam if it were to fail and
directions of flow of Big Lost River were discussed.

Bob stated that one of the important issues is the amount of irrigation and diversion that comes
off the Big Lost River. That is reflected by the amount of land in production; he continued by
saying that the 1999 report was unique and groundbreaking successful study. The study resulted
in four (4) peer review publications thanks to the hard work of Dan and Dean.

Bob added the reason Dr. Baker and his graduate student were involved. In 1993, Sarah
Rathburn published a paper saying there was a 4 million cubic feet per second 20,000-year-old
glacier outburst flood. Being a geologist, I ran into the field and tried to find evidence for it and
it really wasn’t there. That stimulated a lot of interest on my part to review the geology that
constraints or characterizes flood hazards.

Bob continued saying the other thing that happened here that we ought to talk about is that there
has been a discussion between the USGS, Bob, and Dean about what the 100-year flood should
be. Their initial 100 flood estimate, Berenbrock and Kjelstrom was 7,320 cfs at Arco and after
going through the diversion dam reach and with attenuation it ended up at 6,220 cfs on the
INEEL and again being a geologist I took a look at the maps and the geomorphology out there
and thought that is just crazy, again stimulating the need for more detailed work. Joe Rousseau
and Hortoness produced a 100-year flood report that is much more realistic. The number of
assumptions that went into this were extremely conservative and probably had no basis in reality;
definitely had no mathematical basis, to assert of a flood with the AEP of 1in 100.

In spite of the work done in 1999, the flood hazard work remained controversial and a lot of
people with a lot of interest in how the work was done, who did it, and how much money they
received. That led to some identification of issues and uncertainties that were marginally



significant in my opinion. Nevertheless, because we have an operating reactor and because we
are interested in promoting the site as a place for future work we need to geta real good
defensible handle on the flood hazard regardless of perception of the uncertainties raised by
others we really have to nail this thing down. The work you will see over the next few days
resulted from the attempt to address some of these issues. We also would like to extend the
flood hazard to the 100,000-year return period, which we all recognize is extremely problematic.
We are not talking about a flood that is going to happen every 100,000 years. We are talking
about mitigating an event at a facility with a risk such that we cannot afford to have a flood with
an annual exceedance probability of about 1 in 100,000. Climate change all that other stuff—
qualitatively and heuristically we all think of that stuff but in terms of the functional mitigation
requirements we are not going to be worried about that. Now in some other cases, we are talking
about storage of spent nuclear fuel, there are some requirements to look at “is this site safe over
the next 10,000 years,” That is not were we are going. We need to provide inundation maps
across the INEEL and some other things. Because of the serious, rigorous nature of the
implications of the products of this process and work, we are taking a hard look at every piece of
data that goes in to it. One of the things we looked at was the contour data and one of things that
came out of one of the previous peer reviews that should give you some comfort about the nature
and scrutiny this has gone through was that our contour data was bad. One of the things we will
deliver to the INEEL is reprocessed the contour data.

Bob explained Diversion Dam has two culverts that will pass 900 - 1200 cfs. Water that is
diverted goes into the spreading areas. In my opinion these spreading areas have infinite
capacity because there is a slope off to the southwest that will allow water to go forever. Water
not diverted to the spreading areas continues along the Big Lost River pass the Test Reactor
Area, INTEC to the Big Lost Sinks, and Little Lost Sinks. What is not shown here are the
various man structures, pioneer diversion, and other things that complicate the story somewhat.

Dr. Jorde asked if there was any flow below 900-1200 cfs goes into those sinks.

Bob replied no; those culverts can be closed. If those culverts are totally open the most water
that will go through here at bank full discharge or culvert capacity. That would be all of the
water backed up to the top of the diversion dam so you have a head on the water and it is forcing
water through the culverts you can get 1200 cfs if the diversion dam does not fail. That’s one of
the things that will come out of this once we know the flood loads. T can go to management and
say look if you want the diversion dam to withstand the 500-yr flood here is what we have to do
and try to get it certified for a flood control structure.

Dean added as a footnote there is a gauging station around the diversion dam since about the mid
1980s and since that time the largest flow that has gone down the Big Lost River, downstream of
the diversion channel is about 800 or 900 cfs. Out of the last 20 years probably about 10 of those
years there has been no flow at all downstream of the diversion dam. The last time there was
flow downstream of the diversion dam was in 1999 or some time in the late 1990 maybe 1997.

Bob continued we are also working on an integrated groundwater and surface water management
strategy; where we have to figure out what to do with the water. The two end scenarios are

(1) Keep the culverts wide open all of the time and take our chances with water percolating into
INTEC perched aquifers which contain strontium at 90,000 curies per liter. (2) Close the gates
and let water go nowhere but into the spreading areas and take our chances that it will not
migrate into the subsurface to the RWMC and send nasties down to the aquifer that way.



(3) And the third thing to keep in mind is that if you keep this channel flood dry you have a nice
infiltration capacity if you do have to release water from the diversion dam. This is a real classic
optimization problem. I've talked to Fritz Fiedler about how unique is it and is it worth doing as
a research thing but convincing management is difficult. There is a big picture framework that
goes beyond flood hazard stuff.

Bob commented this is the 1997 flow looking downstream of the head gates. This flow was 800
cfs. The capacity of the diversion dam based on geotechnical work done by Clint Kingsford
based on standard penetration test and tensiometer is that the diversion dam will take 6000 cfs
with a factor of safety of 1.9. So for practical, functional purposes the diversion dam is safe at
less up to that number,

Bob explained the diversion dam itself is built reasonably well. As you get down farther it is
actually a dike system.

Scott continued the original dike was built when the diversion dam was built. Then the dike was
raised a little bit during the winter after the Mt Borah earthquake. The river flowed all that
winter because of the earthquake. There was an ice dam that kept raising the water level that
winter and so the dike was temporarily raised.

Dean interjected the discharge was only 50 cfs. It was really, really minor but it was the ice
damming issue, it kept freezing....

Scott added that spring they raised the dike by two or three feet for several miles.

Bob said while we have wonderful geotechnical data from two points along the diversion dam,
there is no guarantee that factor of safety applies along the whole reach of the diversion
structure.

Dr. Jorde asked is that is flow over a spillway or is that uncontrolled flow over a dam?
Bob replied the dam overtops at about 7000 cfs. This is one foot of free board.
Dean said tomorrow we will go to that spot and have a talk in more detail about it.

Bob stated he has some preliminary 2-D routing of flows against the upstream side of the dam
that shows where all of the water will go if the velocities might....

Bob showed a gauge record that emphasized what Dean stated about getting pretty good flows
and then nothing for years. In terms of flood hazard and risk, what are we looking at in terms of
real data at the INEEL. If you just look at that it is difficult to convince yourself that any of this
stuff is worth doing. Nonetheless, requirements are there for us to do this study.

Bob said this is the Arco gauge and I am assuming you are going to show more of this stuff.
Dean replied no; actually I wasn’t going to go back through all of the hydrology, so this is good.

Bob okay, I explained to Dr. Jorde this estimated point, notice this is the highest point on here.
This is based on a slope conveyance method when the Arco gauge got wiped out. I think there is
significant uncertainty associated with that. T was telling Dr. Jorde 1 look at the actual surveyor’s
notes, maybe you can remember this better than me, he had one paragraph of measurements that
came out 5000 cfs and he said, no this can’t be right. He redoes it and comes back with 2500 cfs.
Who know what that number really is, but the USGS makes a big deal of this point. The Arco
gauge data—there are some zero years in there. The scatters are about what you would except
for a heavily regulated system.



Bob continued with information about the diversion dam. Then he showed an image with a
better view of where RWMC is located and showing how close it is to a diversion structure. Bob
explained a hydraulic gradient and in the saturated part of the aquifer at about 650 feet below
ground surface. The gradient is in the southwest direction. So for water to get to RWMC from
the spreading areas it has to percolate, then hit something, move to the east, and then percolate
down and back out. The USGS claims they put tracer in the spreading area and then found traces
of that tracer by RWMC. The report was published last year.

He stated this is an extreme flow model if you will. This is Mackay Dam failure with a probable
maximum inflow at Mackay Dam with a full reservoir with an over topping failure. You can see
what that inundation would look like. This was completed in 1986, well reviewed, and a
credible report for its time. The problem is there is only three survey cross sections in the whole
report. There are significant uncertainties in where these boundaries ought to be. Nonetheless,
at this flow they have computed an elevation that at INTEC of 4917 ft that turns out to be
incredibly critical. If you go six inches higher than that, bad things happen. The report authors
assumed a 40 percent infiltration based on the Teton Dam failure.

This is the 100-year flood at INTEC based on the USGS old number. This is a very preliminary
estimate although our critics would like to make us live with this number. The Idaho Nuclear
and Technology Engineering Center is partially inundated with this flow. The cross sections
actually straddle the INTEC. What they have had to do for the facilities located between those
cross sections is interpolate between them. Which is a big no-no for this type of routing
nonetheless it is what people are stuck with for a while.

Bob explained this is why we are doing this:

v Laws that require 100-year flood plain litigation and executive orders,
v" DOE requires assessment of the 100- and 500-year flood plain critical actions,
and

v" FEMA requirements.
Bob stated he was able to get headquarters to get away from the FEMA guidance. The way 10
CFR 1022 was originally written says you have to use a Federal insurance agency/FEMA type
flood hazard analysis. When this regulation came up for review; I reviewed it and provided
input until they changed this to allow DOE type flood plain characterization. This is what we are
doing now and it is a lot different than the FEMA flood hazard characterization. This is what is
causing us all of the grief. The RCRA requirements require that a FEMA type flood frequency
determination as delineated in Bulletin 17B to determine the 100 year flood. The problem is
Bulletin 17B, and it says this on page 2, does not apply to regulated systems. So we are putin a
box. On one hand we are told to use FEMA guidance and on the other hand FEMA says don’t
use us. In the laws and requirements, there is no out. The reason why these reviews are so
important and why they are going to be rigorously documented and why our conclusions have to
be robust is when stakeholders drag me in front of the Citizens Advisory Board or wherever and
say your 100-year flood is not a FEMA flood therefore it is invalid go back and start over. I can
say well it is not a FEMA flood but look at the pedigree of this thing, look at the amount of peer
review, look at the quality of research, and look at the quality of the reviewers. Even if you look
Rast Texas State University folks that provided the database for Bulletin 17B statistical model
validation LP3 if you look at the appendixes for that stuff it all says this applies to natural
systems. Everything about it says don’t use for regulated systems. It puts the engineers in a box
because you have all of these laws and professional practice states use FEMA but how many
systems do you have in the United States that are unregulated systems now.
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What we are doing is not an Ad Hoc analysis it is firm, consistent, and robust support for this
methodology of using the DOE standards. Our argument for not using a FEMA type analysis
besides a regulated system that interferes with using FEMA is we have our own DOE orders and
standards that tell us how to do flood hazard analysis at the INEEL. One of the DOE site
characterizations standards actually states what to do. It recommends peer review, probabilistic
modeling. There are very few PC4 — operating reactor facilities. Hazard category 1 states that
this thing has significant risk for people off site. This would be significant risk for workers on
site, so presumably something like high level waste due to the long half life of things and other
things that would qualify as a PC4. Next slide... This is what we started out to develop and this
is what you will see over the next few days, the end products that we are after. Here isthe ....I
mentioned that DOE allows you to develop probabilistic flood hazards. This is actually out of
DOE guidance or position paper something like that and this is how they use an example of how
you do this you come up with a mean flood hazard curve based on things like dam failure, river
flooding, levee failure, run on/run off, tsunami, etc., and you come up with mean flood hazard
based on all of those inputs. Right now we are going to produce this curve right here, all of these
others will get dumped in there sooner or later. Next...

Dr. Lall commented hopefully not a tsunami

Bob stated you have no idea how much I want to get this over with. I'm getting...... my
reputation is....I don’t even worry about it anymore. Interms of INEEL hazard categorization
history for floods, this chart summarizes things pretty.. ...do you have anything like this? This is
why I embarked on this thing. This shows various types of INEEL flood hazard estimates that
have been conducted in the past. Here I’ve labeled something engineering time estimate which
is your classic LP-3 let’s take the stream gauge data and use it. You can most of those are for the
100- and maybe 500-year floods. Here we have had other hydrologic estimates done at the
INEEL. The most famous one, of course, is the Rathburn one which gives us the giant numbers
here and here is the 1999 Bureau of Reclamation paleohydrologic estimates to give you an idea
of where that 1999 analysis fits with respect to the historical data. You can see it tends to be
lower that’s good news and it’s bad news. It’s good news because it’s defensible and obviously
we like lower numbers for reasons I'll get into later.

Dr. Lall said your RCRA flood is a billion year flood according to that slide.

Bob continued saying in the 1999 report we do have some questions about these numbers here
for the 20,000 or I should say 10,000; no, 50,000~ and 100,000-year floods. Again that why we
had to get Baker involved because he was responsible for these two big outliers here and I
wanted him engaged as an advocate and peer reviewer for this stuff. He was very opened
minded and receptive of the whole thing and one of the things this illustrates is how rigorous and
systematic paleohydrologic data can reduce the conservatism you tend to find in the engineering
type estimates. The uncertainty in our 100,000-year flood model is what is so vague. This is our
current RCRA flood at 24,480 cfs. The new USGS flood is much more reasonable and will have
error bars that over lap with what Dean will come up with. This is an outrageously high
number—if this is our 100-year flood how do we scale this out to 10,000 and 100,000 years.
Nobody is going to let us make it flat, nobody is going to let us drop it.

Our end goal is to develop site wide inundation maps and stage versus frequency diagrams.
Uncertainty in hazards assessments can easily result in, and as it has in the past, in a net risk
increase to the public. Why? Because the resources allocated to poorly defined hazards could
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result in fewer resources available for well-defined risks. The risks need to be independently and
rigorously and defensibly determined. It shouldn’t this is the risk you should spend money on
because I have the most political clout or that I scream the loudest it should be the risk that you
most credibly and defensibly come up with. Hazards and risks have to be defined in a rigorous,
systemic and consistent context to ensure effective resource allocation.

Bob continued saying standard engineering techniques that have been used by most previous
studies are not appropriate for the regulated Big Lost system or DOE return period requirements.
You just can’t take LP3 analysis and scale it out to 10,000 years. People will do it but it just
doesn’t make any sense; people that work with this stuff often will tell you that. The DOE
standards provide an alternate methodology for standard engineering studies. In terms of process
and requirements we have firm regulatory and legal support for what we are doing here in terms
of procedures. NUREG-6372 is the template that we are using for the peer review. This is the
SSHAC report on guidance for use of experts in seismic hazard analysis. Some of you may
know that a few years ago there was this problem with using experts in seismic hazard analyses
and they had no way to levelize out the various opinions, ranges of opinions, and outlier
opinions, part of it was due to faulty peer review process. And part of it was due to taking what
people were saying when they had a peer review they would equally weigh everyone’s opinion,

Dr. Lall asked what do you mean by mean probabilistic flood hazard. There is a couple of ways
one could look at this. One is that I could come up with six different scenarios for failure each
has some probability. The other is I list my tree of options and say these are your scenarios.

Bob replied the DOE guidance is to construct a plot or graph of various things and come up with
a mean out of all the data.

Dr. Lall stated that this could be approached from a reliability analysis prospective and say here
are the different modes of failure. These modes of failure can occur in combination. The main
point is you stop short of calculating a mean. What you successfully communicate is perhaps
you would use when you compute the mean.

Bob stated that when the mean is computed none of the data would be filtered out. The primary
function of the probabilistic model is to help us quantify and identify significant sources of
uncertainty. I challenged Dan and Dean to come up with a model that is robust enough that we
can plug in these other failure modes, Mackay Dam failure and diversion dam failure as we go
along and use of the logic tree seems to be the best way to do that.

Bob then showed a model that illustrated the utility of paleohydrologic data. Then reviewed the
current 100-year plan illustration, showed Trench T-6, and gave an example of the stage versus
frequency curve that DOE requires.

Bob finished by reminding everyone to submit issues in writing.

Chris Martin then stated that everything that happens would be documented. The technical
approach that was used to collect field data would be reviewed as well as the conclusions to
determine if the conclusions are supported by the technical aspects. Is what they did right as
compared to what they are saying they came up with. The other part of it is looking at 2-D
routing models; doing the same thing basically. Technical approaches of how they did the
modeling, conclusions of the modeling, and comparing. Are the conclusions they drew
appropriate for the model they used. We are not going to do a review of why TRIMR2D and
RICOM were chosen over other models.



Chris reviewed the plans for Day 2. It will basically be a field day; looking at the diversion dam
and trenches. At the trenches, the logging results will be reviewed and Dean will spend time
discussing the features that haven’t been modified by flow as opposed to those that have.
Looking at constraints of the river, there are two or three areas where the river is bisected by
basalt flow so it is constrained and will give a good idea of the flow.

Bob added another important aspect of the field day is for Dean to point out some of the issues
that we have had to resolve. We did pay serious attention to the peer reviewers’ issues, that
guided the very rigorous and systematic way our data collection and analysis was done. We
were very responsive to those issues and concerns.

Chris reviewed Day 3. Thursday will be spent revisiting the field day, 2-D modeling, and
answering any questions that Dr. Lall and Dr. Jorde may have after visiting the field. Then end
by discussing the probability curves and come to some agreement on weightings for the logic
tree based on best estimates and data that is available. So we can begin work on the probability
plot.

Bob stated what we want to emphasize is a mean centered approach for parameterization and let
the probabilities fall out on the curves.

Chris mentioned that we are not trying to say this is the value, we want to say based on the
information collected these constraints are the best that we have so our value is somewhere
within there. Then we know within a 95 percent certainty that that is an accurate number. So we
have good, defensible, appropriate bounds for that number.

Dean stated that he would discuss the topographic data, which was a major issue, geomorphic
analysis, and trenching. Dan will discuss the 2 dimensional modeling result from the paleoflood
studies, which is a limited flood reach study near the INEEL diversion dam. Then Dean will
discuss the paleohdyrologic bounds criteria. That is how do we reach conclusions from the
marriage of the geologic data and the hydraulic modeling data.

Dean stated that he wanted to make sure everyone understood the diversion dam because it is a
huge issue with any regards to the flood conclusions. Tour the facilities and look at the channel
(when in the field.)

Then Dean reviewed a map the showed locations of Mackay Reservoir, Leslie, Howe Ranch,
Moore, Box Canyon, Arco, and the paleflood study reach. At these locations, data has been
collected for as much as 100 years. Howe Ranch records date from 1904. The basin is about
200 square miles in the Pioneer Mountains, which is unregulated, and this is where all of the
water comes from. The Big Lost River drainage at the Arco gauge is 1800 square miles and the
largest flood in 50 years of record was 2500 cfs. The largest flood in the Howe Ranch gauge in
100 years was 4000 cfs or about 50 percent larger than the largest flow recorded in Arco in the
shorter time. The largest flow in the Howe Ranch has been in the last 50 years and should be
represented in the Arco but it is not.

Paul asked a question about the gauging of Antelope Creek.

Bob stated that there is no gauge on Antelope Creek, as it doesn’t see much flow; it has the
largest drainage area but no large flows.



Dean added the primary source of all the closed basins is snowmelt in the surrounding
mountains. In the case of the Big Lost River there is a number of limestone bedrock units, which
provided ample opportunities for infiltration of water. The conclusion of the hydrologic studies
is that it is a losing system; flows decrease downstream systematically. A little bit of the analysis
of that is included in the 1999 report and that was picked up on and elaborated in the recent
USGS report.

Bob mentioned that in the 1996 USGS report the assumption was yes there are loses but those
loses are exceeded by the contributions from the 22 sub basins. The argument was that the same
time the Big Lost River is peaking each of those sub basins is peaking and more than off sets any
infiltration loss.

Dr. Lall asked this is a snow basin? I don’t know what the snow pack looks like but it seems
reasonable that all of the snow pack will be consistent with elevation pack. Dean replied that no
that there is a very a strong elevation gradient increasing to the north.

Dean continued that as a result of numerous studies is that there is convergence now as opposed
to divergence of opinion. People are agreeing with the data and that is the stream flow decreases
downstream on the Big Lost River and should be characterized as such.

Dean then reviewed a USGS geologic map of the site. The Big Lost River flows down through
the site. The major facilities we are interested in are INTEC and TRA lie on either side of the
river on this big arca of Pleistocene alluvium and Holocene alluvium flanked on either side by
basalt flows of different ages. This region of basalt has been mapped as being 600,000 years of
age. Other flows are mapped as 200,000 to 400,000. These flows in the bottom part are
generally 100,000 or 200,000 so both settings of the Big Lost River are on the Snake River Plain.
The Snake River Plain is in one sense an aggrading system, that is periodically there are basalt
flows that have erupted from volcanoes on the plain and built the surface up. Over all the plain
is slowly subsiding and is seems to be in some kind of quasi-equilibrium. The streams that come
out of the mountains carrying sediment are bringing that sediment out on to the plain and
defeating the basalt flows that are trying to block them off. Paul has done a lot of work on the
Big Lost River Trough. It is a persistent low where sediment from the Big Lost and Little Lost
and Birch Creek has been infilling over the last several hundred thousand years.

Even though this system is an aggrading system it is also a stable system for purposes of looking
at short term things in that we have the Big Lost really locked into the basalt flows.

Bob commented that another important point is that there is no short wave length structures or
faults to screw up our assumptions about the slope change with time.

Dean continued we have historical flood data that we can use and that will be the best. We have
a huge effect with the gauging records for regulation and floods attenuate downstream both due
to that regulation as well as natural factors.

The geological evidence of floods confirms downstream of attenuation of peaks. The geologic
framework within which the river flow decreases in size as one moves downstream. On the site
we have documented positive evidence of paleofloods, that is a prehistoric flood from the
geologic record that is

50 — 100 percent larger in peak discharge than the largest historical floods in the Arco gauging
record. At the same time this geologic data provides us with very long-term limits, thousands of
years in length for the limit of the upper bound of flood magnitude in those regions. Ina
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heuristic framework for estimating floods hazards at INEEL all the key facilities are built on late
Pleistocene geomorphic surfaces and deposits. That is those are surfaces that are 10,000 to
20,000 years in age and have generally impacts of that surface morphology, which is an
indication that no real large flows or frequent flows have been coursing through those facilities
under somewhat natural conditions. Now we have to be a little careful with this, we’ll revisit
this in the context of the site.

Dean then reviewed prior study findings with the group and stated that this is an historic plot
2500 with positive geologic evidence of a flood which we characterize as being about 3500 cfs
about 400 years ago and geologic evidence that limited the largest peak discharge in about
10,000 years to about 150 cubic meters. Then we did a flood frequency analysis incorporating
this data that was significantly different that a lot of the previous characterizations. The
fundamental concept that we are using for our geologic study is a paleohydrologic bound.

Dean presented some of the factors that are really important in these concepts. From a geologic
perspective, think about what you see in a river after a large flood. There is some level in the
river usually marked by floating debris and other obvious flow indicators that represents the high
water mark of that flood. Below that level there will be obvious geomorphic evidence of that
flood; like channels on stream tetraces, erosion of soils, and deposition locally. Those features
tell that those sites were under water so the stage had to exceed all of those features. Maybe at
similar elevations or slightly higher or slightly lower there will be slack water that is fine grain
deposition. Then down the main channel there will be gravel bars and obvious fluvial bed forms.
These will all be fresh; there will be little or no soil development on those.

Dean continued over time all of these features are modified by weathering and soil development.
Tt shows a stable landform surface with soil that reflects the amount of time since that last flood.
The basic idea with the paleohydrologic bound is that if we can differentiate between the upper
Jimit were we see positive evidence for past floods, if we can differentiate between that versus a
level in the landscape where we see positive evidence of long term stability then we have a proxy
for the paleostage that hasn’t been exceeded over the time in which this soil has developed. Now
notice that I*ve drawn the Paleohydrologic bound way up here, well above that level. This is the
problem of resolution and how we go about characterizing in terms of discharge and stage of
where to place this, because we need to have some kind of criteria for sufficient evidence to
know that the flood hasn’t occurred since this surface stabilized and the soil developed.
Generally the answer is no because just barely having water on it isn’t enough in most people’s
opinion to identify. The flow needs to be enough across the surface to have changed it in some
way. So there would erosion or deposition but some geological record that geologists can go out
into the field and identify and agree on. There will always be some variation and one of the
things we have been working on in this current study is refining the basis for reaching a
conclusion on where to establish a paleohydrologic bound.

Dr. Jorde asked where in this section do you determine age. Dean replied we’ll come back to
that.

Dean showed the results from the 1999 report illustrating how the bounds were applied and said
this is information about the section of the site called the saddle. It is a low spot in a general
ridge and at 100 cubic meters there is no flow and at 150 cubic meters the flow overtops and
develops high power in the area down stream of the saddle. This is an area that from
geomorphology and soils we said this is a Pleistocene surface or more than 10,000 years old and
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geomorphically it appears to be unmodified. These numbers are grid cells and each cell is six
feet; so 50 units here is approximately 300 feet.

Dr. Lall asked now where the colors are deep blue and have low stream power these are areas
where you would have sedimentation or these are areas where....is the topographically
high....they’re all topographically low right?

Dean responded well no, some are high...it is a thin shallow flow here on a high surface. This is
deep stagnant flow....

Dr. Lall interjected so let’s take the thin shallow flow on the high surface. What would be
happening here is sedimentation, would that be a zone where sedimentation just doesn’t even get
up.

Dean replied that’s the 64 dollar question with regards to the bounds and that....as I’ll go on to
say later this is one warts on the whole concept that we did not, you know, elucidate, I think, in
enough detail, but in a general sense what one would expect is as sediment accumulation occurs
at very low power and stagnant sites. The question is what is the quantifiable measure of low, is
it one or is it fifteen. Likewise erosion occurs at high (power.) We have had many debates about
what is high. We show this scale at 0 — 100 the actual numbers in these plots actually go to 300,
In the 1999 study, we defined high power as 50 — 100 watts per square meter and made some
very general arguments as to why that should be appropriate.

The paleohydrologic conclusions to that report were based on a limited number of bank
exposures. We really didn’t have very explicit criteria for developing the bounds. The use of
paleohydrologic bounds were introduced into the flood frequency game in the ‘90s and are
continuing to evolve. There are issues with the characteristics of the eolian deposits and
transient nature of some of the subtle landforms like around the saddle and other places. These
are issues that we are trying to explore in the geological studies that we laid out. After the 1999
report, we didn’t realize how important an issue topography was until we got well into this study.

The flood frequency that we determined for the 1999 report that was reached from previous
estimates and that was controversial. It did not fit with previous engineering paradigms that had
been applied at the site and other perceptions of what the flood hazards should be. In the context
of developing defensibility for regulatory purposes we needed to develop a higher comfort level
throughout the site and for everybody who is going to use that data.

Bob added this is germane to the discussion of driving towards a mean to develop a frequency
curve and letting the frequency curve tell you what hazards should be for a certain risk. Versus
driving observances based on your professional opinion and what you think the hazards should
be. That is the root cause of the culture clash.

Dean stated that beginning in late 2000 we started out on a course that we are trying to complete
now. The first major task was to evaluate paleohydrologic bounds. The plan involved doing
more geomorphic and trenching studies. It was recognized up front that a more detailed
topographic base for that reach and obtaining a highly detailed photogrammetric base map of the
study reach. Also do more detailed 2-D modeling to update and reevaluate the results of the
1999 study. In 2001, two-dimensional flow modeling to evaluate facility inundation and the
final aspect is to develop the framework for estimates of flood stage probability at INTEC and
TRA. Then consider the effects of infiltration, bridges and culverts on the site scale modeling.
After we generated the grid, we realized a 2 foot grid was not going to cut it, so we developed a
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5 foot grid from the 1993 photography and there were major holdups due to the verification of
the photography for stage probability estimates at the facilities sites for scenario and inputs.

Dr. Jorde asked when you say a 5 foot grid what is that?
Dean explained it is a 5 foot rectangular developed from photograph, TRIM notes...... Xyz

Dr. Jorde inquired what vertical resolution does that have as compared to the 2 foot contour
lines.

Dean responded I'1l go through that....that’s what we are trying to get through here

Then Dean addressed the topographic issues. The topographic resolution and accuracy are
significant contributors to stage probability uncertainties other than input discharge. The
topography upstream and near the facilities is complex with many small channels and low
thresholds that affect the distribution of flow likewise large grids. Therefore, 1-D models are not
adequate to resolve the small details and variation of flow distribution across the site. On the
regulatory side, that topography needs to be able to be shown to meet some accuracy standards
that are embedded in the regulatory standards.

He said the original data for the 2000 study called for one-foot contour map for the diversion
dam study reach. This was the base map for detailed geomorphic studies and as details were
updated for hydraulic modeling. The inundation modeling used going to existing INEEL 2 foot
contour maps that had been produced from aerial photography in 1993. When we initially tried
to grid those maps we found numerous artifacts and poor resolution of the topography. We made
an early change in plans to develop an updated photogrammetric grid from the existing
photography and control.

Dean continued the August 2000 data was 1:4000 scale aerial photographs and the flight was one
month after a major range fire at INEEL. About two-thirds of the study area was burned crisp.
Then Dean reviewed the photographs pointing out the two flight lines, Pioneer Diversion Dam,
and the old target range at the INEEL. All of these maps and photographs can be viewed in
Appendix A. The 1993 photography is 1:10,000 scale and the original product was a two-foot
contour map and black and white photographs. Documentation has not been found for quality
checking, control, and accuracy of that mapping. The 1999 report used a six-foot grid that we
derived from the 2 foot contour map as input for the 2-D modeling so all of our prior conclusions
are contingent upon the quality of that data. Time was then spent reviewing the maps.

Dean explained they got involved with the quality issues when, after receiving the 2000 data and
beginning to run the initial hydraulic medeling we found that the saddle didn’t overtop until 250
cubic meters instead of 150 cubic meters. The grid inputs were reviewed and it was discovered
that in the model the sill elevation in the 2000 grid was two feet higher than in the sill elevation
on the grids of the 2000 contour map. It looks like what happened was because they were
contours only they didn’t close it at the saddle and it interpolated a low spot. As the model
results were reviewed there were discrepancies at several other sites. It wasn’t immediately
obvious that there was a consistent pattern throughout. Dean stated that they planned to do an
accuracy assessment of the diversion dam study reach because it was not known which map was
more accurate. They preformed a GPS survey of widely dispersed ground points through out the
study reach. Elevations were also where the differences were contained. It was found that X Y
characterization wasn’t the problem as features matched. So elevations were where the
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differences were contained. In the Paleoflood reach, GPS data points were surveyed. See
Appendix A,

Bob asked if that was it was on the 93 data.
Dean responded no, this is in the diversion dam study reach.
Bob inquired so is this the *93 data or your....

Dean replied no, these are point locations shown on the 2000 flight lines but they can be applied
to the data set.

Dr. Lall asked so the way these are collected is a human walks around with a GPS or....
Dean said we take a GPS instrument on a rod....so that we stop and do a 30 second observation
Dan added we had a base station....

Dean agreed we had a base station running and so we are collecting the RMS on the GPS data is
in the report and it is down in the centimeter level or something like that.

Dr. Lall stated what I am curious about is for other applications for example is it feasible to put a
GPS on an ATV and drive around randomly and basically sample the whole....

Dean responded we did that and it works. The accuracy is degraded because you are obviously
measuring a slough but for relatively flat terrain that is not....and we did that, well I’1l tell about
it. It can be done and it is done. Can we jump back to Appendix A, 2.12,A Back up one since
we’re in here, there is I believe residuals control maps so these are the observational residuals.
This is residuals and control panels so this is what we are starting with here in the....we are
unabashed about mixing units so....

Dan said we are....expedient unit system down.

Dean explained here is the histogram of the elevation differences of the check points, The blue
data, what we did was we took the GPS elevation here and we subtracted the elevation of the
projected surface at that XY location. So the blue histogram shows the elevation difference of
the 2000 BOR surface from the actual GPS observation. You can see it is a real nice tight peak
here. We had 800 points that we checked and the statistics on that are .4 feet, median .2,
standard deviation is 4. The red...well the green and the gray, let’s go to the gray was the same
data projected to the aerographic’s 2 foot contour surface note that RWMC is about 4 times
higher deviant values....different is negative instead of positive which means sort of the average
surface was biased in a different direction. That is probably a data....but overall distribution is
much broader and the data issue between the 2000 BOR surface and aerographics is probably
due to stuff that we did when we did the 2000 work because the concept of the 2000 work when
we started it was that it didn’t necessarily have to be tied hard into the INEEL data coordinates
system which is a unique system because every on site is done in state plane NAD 27 vertical 29
and it’s Idaho east, the INEEL kind of straddles a couple of state plain zones so there is some
interesting projection issues when you get into the .......

Dean oh, I forgot, one more. We have a scatter plot...this again illustrates some of the datum
issues here again the blue data are the points comparing to the 2000 BOR surface. The gray data
shows much greater scattered are the points related to the 2 foot contour map there is zero and
you can see in general that 2000 surface is just floating slightly above.. ..that means the
GPS.....that means that our grid is actually a little bit low relative to real world
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coordinates/INEEL datum. Aerographics 2 foot contour map seems to be a little high relative to
the datum on the upstream part. Then on the downstream part it looks like there is a big area that
is somewhat low so what we, and that started to go a long ways towards explaining what we
thought we were secing when we started looking at the hydraulic modeling results in that some
of our sites we were getting somewhat conclusions that matched and some of sites we were high
and some we were low and we didn’t know what to make of that and I think our conclusion in
the end is that it’s two fold. There is a resolution problem with the two foot data it doesn’t
resolve the capacity of the channel as well as the newer data. Also, the two-foot contour map has
some warps and folds in it that is probably a result of the way it was produced and stress on the
control points. The summary of the paleoflood reach was that 888 GPS points were used for
comparison; also compared to National Map Accuracy Standards and American Society of
Photogrammetric Class 1 Standards. The standards are all referenced in FEMA flood plain
mapping. The accuracy and RMS values are summarized in this table.

Reference note: Appendix D Table 2-1 page 25.

Dean continued saying the goal is to have the maps meet standards. The table shows that when
comparing the accuracy and RMS values for Z elevation, the 1993 two-foot contour did not meet
standards for a four-foot contour map. The 2000 data meets two-foot standards but doesn’t make
one-foot standards in the paleoflood reach. The five-foot grid from the 1993 data reprocessed
exceeded the standards for a three-foot contour map but it still isn’t adequate to make a two-foot
contour map in the paleoflood reach.

Dean commented that after this research they realized they had much bigger problems
throughout the study area so they expanded the scope of the checking especially because they
wanted to use this data for inundation modeling also. So check data was done all through the
area around INTEC and TRA. There were elevation checks on 500 points. Not much check data
was gathered in the paleoflood area and arcas away from the channels. The quality checking on
the data could go further.

Dean then stated there were still problems with 1993 data. The accuracy of the control data was
questionable; approximately one-quarter of the control points were surveyed again. So
conclusions, using 500 points and same methods, were the 1993 two-foot contour map was
below standards for two foot and mostly below standards for four-foot contours. The
reprocessed five-foot data met standards for a three-foot map but it did not make it to a two-foot
map. After reviewing the control data, there seems to be underlying accuracy issues with the
control network. That is what is limiting the accuracy.

Dean went on to explain the reprocessed Box Canyon data from the 1993 report. It was decided
to reprocess the whole Box Canyon area anticipating future needs for modeling. Map contours
are 10-foot contours that repeat in 100-foot repetitions and elevation increases gradually.
Upstream of the diversion dam there was no new hydraulic modeling but it was included to have
a consistent map to the area. A GPS survey of break lines through the deepest part of the canyon
to improve the accuracy by adding 8000 ground points. Through most of Box Canyon the
existing two-foot contour map only goes to the boundary of the INEEL site and most of the
canyon actually lies just off of the INEEL site. All of the topographic data there was derived
from the USGS 40-foot contour map. There was not adequate topographic data. So any
estimates of conveyance of large dam break flows from Mackay Dam would have been subject
to the limitations imposed by that topographic data set. Topographic constriction in the Box
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Canyon area will be highly critical to estimates of a dam break or other floods that source
upstream of the INEEL site. Dean concluded the topographic data by stating that included in the
new data set is much better resolution of the topography in the spreading areas as well.

Dr. Lall asked about the erosion and sediment transport data. It was determined that the data
does exist but is not used.

Dan answered that the front dynamics are so complex and there is no way to characterize and
parameterize the sediment distribution. Bob also commented that what needs to be determined,
knowing that it is not tractable, is the impact it would have on the uncertainty.

Dr. Jorde suggested running the model to look where critical reaches are and where erosion
might take place. Also look at the potential for erosion, change the contours in the model to see
if that makes a big difference. For example, once the saddle gets over spilled and the water starts
channel formation in the saddle then look at data, Or put in the channel assuming a certain

~ erosion rate, change the contours in the 2-D model, or run the model with the original contours
for a period of time and after a day or whatever, then change the contours.

Bob stated a couple of issues he could see with that is the basalt that is near the surface and
knowing how much it will cut down through the basalt. There is no way to how deep the basalt
is (beneath the sediment) until it is probed with bars.

Dr. Jorde commented that you could identify where reaches are in terms of stream power that
have a potential to be eroded.

Dr. Lall asked how changes in the cross section changes against the carrying capacity changes to
get the baseline argument out. The second question was; at certain sections where you now
targeting aggradational deposition, the density of the flow is very different than what has been
assumed and he asked what is the implication of that?

Bob said that the system has been in place for a couple of thousand years so all the dynamic
effects have been integrated to give us the current system, This system will probably not have
any significant changes in terms of sediment transfer. The real question for the purposes of the
review is given these issues and concerns what does it do to the uncertainties.

Dr. Jorde stated that the might be a possibility of doing a very limited of additional modeling.
Bob agreed that it was a possibility after the final model was agreed on.

Dean then showed a slide that dealt with channel power in the Big Lost River for set of flows.
He sampled a narrow strip of values only in the channel and then projected them. This was more
or less an upstream to downstream plot, right to left. It showed the variability of power. It
showed that in the upstream part the power increased with discharge in an extreme way, however
in the central part as discharge increases power went down. That was in the big loop area,
upstream of the saddle and saddle constriction. There were several places like that. So the reach
as a whole, there were alternating domains of significant erosion with severe aggradation on an
alternating basis. At 70 cubic meters it has uniform transport capabilities through the reach. At
the more extreme floods, the channel has no ability to convey those floods so they stagnate in
places.

Dr. Jorde asked how many points in the channel at one given flow. Dean replied there are
thousands in this plot as every six foot cell was sampled. At this point Dean explained the
sampling.
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Then Dean reviewed the maps with the group.

Bob then stated that Dr. Jorde had raised a good procedural issue and then commented that this
issue would not be resolved by Thursday. So two items needed to be addressed the first is how
do we account for the uncertainty, And the second would be recommendations for future work.
He said that any recommendations would be welcomed and a proposal would be submitted.

Dean went through the geomorphic studies. He stated that the goal is once again improving the
defensibity of the geologically based conclusions of the study both stated and unstated. The
stated being what can be formally characterized and unstated being the fundamental differences
of opinions. He reviewed a map that showed the study reach caught between two basalt flows
and the Pioneer Diversion Dam. '

Dean stated they used the new aerial photography, did a lot of fieldwork, and mapped in greater
detail. Also, there were a series trenches dug so the detail of the soil could be studied. Through
the trenches landscape stability was studied, sedimentology to the deposits, and the power
criteria for evaluating bounds was determined. The base for the geologic log of the trench walls
was a digital photo mosaic at a field scale of 1:13. The logs depict both stratigraphic and soil
contacts. These sites were selected; BLR 8, Saddle, and Big Loop.

Big Loop Area

o Pleistocene age of small channels on surfaces (T1, T2, T3)
o Characteristics of the earth mounds
e Pleistocenc loess and soil variability
e - Sedimentology of Pleistocene units.

Saddle Area

e Short trenches by main channel (T4, T5)
v Quantify limits through high power on Holocene terraces
e Long Trench downstream (T6, T7)
Address NPH concerns
Quantify power limits
Confirm age
Discharge bounds
Sediment

A NENENE RN

BLR 8

e  Upstream trenches (T8)
v" Quantify power limit (400 year)
v Holocene flood power limits
s Downstream (T9)
v" Slack water stratigraphy of Holocene floods
v" Origin of mounds
v Eolian sand
Dean said they were seeking positive evidence of floods and bounds; also wanted age and origin
of Pleistocene channels and looking for more positive evidence of the Holocene floods and are
there other deposits of floods that were similar or larger than the 400-year flood. Information
sought is this one flood or many floods, more confirmation on the bounds, additional dating on
the bounds, befter estimates of the discharge, and perhaps identify additional bounds.
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Pleistocene surfaces were subdivided in two or three geomorphic areas called, from oldest to
youngest, P-1, P-2, and P-3. Dean stated that in general the channel network on these surfaces is
not following the course of the present Big Lost River. The P-1 surface lacks any channels and
is topographically the highest portion. P-1 and P-2 have large earth mounds all over them and P-
2 has channels. Parts of the braid plain (P-3) shutdown and became more restricted. There was a
big change 10 to 15 thousand years ago and the channel gravel supply was shut off. The last
phase of deposition on the braid plain was probably low flow, fine grain filling of the braid
channels as the river incised to the present course.

The H-2 is most extensive, the H-1 preserved only as small terraces along the back edge of the
H-2 surfaces. The 400-year flood is associated primarily with the geomorphic expression is the
H-2 surfaces. The H-1 and H-2 date back to early Holocene, There are four or five radiocarbon
ages in these deposits that range in age from six to ten thousand years old. Then H-3 and H-4
that are low terraces and sills associated historic and channel forming floods along the Big Lost
River. H-4 is a post INEEL diversion dam unit that are small accretion terraces, forming now in
the channel. Dean stated these are the basic units that are the framework of the geomorphic map.

The discussion then moved to Pleistocene gravel. These gravels have buried 95,000 year and
older basalt flows. There is likely multiply ages of gravel. These surfaces preserved the primary
deposition morphology and sedimentary structures in those gravels, as expressed in the trenches,
correlate very well to the channel morphology on the surface. These gravels were deposited as
sheets a meter and a half thick overlapping beds in broad fans. The last stage of the fluvial
activity on the braid plain involved deposition of fine grained deposits in the channels with the
peak of loess deposition 10-12 thousand years ago as the braid plain was drying up. The current
channel geometry is strongly constrained by basalt out crops. Basically the river started to incise
and the fundamental channel was locked in at several key locations. The stratigraphy in this
section is totally over printed by bioturbation and soil formation. There are carbonate
accumulations that indicate that they must be at least early Holocene if not late Pleistocene on
the order of 8-12 thousand years.

Dean stated that the group would look at the channel on field day.

Dean pointed out another one of the channels margins; the key element being that where the
braid plain gravels interfinger with the channel; so the channel and the main gravel sheets are the
same age.

Soils were then discussed. One of the things that became apparent when looking at the details in
the trenches was massive translocation of silt from the loess worked way down deep into these
gravels. That is the indication of stability. When asked why the soil wasn’t clay, Dean replied
that some clay is present but the soil is mostly fine silt. Most of the soil has five to ten percent
clay.

Dean stated that one of the questions that is important when looking at the soil is how do you
know that the upper horizons are younger deposits and do not represent the same amount of time
that the underlying materials do. He said he would come back to that later.

The reason he brought that up was he is sort of embedding that in concepts of the erosion

criteria. Then he moved to the key soil areas of Pleistocene were in the long trenches in T-7.
Stating that there is hundreds of meters of exposures in those areas. Also stage 2 and stage 3
carbonate development, we have white coatings on the pebbles this is evidence of the carbon flux
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and large amounts of time on the order of thousands to 10 thousand to 20 thousand yeafs to
develop.

Dr. Lall asked about carbonate and the water moving through the channel.

Dean answered that some of the channels are in these gravels. If water flowed through the
channels intermittently, what would happen is the flux of water through there would be such that
it would dissolve most of those carbonates it would flush it from the profile. The reason the
carbonate exists here is because it represents the wetting process. Water, snow, or whatever falls
and tries to percolate down and then carbon evaporates and becomes carbonate or super saturate
and precipitates out. There is a depth constraint associated with average depth of wetting that is
in this case about 40 centimeters in these soils. You will not find any carbonate above that depth
because the average soil moisture conditions are high enough that the carbonate doesn’t
precipitate. The carbonate gets flushed to a certain depth.

Bob commented that there is a place by INTEC at Monroe and Lincoln Ave there is a 30-foot
deep borrow pit right next to the river that never gets water because of the vertical permeability
in this stuff is so great.

Dean went on to discuss evidence of stability and disruption. There is strong carbonate
involvement—evidence of stability. Then in many place there is wedge like forms in places
where silt is going down into the gravel. Those are of two origins. One is those are root cast
where the sagebrush put a tap root down and wedged its way into the gravels. Then when the
sagebrush dies and the roots dissolve the silt works its way down into the gravel. The other
origin is that they are frost wedges. After the frost action, little critters churn the soil.

T-8 is a good example of carbonate pipes, differential carbonate accumulation, and different
stratigraphic units, There is carbonate at the interface of the gravel and the loess.

Earth mounds are spatially stable and persistent. Dean explained that in hundreds of meters of
trenching they had not found abandoned or fossil mounds in the subsurface and thinks they are
similar in age to the gravel surfaces. The mounds are currently highly active sites of
bioturbation. They have surface and subsurface relief. Mounds are formed on gravel bars and
channel bars and channel centers. They are a well-mixed loose deposit. A preferred host
stratigraphy was not evident. Dean stated that ice wedges and frost features could not be
identified. As to original size and form, some of the gravel was missing. There is evidence of
lateral expansion and growth that is evidence of persistence and stability. These probably
originated as some type of permafrost feature at the end of the Pleistocene. There was probably
a little crater there that as the braid plain dried up and the permafrost ended it filled with fine
grain material and made the best place for plants and little critters to move into.

Dean continued in general the carbonate profile tends to dip at these higher permeability and
looser mound soils so the wetting front goes deeper. This is an area with spectacular basal
carbonate and actual stratigraphic truncation at some of the mounds. Some of the mounds have
been fairly stable and show evidence of long term stability and non-erosion on the Pleistocene
surfaces that would support the ideas of paleohydrologic bounds. The mounds are highly
erosable. They have loose silty fine sand. The trench data suggest they have long-term spatial
persistence. There are limited areas of P3 surfaces that have no mounds consistent with areas
that have been overtopped by floods.
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Dean then moved to discussion on the Big Lost River incision. The incision below the braid
plain must have been 8 — 12 thousand years ago. There are similar fine grain deposits in
channels on the braid plain as well as along the incision channel. T-6 is the best place to see this
sequence.

Dean reviewed slides of Trench T-4 that showed the surface was very finely stratified and at this
site there is a thin, white bed that is called the “white flood”. That is a deposit of a fairly young
flood that overtopped the surface relatively recently but presumably prehistoric. Modeling
suggests that prehistoric floods did not reach this surface. That deposit is only present at this
site. There are six radiocarbon ages that are 400 — 600 years. It has weak soil development but
is recognizable. There is some stuff at the top that is so finely stratified that it cannot be resolved
very well and may be the product of younger floods. Then there is a soil underlying this deposit
that is often slightly truncated and the carbonation indicates it is several hundred to a thousand
years in age. Radiocarbon age from this is always older than 600 years and often times as old as
3000 years old. One was before the flood and 20 centimeters below the ground surface but in the
position that roots and things could get into the profile. Then it was buried by the flood deposits
about 400-500 years ago. The lower part of the trench around T4 20 is about 7500 years old.

Dean explained at the BLR 8 site ideally a single continuous trench should have been dug.
However because of the constraints on cultural resources, three short trenches were dug. The
stratigraphy of the trenches is unique. The trench T-8a closest to the river that should be flooded
most frequently has an eroded strip of carbonate soil and fine-grained deposits. These deposits
look very similar to the deposits in T-6. They clearly show a truncated section in that the
carbonate layer is right at the surface. This is positive evidence of a flood that has stripped 20 to
30 cm of materjal from the profile. This is inferred to be a relatively young flood since it takes
thousands of years to form this carbonate layer, but not too young early Holocene. Trench T-9 is
where they had hoped to find a great record. There is a strange channel deposit to the left of this
trench. This is 1 to 1 ¥ meters above the Big Lost River on an H-3 terrace. The only problem
with this site is it goes under water at 50 cubic meters. Up the trench the radiocarbon ages are
right at 600 years. There is evidence of a big paleoflood about 1200 years ago and it left a little
deposit.

Dean summed up the flood evidence in this area. Positive evidence of large floods is very
limited. Deposits in T-4, T-5, T-6, and T-9 are typically one-half a meter thick. Radiocarbon
age is 400 — 600 years and the distinctive soil morphology as well. We can recognize that
stratigraphy all up and down the river. That relationship was identified in the 1999 study and
was the primary basis of the conclusion for the existence of a paleoflood; stratigraphically the
same as the 1999 study. The new data found in the trenching is the thin bed near the surface of
T-4 not recognized in T-5, T-6, or T-9 must be very young based on the soil development. One
thing discussed in the 1999 report that has been confirmed through these studies is that there
probably are some other floods that are slightly smaller than the paleoflood about 400 years ago
that produced very thin deposits. There is a suggestion of these floods but no formal record in the
stratigraphy. There is clear evidence of the upper limits of erosion at T-6 and T-8. In trench T-1
there is a channel with very anomalous soil section. It is unresolved whether the lack of
carbonate represent young flow that has flushed the carbonate out or if it is a function of grain
size in the channel.

Dean stated that they (the USGS) were not seeing a huge difference in the water surfaces.
Locally some differences in detail.
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Dr. Jorde stated that he was looking at the profile talked about this morning. When we go to the
field and dig a trench what exactly are we looking for? You go out there you dig a trench and
you identify different layers and processes that you can identify from that trench and you take
samples and get the radiocarbon age then sort of fit that into what process that has created that
kind of finding. You are not always looking for the same kind of sequence or things that could
be totally different depending on how the process has been that shaped that particular site. Is that
sort of the process?

Dean replied yes, it is an iterative process. The cycle he was trying to make is if you look at the
lower part of that cross section. Think of that as I’'m walking out the day after the flood but
over time if there is not another flood they change. The key with regards to geological
recognition is being able to set to document the timing and origin of the different reaches and
figure out what stage you are presently looking at. Am I looking at something very young or
very old? Is this a deposit that is old but intact or this is a deposit subsequently modified.

Dr. Jorde commented it could have been flood with high scouring potential that has removed
some of that old surface and not deposited anything on top of that. Or it could also have been a
flood that had a high stage but no scouring potential so it hadn’t removed anything but has
deposited something newer on top of that old. So there are all kinds of different processes that
could have contributed to the sequence of layers that you found out there.

Dean as the geologist/geomorphologist the first order when you walk in, you could say okay I
recognize this geomorphic landscape. What kind of hydraulic environment do I have during a
hypothetical series of floods here? These often times turn out to be complete washes because of
the hydraulics and vice versa. We had a tug-of-war in terms of the process of how we go to site
selection. Whether we invest in modeling or geomorphology first, we have to go step by step.

Dean reviewed the circle that was used as a template to use as representation for the mounds.
There are distinct spatial patterns to the distribution of the mounds. On one sense at the loop
there is a big area between two channels that seems to have much fewer big mounds. That is
trench T2. There are other areas that have no big mounds. The soils don’t support the idea that
this was the result of the shallow flows,

Dr. Jorde asked what are the mounds?

Dean answered that the mounds were topographic bumps. They are 2 to 3 meters in diameter
and stand about one-half meter high. There’s extensive geologic/geomorphic literature on these
and a debate that has raged for decades.

Dr. Jorde asked if they were Martian mounds (joking)

Dean said there is actually one paper that says they are due to strong ground shaking. That
would screw up Paul’s seismic hazard analysis. The other very strong camp is that these are due
to biological activity. That somehow these are places where plants got started they originated as
small plant mounds. The other point of view is that they had their origins as permafrost features.
That they actually originated during the colder glacier climates of the late Pleistocene. The
counter side to that is that there are similar looking features along the lower elevation slopes of
the Sierra Nevada and parts of the central valley of California; although, it could have gotten
cold enough there during the late Pleistocene.

Bob stated that the mechanical process they looked at in Wyoming, was that the hypothesis was
that these are transient permafrost conditions. The ground is freezing and thawing over hundreds
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of years. The contraction and expansion process associated with that, you get the mechanical
action that causes the gravel distribution that causes the frost wedging. One of the indicators for
these things is frost wedges on the margins and near the bottom of these things where the solid
chunks of material is coming and going with respect to the bottom and causing these little thrust
features. We don’t see those. If we do they are bioturbated, because one place where that might
be there.

Dr. Lall stated you geologists are funny and imaginative.

Dean said he wanted to show the fan shape nature of the geomorphic surface. On this map you
can see this kind of conical shape here. This is the Big Lost River braid plain fan as it makes the
turn and heads downstream and both at this scale and in detail this thing really is fan shaped.
That means when we start to do the flow modeling this is not a surface created by the present
river. It is something created by some paleo-river that doesn’t exist any more. That means when
we do flow modeling here water is going to get to this point and instead of going downstream
and being captured in some canyon its going to take off and go due south or follow the contour
off this fan. The steepest gradient; at the diversion dam we have a critical junction with respect
to the flow diversion to RWMC spreading areas and the river. One of our unfortunate choices
we made in terms of modeling was we put all of the water in right here and forced it this way,
which really wasn’t happening in nature. There was something going in this direction as well
and until we got into this phase one of the things I didn’t fully appreciate with regards to what
must have been the Pleistocene-Holocene transition, was the presence of four old irrigation
channels that went right to the point where the present diversion dam road embankment goes
through. At the place where they constructed the diversion channel, there must have been very
low sill at that site. Otherwise they could build a small diversion structure here and capture the
water and then send if off down there.

Dr. Jorde asked where it would go if you sent it down there.

Dean replied it goes to a different part of the fan. The topographic divide of the fan is about
here.

Dr. Jorde said no, just to change the diversion structure....

Dean said that was what Bob was saying right now for the regulatory purposes the diversion dam
is not a certified flood control structure. What the logical out come for it is it becomes a trade
off if you want all of the water to go to spreading areas then you are making a conclusion about
managing the water in the spreading areas and the simple effects subsurface stuff that is part of
this here. There is a whole ecosystem associated with the Big Lost River Sinks.

Dr. Jorde said yes he understood that but you could still provide enough water for that but as
soon as flow go over a certain threshold point....;

Except that some years no water ever gets there!

Dr. Jorde said but these are not highly specialist ecosystems. These are ecosystems that get
flooded only every so often and there is probably highly specialized species in there that can only
survive in very strange ecological conditions.

Chris interjected there was talk a few years ago about putting a head gate on the diversion
channel to the spreading area so you could control direction the water went. You know, on those
few years when you did have flow. It has to been a flow of 450 cfm before anything goes down



the river. I don’t remember the numbers but I know there’s'a certain valve it all goes down the
diversion channel up to a certain point.

Dean stated the diversion channel is a little higher so I think it is the other way. In order to get
over and spill into the diversion channel it has to be above that valve, if the gates have to be
open.

Scott said that there is a certain flow, I don’t know what it is, but big enough flow here going
down the river and when you get to the highway at INTEC and TRA there is no water.

Dean said that information is in the infiltration document. There is a series of hydrographs in
there for the low flows that shows the lag between the diversion dam and the gauge at Lincoln,
which is down by the facilities, You can see in that data how much channel loess is going on in
the river and what it takes to fill the surface reservoir there.

Scott added I'm sure if there is enough years of no flow then it takes more.....

Bob said what happens is there are a couple swales in there and that water ponds but in reality it
backs up over here.

Scott said he was one of the few people that could say he had been in that river with waders on.
Usually in most of the places you can walk down the river.

Dean said when he first came up here he thought he was going to need his canoe so he went back
to Denver and got it. When he got back, someone had turned it off.

Dr. Lall asked if someone had looked at snow pack at all.
Multiple voices here so answer could not be transcribed.

Dan then reviewed the hydraulic modeling. He said a lot of effort over the years had gone into
trying to find field data to test the codes. The two codes he focused on were TRIMR2D and
RICOM. TRIM actually focuses on 2-D and there is a 3-D version

Bob said the one of the other issues is FEMA table of acceptable routing codes.

Dan continued these are part of the validity for a variety of purpose. 1-D flood routing, 2-D
routing, and debris flow routing. They have a series of categories. TRIMR2D is not one of
them. I sent you the rules. It was a surprise to me that that is the way the process works, One of
the people we collaborated with is Roger Denlinger and he has a debris flow code. One of the
FEMA debris codes doesn’t work but it is certified. [ think it is certainly doable but we had an
interest for a while in programs within the Bureau and this program was to find a way to test
these codes under realistic conditions and quantify their performance. In Appendix C part B
section 1 is a synopsis of some of the testing we have done it is not an exhaustive documentation
of all the testing we have done but it covers the most interesting. As it turns out there is very
little flow velocity data available for large floods. Probably for obvious reasons, because of the
time people were using these things and vsing technology involving dropping a bird in the water.
Through some efforts by USGS in 1993 there is some direct measurements of velocities across
the cross sections that is well stage for very large flows and there was also extensive effort by
USGS and others to map high water marks along both banks and through a restriction. Fairly
complicated geometry. That was one of our showcase examples because it actually had flow
meter data.

Dean interjected that was one of the peer review publications that sort of got sidelined.

A 22



Dan said RICOM is a finite element code which allows us to use a more general computational
mesh. . .as that section discusses it tends to more accurately represent the effects of advection.

Bob added that one of the things he would like Dr, Jorde to think about is, given all of the
background and validation....how do you think this code compares and whether it is usable as a
FEMA equivalent type code.

Dr. Jorde stated 1 know some of the FEMA things and I know some of the issues that have been
discussed and I know some of the models, which are not FEMA certified, and some of the ones
that are FEMA certified and I wouldn’t want to get into that.

Dan continued saying some of the questions related to these two particular codes is because of
the big separation of the massive amount of ways you can gain computational efficiency with
how well they perform the transcritical flow situations. Which is a fairly uncommon aspect of
flow there are a couple of places you can get transcritical flow. Here are a couple of
constrictions the general....of flow. We did some testing up river for high water marks from the
1997 flood but there are no direct velocity measurements to verify that we could reproduce the
stage and the high water marks through a reach probably had true numbers exceeding 2....a drop
over 100 meters and some other cases to. That section contains some discussion of the
accuracies of the codes and the bottom line is RICOM is the more accurate code. Roger has
spent over seven years developing a completely alternative numerical formulation applying a
volume method that couples mass momentum....he wanted a completely different independent
numerical approach to check things and basically he is getting the same type results as RICOM.
RICOM and his code are pretty much the same hydraulic jump geometry, transcript of flow
solutions and trends basically smoothing the hydraulic jump. It is not accounting for the full
effects of backwater quite as much and it tends to block these little paths relative to the other
two. So water surface right around constrictions is a little different in TRIM and RICOM and
there are some examples of that in this section. The saddle constriction that releases water to the
south.

Just to give you background on how...these are staggered codes so basically we calculate water
surface elevations and the center of an element and then we have lots of calculation on this site.
Written many papers back to the early 1980s and so basically what is required is a topographic
representation of the terrain and all I really do literally is take the results of the topography that
was produced from the GIS system. I just take those elevations for the finite difference grid that
is really straightforward. There is a uniform code thing which is what he did and then what
TRIMR2D does is simply sub samples out datapoints are staggered between the elevation points
and the differences between the elevation points is where the velocity is calculated and it
calculates the gradients basically between the sub sample elevations. For instance for the
paleoflood reach we have a six foot computational cell we started with a three foot posting.
Probably one of the best ways to is to show you the most complicated one we have produced and
then I’1] talk about aspects of some of the testing. This is....I’m going to zoom basically on a
test grid we setup which we extracted the inundation grid but it also contains...this is part of the
paleoflood grid. So you have the diversion dam here and this is the channel the colors go
basically below its points or the outlet here.

Bob stated let me back up here and rephrase what you are doing and see if I got it right. You are
going with a finite difference grid first and then based on the results of this thing it is faster
computation you go to a finite element model.



Dan said yes there are two basic grids he has to talk about. [have to talk about the...we have
about 11 meters of relief across this whole section. But we have the paleoflood reach where we
did hydraulic modeling to support all of the geomorphic investigations and what we needed to do
there is calculate the flow with a stage of velocities then drive the quantities like shear stress and
stream power so that they could lay that over on the geomorphic sites and understand how those
quantities change with discharge and so these tests calculates....for peer reviewers. One of the
things we wanted to do was a convergence test that is how much resolution you need to have in
the grid that is a discreet representation of topography in the channel to produce the same results
ot in other words the same inundations levels and velocities. So this is this area’s test grid which
represents about 1 kilometer from the diversion dam downstream with the test area we selected
because it has some of the narrowest channels geometries at this section here below Juniper
Bends where there is several...1 foot wide at the bottom slots in basalt and so a question in doing
any of these things is to get enough resolution to accurately represent the volume available in the
channel. What we did is a success of refinement, Matt (Jones) went through with the highest
resolution grid we had which is the paleoflood reach 1 to 4,000 and he produced basically a 1 ¥2
foot posting and a 3 foot posting so those will get sub-sampled at 3 foot and 6 foot cells and then
I calculated for the same discharges in the two grids and then compared the estimated stages and
velocities. Those were actually in Appendix C Part B Section 2 in response to Nic’s questions
and recommendations on average the differences between going 3 foot cells in this reach to 6
foot cells they are basically unbiased in terms of stage. There is only a couple of millimeters
difference in stage and pretty small standard deviations. So we felt that the 6-foot cells were
adequate to represent the stage and that the same thing applied for the velocities were unbiased.
That represents were the convergence testing for the purposes of working in the paleoflood reach
the 6-foot cells were adequate. Now we also used 5 foot cell grid because as we found the flows
got larger than 200 ~ 250 cubic meters per second we ran out of ...we hit the bottom of the grid.
The way the grids were constructed for the paleoflood reach is that there is no flow allowed
through the top, bottom, and left boundaries. In other words, the only flow is allowed to leave
the grid...

Bob asked what do you mean you hit the bottom of the grid?

Dan answered the grids of course are finite and my case the bottom is the south side of the grid
and the top is the north side. So the two flight lines that covered the paleoflood grids get close to
the old meander channels.... '

Dean interjected that basically discharge is at 200 — 225 the water goes through these low spots
in the basalt flows and then wants to go down the gradient to the fan and we didn’t include that
much topography in the detailed reach. So that is why we extracted a bigger chunk of this from
the 1993 data to run the bigger flows.

Dan added that in hindsight there would be much difference, as we had to demonstrate that
hecause most of that flow stays out of the channel for the purposes of the paleoflood reach. So it
escapes and even when it was confined it wouldn’t sneak back into the channel but we couldn’t
establish that without doing the calculations.

Dean said there are plots you will see if you’ll look in the 11x17 part of the Appendix D that are
whole series of sets of plots in there for different discharges of the paleoflood reach and you will
see the difference in the grid. There is a much bigger area included for those largest flows.



Dan continued the other modifications made to the grid points I obtained from the GIS system
for the parametery was a rotation or translation. I rotated them to try to minimize the width of
these things in terms of total number of cells required for computation, then extracted a sub set of
the total available topographic points. Then I always set these things up with TRIM so that I
furn the bottom the grid so outlet flows normal to the cells and by doing that, we minimize the
boundary condition effects. The way the boundary conditions are by fixing the water surface
elevation of the outlet. So what I do is I generally calculate flow look at the velocities coming in
and then lower the water surface maybe 5 or 10 centimeters so that is accelerated a little toward
the edge so I don’t over inundate the inside. Then lower 5 centimeters at the end relative to what
the ....fixed, the same velocities all the way down just I make sure I don’t over inundate
upstream but it is well below critical. This tends to give sort of a natural boundary condition but
what I found in grids when you intersect at an angle you start getting more interaction of the
boundary condition at the back of the grid. This issue is easily eliminated in RICOM so you can
literally just construct clements. So all of the calculations on the paleoflood reach were done
with fixed finite difference grid, no variable mesh they are either 5-foot cells or 6-foot cells
depending upon the two-grid sets or topographic data. So what we did was set up inverse
transformation to preserve the most precision in the calculations we strip off the values and just
operate off a local datum. So I subtract off lowest elevations and in the finite difference grid it is
trivial, it is just grid indices there is no need to calculate the distances between points. So I'set
up an inverse transformation matrix so I plug this back into INEEL stage plain, which is
restoring the elevations and the rotations.

Dan said he could literally take the flow quantities and dump them back into the GIS system and
then overlay them on the renderings. Then there are the trench locations and so forth on here. In
this case it would be a stream power plot and you can directly over lay the stream power for
different discharges on to the terrain and all the reference sites....

Dean stated for all the geomorphic mapping is over lain and various other things. These plots are
all in Appendix D the 11 x 17 part.

Dan said it’s really not very complicated to set up. He said for the inundation modeling it is a
huge area. It is almost 19 kilometers long and almost 6 kilometers wide and the channel is
dinky. Imean the channel...through most of the site the channel is less than 60 feet wide. So we
started by using 20-foot cells because it’s the fastest code and that would give us an idea of
inundation and that is what a lot of these plots are. We took the 5 ft posting data from the 1993
topography sub-sampled to 10 feet, then TRIM sub-sampled to 20 feet postings and through the
entire site that being from the diversion dam to downstream of INTEC and again I did a rotation
and a translation to put it into a local Cartesian system. Then the appeal of the finite element
code was that we could use something like a variable mesh and really put a lot of resolution into
the primary channel which maybe narrow and really I wanted to do this if nothing else to test
whether we converged in terms of getting enough representation of volume available and to see
if the inundation estimates changed the relationship with respect to discharge. What I did was |
used the 20-foot grid spacing estimate at the inundation of 106 cubic meters per second to define
the area that are inundated as active channels and used a 5-foot cells in all those and that is what
this is representative of. Then I used the inundation at 700 cubic meters per second, which is the
largest flow we were intending to simulate to define the area that had 10-foot cells. So that was
at least twice the resolution of the 4-foot cell instead of 1 compared to TRIM even at 700. Then
I had to devise a strategy to put the triangles in quads to smoothly mesh between the finer to
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coarser zones. So here what you are sceing is the fine cells represents the inundation at 106 and
then you go out here and this area out here would never be inundated even at 700. Then these
were jnundated at something greater than 106. By doing this we tend to follow the banks instead
of having a stair step pattern because we can do triangles in addition to squares which can align
the grid more naturally with channel shape. Because we are using 4 x smaller cells, our time step
had to drop by a factor of 4, which immediately meant that RICOM was going to have to run 4
times slower. TRIM was running these flows at somewhere at %; to % real time. To run these
RICOM flows meant it was taking me almost a day per CPU per hour of flow. Thisisa
relatively modest slope terrain that takes a long time for some of the water to work its way
through some of these secondary channels used in the flow diagrams. Iran out to 40 hours of
load time at TRIM although it looked like at converged at 20 it wasn’t as expensive to check
that. These other ones I ran at 20 hours in RICOM so about 300 to 400 hours of CPU time per
flow.

Bob asked the question, this is on your machine or have you got....

Dan responded I have a cluster of 11 dual processors Opterons. This next grid has 7.2 million
elements and 6.7 million modes and vertices and almost 14 million sides, that is a loose code for
elements of this size, and it required about 1.8 gigabytes of memory per processor. We did a lot
of testing, the verification testing and everything but ultimately it required running full
calculations all the way out to verify this. Frankly, you can’t verify if you do not run the
problem full scale. Nick Katapodes said there is probably nobody in the world that is quite doing
what you guys are doing. Basically I have to do all of the calculations and I do them again. I
have three different compiliers that I tested with this at this level of optimization because I didn’t
want to get burned by...well compiliers have bugs from time to time. So that I could
demonstrate that the codes behaved up to a certain level of optimization very comparably. We
are looking at steady state flows and with any of these iterative solvers you will never get the
same flow with the same initial conditions unless you turn off all of the optimizations. There is
no point in doing transient behavior because literally I predict, looking at steady state flow. So
what we do is we monitor hydrographs along different parts of the channel and some of the
overbank areas and we look until they go to steady-state hydrographs.

Dan continued with as far as infiltration there are two things that had to be implemented in the
grid that were not used in the paleoflood were infiltration and culverts. I did some testing on
Fritz’s grid and I could make the water disappear before it reached the end of the grid. We
realize it is the scaling of Fritz’s data that is not consistent with the historical channel loses
between the diversion dam and Lincoln Avenue. You can do a simple calculation of taking an
infiltration rate in terms of meters per second and calculate how many square meters it takes to
dispose of it. As Fritz alluded to in his report, we realized that some calibration was necessary to
come up with effective infiltration parameters that were consistent with the historical data.

Bob stated that the accepted infiltration rates are 10 — 40 percent. That is what is reasonable at
the INEEL.

Dan noted that in the channel it ended up at 4 x 10 -5 meters per second in the channel and 10 -
out of bank, We simply added a GIS layer in the flow code; each cell had an index to look up
one of these discrete infiltration rates for that cell.

Dr. Lall said the infiltration rate does not depend on the depth of water.



Dan answered no. Fortunately even though the perception was very high they are relatively very
low in terms of the time steps used.

Dan was asked what he meant about the boundary depth and he replied the turbulent roughness
depth you have a depth averaged flow, but some part of that is turbulent flow.

Bob asked what difference does turbulence make to infiltration.

Dan replied it means we decouple the flow into two flow depths. We have the flow depth for the
logarithmic depth average flow and then we have part of the flow depth devoted to roughness
and that would be the turbulent depth.

Bob said infiltration should not depend on turbulence.

Dan said that it doesn’t but what he is saying is the way we realize the flow is we separate into a
zone with a logarithmic velocity profile which is our 2-D depth average part of the flow and then
we decoupled that with basically a scale of resistance term.

Bob said does that 10-40 percent number he was telling about is what people will want some
comfort about. You can compare hydrographs or do whatever you want to do, but people are
going to want to know percentages.

Dan replied that what we did we calibrated to those high hydrograph loses in the channel and
that was really following up on Fritz’s recommendation. The fact that his values were so high
that 10 meters per second was not going to make it to Lincoln Avenue. That indicated we had to
reevaluate it.

There was multi person discussion on Dr Fiedler’s infiltration information.

Dan said that the general perception was that the out of channel area should have a lower
infiltration rate than the channel area because of the loess and other factors.

Dean added that was embedded in his conclusion.

Bob stated one of Fritz’s important sources of data was the large-scale infiltration test and they
pumped 3000 gallons a minute into this.

Dan continued that is an important point to consider because in all these runs when we did
infiltration our infiltration out of channel is lower than the infiltration, in the channel based on
the relative ratings in Fritz’s report. So you rescaled his in channel and rescaled the out of
channel the same way? There is no data to test that.

Dean added he would have to say the final numbers we ended up with are consistent with those
large-scale tests over all. In effect what we ended up doing was weighting some of the more
recent INEEL site data a little heavy than Fritz had done. You should reread that carefully. It is
the first piece of Appendix D.

Paul said he did not have Appendix C or D.

Scott said it would depend on what the local soils were like especially if you wash off the silt and
clay and get to the gravel then the infiltration would be really high.

Dean said absolutely and that was one of the cases that we characterized; so there is really two
elements to what Fritz gave us. One was a spatial distribution for infiltration rates and we didn’t
modify that and the spatial distribution was based soil classes and geology. So anywhere there
was gravel with minimal loss got higher values.
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Dan interjected that basically meant that the higher rates got spread over the whole central area
(referring to braid area between facilities.) When I talk about the low out of channel, I'm
basically talking about this area upstream of this central area of this central area and everything
between the facilities is this area that it was given the same infiltration rate as the channel.

Bob asked again are we going to get a percentage of infiltration that people can use for
comparison purposes.

Dan said that yes he had a rate he had used that can be converted into any units.
Bob said that would be very useful. Paul asked if that was percent over some distance.

Dan said between the diversion dam and Lincoln Avenue it is calibrated to 10 or 15 (percent
infiltration.) Dean added he thought it was 10. He continued what we tried to do was....what we
did in that discussion that is at the beginning of Appendix D was we took the gauge data from
the diversion and Lincoln Avenue and plotted all that up and you can make an estimate from the
data and we brought in the large scale ring tests and all that. We tried to walk through that and
say here is what that data suggests is a reasonable number and it is 10 or 15. But you should
look at that and see if that is adequately documented for the purposes that you are trying to talk
about.

Dr. Jorde asked if they get a reduction in the percentage of higher flows. That is what you can
see in the inundation between Howe’s Ranch and Arco. The inundation rates get smaller at
higher flows.

Dean answered somewhat, yeah. Dan added and smaller at longer duration flows. Dean then
said that they went a little bit on the low side to account for that. I mean you can certainly go to
higher values but by doing so you are not accounting the fact that it must reduce flows.

Bob added it is a time average percentage is what it is.
Dan said he didn’t think they had tried to represent the whole dry condition.

Dean said that the hydrograph the or flow data that is available the kinds of durations that are
present in the flow data are on the order of months and there some persistence of constant
infiltration rates over that kind of timeframe.

Dr. Jorde said he was taking of the annual peaks. There is a number of diagrams in the 1999
report that is comparing annual peaks between different gauging stations and attenuation
between those peaks.

Dan commented that in those hydrographs the flows where the peaks occurred earlier in the
season tend to have a higher infiltration and the flows of the peaks that are 20 or 30 days later
have lower infiltration and it seems to be some saturation effect.

Dan went on to discuss differentiation between bridges and big culverts and the rest of the
culverts, which are 12 — 24 inch, and there might be a 30-inch. There are major conveyance
points, like Highway 20/26, Lincoln, and the railroad embankment downstream of INTEC. He
only exclusively dealt with one of those and that is I took them out and gave full conveyance for
all three sections. I ran a scenario where I blocked Lincoln Avenue — no conveyance. 1 wanted
to see how sensitive it was to those and there are about 30 culverts throughout the site. We
implemented Charles Berenbrocks rating curves in the code and I did a fit to his inlet/outlet,
basically stage discharge relations for those culverts. On the 20 foot grid it was necessary to
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move culverts locations around to get the inlet/outlet elevations and to make sure that they went
from one drainage area to another. Most of those are really small discharges anyway. Atmany
sites the ground is so level on each side that once you get flow you can drown the outlet pretty
quick and then you don’t get much conveyance once it’s inundated downstream. So what we
wanted to.....Jook at sensitivity of the estimated inundation to those and because there was so
many of them it takes so long to run the codes I simplified it to...you know, they were all
operating at full rate of capacity or they weren’t, to see, does that change the estimated
inundation. Then I separately did a case where we had them operating but we blocked Lincoin,
the Lincoln Bridge.

Dean said that Clint Kingsford did a really nice job documenting all of those culverts for this
culvert report so we have nice pictures of the various kinds of things that are present out on the
site but they range from the not so great conditions with weeds and sand blocking one or both
ends to .... The three pipes are Lincoln and this in the INEEL railroad bridge. So this is the one
that says what Dan essentially did in the grid was he chopped it out or we blocked it...made a
brick wall there.

Dan said you have to understand his motivation. There is a way we implemented the culverts in
the codes we are not trying to preserve them as actual culverts and all we do is adjust the stage
on each side. We conserved the mass going through but did not conserve the contribution of the
velocity. Now if we did a flux and I didn’t want to get into that. This is one of the critical points
I wanted to bracket here. It conveys or it doesn’t convey at all. I wanted what’s important first
and then figure out how we....

Dr. Lall asked what their assessment of things that are the largest sources of uncertainty with
respect to the final product being the inundation map for the higher flows.

Dan said for INTEC it was the performance of the culverts. Bob said that it might be a bit of a
problem because if he remembered from his hydrology class, engineers use professional
judgment and assume a certain percentage on the capacity of these things. It like going out and
looking at it and saying the big flow will plug about 50 percent.

Dan replied that when engineers do their brainstorming for failure modes they never conceive the
particular failure mode we encountered on our Morning Glory spillway in North California,
which was the fiberglass hull of a boat that got in and plugged the spillway with the bottom
facing up. It turned out that they are really strong and you don’t want to get really close to that
thing in case you successfully dislodge it. So you have a bit of an operational problem. So these
guys bad risk analogies but what good was that. They had a heck of a time knocking the boat
loose before the water overtopped the dam.

Those things look like they are big holes but you drop one Winnebago off at 20/26 and you are
going to plug those thing. You have got to look at those things. He thought it was quite
plausible that you could block most of the conveyance there, the way those things are laid out
and the way the channel approaches there. If in terms of human activities it is not difficult to
plug those so I thought it was an important scenario to run. Now we can do partial conveyance,
we can do some other scenarios but again [ wanted to bracket the range of possibilities to
understand the significance of each of these parameters. We can refine and run other scenarios
but we have to understand the importance of each of these parameters.

Dean said that overall we found that the little culverts are unimportant, they have no effect.



Bob said he needed some gradational scenarios of that. That’s going to be what the engineers are
asking.

Dan said when you block the conveyance here now you get the inundation at INTEC at 25 and at
106 when this thing is conveying.

Bob posed the question to Scott about emergency response activities being monitoring the
Lincoln Ave culverts.

Scott commented that when there is flow on the river they monitor these culverts and the
diversion dam.

Dan said as far as risk reduction; get rid of those culverts.

Bob said all kinds of things are going 1o be on the table eventually. The other thing that I want to
see with these other partially plugged scenarios is the numbers 25, 50, and 75 percent. At 50
percent capacity, what is the risk at INTEC and then compare that to what we need to do at the
diversion dam. At 50 percent capacity, pick a number—1000 cfs—is it a problem. Did we
design the diversion dam so it releases that amount of water? Those are kinds of scenarios we
need to look at to evaluate what to do with the diversion dam.

Dan said first order you could look at is say you have 50 percent conveyance then put something
between 50 and 70 acts like 106 we have at full conveyance. This thing will drive you risk
because the more frequent floods become relevant at INTEC when something less than full
conveyance is available at this part of the channel.

Bob commented again it all goes back to the diversion dam.

Dean interjected there is an effect here and it is kind of significant but it’s definitely a second tier
effect after the diversion dam

Bob said right now the diversion dam culverts would not pass for control. That is going fo be the
key structure and what I want to know is what is the safest amount of water and safest scenario
in terms of anticipating how plugged those things are going to get. Then having enough
scenarios that if I say they are going to be only 25 percent plugged and Scott says wait a minute
its going to be 75 percent plugged. I'll have some...

Dean stated that as Dan said what we are doing right now is a vision of this as an unregulated
flood frequency...a natural (flow system) without the diversion. So if you put the diversion dam
and the capacity in there and start to operate in that mode then all of the floods. ...we are looking
the diversion portion of floods that are in the range of 200 cubic meters upstream of the diversion
dam. We are beyond the 500-year flood at this time, and then with the increment that...if the
diversion dam is still functioning at 1 in 500 we only have a 1000 cubic feet going down the
channel and we don’t have a problem. So now the question is as we move up on that scale at the
diversion dam to have an effect here we have to get 50 to 100 cubic meters coming down the
main channel. We are still sending most of it down to the diversion dam. When we get out to
that part of the logic tree you are way out in the one in several thousand kind of probability land
and the incremental difference between the plugging or a partial plugging of Lincoln it is not
going to move the decimal points. If we are forced to evaluate scenarios where we don’t
consider the effects of the diversion dam, it doesn’t exist anymore. Which is basically the model
runs we are giving you, and what the rating curves are based on at this point. It (no conveyance
through Lincoln Ave) is highly significant. If we construct the tree and say well in the risk to
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INEEL, the scenario where the diversion dam is absent gets only 10 percent weight. The way we
construct these results for probability is based on the residual flow down the Big Lost that
doesn’t go through the diversion dam then there is not going to be a lot of contribution from the
differences at Lincoln

Bob commented the only thing beyond the scope of what you are doing is how much water you
can get flowing down the channel through local rain.

Scott added all the flow down the river after the Mt Borah earthquake all that ever did is put
water in the spreading area. We didn’t have any.

Dean stated that there was some backwater onto the fringes of the INTEC fence area; from the
ice jams at the railroad bridge. Well, that is what I’ve been told anyway I never saw it. Again,
that is not a discharge causing the problem. It’s backwater due to ice jamming,.

Scott then we had water at the spring thaw basically all the water ran to the low spots and stood
there, ponding, until things thawed.

Dr. Jorde said he didn’t quite follow where if those Lincoln Bridge culverts are closed and this
would actually be better for which of the sides because I don’t really have the geometry in my
mind but what my suggestion would have been that you randomly close some of the culverts to
see if that has any effects on what you want to know and if there are some major ones then they
should all be closed and factor in the cottonwood tree or tumbleweed. Or there may be
Winnebago lying around and if we talk about a 10,000-year flood then this is a major disaster so
that people will worry about all kinds of things and it is not like everybody is standing around
and wondering what these culverts are doing. So this is a major disaster event probably and
everybody is busy with something. So I would certainly run a scenario where this is all closed
and see and if it has no effect than it was fine.

Dan said it has the biggest effect on the lowest flows because they backwater and spill over and
what they tend to do is mimic larger flows in terms of how they inundate parts of INTEC. Once
you reach larger flows they couldn’t convey through that section anyway and at 200 you are
already inundated. ..so the difference between blocking and having 100 percent conveyance
becomes smaller and smaller as the discharge goes up. It is just overwhelming the conveyance
in general and its spilling all over the landscape at about the same pattern it just happens to end
up at the same place downstream at Lincoln Avenue. It gets behind Lincoln and spills over in
the same place. So the differences are primarily from flows below 200 cubic meters but in terms
of risk the more frequent events become relevant when it’s blocked and that is where most of
your risk is in the more frequent events. I make the suggestion that is the most critical risk on
the site because that is the most likely to occur probabilistically to get loaded. Your probability
of seeing 200 — 400 cms is pretty low.

It turns out that there is not much sensitivity on the performance of the culverts on the inundation
related to those flows. It is really related to the inundation between 25 — 100, which are more
likely to happen or happen more frequently.

Bob said actually they will not have the same capacity to carrying material into the culverts
either.

Dan replied no but you don’t want 25 having the same inundation capacity at INTEC of 100-200.
Dean stated that we need to get those stage probabilities credible.



Bob asked why would the culverts plug at low flows. You’re still within the banks.

Dan said yes you are still in the banks but at 25 we have enough depth to go up to the top of the
culverts right there

Bob questioned those calculations. Then said whatever 1500 cfs is.

Dan said if you look at 800 in the diversion as being bank full. Twenty-five is pretty much bank
full.

Bob stated he was just telling that is the question he would get asked. If these are rating curves,
why are you giving me this full or closed scenario.

Dan replied because everything is between those two values.

Bob answered that the other thing is this is a steady state analysis. The hydrograph and transient
analysis the amount that you can convey through those culverts in a certain amount of time in
respect to the hydrograph is important.

Dr. Lall said it seems like your solution is ...... if you started plugging it up it seems like it would
very rapidly towards the fully plugged solution. So I don’t think I would even bother making the
runs; I would just explain it.

Bob stated that one of the things he has to worry about is the utility of this document is a legacy
document. We could all sit here and say yeah, this is right thing to do but two or three years
from now I may be looking at this and having to defend it. I'm not sure I’ll be able to
reconstruct these arguments; I’'m a bit worried about that.

Dan said there is the logistical constraint about the fact that these calculations took several
weeks, | had to start by bracketing things. I would like to run more scenarios. ..

Bob asked why Dan didn’t use the INEEL super computer.

Dr. Jorde added that he would like to see all of the simulations you have done. So if you had
address this then T am not asking you to do more. All T have had time to look through is all of
these rating curves and I said that might not be relevant but if that has been included in the runs
you have all ready done then that is fine. I was just a little worried about those rating curves.

Dan asked if he had done a good job in explaining how the grids are generated and used. The
group agreed he had, Then discussion moved to the bounds.

Break

Dan started the discussion of paleohydrologic bounds as another source of information that you
can put in; particularly over a long time period that helps constraint the uncertainty in flood
frequency analysis. So we want to include that, but we also want to include the uncertainty in
characterizing the bounds

Dan commented that the bounds from the hydraulic perspective. There are two things you need
for a bound. You need the convergence of a geomorphic configuration that reveals something
about the age of stable deposits. Then you need a corresponding hydraulic situation where
generally the stream power and something that could erode or remove those deposit increases
with discharge in some regular way across the geomorphic marker. So you have some
geomorphic unit that you can establish that has been stable for some period of time and then you
hydraulic configuration where as the discharge increases the power increased to a point where
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that stable configuration that will be catastrophically removed and without any doubt for some
discharges exceeding a certain amount. So you can have a place with where there is a beautiful
geographic record and the hydraulics don’t cooperate and you just can’t develop that power or
you can have a beautiful hydraulic situation where you get a nice systematic variation of
hydraulic power with discharge but you don’t get a good preservation of critical stable surfaces.
So we need both a surface that is stable, that is dateable, established, that will persist for
discharges below a certain discharge and can be removed for discharges above a certain
discharge. I didn’t know if we had ever laid out the framework.

Dean said that bounds are a geomorphic concept that we have. That we see in the geologic
records limits on the flood record but in order to make it useful for flood frequency we need
more. We have to find a way to marry that to the hydraulic results. This is a major weakness of
previous studies. We had a very subjective and non-quantified criteria for how we went about
that process. If you think about in the context of a 1-D process at a cross section and if we
assume that the over bank section of the cross section is our geomorphic surface then what depth
of inundation do we need on that over bank in order to be confident that we would have a
geological record produced by that flow. Obviously subjective.

As we try to utilize the spatial aspects of two-dimensional modeling, we had to extend that line
of thought; well if we have geological information in an area how do we take that geological
information and merge it with the spatial variability that we see from the hydraulic modeling.
Once we do that what are the criteria here; is it some depth, is it some set of power values, or
shear stress values. Those are the kinds of things that we can possibly use and how do we do
that and what should be the track through that data that allows us to reach those conclusions. So
now we are back 1o this....

Chris commented that you have a stable terrace surface; it’s a perfect Paleo-thing but your
paleohydrologic bound is 4 million ¢fs. You don’t have a realistic hydraulic flow that you can
say that terrace hasn’t been effected by something.

Dan answered there is geomorphic sensitivity and resolution and there is a hydraulic sensitivity
and resolution. We have had places where it turned out that all through out the entire reach the
whole thing just backwatered and there are very few places that developed power. So that whole
reach wasn’t particularly diagnostic. So what you want is coalescence of hydraulic resolution
resolving power and geomorphic resolving power. So an example of that would be on the inside
bend of a meander that you get older and older soils in that bend and at successively larger and
larger discharges and they start to overtop that bend and eventually they cut a channel or straight
path through that bend and remove that material with clear power. So you are looking for the
sublime combination of geomorphology and hydrology.

Dean continued that the problem is that playing this game of extreme floods here and trying to
relate the geomorphic record to that. What we step into very quickly when we start looking at
long timeframes of low probability events is we are tying to characterize the probability of a
hypothetical flood that has never occurred in the system. So almost by definition that flood is
beyond the capacity of the river channel in which it is trying to flow and sometimes you find that
there is somewhat non intuitive hydraulic effects that begin to emerge because you have to much
water for the system and the role of hydraulic backwatering on bends and subtle constriction
becomes very important at a lot of site. While a geologist would say “Well I have this nice
meander with good progression of soil this is obviously a time transgressive site and I can get



half dozen bounds out of this site.”” But that has developed as the river has incised it’s not the
past record of successively smaller floods. Itisa record of abandonment due to incision, so what
we are doing with the proxy record here is we are going 1o overwhelm this system and say well
at successively higher levels it’s becoming a bound at these discharges. But what can happen,
and we have seen this, is that it backwaters downstream and you reach some point it ceases to
erode as it successfully inundates higher and higher on the surfaces.

Chris commented than you can have a huge flow and not anything is going to happen to the
surface.

Dean said, right, in the lore of floods as you talk to people everybody knows of places whete
there was a huge flood and meters of inundation and absolutely no record produced. That is the
criticism and comments people have made to us in the context in talking about the
palechydrologic record. People will stand there and say I’ve seen lots of floods that didn’t leave
a record how do you know as a geologist that if a flood happened here that it would leave a
record. That is a question that we are trying answer with this whole issue of how do we specify a
paleohydrologic bound. How do we come to a quantifiable criteria for deciding whether a
discharge and stage associated with paleohydrologic bounds should be up here because that is a
sufficient space to assure us that we have erosion of this stable surface or does that bound have to
be instead have to be up here at the top of the slide to be highly confident that we have erosion.

Dean continued what we are really trying to do is exploit spatial information that is we are using
geomorphic mapping at reach-scale. We want to move beyond the framework of making a
conclusion based on single point or single cross-section data. We have two-dimensional
hydraulic modeling that gives 6-foot spatial resolution. While the hydraulic variability of flows,
we can express that has power, velocity, shear stress, or whatever. Likewise we have detailed
geomorphic mapping that tells us the spatial distribution of different geomorphic elements of
different ages in the landscape and we need to be relating those two data sets and making a
conclusion that says bere is the spatial variability of the hydraulic parameters within the areas
that characterized as this single geomorphic unit and then making a conclusion of a reach-scale
for a single unit.

Dean added they are trying to use empirical data on shear stress and power as a quantitative
definition for erosion limits. We want to use restrictive spatial areas to define those areas in
which to evaluate erosion based on geomorphic mapping. We need to make the criteria that are
very specific to soils and vegetation for the site. So the criteria that we come up with for the
conditions at INEEL is not going to be necessarily applicable to some other river; some other
terrace; or some other place. It has to be conditioned to what you have. He said the next step is
to sample the inundation, stream power, and shear stress from the hydraulic mode! and apply the
erosion criteria within each of these sample areas that defines both our best estimate as well as
some uncertainty for each area and combine the results from both of the sample areas. Note that
many of the sites are going to basis to high values because of the effects that Dan was talking
about. What we are going to find here is that even though we have a 1000-year-old geomorphic
surface that might be present all the way down the river and making flotation’s at some locations
when we impose a higher flow on that and say well what does it take to modify that existing
surface that existing surface at this particular location. We find that when we have flows that
greatly exceed that there are some sites that will never be eroded or that we can never be
confident that we can produce a record because at higher flows they go with the backwater and
maybe the record that would be produced there would be a depositional record but in the context
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of a confidence of a traceable geologic record we probably can’t make a positive statement about
those.

Bob asked if they could change channel depth until it worked. Dean replied that would be a
subjective.

Dean continued by saying there are deposits that are consistent along the river and those are the
products of a flood of a certain size.

Bob commented that he knew exactly what Dean was saying....

Dean interjected that there are some sites that no matter what you do you can never make a
confident statement at that site and that doesn’t mean that the whole thing goes out the door. It
means that some sites have higher resolving power than other sites do.

Bob added that he also thinks there is an assumption about stable channel geometry and other
things that you have to replay....that had some positives.

Dr. Lall asked with regard to data that you gave earlier about the possibility of succession if it
reaches above the meander level or anything of that sort. It seems like if there were a way to
fingerprint similar data elements across the reach scale you could resolve the issue of where the
channel geometry which is stable for the paleomarker you are looking at.

Dean said what we can say with regards to stable channel geometry is that in general the Big
Lost River channel as we would look at it right now as been stable for at least the last 10 12
thousand years because its incised into a 10,000 year old deposit—Pleistocene outwash—there is
a pretty much fixed width narrow channel with only very narrow terraces along most of that
length. So the period of record for most of the reach this channel geometry has been pretty
stable. Now the one place where it obviously had not been stable is in the big meander belt up
here. You can see for example, downstream of the diversion dam this whole stretch is pretty
incised in Pleistocene deposits and basalt down to about right here. Then it starts to bow out a
little bit and it has meandered all over the place all through this area.

Dr. Lall asked if those are two channels or are they new things?

Dean said these are old meander scars on the Pleistocene deposits and are not related.. .this is
what we addressed by the trenching. There has been no Holocene post Pleistocene flow across
this area. These are independent of the river. So the channel for the Holocene is this section
through here and potentially there is uncertainty in the channel through here but the whole reach
under large flows backwaters. So it becomes sort of a big pond, as you’ll see from the power
plots at higher flows. Then here is passes through the constriction and from here on down all
through this reach we have a channel that is locked into basalt and Pleistocene gravels again with
very narrow Holocene....

Dr. Lall interjected basically at this end you can define bounds.

Dean replied at this end you can define bounds and at this end you can define bounds and at this
reach you can’t, because here the stable channel assumption is violated. So the geomorphic
bounding provides you with sort of your first order definition of presence or absence of first
order channel stability. Now there is more details in there about...at the 20 percent cross section
change and things like that. So what are we using for erosion criteria data? Okay, let’s back
up—all of this is covered in the report in Appendix D the small part. Then there is some
discussion in section 2.4; I believe. What I really tap into here is 100 years of engineering
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hydraulics. It is essentially a miracle; we have several different classes of information that we
need to look at somewhat independently though in the probabilistic framework. There are all
sort of basics of how do you design your irrigation canals. The first people who came out at
INEEL had to figure out how steep can the canals at INEEL be in order not to blow out when we
start to run water down them. There are a couple of examples on INEEL actually that when they
tested the canals they were too steep and they actually blew them out. They put grade control
structures in these things. This is level one channe] stability type of analysis. There is a lot of
literature on this and I’m not sure we’ve really begun to tap this but there are really...I've
separated this for the purposes we are trying to use here there are three types of basic
characterizations.

1. Design criteria elements that have been put out by some people doing channel design and
stream restoration kind of criteria. The way to think about those is that they, in a
probabilistic sense, have to be considered as bounding values because generally they do
incorporate some level of conservatism in the way they are presented. They have a factor
of safety built in, they are engineering applied type of numbers.

2. There is a huge body of literature on sediment entrainment and transport limits. There
are ranges of values that one can derive, different formulation for problems. In general,
those types of values give you some measure or better degree of particle motion in a
channel and those are going to be within your range of values either upper bounds or
lower bounds but probably the majority of those are skewed towards insipient kind of
motion.

3. Geomorphic study limits. Vic Baker is one of the people who got that literature going in
looking at paleofloods. He put some of the earlier compilations together on that. These
are generally post flood assessments that people have done. Where they have gone out
after a flood and measured a cross section or iwo and from that tried to estimate the
hydraulic parameters that are associated with some geomorphic change in those rivers or
channels. What they represent is a significant exceedance of the threshold for erosion or

“destruction. The treatment of those data in the literature is generally highly subjective.
When we look at values from that data set we probably should be thinking of those as
lying above our threshold value. They obviously represent some kind of exceedance. So
in a probabilistic framework those have to be upper tail types of values. Ultimately that
is where we are trying to go here is into some kind of probabilistic characterization.
Dean continued this is an example of motion kind of criteria from Andrews 1984. e defined
based on dimensionless shear stress three domains of sediment transport based on his preferred
data points; a domain of no transport, marginal bed load transport, and general bed motion.
Other people have come up with slightly different values using this same kind of approach but
you can associate these ranges with a set of shear stress numbers.

This is the heart of this data and there is discussion of the data in Appendix D. What we have
iried to do for both stream power and shear stress data is compile all the different data sets and
try an arrange them in a way that we can make some useful conclusions for applications in the
paleo bounds. I am going to start on left side here for with the design criteria limits. What this

" comes from is highway design Dr. Lall and stream restoration Dr. Lall. What people have done
for a stable channel design is say what is the stream power, if you plant your Class C Turfin
your ditch and maintain it, what stream power will have to be exceeded before you erode that
turf. Or if you put 153 millimeter D50 rip rap in your channel here is the range of values we
would expect to be associated with the erosion of the with an appropriate factor of safety built in.
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I have a couple of tables in the appendix there that describes what Class C Turf is and what those
consist of, I will tell you right now there is nothing that I know that looks even remotely like
Class C Tutf because this isn’t Kentucky. We are well below these kinds of characterizations.

Here is some data for power and there is some similar data for shear stress. Entrainment and
transport limits there is not a lot of data in that in the realm for stream power most of that have
been done in realm of shear stress. This is for really insipient motion far below the similar
values for design criteria. So these have the correct relationships relative to one another. You
would expect these to be less. The first motion is a lot less than the factor of safety associated
with design criteria for total destruction. Geomorphic study values: Here we have as [ was
describing geomorphic estimates from the people who have published in various places for
channel stability on some rivers. What is called channel changes and erosion thresholds, channel
bank erosion and widening, minimal change in course gravel channel? Local scourer, major
changes. Here we have power values estimated to be associated with the Missoula outburst flood
in sites that have streamlined hills of the loess plains of eastern Washington. These are large-
scale, meters of water features. These are a couple of sites that Dan and I have worked on the
Santa Inez River. This river was one of the early paleoflood studies that we did where a large
flood overtopped some terraces that were several hundred years old. This was the foundation of
our palechydrologic bound idea. We went back in the last couple of years to try to calculate
stream power at those sites associated with that flood and these are the over bank subdivision
values in the cross sections that I got for a couple of different sites. Again these must be
maximum values because we greatly exceeded whatever the threshold values were. So our
objective here was then to take this type of data and come up with a criteria that we can use for
the classes of materials that we choose to define for the Big Lost River. When we look at the
sites here I’ve boiled it down to two categories of material; the erosion of the loess and eolian
soils on the terrace surfaces. That is the upper 10 — 20 centimeters of fine grain silt and very fine
sand that exist on those surfaces. Generally unvegetated things like that. So that is the low end
of that distribution. There isn’t a whole lot of data here but as you can see that there is a design
criteria limit for sandy loam soils at least in this realm. This is erosion of those types of material
and we have this trapezoidal distribution where we say we have a best estimate that is
somewhere up here and 2 — 5 range and in the upper limit high confidence that major erosion
will occur by the time you reach 10. Likewise the second category involves eroding into the
deeper parts of the soil horizons and into the coarser grain deposits on terraces. So now we need
more transport capacity, we need more power. The size fractions we are talking about typically
in these trench deposits and the gravels the ES0 in those, is generally going to be in the 2 - 10
centimeter range. This is what we tried to construct for that; this is the realm we talk about
trying to be in for erosion on the terraces. The third category and this really comes back to the
geomorphology approach off into how stream power is implemented because most of the
geomorphic data really is derived from the cross section channel estimates or channel averages.
We want to reduce this to a 1-D problem and what kind of average channel values would we
expect are going to be associated with significant channel changes with geomorphic change in
the Big Lost the low end of that might be in the 50 range but the bulk of the data say its got to be
a much larger value up here in the 200 — 300-400 range so we skew our distributions in that
directions.

Dean presented a similar approach on shear stress. We have some design criteria type limit lots
of entrainment limits from several different sources more uncertainty here and a limited amount
of geomorphic data. Again we define that same kind of criteria; a shear stress limit or surfacial
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erosion of the A-horizon and B-horizon. There is a triangular distribution that ends right here
and peaks right there. Imagine that the triangle exists and then another bound which is really
which is highly unconstrained here and the shear stress side from a geomorphic approach. I will
move these into the kind of form for a probability distribution diagram so the upper one is for
shear stress and the lower one is for power. These are the same things now we just turned them
on their sides. In the probability distribution what we have...what we are trying to say with the
lower left corner of these is this is possible from the exiting data. These are our best estimate
kind of region and this is highly certain. These are intended to be probability distributions and
the same kind of terminology applies. Now I’ll show you a couple of examples from the results.

Bob asked how come you have make those independent grain size.
Dean asked what he means

Bob said you made them huge bins of grain sizes one is eolian fine grain size the other is
everything else. It includes outsized boulders and sand.

Dean replied because there is an averaging and generalization problem there. Actually we can
make a very strong case that all the surfacial materials almost everywhere are fine sand. I’ve got
lots of particle size analysis to support that. There is nothing coarser than that at the INEEL and
that what this is intended to be; specific to the Big Lost River.

Dean continued we need to look at the maps. What we have tried to do in defining spatial areas
where we can pull the grain size distributions out of. Where did those power boxes come

from. ...those are the big blue boxes. I was going to turn around and point that out on this map
and it didn’t plot.

Dean said to restrict the spatial expanse of the stream power data that we look at from the
hydraulic modeling what we did was define a bunch sample areas which are outlined in the blue
box and given these descriptive names like FP-5 and FP-6 and the boundaries of these things
correspond to the limits of geomorphic units that are outlined on the plates. FP-8 is within
H...an over top Pleistocene unit, FP-10 is also on a Pleistocene unit. We’ve got FP-15 here;
we’1l pick one we can see. Then we have another one FP-17 that is restricted, FP-11, whichisa
small one on the only the Holocene, terrace at T-6 and the other one I was going to look at was at
BLR-8. We have a couple of restricted ones at BLR-8 that are limited to segments of Holocene
terraces, for example, at FP-17 is just a small area on a small Holocene terrace and FP-16 is a
Pleistocene. So each of these is a sampling of geomorphic units and we also have a whole series
of sampling areas that range down the channel based on kind of similar channel characteristics.
Some are constriction sites and some that are backwater sites and for our purposes right now we
are trying to look at very restricted areas. So an example I have in the screen here we are going
to look at that. FP-13; these are all of the figures in Appendix D. Some of what we are running
here are discharge versus the percent of the area that has exceeded some given power routing. If
we read deep into the details of the legend here the first thing we had the inundation. For
example, here at a 100 cubic meters only 30 percent of the area is inundated but by the time we
g0 to the next sample point at 130 a 100 percent of that area is inundated for all flows of 130 and
larger. So one criteria obviously needed for having any effect due to a flood is you need to
inundate most or all of the area if you want to have high assurance. The next....according to the
colors here we have different values of stream powers associated with those distributions that I
drew. The red ones are generally the soil erosion values and the green ones are associated with
erosion of the gravel type flows and the magenta and orange ones are the thresholds in the
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channel modification scheme of things. So what you can see here is that for just using one of
these red lines is at this site at least very rapidly as discharges increases we reach very high
percentages of the site are exceeding this threshold. Same thing for stream power down here
....plot the data. We have a couple of different cases embedded and values as well. This is
portraying the variability and the hydraulic inputs as well as what happens to the stream power
for each site. So we do that for each of the different areas and you can see there are slightly
different patterns that emerge as you go to other sites.

Dr. Jorde are there some curves and diagrams, which are not in the legend like those dark yellow
ones.

Dean said there are right there.

Dr. Jorde pointed out there is only one in each of those diagrams. You had three of the curves
but there is only one of those...

Dean replied that the filled symbols are from the 6-foot grid and the open symbols are from the
5-foot grid. The dotted lines and the stars are 030 versus 038. That is how we get more than
four lines. I was trying to keep the colors associated with the threshold values and use the
symbols to depict different scenarios from the models.

Dr. Jorde asked why did you step here from your characterizing two different threshold and two
different probabilities like where the maximum probability was reached for the sand fraction and
for the gravel fraction where you reduced basically the sediment to two different grain sizes and
the you have a starting probability and maximum probability and maximum or lowest to
maximum and highest or whatever. So why did you step back to size classifications.

Dean replied that what he was trying to do was get the discharge value. So those are criteria that
we described that you could apply for the site but now you have to decide for an area. How
much of the area do I want those criteria to be exceeded over?

Dr. Jorde commented that he totally understood what the diagrams are but he wasn’t quite sure
why you first you elaborated on how you reduced it to those two different classes and here you
have again...

Dean said that out of those two classes you have five values or six actually and that is what we
have. Actually we have the channels so we have six or eight different values. Each in separate
line in color corresponds to a ...I’ve got to find a simple way to say this. So that way when you
come up with an area then you say well if I'm going to require 100 percent of the area has to
exceed that threshold that is one point of view. Then I have to go up here to get a discharge or
maybe at the end you would say if 20 percent of the area exceeds the threshold then I can pick
my discharge from down here off those curves. That leads us to what I call a detectable
geomorphic change. To achieve virtual certainty is it necessary to achieve the upper bound. As
long as we have sample area that are large compared to the geomorphic features that we can see
and resolve in the area of interest. For the BLR bound these areas are large, they are huge
compared to the things we are mapping out there. I've got a table in here where I tabulate the
number of acres and square meters; however you want to measure it. There are a number of cells
in the hydraulic model that are associated with each of these. Its hundred and thousands of
square meters, ..given the size of these things and scale of features that we can resolve from the
geomorphic mapping my judgment on this is if we are exceeding these threshold values over 50



percent of the area, the area would not look the way it does in the present landscape. If 50
percent of that area had been eroded, what we would map would be only half as big.

Dr. Jorde asked what do you mean with your sample arca here. Isn’t that related to those
trenches, which relates to the blue boxes?

Dean answered that what he is talking about right now is the blue boxes.

Then Dr. Jorde asked you mean the trenches represent the boxes and then the sample area here is
the boxes or..

Dean said we start with the geomorphic map

Dr. Jorde asked are you only looking at the surface. So right now you are only looking at the
surface of the boxes

Bob said that the trenches served to tie the geomorphic record to the boxes. Is that right? We
get age dates from the trenches and other places, which give us the timelines for the boxes

Dean said that this is a sampling problem in a sense. The trenches are point samples and in our
geologically backwards-interim problem here we do geomorphic mapping and we define area
that we think are similar. Then we say well to prove that our geomorphic observations and
conclusions are correct we are going to dig one trench or two soil pits in the arca and we will do
detailed description there that are representative over this geomorphic region. Then get detailed
data from those points that we can then extend over a geomorphic region. What we are trying to
do these sampling area and apply them to the bounds its like well we have a two-dimensional
hydraulic model where we clearly had spatial variability in those types of flows so let’s restrict
our sampling of those results to specified surfaces that have a geomorphic context and draw
some conclusion from those. As I say my call on this given the size of the areas that we defined
this that generally 50 percent is actually a conservative number for producing a detectable
change in most of those boxes and in fact for some of the larger area like on the big Pleistocene
P-2 surfaces most of the flows are concentrated in Paleo-topography of the braid channels.
Much smaller percentages are going to be appropriate because if we ever concentrated highly
crosive flows in those channels they would look geomorphically very different. So to require
that we have 100 watts of stream flow over the entire Pleistocenc surface to have a Pleistocene
bound is not a realistic or appropriate criteria.

Dean went on so now what we have just talked about is that we can reach a conclusion of each
sample area, FP-13 where we would say based on the erosion from the PDF. 120 cubic meters
would be a starting point where we might see something happening that is one watt per meter at
5 watts per meter we are typically over 50 percent of the area or at 140 roughly and at the top
end that PDF we are 175. So this is the range of values we would prefer for that site for soil
erosion. At FP-18 it is much lower and at FP-19 there is either no inundation or backwatering
going on and maybe more uncertainty here but it is a much higher range before you begin to sce
soil erosion.

Bob asked how come the soil won’t be bounded?

Dean replied because you would need lower values. Sand is more erodable than gravel.
Eventually at a big enough flow where we sampled things will start to erode.

Bob commented that a 20-foot depth erodes at the same the same as a 5-foot depth.



Dean said there is more velocity. This is the combined result of shear stress and power.
Dr. Jorde asked what are the black lines and the blue ones.

Dean answered here is all of our sites and some sites are better than others; some sites provide
more definition; oh, black is soil and blue is gravel. Again the gray shading is the region we
decided the bound for the soil erosion might occur and here is the region where we could bound
the terrace erosion.

Dr. Jorde asked why is the...it looks like some of the black and blue lines are very close to each
other are they the same site or are they different sites

Dean said they are the same site. So vertical is at a site...
Dr. Jorde asked if that site had fine sand and gravel

Dean commented that yeah,

What about 18 were there is a big gap?

Dean said he would have to look at the data to see why there is a big gap. Obviously,
something...we get a little bit of power right away and then it takes a long time before anything
starts to happen. These sites that are way up here flooding are obviously backwater. If we
looked at those data you would see why they just never produce power. All of these sites produce
a little power then they tail off and they don’t do anything and so we really can’t make a
conclusion about any about the erosion of any deep gravel sites at any of these locations.
Conceptually what we want to take away from this is; that when we get to the stage of saying
what is our reach scale framework for defining bounds; we would say well the bounds, in terms
of a probabilistic concept, are going to be defined on the lowest side of discharge by the best site.
The best site or the lowest site is providing the most fidelity and resolution in terms of the
bound, even though there are lots of other sites where nothing happens until much higher
discharges in the context of the bounds. These are all sites that are a thousand years old. This is

. the hydraulic variability along the river. So as longas I have confidence that I can identify all
those thousand year sites and that they really are thousand year sites then this is a good
representation of what the bound could be. Now if I wanted to add some confidence that I could
explicitly incorporate some more sites.

Dr. Lall commented let me see if I understand this assertion here. The argument you are making
is that if you were to find a site at which the lowest possible flow was the bound then clearly that
had to be the bound because they are all the same there is no uncertainty they are all the same
quality. That argument is fine with one qualification, which is, the stream discharge we expect
to change along the stream and here you have a chronology of the stream. Somebody could
argue that at FP-1 the paleo-bound is lower and in normal stream not at Big Lost because flow
increases downstream. Here is the reverse so it is the same argument that the fact that the bound
that is the smallest on the side where you expect the lowest flow is the same as the flip situation
for a regular stream...right and how much loss are we talking about.

Dean stated that it would be a 4-kilometer long reach and we should be okay with the assumption
of constant discharge for the scale of the reach we are talking about.



Dr. Lall added the second thing that occurred to him was this business of taking the reach with
the lowest and tightest bound. The lowest we have discussed so let’s take the tightest now. Tt
seems like suppose you are taking the medium of the bars. Would you be able to combine all of
them with a greater combination based on the position associated with each one of them that
would bring all of that junk in that you didn’t want to bring in without raising the question of you
made a choice off of flood plain and bound and so forth?

Dean replied I know what you are saying but the problem I see is that with the concept of the
bound....we are implicitly talking about something that we think has never happened. When we
are characterizing real data, real events; the statement we are trying to make is that for a given:
timeframe this has never happened and so the features that are portrayed on here are not the
result of an event that has some sort of sampling variability. So each one of these sites has
unique threshold for destruction and some have higher thresholds and some have lower
thresholds.

Dan added that some sites are subjected to more power than other sites at lower discharges. So
that gets back to the hydraulic resolution and the sublime combination of the greatest hydraulic
sensitivity along with the inadequate geomorphic record. You would never want to go and just
combined them all because you would be plotting different sensitivities. You would want to go
to the best site, which has the best sensitivity. However, Murphy’s Law says there will always
be a very small number of those sites. So then you would have the statistical problem of small
samples, When you want more samples or assurance then you have to deal with probably
varying levels hydraulic sensitivity so while you have higher level of assurance you have higher
levels of bias. '

Bob added if you are going to see this anywhere this is where you will see it. Dean agreed.

Dean continued saying the finality in the bound depending on the geomorphic ability or to be
able to go out and find these critical places.

Dan said the first thing that should be done is to generate a grid and run the discharges while
they are still trying to find out logistically where they can do geomorphology.... then you target
the sublime combination of hydraulics and geomorphology

Dean replied to do the modeling correctly requires lots of money.

Dr. Lall asked in many cases where apparently the flood leaves no marks and it probably should
have so if I go to FP-18 as your target and I say that perhaps the mark that is left here was an
erosive mark rather than a deposit. The argument here is that there is high sensitivity because
there is high stream power. So the cross section actually has changed dramatically and you don’t
know that.

Dean answered that this is where you have think subjectively and put other data points into the
mix. He has come to the conclusion that it definitely would not be a good idea to try to combine
these statistically. They are not all equal; they were never equal so that can’t be the right
approach. In fact, some of them may be so far off the scale you just throw them out, because
they should have no weighting in this. So there is a subjective weighting scheme that has to be
imposed here somehow.

Dr. Lall then asked the statement you are making is that given a bunch of assessments of what
the bound is likely to be and each one has a different precision. The first statement you are
making is I’m just going to take FP-18 and that range is that range and it might not work. The
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other thing we could do is that we can say we have all of our other estimates of course they have
a different range and I have a certain acceptance probability on which I will accept one those as a
relevant bound. Then I could do integration over that particular constraint. It could be that
essentially what you are doing here is that you are refining your estimate of FP-18 where you are
bringing in each of those values but with a different acceptance probability and ending up with
markers there.

Dan said if you combined them in different ways and come up with a distribution based on those
subjective valves.

Bob interjected that in ways you would have to reject some of them because they will be
backwater areas

Dean said that is why some of these never go anywhere...

Bob added that you are also taking into account that you have looked at FP-18 and you have
some confidence determined that erosion has not occurred versus each of the other sites, there is
always a chance that you don’t see it.

Dean said some of the sites we have trenches on. So we have high confidence in our geological
observations of the stratigraphy. At this site, it is strictly a geomorphic site or surface site and
we interpret it to be the same as this site. But that is a geomorphic interpretation, it could be
something else. If all of your confidence is coming from geomorphic sites, where you don’t
have any hard information then you have to be more lax with the upper bounds than if the
hardest information you have is coming from a site where you have real good geomorphic data
then have more confidence here. You have a trench that confirms that nothing has then you are
closer to the virtual certainty side of things than if it is strictly a geomorphic observation.

Dr. Jorde asked what is in the hardest information. Do you say uncertainty the smallest one
because you used the lowest value for the bound?

Dean answered he was just hypothetically saying it could be the hardest because you have the
most detail geological information at that site. That is independent of the uncertainty in
discharge.

Dan added that you could bring the hydraulic quality rating to if it happened to be a trapped
bedrock section of the channel.

Dean said there is the potential to make this much more formal but at this stage the process is
going to be somewhat inherently subjective because we start back at the beginning here we have
subjective definition of the erosion criteria which are arrayed from that data. Then the next
subjective step is the geomorphic mapping and the selection of the subareas as a subset from the
geomorphic map areas. I considered early on in this that what I should do it take my geomorphic
map units and import them into a GIS program and call those sampling polygons and let the
whole thing be totally automated in that way. Then I stopped to think about how I do mapping
and I realized that my geomorphic units as portrayed at least at this level on the map include
terrace risers and the terrace tread is one thing and there is the transition up to the next flow.
That riser has to go into one unit or the other in the geomorphic map scheme we have
implemented and if [ put it the lower unit I am going to bias things in one way and if I put in the
upper unit [ am going to bias it in the other way. So that is when [ said I need a subjective sub-
sample of geomorphic unit, sampling areas, to restrict that. Then we come to this stage and we
take all of the uncertainties from one individual area.
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Dr. Lall interjected that he thought this was very clever. Ithink [ have figured out how to
present a question to you. If you delete 12, 17, and 18 from the story, now its not so clear what
you want to say. So that is why you need grid to equal out stabilities.

Dean said his conclusion in that case would be at that time you get ruled by what is at FP-7.
What I need to draw out of this is a 3-point distribution for discharge associated with a bound.
So I will have a lower possible value for my paleohydrologic bound that is somewhere down at
this level based on this site and I will have an upper value where I’d say well subjectively I
should be up here and that is I have ...I’m exceeding virtual certainty at nearly...several sites,
possible at all sites, and best estimates at some sites.

Dr. Lall stated that now you are going where I am suggesting it needs to go but we can be
sharper than sticking it at the very top.

Dean agreed with Dr. Lall. Then added that is how this block box is drawn right now. This is
the heart of the whole uncertainty in the paleohydrologic bounds game. This is where we have
had the biggest controversies. Inevitably it is in the translation of the geologic observation into
discharge parameters based on the geologic plus hydraulic information. How do you make that
judgment and part of it is cultural because as geologists you reach one conclusion from the
geomorphology and then you have to interface with people who are knowledgeable with
hydraulics and look at things from the hydraulic uncertainty view points but may have a few
different view of what the uncertainties geology can be or should be or are. We need a way to
walk them through because this is not simple. I think there are beginnings of a pathway here. In
my mind it needs saying a bound is defined by 1 meter of water over the surface or a bound is
defined by 50 - 100 meters of power somewhere around the area of the geomorphic site or at a
point at the geomorphic site.

Dean continued by saying we are not trying to make a single valued estimate. We are trying to
come up with a number that is possible as a low flow value based on data and good judgment;
best estimate to high or virtual certainty associated with the upper bound. That is the way the
input needs to be framed for flood frequency analysis.

Bob added part of the reason for this review is if Dean tells us that is his best estimate. What is
your professional judgment going to be? We don’t have time to generate a rigorous objective
quantitative model analysis but the graphical and data and discussion leads us to conclude that
we are probably on the right track. Although if there can be some improvement we definitely
want to hear about it.

Dean then reviewed the catastrophic channel change. Here is the PDF. The blue one is for
stream power; the green for shear stress, and the possible best estimate virtual certainty. On the
shear stress side, I chose to make a boxcar PDF for the probability because there is nothing up
there to hold that together. That was my conclusion from the earlier plot.

Bob asked shouldn’t those probabilities sum to 1 not....
Dean and Dan replied they are relative. The relative value of 1....versus the other.

Dean said he was very leery of this but he was doing it because it was embedded in the
geomorphic literature. It is because this is very subjective based on geomorphic perception on
the significance of the extent of change. It’s the classic thing if you got 1000 geologists you get
10,000 opinions applied to the space of this because there is multiple mechanisms of erosion that
come into play when we start talking about channel change including the issues of bank erosion
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and mechanisms associated with that versus the mechanisms that are associated with over
topping in a shallow flow on surfaces. It is a complimentary way to think about what might be
happening in the larger scale sense and I bring this in when we say well when we say from other
criteria for given geomorphic surfaces that we aré expecting to see major destruction of all the
Holocene deposits in the channel or along the Big Lost River. We probably should be thinking,
from a channel change criteria, we would reach the same conclusion. For most
geomorphologists.....when all the Holocene stuff gets wiped out most of us would say that is
pretty major. Idon’t see an easy way to implement that criteria real formally into a specific
bound becanse we can’t say that the channel has a timeframe necessatily associated with it.

Dr. Lall stated that this is related to the problem of setting of records in a stationery process. S0
any record that T have will be beaten, right—just like the Olympics? So in a way what you are
saying is that thing that you that you are wrestling with as the minimum bound right now. Sorry,
the one that is not the most minimum, what is the chance that you have some, forget the
precision stuff for now, so you found your record at FP-7 this connotates the lowest possible
flow but you haven’t explored FP-12 yet because you didn’t know it ...... s0 now you want to
know the probability that FP-7 will be beaten given that it’s the 7% guy you have explored. So
what I have to do in my head now is think about if the fact FP-1, 2, 3, 4, 5, 6, 7 also were not
known precisely then how do I figure out the same record setting probability for different levels.
So then I can determine the position of the latest record. There has got to be a paper somewhere
that somebody has written on something that gets me started at least so I will get started on that.

Dean stated he understood what Dr. Lall was saying on that. Dean then reviewed a chart that he
had used earlier. We can say here that certainly when we reach discharges on the order of 250
cubic meters and above we are passing the higher, relatively high end of stream power numbers
i.e., about 300 walts per square meter is an average channel value, that people have commonly
sited as thresholds for major change in channels. The range that I put out there was in the range
of 50 — 300 was sort of our bounding values. Basically once we go beyond 70 cubic meters here
along many, many sections of the channels we are getting pretty high power and we should
expecting to see some changes happening in the river. That is about all we would use because
the channel it is not a timeline. I think we can associate time with in the context of the bounds,
we can’t use this except as a very uncomplimentary approach. For example, what [ would say
here is that if the power distribution in the channel was consistently stayed down here for every
discharge we ran I think we would be on weak grounds saying that we expect erosions of a
Pleistocene surface at some higher discharges. This is consistent with the idea that we see
erosion at 200 where out on the Pleistocene we’re seeing major changes.

Revised Paleo-bounds; Dean said he thought this was the last slide in the series. Four hundred
year flood deposits. Basically, our conclusion was that there was a discharge of 130 at 110-150
cubic meters not exceeded in past 400-600 years. We also tend to find an older flood deposit
bounds that mostly underlie H2 surfaces. One hundred and fifty cubic meters this is erosion into
the gravel on these surfaces basically at 130-175 cubic meters not exceeded for the past 800-
1200 years. The early Holocene where as we take out on the road sites like trench T-6 surfaces;
225 and the Pleistocene, the flow across the Pleistocene surfaces. That starts and sort of starts
and starts to have some power in the small channels at 225 or so. It seems like there is many,
many, channel sites that have flow at 250 that have moderate power in that clutch that we would
see a record and in a sense it becomes unbounded because you could never ever get really high
power on the Pleistocene surfaces no matter what discharge. This is a classic case where we
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have lots sampling areas that encompass huge expanses of real estate but all we have to do really
to make a bound here is take out a big chunk of one surface. We need high power on one of the
Pleistocene surfaces that exits and not over large expanses of trench we need a sizeable chunk to
be different than it presently is to be able to make the statement that this flood has not occurred
in that timeframe.

Dr. Lall stated the way you have this list here ....my record setting self before you brought this
up because now that you put the list up, 1 see it totally clearly that is exactly what I'm talking
about because if the record is 400 years what’s the magnitude of the maximum record that is
likely to be expected in that range and as you increase it the record has to go up for any
distribution that we look at.

Dean said now just for comparison, okay, in the 1999 study we had a number something like this
associated with the Pleistocene bound and the 400 year flood number was I think 100 cubic
meters with 90 — 110 range so the differences in these discharge values from 1999 to present
doesn’t have to...uh, first order has to do with the differences in the hydraulic result because..the
topography..because these geomorphic sites didn’t change. So I am talk about over topping the
same surfaces in the same kind of sites we have actually got more data now... we can add these
intermediate bounds really because of the data we got from trenches we have more definition of
the geologic record in between that we didn’t have previously. What happened was because we,
a different input topographic set, discharge values increased that’s first order. Second order is
we have probably flared the uncertainty out a little bit especially on the Pleistocene bound
because of thinking about what is a defensible upper limit for having “virtual certainty” or high
confidence that we are really going to have erosion. Our confidence that we can define that has
decreased in the intervening time. That would be a fair statement.

The meeting moved to Jakers
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Dean began the day with the following observation.
Trench T-1

This is stable, unmodified soil on the Pleistocene surfaces. This is pretty typical of what we see
time and time again when we dig soil pits and exposures here. We see that anywhere from 25-
40 centimeters that is probably the range of loess in the eolian deposits. This is mostly silt and
fine sand in the upper horizons and then this is the threshold at about 30 centimeters, typically,
we start to see carbonate accumulation in whatever unit is present here. If there is thicker loess
the carbonate will be accumulating in the loess, where the loess is a little bit thinner the
carbonate will be accumulating in the gravel. Here, if you look, the carbonate was beginning
right at the base of the loess. So that there is very weak evidence for directly saying that the
loess and the gravels are somewhat contemporaneous in terms of the surface age. Elsewhere you
can make a little bit better case for it because carbonate actually ends in the loess and is pretty
well developed. Here we have strong carbonate accumulation over an interval like this and then
it tends to decrease below a depth of about one meter below ground surface. Like Bob said this
is real typical to see carbonate accumulating on the base of all the clasts. You see the
concentration; you see kind of bands; all of which governed by the local permeability and
gradation of the gravels. In aggragate, these kinds of levels of carbonate accumulation in the soil
are widely described for this kind of climate as being typical of what one sees in the soils of
Pleistocene age about 12,000 to 25,000 years.

Dr. Lall asked what is the time scale of carbon accumulation that you said typically.

Dean answered in the soils no one is quite sure there. We describe what we call carbonate stages
and carbonate morphology. In these it sort of starts in gravels like this with thin coats on the
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bottoms of pebbles to thicker coats and what we call pipes and knots and at the highest stage you
see this horizon is completely formed or cemented with carbonate. It becomes totally white. At
first, we called those or designate those Stages 1, 2, 3, 4 with pluses and minuses on them. This
level we call Stage 2 and that kind of time scale is generally tens of thousands of years in this
kind of climate with this kind of precipitation. Its precipitation/climate driven typically 10,000
or more years would be where you would put that out here, but you can get in probably to Stage
2 in the right settings. At the other end of that, for the first appearance of carbonate in these soils
and finest grain deposits it seems to be that we’ll get weak, barely detectable to the eye kind of
carbonate accumulation in 200 years. Then 300 — 500 later on we can look in at the deposits in
the trenches but the first hint of carbonate is in the 400 to 500 year old deposits, from this last big
flood that we think we see. Then the deposits that directly underlie that have clearly visible
carbonate accumulations generally they are called Stage 1 or Stage 1+ it is pretty obvious all of
the time

Dr. Lall answered the original source of the carbonate is just?

Dean interjected airborne; that is what drives soil carbonation because it is infiltrating and being
flushed from the surface it is not weathering out of the rocks. The other process we see here in
the soils is we see the infiltration of silt in these soils. I don’t see a real good place to describe
that here. I’ll try and find one as we walk down the trench. There are often times a relationship
between the silt coats on these clasts and the carbonate front. There have been a lot of rocks
from the material pushed down into the profile that is evidence of long-term stability here. One
of the things we tried to do in these trenches is map ail of this out to document the differences.
You kind of view this as a type section of stability and what we are really looking for the on the
surfaces is the differences and if it is different then trying to sort out why is it different. Isita
local thing or is it something clse.

Dr. Lall added it is amazing the consistency in the thickness of this stuff.

" Dean stated we’ll see some differences though, Our goal here was to say what are the earth
mounds and what are the channels. That is not a channel section so...here is a mound. The first
order of things we found here was you could see some of the stripes, which are extenuated by the
carbonate here. This mound; the bedding and the gravel kind of dips into this so this one
actually looks like it had what some channel straitgraphy association but that is not....we don’t
see that on everyone but this one did. You can see the gravel has a shape in the subsurface that
sort of mirrors and mimics the shape on the surface. It’s a pretty mixed deposit. As Bob pointed
out, you can track the rocks with carbonate. Here is one that is upside down so obviously by
burrowing that has been turned upside down fairly recently. That’s evidence of recent
burrowing. As we came into the margins of this and we mapped it and if I had acid I could show
you that up here the silts and sands don’t have any carbonate in that they don’t fizz with weak
hydrochloric acid. When you get to a certain point down here they do. So there is carbonate in
these things at a few percent kind of level and those horizons you can map through this thing and
they come and go as they have been real disrupted. Those are evidence that at least portions of
the internal structures of this has been stable for time scales on the order of a few hundred years
and to a few thousand years between massive burrowing episodes within the structure of those.

Bob added the other thing, and maybe I’ve pointed this out all ready, is how easily erodable
these things are.



Dean stated in general these are way looser than even this stuff. We do the penetration test here
and this is always loose.

Bob said that is kind of an over hang...

Dean added when we dug these we had the safety engineers in stitches because they...this piece
fell down within 20 minutes of when we dug the trench. Now the whole trench is going to be
unsafe for years. These are the working faces that I strung up initially.

Scott said the carbonate really kind of cements it together. It’s more stable than it was when you
dug it.

Dean added at this height these things are pretty safe.
Bob added sometimes
Dean continued they slough off a little bit

Bob interjected at one of these trenches we will show you where the gravel about no different
than that is just...well, it slid out. There are some other things going on.

Dean stated let’s move quickly up the trench as you can see there is lots of carbonate underneath
here.

Bob asked do you think that’s associated with the thickness of the fine grain material in the
mound above it.

Dean replied what we see with these is that there is much, the carbonate morphology increases
beneath the mound. I think that is probably a result of the fact that there is so much churning in
here that there is more vertical permeability in the mound itself and the carbonate is getting
flushed deeper into the section and then it hangs up immediately.

Bob inquired so that is indirect evidence of the age to the mound to

Dean stated the volume of the carbonate indicates long-term persistence. These things have been
here at least as long as the gravels have been here. Now it doesn’t necessarily speak to the origin
but it speaks to long-term spatial persistence. This along the trench shows that things are
persistent in one spot but they are not appearing and being obliterated in other arcas. These are
sort of spatially stable systems that exist where we see them and don’t exist where we don’t see
them. The straitgraphy in the gravel we have continuity right across the terrace riser here. That
means that the terrace riser is associated with the original deposition of the gravel. It was just
sort of the last stage in this system and it’s not a younger feature super-imposed on these older
gravels because the soils are also consistent through here. Sometimes there is evidence of
stability but there is also lot’s of evidence of disruption in these upper horizons just from natural
causes.

Bob stated sandy homogeneous stuff

Bob said these are things that are easy to put roots in that lets critters go in that provides organic
material that lets the plants

Chris added want to grow there

Dean said here is another mound; here you can see there remnants of an old well developed soil
in the mound incorporated as blocks and chunks.



Bob interjected I guess that’s the bottom of the old channel we were trenching through to look-
see and make sure it wasn’t....

Dean agreed right; it’s actually right at ...if we look on the map here for the main channel axis
was sort of right at the mounds basically. The low spot in that channel...

Bob said now that you have seen what a mound looks like you can look around hére and start
picking them out all over the place on the surface here.

Dean added some of the best developed mounds are from here back to the road back there so as
we drive out sort of look around but the size of the mounds on the drive now out to Trench 1 is a
little more subdued than most of the areas but they are still out here. If you can kind of take a
snapshot in your mind what I want you to think about is the soils and straitgraphy that you see in
this trench and try to keep that in your mind and the question is, is this same or different than
what we are going to see in the next trench.

Trench T-3

Dean said this trench. ...let’s look quickly at the map here and I’1l show you where it is. This is
way down sort of on the edge of what I call the P-3 surface; the youngest of the Pleistocene
deposits just on the margin. There is another subtle channel here much like these others and the
idea was to see whether this looked similar or different than what we saw further up. Have we
crossed the boundary or limits of the young flooding or not? Certainly when we looked at the
soils at the west end here it seems like at first they are pretty similar accounting for the broad
scale differences we see...the variability we naturally see these are pretty much same. In
general, for most of the trench that conclusion more or less applies but a little anomalous here.
The first thing you see is a couple channels and the fine grain stuff deeper in; but, those channels
have...well you can see there are pretty whitened and actually the few stones that are in there
have carbonate coats so they appear to be fairly old and in fact when we look at other trenches
you will see this is something we see real commonly on these younger Pleistocene surfaces. So
these are also kind of typical of the normal straitgraphy of the Pleistocene surfaces. What is sort
of anomalous here is right at this one section right here between these two channels there is a real
relative decrease in the amount of carbonate in the soils here. Although there is a lot of evidence
for silt being translocated into this section. The question gets posed here had there actually been
flow through this small channel; like, thin shallow flow through this and is that the signature of
that flow on the soils. In looking at the upper straitgraphy here, there is really no clear
straitgraphic break that we could identify in those upper deposits when we had them all scraped
out and cleaned off that would allow us to say yeah these deposits are younger and something
has been cut in here. So the best I can say here is that well this is permissive of having had large
flows through here so if enough power develops we should see some deeper erosion. It has been
somewhat limited the reason I kind of ...I’Il show you a couple of the plots here.

Bob interjected let me rephrase your argument here for you if that’s all right. This carbonate
layer right here if there is some carbonate loess its got to be very old and you can trace,
depending on your faith and skills as a sedimentologist, you can trace it up into here and call that
one continuous timeline if nothing else. If there was flow through here, it certainly didn’t get
down to here. It’s either very small or nonexistent.



Dean added I would go step further than that even and say there is continuous traceable
straitgraphy close to the string line that is in general laterally continuous and traceable and if
there erosion through here its been limited to the upper 20 -30 centimeters.

Bob said so even though this doesn’t have any classic carbonate signature that we associate with
older deposits we do a little straitgraphy and sedimentology and convince yourself that this is
some of the stuff you can connect.

Dean stated everything below 20-30 centimeters is continuous and Pleistocene in age. [ would
say the question is; has there been remobilization or redeposition of the materials of the upper 20
centimeters in the bottom of the channel because at this site what the flow modeling shows is
that at about 130 cubic meters water starts to trickle through this little back channel that’s right
here and when we go to the other sites, BLR-8 and so on, what we see there is evidence that that
is the size of the some of the largest floods/discharge that we are associating with the 130 to 150
cubic meters. Cubic meters is the discharge that seems to best fit the geomorphic evidence
though and at 150 it still is possibly really no power through here, but by the time we get to 170
or 200 it actually starts to pick up in these channels here and especially kind of right through
here.

As I said this is consistent as the deposits we just looked at; over all less carbonate in here.
Stream power? But it is also pretty consistent with what we see on the what we call the younger
Pleistocene surfaces so these are the surfaces that were sort of the active elements of the system
right at the end of the Pleistocene gravel stage as the braid plain was sort of being abandoned
there was small channel networks that filled in with loess. You see these really beautifully in
trenches T-6 and T-7 much more legible. Well it could be ponded water in this or it could be
stuff that is just...1 don’t know, we’d have to dig it out.

Bob asked you know what that is its glaze from....

Dean continues it is the crusts from the backhoe spoil of some kind, see. I’d dig another thick
fresh face before I said to much about it. We didn’t see any thing when we cleaned it off and
mapped it originally but I wouldn’t...there are places where there is poing to be some little
laminated stuff at one level where things ponded up a little bit.

Bob inquired is there a relationship between the stability of clays and their age?
Dean replied no, that happens real quickly.

Scott added I was telling these guys that the materials lab had a clay silt sample from spreading
area B that they did oven dry to run a permeability test on it and then it just sat there dry after
that it was oven dried initially and then wetted. I was just curious so they put it in the
compression machine to break it. It broke at around 600 psi just from wetting/compacting it.

Dr. Jorde began in the previous modeling of 150 .....
Dean stated you have to go all the way to 250; like we said yesterday what we found was....

Dr. Lall asked what can you expect to see out of the change I mean how do we know whether or
not...

Dean replied that is where the stream power criteria came into to play.

Dr. Lall stated my suspicion is that it would be low, right?



Dean answered well it depends on the...let’s back up...when it first starts to trickling...this is
150. It just barely trickling through here the power values are zero to one; very minimal
velocity, nothing happening. What happens as the flow/discharge goes up you get more flow
petting up on this surface getting up on this surface from multiply sources sort of upstream, this
whole thing is sloping back down and everything and gradually toward the outlets the velocities
are increasing as its reconnecting with the flow in the main channels. It takes a long time, like at
200, to start to see patchy power developing at various places on these surfaces. It starts clipping
through at 225 now, its getting up into the 5-10 wait so with the stream power criteria what we
would be saying is that at those levels you are easily going to be moving and starting to erode
into these silts and fines.

Dr. Lall stated we won’t have any evidence either way because it could just be a sheet of erosion
at the top and we don’t know where it goes and so since the top layer is maybe the amount of
erosion we expected most of the 0-10 cm and at 30 cm you actually don’t know.

Dean said predicting the amount of erosion is going to be dependent on the duration of
everything. I agree but we’ll see evidence of erosion at some these other sites or places where it
has thoroughly been eroded. As I say here, this is permissive of having...there are some
anomalies in the soil here and I don’t think we can make the statement here that nothing has
happened but on the other hand there is no clear positive evidence that something has happened
here. It’s kind of a neutral site.

Dr. Lall asked a question.

Dean replied its ambiguous I think is the case and I guess I use the word permissive because
clearly the modeling shows that we do get water in here at flows that we think from other sites
are the kind of discharge levels we think we see evidence of at other sites and so the question is
what kind of record would we see here and the answer is well unless the flows get up into the
200 or 250 range we probably won’t see a lot here okay and we don’t. I guess I would say it is
consistent with the flows being smaller and but at the same time the kind of scale that we see
here certainly at 130, 150 there is a little bit of power and we could arrange stuff and we have a
flux of water here that would probably wash some of the carbonate out, the flow has duration
here and that’s where I’d leave it. If nothing had happened here I guess I would expect that the
carbonate through this channel would have been much more consistent over time. The fact that
in low spots we sce this sort of depletion of the carbonate kind of makes me wonder if we
haven’t had some flow. Now having said that, it is also possible that one way to get flow in here
is that one day we had a huge thunderstorm out here and there is enough surface area here, a
couple square miles that this would have to leave on this big surface out here. That is kind of the
other wild card end member here that it could all be just a local thing and that this is the kind of
record you get intermittently from that but again we had enough...that is a speculative scenario
and I think a more direct thing is to say well this is perhaps more consistent with the idea that we
had some limited flow through here a few times in the past but nothing too exciting.

Dr. Jorde asked how much of a fine material and silt would have been here at the beginning of
the Holocene

Dean replied about this much. I think in general there is a little debate on that but I think the
most common view on that is that most of this loess was deposited 10, 12, 14 thousand years
ago. There certainly has been some loess deposition and reworking during the Holocene but it
hasn’t been wide spread you know. So presumably the component of it is getting reworked and

A -52



that is actively mobile during the Holocene is maybe on the order of a few centimeters. Do you
think that that is fair number, Glen. That the Holocene active compound is a few centimeters

Glen added yeah, that’s what I would say.

Dean continued in general most of these kinds of sheet type things....I mean locally you can
certainly get Holocene loess deposits that are meters thick.

Glen stated and downstream at Burns especially.

Dean said and intermittently things burn and we saw in 2000 after the big burn here; it didn’t
burn here you can tell...anywhere there is sagebrush it didn’t burn okay. We’ll be out of the
sagebrush. '

Chris added “yeah, you can see just across the river where...”

Dean interject “that all burned in 2000 and the whole area over there was a sheet of mobile sand.
Locally there are places where in a depression or something you’ll get a measurable
accumulation but in general on the more flat terrain it’s transient. So there is this kind of
transient mobile upper layer that is centimeters thick and sometimes it moves through and that is
an issue in how we characterize some of these floods here because there is certainly some
potential for sort of transient dunes and sand deposits in some key areas and at the saddle that
was always a concern that was raised repeatedly that yeah there is a threshold here but how do
you know that it wasn’t filled with eolian deposits when the flood happened and it never spilled
over. So that was an uncertainty associated with that.”

Lunch at Trench T-4 Area

Dean continued “with high power this dam will actually, really start to get cut off.....those are
older deposits and a lot of rock. You can see there is...the bigger flow ....The surface here is a
higher running...”

NOTE: Tape quality is bad here and sometimes the conversation is indistinguishable. klm

Dean said late Holocene terraces and we see on the right a thin deposit....good evidence of the
400-year flood. We saw a picture of this yesterday it had the big, white holes in it where I had
sampled. Those are from a couple hundred to a couple thousand years...some of those things
actually have some reach to them but we have to be real careful about that.

Dr. Lall stated there is some debris that is over there so if that was from 1997....

Dean replied there are some measures of calibrations we can do for stream power and that are the
basis for all these interpolations.

Dr. Lall said there were rivers in India when I was growing up and boulders this size would
move with the daily flow because the daily flow depth would reach this but the bed slope is a lot
crazier than what we are talking about here.

Dean explained you know one of the things the USGS did was they dug a trench in the
constrictions....made a big deal out of the process....shell casings and stuff a meter or two
down....of deposits, our calculations show in these constrictions you know even at 20 cubic
meters real common....more than enough energy to.....

Scott stated both by this river there to...
Dean interjected right there, yeah it scours out there. Also they dug a test pit there.
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Bob asked where is all of the loess?
Trench T-4

Dean explained down below it. Starting up here and the upper end on the edge of the Pleistocene
surface and there is eolian sand that sort of comes in here plus the road but appears as though this
end of the trench probably started in an old mound as near as we can figure out towards the end
that in this particular setting between the road and the terrace slope really didn’t have much
morphologic expression in the subsurface context but that seems most likely to be part of a
mound. So then we have bedrock so the trench is very shallow across here plus on the wall we
really have no useful record. '

On this surface there is a small remnant here of one of what I have mapped as a late and an early
Holocene terrace what I called H-1 and H-2 on the map. I showed you guys a photo of this
yesterday. At that time, there where probably four or five craters in it. This one was there and
that one and a couple over here. There were three major units in this section. An upper part at
the top that had very weak soil developed in it and very weak to barely detectable carbonate in it.
Down in this part of it which is similar to the deposits we’ve seen in other locations, in the bank
exposures and other trenches made us suspect that it was about 400 to 500 years old and we had
two radiocarbon ages from this unit that actually confirmed that and two ages of about 500 and
immediately below it a slightly older age so it brackets the deposition of this upper 2 meter
deposit to that age and younger. It seems straitgraphically although somewhat mixed that like
there was one unit that constituted most of this and that is the one that we had ages of around 500
years. There is a couple hundred year range of uncertainty on any individual age in that so I say
500 but the actual dating uncertainty is maybe 400 to 600 is all that we can really claim the
resolution is there. Then in the upper most horizons up here there was a thin light colored finely
laminated unit about 5 centimeters below the surface horizon here. That is the deposit that I
called the “white flood” in the discussion and it’s only present in this trench it’s not present in
that trench over there but that side is about 20 centimeters higher in elevation and it’s not present
at trench 6 which is also slightly higher. So we think that is a deposit of a flood that occurred
probably 100 to 150 years ago. It is bigger than anything in the historical records probably late
1800s or something in that kind of timeframe. It looks like it would be 20 percent bigger than
the largest historical flood recorded at Arco. Then the radiocarbon ages from the lower part of
this, the oldest age in here; well there was a major break right here you can see the contrast there
is a lot more carbonate below that. At the thicker section out here the oldest ages from that were
about 2,000 years each from the light deposit was about 7,200 years but we have a major
unconformity in the trench here but that seems to correspond to the age of a major fine grained
Holocene fill that is present in the other trenches and was fairly extensible in here. Then you
have the younger Holocene flood deposits set into that. The way we used this in the Paleoflood
story was that what we can identify is the positive evidence of really two floods. One of which
was preserved in the surface, which was relatively small, and the other which is thicker but lower
in elevation. So at this site all one can really say for that is the minimum discharge associated
with deposition of this 400 year flood was such that the stage had to exceed the level of about
where my knife is and now we corresponded this site to maybe a discharge of only about 70
cubic meters per second which is only as large as an historical flood. At other sites we have
other evidence of erosion and limits on what the high water might be so we say that flood was
probably much bigger than that and in the end we end up concluding from adding those lines of
evidence, so the dating for the floods comes from a site like this where we have only minimum



stage but its erosional evidence comes from other sites which leads us to say well the discharge
was probably much larger. So that’s kind of positive evidence for flooding. In terms of the
bounds, we have to look at it in a different context. If flow gets large, how much flow does it
take over the top of this before we would expect to see this change?

Dr. Lall said one question I have is the flow that would have deposited that layer 150 years ago
or whatever that would be lower than the over topping flow today. Or would it be higher?

Dean explained it is right at the surface so there must have been really shallow flow over the top
of this surface or there was some flow over top and it looks like....

Dr. Lall asked is it higher than what we would get today for the same spot because the cross-
sectionly we are marginally larger.

Dean replied no the cross section we presented at the cross section was about the same. The
model flows that get up on this surface are about 90 cubic meters to have thin, shallow, a few
inches of flow and have very low power. What happens at this site is that once the flow gets
very deep you very rapidly get a fair amount of velocity cutting across this and a lot of power
and it is somewhat constrained by the Pleistocene banks and the higher banks here. So this
actually gets real high power very quickly. So in the context of the bounds what we see here is
that we can have a little bit of over topping and there is no suggestion of modification of this
would occur and if fact you might get a little deposition of silt. Once water gets very deep here
you are going to have velocity, power, and shear stress here at such that what you would expect
is erosion ant that is probably the kind of record, that how we produced this truncation in the
lower section that at some point in the past whatever was here at that time, we don’t know what
it was, there was sufficient power to move this out of there and redeposit/rebuild this sequence of
deposits which has been slowly building over time. We would say at this site; this is a record of
stability at the surface here we have deposits of the 400 years flood and a slightly younger flood.
The significant erosion here; we have a stable section here for about 400 or 500 years and so we
have a bound because if a flood deep enough to significantly erode this had occurred since that
time we wouldn’t see it. For this site, this is one of the more limiting sites for the bound because
the power grows fairly quickly. This is one of the sites that get high weight in our discussion for
the bounds at least for the time period of 400 to 500 hundred years,

Dr. Lall stated but what that still means is that there could have been an event larger, carlier that
scoured all this away and then this event in the 150-year time range deposited or 400-year time
range deposited.

Dean added oh yeah, this site only tells you a bound for the last 500 years it doesn’t tell you
anything about longer time periods. That is absolutely right and we don’t use it for anything else
but that. When I mentioned 2,000 or 7,000 year sections it does tell you the geomorphic history
of the river in terms of the infilling and the incision in the time periods that that stuff is operating
but we have to go to other sites to get longer records that we might apply.

Bob commented this is a very steep course
Trench T-5

Dean said this is hard to see; these trenches have never been highly photogenic or real clear
because the sediments are all homogenous in color most of the time and the light is often
difficult, actually today this is as good as this one ever gets. You can see there is an upper section
that has got lots of blue flags in it and that appears to a composite of several depositional units
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that are probably the result of late Holocene floods. We had a couple of radiocarbon ages in it
that are in the several hundred to 1500 year age range. We had a couple of reversals there is
some bioturbation in this section. In the middle of the between two sets of blue flags you can see
there is a slightly lighter band it looks like it is the remnants of a soil that was formed in the
lower unit and above that we think is a deposit of this 400 year flood; from a soil standpoint it
looks very similar but its not we don’t have good confirming evidence here but that seems to be
the most consistent interpretation of it. The lower part we have again a truncated much older
deposit where it is whiter because there is a lot carbonate in it. We will see at the next trench of
what these white deposits probably were, they are remnants of the original early Holocene fill
that have been eroded out of here by a later Holocene flood partially represented by the upper
deposits but again at this site it was pretty clear that we really didn’t have anything here that
was...what was missing here was this thin deposits at the top of what I call the white flood unit
over there. There is nothing in the upper most soil over here so we think that it is probable that
there was something here a little bigger than the historic floods got up kind of a little bit on that
surface didn’t really leave any record here. But what is here are these deposits that are consistent
with the late Holocene 400 year flood and probably for others of likely similar size but there is
enough bioturbation that we can’t recognize individual flood units although clearly the process
says that over the long term pretty much the same thing is happening and getting fine grain
deposition on these surfaces. The modeling would say that to get water upon top of this surface
we need a discharge of about 100 to 110 cubic meters to get water up here even initially. You
can see that this terrace continues on down to the next trench you can see there is a bench here
that is distinct its about 1 to 1 ¥ meter below the high ground to the left. The high ground to the
left and behind the rock is all Pleistocene gravel for 2 or 3 miles. We have an inset terrace here
that is all that composed this fine grain deposits. We will get a real good picture in the next
trench. Here those fine grain deposits have been eroded out and been replaced in the upper
section by things that are younger than last couple thousand years. In the next trench will we see
that whole section is intact?

Bob asked did you talk about the basalt and bedrock or is that not relevant.

Dean replied it’s relevant. This is typical of the bedrock control we have in these channels. We
have very old patches and then channels that are formed in alluvium but there is intermittent but
pretty consistent rock out crop along the margins and in the bed of the channel so certainly you
can get some scour in between these outcrops but the overall channel geometry...we can say
with some degree of confidence that we have a pretty stable channel geometry.”

Bob added the issue is how convincing is that to the local people. You can put together all kinds
of problematic channel geometries between the basalt here. How important is it to make a 1 foot
channel between those two basalt outcrops 100 feet deep then fill it up with sediment as flow
declines and does it matter. It doesn’t matter does it?

Dean stated in the big scheme of things for the accuracy of estimating large flows I don’t think
so. That has been our conclusion.

Dr. Jorde commented it matters, it makes a difference in between the control, the bedrock
controls but that is not really what you are interested in. You don’t want to know what locally is
happening right here. I think what you have to do is make a careful argument why this is not
needed and why this wouldn’t give any additional information.”



Bob said from my perspective what about the real impact on the uncertainty we are talking
about.

Dr. Jorde stated it wouldn’t have any influence on the stages and on the flows. That’s what I
would conclude and I would have to be, and I haven’t seen the entire river so I just have to
belicve what you say, it has to be actively addressed in the report so people don’t question it.

Bob interjected this is just like Dean said you get just enough outcrop to convince us that it is
probably not significant but there are also places in between that and nearby where you can make
a problematic argument. So the question is how do we avoid that.... and people have done it.
They have come out here and trenched and hammered rebar in....

Scott added the further down the river you get actually the smaller the channel gets and less
basalt and the finer the materials are.”

Bob injected “but for the point that...”
Dean commented “But that is outside of the Paleoflood reach.”

Bob stated “That is one of the reasons we are being shown these places, I think, because we have
as much basalt bedrock contro) as we could hope for in combination with the other
characteristics. That right?”

Dean replied yeah, we limited the Paleoflood study reach to the section between the Pioneer
Diversion and the INEEL Diversion expressly for the reason that there was an, with the
exception of the meander section in here, there is abundance of bedrock outcrops and it is the
reach where we can make the best arguments for stable channel geometry. When you go just a
mile down, once you get to the highway and downstream, it’s all alluvial and the channel
morphology changes completely downstream of the highway. It broadens out and there is a
much more meandering system plus there are lots of modifications in place down there. Large
parts of that system are constructed channels or diverted channels completely not natural
channels. All right let’s go over to the next channel.”

Trench T-6

Dean explained “This whole section is all fine grain, which I think, you can still see but it also
has lots of carbonate in it and it has a pretty much complete carbonate soil profile. That is it
Jooks like this was an early Holocene fill that has been pretty much stable for the last many
thousands of years and the one exception to that is in the first section here up to about where Bob
is you can see a series of flags along here. There is a little bit different deposit inset into the top
of this, that thins in that direction towards Bob. As we move up this trench we see the upper
deposits thinning and we see the soil profile that we would normally expect to sce on this thing
become more and more intact. So what we think has happened here is that this straitgraphic
evidence of erosion and redeposition up to a point about at a level just a little ways past Bob and
radiocarbon ages from this unit indicate that was probably again our 500 year flood. So there
was enough flow and erosion here to strip off the upper horizons and in the waning stages re-
deposit it, this thin unit here which seems to thicken again right at the edge. So from this section
we have some age control in this upper unit and we also have radiocarbon ages in the lower part
of this that suggest about 6,000 years or older. One of the real problematic issues was this whole
deposit in here. It’s fairly heavily burrowed and there are these little things about the size of my
thumb that are called cicadas that are burrowing insects and they are pervasive throughout this
section.



Dean commented this is really hard to see.- As you move that way, it becomes a little more
bedded. I think I showed you photographs yesterday of a couple of the sections just up there that
have now collapsed that was what I was talking about as the on lap section where this stuff inter-
fingered with the Pleistocene gravels. This is the section that I showed of the basic straitgraphy
of the Big Lost River is really this trench with Pleistocene gravel and fine grained overburden....

Bob said formation and then by early Holocene, late Pleistocene the channel is actually
developing its current geometry. This doesn’t look so good any more.

Dean agreed yeah, well this is what happens over time. It’s not dangerous. Here through this
section that has collapsed and off to the right what we could see here was the bedding there were
channel-like margin deposits and sort of the successive infill of this deposits as the system inside
and then in the trench log we actually can trace a lot of units through this section here. We did
find in one these, a hole to the left, some basaltic ash that seems to have come from the Craters
of the Moon but we couldn’t get a positive identification on which one it was, but that is most
likely, or almost certainly an early Holocene. It was inconclusive.

The soils in this and the soils in the channels up here are all very similar. There are actually two
or three channels through this section. Now one of the things that is interesting here as Bob said
earlier is the saddle. The saddle is right back there. If flow over tops the saddle it would come
shooting out in this direction. These have well developed soils in them and really we don’t see
any real evidence in here that anything would have happened. Once you start putting too much
water over there, there is enough elevation drop that there gets to be some velocity. The other
thing that is interesting is the geomorphic evidence suggests that if there ever was any flow on
the surface here it actually would have gone this way; not coming from that way but it had to
come this way. All those little terrace escarpments and subtle channel morphology on the late
Pleistocene surfaces in this area run in the northeast direction as opposed to the southwest
directions. I think these channels are associated with the waning stages of flow on the braid
plain and the beginnings of the incision along the main Big Lost River channel because the
sedimentology in these and the soils in these are very similar to what we see in the inflow and .
the offlap sequence there along the main channel. This section here there is slightly thinner loess
along much of this as compared to Trench 1 and Trench 3 were we first stopped this moming.
The carbonate is not quite as well developed in this trench although it is pretty darn close. One
of the things that seems to characterize this is because the loess is a little thinner the carbonate
went down a little further so its all in the gravel through most of this trench but there is big silt
trans locations in the upper parts of the gravel all through this trench. Essentially that is a
signature of long-term stability as sort of the upper unit on top of this gravel, It’s a proxy for the
movement of the carbonate as well.

Bob commented this is a pretty good carbonate horizon it’s up there preity high.”

Dean continues in the fine grain stuff but that’s the thing when you look at the logs and map this
all out the carbonate in here matches up pretty much with the top of the gravel and what happens
is the carbonate is a few centimeters higher in the fine grain than it is in the gravel. Although
you can find it, barely, in there and it starts to fizz so that is the moisture front at the main focus
of the carbonate deposition in this stuff is deeper in the gravels than it is in the fine grain and
that’s the permeability.

Dr. Lall-(makes a statement that is undistinguishable)



Dean explained the carbonate gets stranded on whatever collects on the bottom of the pebbles
and what we have found is that when you can find well developed carbonates in the gravel unit
and then there will be a nice, clean sand bed of uniform 2 millimeter sand or medium sand. It
will barely fizz, there will be no visible carbonate, and then there will be massive carbonate in
the gravel floor. My supposition is there is enough capillary connection in the sand so the
moisture is going through the sand and then when you get into the gravels there is more void
space in there and than it stops and evaporates and precipitates in that but the sands don’t pick it
up. Now if the sands had fines in them then it stays moist and then it evaporates out of there and
the carbonate stays there so there is this, well, complex trade off between the real small
variations in the grain size and gradation in the sediments in how the carbonates in the soil and
that is a soils problem but I think our take away conclusion from all that is despite lots of
variability in the soils there on a foot by foot basis through the trench the overall interpretation in
the soils is that they are all the same. If you just had one tiny little observation of this you’d be
hard pressed to figure it out with lots of views then you can fully appreciate how much
variability there is and put it together. With a single panel exposure and everything; you think,
oh, this is different, this is different, when, no it’s really the same.

Dr. Lall stated so you tell that you show evidence of....(the rest is indistinguishable)

Dean added that slightly scalped section at the beginning of that trench. That is one place but it
doesn’t show up today at all, I apologize to Dr. Lall, and then we will be seeing that again at
BLR-8 if those are going to be still visible. Here we had evidence; what our interpretation from
this is that there is evidence of erosion with the 400-year flood up on this Holocene terrace. The
majority of that terrace is underlain by deposits that are early Holocene 6000 to 10,000 so we had
a big flood by historical standards which we think was probably 130 to 150 cubic meters
something like that, That is our positive evidence of flood characterization. Now when the
floods get much bigger than that we get more power on that surface so that surface becomes a
bound but it’s a bound over much longer timeframe now because that whole terrace in under-lain
by deposits that are early Holocene. So at that site we would say okay there is a bound there for
discharges of 150 t0175, T think is the range that we find, to over a period of about 6,000 years
because there is no channel cut into that other than that small little erosion on top there and that
deposit extends all of the way out and so even over that long timeframe we have a limited
channel geometry there.”

Dean explained “Here again you can see we have more of these channels. As I mentioned when
we were down at Trench 1, this is very similar to what we saw at T-3. There is a step up here 50
meters down the trench and I think you can see, well hopefully, it looks like the loess is actually
a little thicker when we go up there. From there on there are fewer channels and we are up on
the main P-2 surface and generally we have stronger carbonate so there is some indication of a
timeframe there. '

Bob stated one of the things that is important here is that we know based on its lateral position
with the Big Lost River and all of these other things this is P-3 Pleistocene stuff and yet you
don’t see the heavy duty carbonate stuff in this. So even though the story is systematic it does
require some care and attention on how you relate the carbonate to dates and figures. That is one
of the things that will hurt us when these are filled in is that it is much easier to explain the story
when you are standing here and once the trenches are filled in it is going to be problematic.



Chris said so the backside of the saddle where everybody says oh, that’s a washout is down this
way where you’ve got a real thick developed soil of Pleistocene age.

Dean replied no, the low spot is the saddle is actually right over here now.
Chris answered okay.

Dean continued and if anything came over the top of that it would come right through this area in
Trench 6 back here.

Chris asked but you not are seeing any indication of early Holocene channeling or anything
there. '

Dean replied no, we don’t think so and in fact when you look at the surface morphology here
there are scarp-like features and small channels on the P-3 that go this direction. That goes right
across the trend of anything that would have come out of the saddle.”

Chris stated then playing devil advocate too the other argument I've heard made as well is the
old channel is all full of colian sands but you don’t see any indication of that either in these.

Dean replied no, not until you get actually further back up in that direction then there is lots of
eolian sand up there but again there is good soils evidence to the fact that it is fairly old there
were well developed carbonate through that.”

Rob said astute observers like Glen pointed out that carbonate issue. Where the saddle channel
sediments ought to be, there is not as much carbonate there as you might expect if it was really
old so you have to invoke these systematic but intricate lines. of reasoning for how and where the
carbonate does and doesn’t go and under what conditions. Tthink that was your argument at one
point, wasn’t it?

Glen answered yeah, a couple of years ago; I remember discussing it then.

Bob stated, it is a valid point but it also points to the need for care, attention, and detail on how
you get the data and interpret. Like Dean said at one point you can’t just auger in one place and
make an interpretation on stuff like this. Being morphologists and geologists, we all know that,
but the hydrologists who are playing at geomorphology don’t. That causes problems. A feature
of the fine grained lithology, where we’ve actually documented it, that would be recognizable,
observable, detectable straitgraphy.

Dean explained the fact that we don’t see straitgraphic breaks is positive evidence of a limit on
what could have happened.

Dr. Lall commented so this trench, I don’t understand why it was in this orientation because this
was presumably a direction that things could flow in?

Dean explained no, there is a road right here and what we wanted to do was kind of loop it
around. It was mostly a constraint by the road but see the saddle has this kind of geometry. So it
started over here going this way but we had to change directions at some point and then there is a
road that runs right on other side fence there. The other constraint is the old bombing target. I
wanted to stay out of that because I didn’t know what’s there. Sec the circle, that’s the target
range and this is after it burned. So before it bumed it was even more visible because the
vegetation is really different in here. In 1940 something, they dumped something all over this.

Chris added that did a real number on the vegetation.



Dean said I'm sure it is completely harmless to me. I just decided that I believe that its probably
not too toxic but I’m going to and sniff the dirt for a few weeks. I think I am just going to stay
out of that section. We are right to the edge of it and it was pretty clear on the old photographs
that whatever it was are in here.

Dr. Jorde commented there hasn’t been too much dispersion with time since it shows up quite
well. (more but can not distinguish what is said)

Dean replied “For many reasons we had to stay on the correct side.”

Dr. Lall suggested “We could bring students out here and have them look at all of the casings
and have them decide if there was unbiased or minimum variance possibility.”

Trench T-9
Glen said, these burrows are now weathered out.

Dean agreed, yeah, at one time [ was seriously considering doing some thermoluminescence
dating here what you do is bulk samples. You drive tubes into the wall and bulk sample it and
then you try to keep it dark. Then you can measure the optical stimulation that the grains have
received and it’s a way of getting ages for these types of deposits. I did all of the sampling in
places I thought were un-burrowed then subsequently as I can, come back to these sites and have
seen how they are how they are weathering out. You see all of these little pockmarks here in the
middle of sections and at one time I thought looked pretty good. Those are all ancient burrows.
You ramp that observation back over 10,000 years the whole thing is getting churned over with
some kind of frequent metabolic, who knows what kind of frequency, but it is significant. So I
backed out of that because I decided that we were probably going to get spurious results. This is
Trench T-9 and we are down there at the lower Pleistocene and what we hope to do here because
of the geometry of this site are two things. There is a thumb shape to it and it protrudes out into
the flow and as the flow goes up things will cut across this point here. We have a trench that we
call T-8 and we’ll look at that in a minute and we have this other trench. I did some hand auger
holes here back along the axis of the trench and found that there were thick sequence of fine
grain deposits here and thought this might be interesting to see because at that time I didn’t
realize there were all of these channels here all over the site here and we thought we would get a
good strong straitgraphic record. we kind of did; we got what seems to be a big channel fill on
top of the Pleistocene gravels that has a Stage 2 soil developed in it here and again this seems to
be evidence of a P-3 late stage channel fill on top of the Pleistocene gravel. The real objective of
this trench was to try and drop off the edge down onto a couple of small terraces down at the
lower end there where we thought that were slack water sites where we would actually have a
real continuous deposition and record of areal floods would be preserved because there is a
constriction just \down stream of this and most of this area has real low stream power and pretty
much stagnates under most of the flood conditions. We got a pretty limited record out of these
things in the end. We have the 400 year flood here.

Dean continued, that is not a contact that is the level to which the water filled in the hole down
here. That didn’t look anything like this the last time I was here. What it should look like is that
it all looks like this, okay, a lot of the white stuff. We have here a wedge shaped deposits, we
have this bench right here which is a meter or so above (the channel) and what you could see
before a lot grass grew up here was that this was like a stairway there were a series of steps going
up this slope and what we were hoping was that each one of steps corresponded to a deposit that



would represent a higher flow and it didn’t. What we do have here though is we have this sort of
tabular wedges of deposits that come down here and each of these say that this is the 400-year
flood. These are 500 years old more or less within the window of the 500-year flood. Anything
younger than that is up here in 10 to 20 centimeters of height and there really wasn’t anything
recognizable below that but the problem with this is that stage wise at this level we are at 60
cubic meters. So a very ordinary historical flow would have inundated this site and potentially
could even deposit any of this and the last trace of these deposits here that we thought we could
say yes this is tied straitgraphically to what we thing is the 400 year flood is about here at about
the stage or way below the stage of what we thought that flood really should be. So these
deposits are all ending up in very minimum stage locations were they really don’t provide any
upper bound information for us on larger flood. We didn’t get enough straitgraphy here to give
us a record that goes back very far at all. So that is why I was disappointed in this one, we did
get datable straitgraphy but we didn’t get it in a position where we can really do much with it in
terms of extending and confirming this story.

Dr. Lall asked But this stuff is old right?

Dean answered, yeah; this is an erosion of cut into the Pleistocene gravel. This is not a stable; it
has been an eroding so we can’t really say a lot about it. Then we have another one of these
channels. This is were Bob was making a joke about one previous guy who said this is an active
fault because there was some really funny lineations and color contrasts in that deposit.

Dr. Lall inquired, so how old is that material in that channel.

Dean explained, we think that is Pleistocene. That is the same as the stuff back there, it is part of
the channel sequence that’s formed before the river incised. If you look at the margins of this, it
is actually coming out this way southeast-northwest.

Chris asked, so this is one of your old braid streams.

Dean replied, yeah, it is the last braid stream on the P-3 surface. It is shooting out this way. So
it was coming here, trying to get out through that rock where that tree is.

Trench T-8

Bob added, we can speculate a lot but it looks like this fine grain stuff in the channel cut between
these two channel beds. Over here is some of that strange coloring. Did we determine that this
was not manganese or is it?

Dr. Lall commented, again, it scems we are in a section where the flow....is this way or that way.
So judging by the change is elevation the larger flows would be going in that direction.”

Dr. Jorde added, when you fill that back in it doesn’t look like an alluvial deposit any more.”

Dean explained it's depending upon what people do and what you think you’re looking for. If it
is not real bedded like the deposit you were looking at, say it’s more like the channel fill with a
little bit of gravel in it, then it doesn’t look a whole lot different from back there. What we were
trying to do here is this is the site, BLR-8; get some kind of fix on this. Our original intent was
we were going to dig a trench across most of the length in this so we would have a nice
continuous record through here because what we expect to sce here is a record of stripping,
erosion and re-deposition as well, associated with larger floods; but due to the archeological
concerns here we ended up limiting our excavation to these three short pits and as I talked about
yesterday we were not allowed to go way out to the nose where it would have actually been most
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diagnostic it terms of modeling. It gives a disconnected and inherently somewhat confusing
record when you factor in some erosion here but I think in the end it all makes sense but there is
going to be some residual geologic uncertainty here because of the disconnected nature of this.”

Bob added, it really was sort of dumb to do it like this but it is one of those things.
Dean replied, sometimes we have to be happy and dumb, you know.
Bob agreed you have to make concessions.

Dean explained what we have here to start with and actually this is still pretty clear here and you
can see the gravel at the bottom and the fine units embedded into it. We have the carbonate
pipes, the well-developed carbonate soil, and a thick fine grain sequence on top. Itis alittle
whiter in the lower part of it, which is carbonate accumulation in the overlying loess and the
colian deposit. One thing that is a little different here than in the some of the other sites is that
we have more eolian sand on top of the loess that is typical late Pleistocene, early Holocene loess
and there is a subtle grain size difference between the lower part of this unit which is a little finer
and the upper part which is a little bit courser. If you walk around back behind us here, you will
see that there is actually a lot of fairly fresh and recently active sand that has moved around and
that is real typical of any place where there is basalt outcropping. In the vicinity of the basalt
outcrops in the down wind side of those there tends to be a lot of recently active sand because
there is nothing to hold it in place. We have a little bit of eolian stuff kind of moving through the
system here. That’s where we start out is on the left and you can sce it is pretty thick. As we
move to the right here, we move once again into one of these channels. The straitgraphic context
of that is pretty clear it is inter-bedded with the gravels and soil continues right through it. In this
trench everything looks fine; we have an intact soil profile in the channel. It changes a little bit
as you move into the gravels but it looks very normal, stable and in place. This is long-term
stability since the late Pleistocene and that’s it. Let’s move to the next one.

Dean said, I disagree with you; the sand and silt filled channels are in the abandoned meander in
the Big Loop area in the Holocene fine grain section. That is exactly what is going on here;
exactly the same process. There is an analog. Okay, here no gravel except a little tiny bit of
sand right down at the bottom. We got teased at the bottom corner thinking we could link the
gravel section together and the soil is kind of the same but it seems like here we are missing the
part of the upper most darker horizon. Overall the carbonate here is too shallow and that is it is
only 20 or 15 centimeters below the ground surface instead of the normal 30 or 40 for these fine
grain deposits. So starting very subtly in the middle of our trench interruption here is the
beginning of some very minor stripping of the soil that has been here a long time but we have
removed a small amount of material from that corner and slowly increasing as we move to the
right here (toward the channel.) We think the basic channel fill sequence that is over there on the
bottom is still intact and that’s a reasonable correlation but the soil is slightly stripped.

The archeology pits that were dug before we did the trenches and that one we thought was the
same that trench but again just a little more stripping of the upper horizon and the same thing
here. Here most of the upper “A” horizon is gone so we infer here that we are missing about 20
centimeters of material and then we get back here. Again, we are missing at 20 centimeters of
material and in parts of this it seems like the upper one-half meter of this was eroded and
possibly replaced with mixed materials. This is a record that is similar to the very thin deposits
we had in T-6 and it seems to be the upper deposit composed of a material that had been eroded
from this terrace and re-deposited. On the other hand it is pretty minor, At some point here the
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feeling is if we got out there we would see a channel fill but we never got to see that. Our
interpretation here is that we had a flood circa 400 to 600 years ago that the highest stages of
which got back to the vicinity of the upper pit up there and which had sufficient power to move
materials from these areas and start to produce some pretty significant erosion. The modeling
kind of suggests that is probably a discharge that would define our erosion criteria.

Bob asked how do you bracket that age wise.

Dean replied age wise we have zip for age control on this site. We couldn’t find anything in here
to do radiocarbon so it is relative. It is similar to all of the soils that we have 500-year
radiocarbon ages from.

Dr. Lall inquired is it the same as the radiocarbon there.
Dan added it finally overtops the channel over there. It takes the shortcut through there.

Dean said it goes through the rock outcrop over there and trying to shortcut across this and get
out through the low spot there.

Dan added it takes such a hard turn that it backwaters behind that turn.
Bob asked do we need to go down the channel to see what it’s doing there.

Dean replied when we walk out maybe we’ll walk out down the chanriel and loop around then
you can see the rock. It is all that mixed rock control.

Bob commented there are quite a few Native American artifacts over there. I don’t know if they
have any ages associated with them or not.

Dean said I need to loop back to Brenda and see if she has done anything more with this. There
was an archeological survey through here and one of the kind of interesting things that they did
turn up is in the areas that are H-1 and H-2 surfaces generally the only artifacts that they have
described are things that are consistent with ages that are younger than a few hundred years.
When you go onto the slightly older surfaces it is a mixed population of all ages all throughout
the Holocene. So there is a spatial restriction there and of course their artifact age boundaries
don’t coincide with my flood boundaries exactly. When you go below the area that seem like
that they inundated probably by the 400 year flood there is no older stuff on the surface there is
only younger stuff. Itake that as a signal.

Dr. Jorde inquired so this is the material, which you used to determine the required stream
power, right?

Dean answered yeah.
Dr. Jorde added and then how much of that material might have been removed.

Dean said it increases as we go in this direction (toward the channel) and it goes from back in
these trenches a few centimeters from 0 to 10.

Dr. Jorde interjected would increase the flow but not dramatically, if you changed the geometry
of it. Is that the only indicator that you have for the 400 year flood or are there others which you
have flows smaller. This is not the only place that you have evidence.

Dean explained we think we see it at Trench 6 and then we have actually about a half a dozen
bank exposures, 4 bank exposures in this reach just stream banks. Like that bank over there,
where there are deposits in the upper half of the bank that are 400 years old, just as a round
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number. What happens here is interestingly enough is that at this site hydraulically my suspicion
is that, all though not confirmed by the trenching over there, that there should be deposition and
that channel is going to fill so we are going to cut something here but all of the existing channels
become more or less stagnate. So those are going to be filling. ..

Dan said not exactly stagnant, they move to the inside of this turn and then over this bank. They
cut across that basalt there and it stalls there but as soon as the flows are receding the river
returns and cleans all of the soft stuff that was deposited into the channel right out of there.

Dean added so unless.you fill it to the brim, -
Dan interjected I think if you fill it to the brim the bank will slough in.

Dean explained I mean you have to fill it to the brim in order to make a permanent change in the
channel and there is rock all underneath this point here, so the channe] is just going to slide back
into low spot there every time. That’s what Kyle House has called progressive self-censuring.
Floods leave a record and then come back and wipe it out. It becomes hit or miss as to whether
you are lucky enough to find the few little remnants that are left alone.

Dr. Jorde asked at some point with these flows, if you make them big enough and strong enough
we change the channel geometry. What we are saying is that the numbers we are invoking for
erosion, what I'm saying is that for this upper stuff it is really just the loose silty A-horizons, that
moves under very low power and then when we get down into the road into these carbonated
horizons like one-half a meter then we would say that we would have to have much higher power
to do that.

Dr. Jorde then asked another question but the wind drowned out the question.

Dean replied well I think that is probably conservative. I don’t know how to quantify that or
what arguments I should be making because it becomes a magnitude of erosion questions.

Dan replied we haven’t come out with our stuff yet either, everything takes time.

Dean said 10 centimeters higher than it is today and extend it quite a ways further out so the one
section is in one sense the beginning of the flood. We probably had a smaller cross section
potentially this argument goes both ways we might have had a smaller cross section than we do
today. So it might have actually taken less discharge to initially over top it and initiate the
erosion. There are elements of the cross section arguments on these kinds of sites some ways I
think you could construct them both ways.

Dr. Jorde commented you know you can construct them in both ways and analysis them and see
what the differences are.

Dean replied that might be a good idea if I made like a section across the top of this that
projected original ground sutface. At least we could do it out to the riverbank edge and say well
this is probably the inferred Pleistocene surface so I have a lot of speculation to produce that.
Dan is laughing at me all ready.

Dan added with all of the other uncertainties you have to decide if that is the way you would do
it.

Dean said yeah; I’ll play with that because I think what we could is then dot one through the
trenches and say well this is sort of the maximum erosion and we could compare the maximum
at least for part of here we could say well here is how much as been eroded below the present
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topography and then re-deposited by the 400 year flood. But then at the beginning here is how
much has to added back in. My guess is that there is more material missing from this thing
before the flood starts than is absent and then we would take, due the later deposition because it
is much more acrially expensive that the longer sections. The big unknown in that is still out at
the end in the area where the models say at these flows we get really high power and we never
got the trench out there and we don’t know what is out there. That uncertainty is a factor of 2
greater than anything that I could actually document through the trenches.
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Chris Martin welcomed the group and said the day would be spent answering questions Dr. Lall
and Dr. Jorde had afier the field trip.

Dean stated that the group also needed to cover the topics not talked about on Tuesday, October
5. He mentioned that the group needed to review the flood frequency components, inundation
maps, stage probability, and then have a wrap up discussion.

Bob then reviewed the key products he needed from the group.
Uncertainties adequately captured.

Does the process data analysis properly support the probabilistic model and its
conclusions?

Bob strongly urged Dr Lall and Dr Jorde to remember the pragmatic and utilitarian issue
involved. That is that this review has to be completed and to remember this is not the first
review. The quality and magnitude of the data indicates that most if not all of the major issues
have been addressed. He reminded them that if an issue was a problem he wanted to know that.
He asked that the final report included the following:

1. What is good about the report and makes it defensible.

2. What is weak in the report, if you see anything, and

3. Advice or recommendations for research and additional work
Bob interjected foremost have we captured the uncertainties and is the probabilistic model
adequate and appropriate for what we want to do.

Dean asked if there was anything that anyone wanted to touch on from the field trip yesterday
before going into the discussion on field frequency, inundation, mapping and stage probability.



Dr. Jorde asked about the question he had already raised and how that would be addressed.

Dean stated that it has not been written in the report, however it has been talked about in the past
and it does need to be mentioned. He suggested coming back to that. The uncertainties in the
stage probability estimates are another factor that needs to be brought in yet.

Bob asked Dean to review the issue so the group would be clear on it.

Dean said they had been talking about the stability of the channels of the Big Lost River on the
site, downstream of the highway and the impacts of it. Dr. Jorde had asked if there were shear
stress and power maps for the inundation reach, Dean stated the answer to that was no, those had
not been produced. It was a question of how much would all that effect the study.

Bob said that it would but maybe there were other things that were incorporated in terms of
conservatism that would bound those in that.

Dr. Jorde mentioned that after reviewing the terrain yesterday, it would have but people will ask
that question. He brought up the idea of additional modeling.

Bob stated that in a broader context, his project managers will say is this typically what is done
in 2-D routing studies. We have done the sediment transport channel modification studies for the
flood hazards. It is an issue

Dr. Jorde said that is why he was hoping for the shear stress and power maps. The channel is
only slightly deeper than all of the terrain. So the stream power and shear stress in the channel
will not be of different magnitude, although it will be slightly higher on the surface. Erodability
of that surface is very low so there is a potential that the channel will start moving all over and
dig new channels. The way to find out if this would happen would be the shear stress or stream
power map. It would create a whole new pattern of inundation.

Dean said he did agree and that had been thought about but in terms of limiting the volume of
work they stopped at the inundation depth maps. That producing a set of maps of stream power
and shear stress maps and discussing was doable and appropriate.

Bob stated that some assertion had to be made. For instance, what is the stream power now we
do a sediment drain size distribution and etc.

Dan observed we are at the point it would like doing a linear analysis in the earthquake thing.
You are looking at ....some other thing.

Bob added it would be useful for the litigation proposes also.

Dan said really these maps are an initial early inundation scenario and we are not...it becomes
more of an integrated process.

Dean stated he would come back to this discuss as he had planned to touch on it.

Dr. Lall stated that he thought that laws would have caused more studies of this sort, What he
thought was missing in the summary section was a way to bring this stuff together in a
systematic discussion of uncertainties versus assertivities versus possibilities. He suggested a
table of summary of the upper section where there is high confidence because of stream controls
and so on. At the lower section, where things are more open and there should be a list of
itemized reasons. Dr. Lall stated his main comments would focus on presentation rather than
analysis.



Dean said that admittedly there is more work to do and there are missing parts il the
presentation.

Dean asked about Dick Baker. Bob liked idea of some of the group going to Tucson and
showing him the information.

The group began discussion on the flood frequency.

Dan began basically there was a historical and paleoflood about 500 years ago and there was a
later, shorter duration Holocene bound on discharge. That information was taken and
uncertainties incorporated, and then combined them with the gauge information, and the gauge
informatjon is not direct estimates from the diversion gauge. It is from the Howe Ranch,
operated for 100 years, and Arco gauge, operated for 50 years. Itisa reconstructed gauge we are
trying to estimate at the diversion dam. '

Dean stated that when they did in thel 999 study as a gauge record they used the Arco gauge
data. The Arco gauge is a heavily regulated record in terms of irrigation diversion, etc. The
flows from that are much smaller than any of the flows in the upstream basin that is unregulated.
Based on the work done by USGS, a proxy unregulated record was developed. So using the
Howe Ranch record, almost 99 years old, and attenuated it according to the suggestions of the
USGS guys’ estimate of the 100-year flood.

Dr. Lall asked how the attenuation was done. Dean replied USGS developed a series of
_ regressions based on the gauges down river using how much the flow attenuates between gauges.
In the end, it boiled down to whatever was started with is 25 percent at the diversion dam.

Dr. Lall then asked how Mackay Dam figured in.

Dean responded that the impacts of Mackay Dam on the gauge record are very minimal because
for the annual peaks that are of any consequence there is no attenuation through the Mackay
Dam system. The attenuation comes from the channel loss and infiltration in the alluvial reaches
upstream and downstream of Mackay Dam and the Lost River Valley upstream of Arco as well
as channel losses and infiltration in Box Canyon. Mackay Dam is a buffer in terms of the time
sequencing of the flows.

The USGS is a more formal analysis compared to what was we presented in the 1999 report
which was a graphical presentation. USGS did regressions on that and formalized it.

Dan stated that there are quite a few flows in the reconstructed 100 year record in the 70-80-cms
ranges. He said they have and he can actually accommodate any arbitrary shape of uncertainty
but it is easier to parameterize it in terms of small numbers of parameters related to the
uncertainties of the verdict. This is the limit on peak discharge and he used a preferred value of
250 ¢ms and it is extended out to 175 and there is a bound that is basically positive evidence that
something for at least the last....

Dean explained the map and said it is describing the flow across the Pleistocene surfaces in the
paleoflood study reach. It is showing the discharges that would modify the big surfaces at the
Big Loop and over flow the saddle, the P-2, P-3 surfaces. The field evidence for that is erosion
into the soils in the terraces H-1 and H-2 at T-6. It is the principal bound where that is really
constrajned at BLRS. The 110 — 150 bound for the last 500 years is the occurrence of a flood
larger than the 400-year flood in the last 400 to 500 years. It is a recent occurrence or
reoccurrence of the 400-year paleoflood. There is another one of these deposits in the “white
flood” in trench T-4.



It is a uniform probability somewhere below 90 and 105. There is also historical bound.

Dean stated that the 400-year paleoflood is the largest flood that has occurred since time. The
last time we had a big paleoflood was 400 years ago. Dan added that exceeded discharges in that
range.

Dean said that when they lay out the bounds those are based on the stream power criteria,
integrated all the sites, and came to the conclusions.

Dan said these are probable estimates of the discharges associated. Used the process of relating
stream power, shear stress, and the other parameters.

Bob asked if the results were guestimates or computed.
Dan replied that these become the measurement of uncertainties.
Bob then asked if this was a traceable and auditable process?

Dan commented that yes it should be. He understood that there is a professional judgment or
some degree of subjectivity about how you have to weight the information from different sites.
It would never be completely objective.

Dean also added that in the report we should, and I know its not all quite there yet. The intent is
when we close out the discussion of paleo-bounds criteria in section 2.3; we have a table of
values that corresponds to the bounding values on the plots. His conclusions in those sections
are that the best discharge estimates--based on criteria and integration of all the sites--of the 400-
year paleoflood were between 130 — 175 cubic meters. This is how those numbers transform
into formal probability estimates for the flood frequency. That transformation is documented in
Dan’s discussion and likewise for the bounds.

Bob asked that is this a kind of arbitrary assessment and Dean replied no. Then Dan explained
that it could have been done in relative likelihood, the factor would have been one and it would
have a cumulative frequency. It also depends on how many different points in the interval.

Dr. Lall said one way to put this into context is you chose different faults for these distributions
and you chose parameters for them. If one had chosen the uncertainties what would have been
the implication of that. The easiest thing to do is just writing that and be done with it.

Dan explained that you could come up with some form or process of sampling and re-sampling
and create intermediate PDFs and integrate through all those and end up with an objective of the
probability density for these discharges estimates coming from some weighting but it would
never be completely objective because you have to assign weights to the way you find weight the
value of the different sites and the different estimates of shear stress and stream power.

Dean said that you would use the six steps he had outlined carlier. Dan stated you could take
those and go through a logic tree process and quantify almost to the end.

Dr. Lall commented the only thing that shows up negative in this particular picture is that
somebody who is not very familiar with things might comment about is having a triangular
distribution and suddenly you don’t have a triangular distribution so why do you chose to change
that one because basically your natural argument would be; hey, I have a most likely this by an
assignment of that and I’ve got some scattered around here and I’m using on the triangular
because I know there are limits to this.



Dan observed that he thought you ¢ould explain that physically because of the difference of the
stream power and shear stress between 130 and 150 even above 150 there is a substantially
change in state. That would have explained the near form weighting.

Dan stated it might not stand out as much if we had the plots of all the inputs here because also
it’s the near uniform weighting between discharges.

Dr. Lall stated that a natural choice for such uncertainty distributions is a triangular or
trapezoidal distribution. '

Dean stated that there is very little of that discussion in section 2.3 where we discuss how we
estimate. The table in there has a column for the type of distribution that is used for the bounds
and paleofloods. The beginnings of that are traceable in the report.

Dean said the transformation from the geologic through the bounds discussion has always been
subject to lots of discussion. While we are talking about this, one of the criticisms we have
received in the past is one the use of the triangular distributions is that we are to deterministic.
That when we take these triangles down to zero like this as one guy put it one day—you guys
have just decided what the PMF is. I didn’t quite agree with him but that is what his portrayal of
this, You have just said nothing can happen beyond this. Well that isn’t really what we are
saying.

Dan added we are saying within this time period we are confident at some level we haven’t seen
a flood bigger than this. That was really a suspicious comment about PMF. There are a lot of
things that are in the context at the time of optimization.

That was Bob Jarrett. He was saying that you guys are slamming the door on anything bigger
than this. Dean thought he was obliviously trying to over state something to make a larger point.
Dean also pointed out that there are other people who can participate in this with less exposure
and have appreciation for the value of getting the geologic information and have the same views.

Dan said we basically have the fundamental in the time period where we observed the floods
have exceeded. The role of the flood frequency maps and what we are trying to get...all of these
things have some uncertainty estimation and we would like to know probabilistically what
scenarios are consistent with those measurements.

This analysis is something called a non-parametric flood frequency analysis. When you use
these parametric functions they basically assume that the data has a primary mode of density.
The parameters looked at are a central tendency for the dispersion and the skew, depending on
which one you use the parameters has a slightly different meaning.

Ultimately what they mean is there is a single state of primary load of multiple densities. What
we find when we do this is that there are rates to the discharge where floods will repeat. That
means that these floods that are nearly the same magnitude and that means that locally you have
a secondary mode of density. Consequently when you use these parametric frequency functions
they use up most of the degrees of freedom and they really can’t tell you of the range of
behaviors that are consistent with the data at some other part of the distribution. These
phenomenona are just so common with data sets that I had to come up with different way of
estimating flood velocities. So what I’ve done here is basically the Monte Carlo approach and
generate flood frequency models. The flood frequency model operates under a simple constraint,
which is that as you go to increasing probabilities. There are several ways to gencrate frequency
models and just basically have added a scoring function or a likelihood function that can rate
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how well a particular generated model agrees with the data that is available, hence a model of
flood frequency and a rate that gives a score. To reduce the number of degrees of frequency I am
doing the Monte Carlo and I'm going to say that there is enough data to constrain the very
frequent floods. These show models that almost fit the data equally well and really gives you an
idea of the classes of models that are well constrained by the data within the models. There are
not that many variations in the models that fit that data. We have a lot of data within a relatively
narrow discharge range so the uncertainties are relatively small. We have this one positive
evidence of flooding at 150 cms paleoflood. There isn’t a lot of density out here that we could
say a lot of probability it could as easily be an infrequent or a more frequent flood. What
constraints these models to the left are non-exceedance bounds for stabile durations. So if we
have 500 years were we haven’t exceeded discharges, which have uncertainty in duration and
similarly we have this mid-Holocene bound and then a bound that persists through most of the
Holocene. So they limit how frequent floods could have occurred and are consist with these
data. Conversely if you have positive evidence of floods they now curve to the right because
they require that floods at least occur that frequently. Really the range of flood frequency is
bounded to the left by non-exceedance bounds and to the right by positive evidence of flooding.
What we don’t have here is a lot of positive evidence of flooding as we go out to the longer
duration records of the Holocene, Consequently there is only required that you be consistent
with this data within a factor of two of its plotting position left or right. But once you get out
here you only have the bounds and the requirement that the floods at least increase a little bit as
you go out to longer return periods. The model that almost fits the data equally well spread all
over these ranges that is really not a requirement for floods except that they need to be somewhat
Jarger bounded from below by the largest observed flood. So as you go out here there is not a
strong central tendency. That means that the mean would be to reflect a central tendency. Well
you are bounded to the left by how frequently these things occur and, frankly, out to the right
you can say that there is no requirement that they ever occur once they get above the largest you
have ever observed. There is the fact that there is a strong central tendency plus this fells you that
eventually with 10,000 years of data you really can’t say much out past that 1 in 20,000, Except
bounding to the left because you don’t have a lot of constraint where you don’t have a lot of data.
The big difference between this result and a parametric result is the parametric result is
constrained by factors that are not related to these bounds about what shapes they could assume
so they tended to project a narrow range of possibilities as it went out to the longer term periods.
This tells you eventually that when you run out of constraints over a certain duration of time you
run out of observational constraints on the limits of flooding.

Dr. Lall suggested running on a log scale so you’d end up with a slope that is relatively constant
and it could be aesthetically better. This is another distribution that is going to suggest that
morphographically increasing floods with no upper bound and yet the analysis you guys present
essentially suggests that there is a logging process so if it were a log scale you can avoid that
perception.

Dan stated what he is trying to emphasize is that there is just as much of a possibility that floods
" do not increase above this values and that is consistent with the data also. What we do have is
that up to 1 in 10,000 there is a strong limit on what discharges are allowable and that is just
what reflects what information we have on the field. For instance between the one and couple
hundred year flood we have to be consistent with the positive evidence of flooding but there is
quite a range of possibilities and when I’ve done data sets when you add more positive evidence
of flooding this range becomes narrower because the positive evidence of flooding basically
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pulls the right hand confidence limits to the left and up against the data, This is what we call the
simple scenario. There might be suggestions of some flooding somewhere between floods we
observed here and floods we observed here. We don’t quite know how to quantify those so
certainly in a sensitivity test you can run cases where you add floods in between and see how that
might change the perception of the probabilistic.

Dean commented that they had done a lot of sensitivity testing of the parametric models in the
1999 report with those kinds of scenarios and basically the conclusion from that was when you
go way off the deep end with your.....beyond your intuitively credible limits for how many
floods could occur everything blows up.

Dan said that what happens is the scoring function is....when you only have bounds that will
score higher if you move things to the right and the scoring function when you have floods will
score high if you move to the left. It is that combination of information and a trade off between
the two that constrains the flood frequency from both sides.

Bob asked why the red line doesn’t run through the tops of these. The answer was that the
historical bounds are not on it.

Dan stated that is putting a hard limit here and its operating....we have in the historical record
that says we haven’t exceeded 105 and that is sort of bounding this one here. That is one of the
things that is driving this to the right. If they did some more areas with more possibilities of
intermediate floods that would require the whole field to move to the left, that wouldn’t act as
strong scoring functions and in the absence of much positive evidence of flooding being used in
the flood frequency analysis they both dominate the scoring of any data points plotted what its
says about the actual uncertainty is it can plot out to here and because of the historical bound it
doesn’t want to allow us to move that far to the left. Part of the problem is the plotting position
for the 500 years duration is actually over here if there was to be a flood. It’s the issue of how do
I choose to represent something that is really just a duration on a flood frequency plot. Ijust plot
it as its duration equals return period, which actually works fairly well. If there were more
floods in here it would tend to force the curves up to the left.

Bob added these features that we tend to have certain ages on and if their plotting position is
determined by the ages we assign to them versus....creating all that data so the real position of
these in respect to the red line ought to be slightly different. In other words, the 400-year flood
in the larger context may actually be here.

Dean commented that is the way the floods plot. See the one that says “P” that is the 400-year
flood but it is not plotting at 400 years of return period. Where as at the bounds we plot just
strictly at age.

Bob inquired so these are strictly age and this is probabilistic issue not its age.
Dan said it is because it’s the only one in the interval and is plotted at two times the age.

Bob remarked the model shows that you shifted all this stuff this way and it really ought to

Dan replied there is not enough information as these are probabilistic estimates.

Bob said that is not in the 1999 report though



Dan explained I did that parametrically and as far as is this stable results with a given play, [ ran
at 8,000; 40,000; and, 320,000 models Monte Carlo and got the same results. There is 4 percent
accuracy. For instance, the one in a hundred flood this black curves sort of PDF’s and we are
getting out of this analysis.

We’ve got a range of about 20 cms between the credible limits. Within the PDF, we bracket the
USGS number. We get closer to the USGS number at 1 in 50. What is going on here is again
it’s bounded very strictly from below because of a lot of data from that reconstructed gauge
record says that these things occur. On this bigger than 80 but as you can see the tail is starting
to look more log normal so its allowing for a broader range of flows. So while you’re not really
accounting for that well you know yeah at this credible limit or not because there is so much area
in this curve but the tail allows for it. The tail is spreading way out, so in fact we’re saying that
there is a slightly non zero possibility of the paleoflood being the 200-year flood. It’s very small,
like 99.9 as you look at the full range of possibilities that are probabilistically compatible to the
data. There is a much broader tail out to the larger discharges so by the time you get to 150 or |
in 500 it is spreads out and is getting out toward the upper limit of what we would allow for the
paleoflood discharge. The requirement of a lot of floods is the local density if these floods occur
two or three times like we have seen on some of the other rivers. When these have positive
evidence of these floods reoccurring then these can concentrate more around those positive
observations of flooding. When you just have these bounds in a couple of floods then you get
the broad distributions that allow for a wide range of behavior. They obviously get more weight
around the range of floods but now for instance in one in two thousand we are reaching the lower
limits of the Paleocene bound.

Bob asked what this curve here is.

Dan answered that is was the estimated sampling density of the range of the charts generated in
Monte Carlo of flood frequency models.

We wanted to show that they extend beyond the limits of the non-zero density of that score.
They have an adequate sampling breadth. This is an important sampling function. Most of the
models [ am generating are in here but I do extend out with less frequency in the models that I
generate out to these larger and smaller discharges and they do have to be broader than the
posterior you are trying to estimate so that you haven’t artificially truncated the possible range of
discharge. The red is just the accumulative function and these are 5 percent credible limits. As
you extend out to longer return periods basically things get very broad. On one hand with just
that positive evidence of that paleoflood basically that is the only thing forcing you to putting a
constraint on the lower limits of the flood and the only thing constraining the upper limit are the
bounds. These become very broad functions. If we do these with more paleofloods included
they tend to narrow more.

At one in 10,000, which is the limit of the time period, it is becoming very lognormal. There is a
small possibility that 10,000 years observation is not representative of a full 10,000 years and the
constraint gets weaker. ...and get very broad. So there is less meaning for a central tendency
measure like a mean and now you are at a range for possible models that are nearly equally
consistent but you are losing your constraints statistically.

Dean commented you mean the plot that shows the 100,000 years per stage? You don’tneed a
flood frequency plot that shows 100,000 years.



Dan agreed, then stated the other thing you can look at is the range of annual exceedance
probabilities for target discharges. That is what some of these plots are trying to do. So we also
did this and you can see the blue is the sampling functions again. They always bound very
strongly how frequent these things can become. It is possible that they never occur and again it
is real hard to come up with....not really a normalizable function and so I can’t really say a
credible limit.

When you get out to these small annual exceedance probabilities, you can calculate a mean but it
doesn’t solve looking at the density function. There is a large range that is equally compatible
and if it turns out that we find a way to use the stuff out to 1 in 10,000 and meet all of your
criteria then we are in a much better position to make a statistically significant statements.

Dan stated it is a limit from the data on how large they can become and how frequently. It is not
necessarily a limit except that they have to be larger than the largest observed flood.

Dr. Lall commented it’s similar to the one before. I was going to revisit that when I got this job.
The other thing here is the....model I'm trying to work through is the way you guys have
presented now rather than of the normal approach, which is start with this and then go to that
other thing. So the thing is here is the site, here are the areas of concern; here are the flows of
which the concern was developed. Now we are giving you a range of estimates of the
probabilities of those flows. I'm quite comfortable with that approach. If we were to start here
and then you went to that other thing. That it isn’t really a full uncertainty analysis in this or any
other application there’s uncertainty analyses in some pieces of it and there is sensitivity analysis
in other pieces of it. If this part comes through as uncertainty analysis—fine. The hydraulic part
is coming through as sensitivity analysis. What he has to present.. .the challenges...no video,
regular Bulletin 17B procedure or whatever and then represent a full uncertainty analysis
because Bulletin 17B allows you to put confidence limits on everything. That’s what he needs
protection from is the naive position that that is actually better. We could go through the details
of what you have done and keep doing it. I don’t know that that is very productive. So I'have to
think through how I suggest that’s done and it could be that we discuss it a ljttle bit and then
write it.

Bob stated that what is going to happen is that certain engineers and NPH design folks are going
to pull out these curves and say oh yeah there is a need to design or mitigate for this and so I
need clear a framework.

Dr. Lall replied that we start from the hydraulic site issue and say this all that we are really trying
to push. Then this is pushed in the background.

Dan said the flood frequency is used to drive the site inundation.

Bob said the stage versus frequency period. That is where we have to get. This is the
background stuff. We are going try to avoid the position of having to defend. You know it has
to be there so it is really smart if we can look at it.

Dan then stated that this is stuff relates to the regulated flow. This is strictly a scenario for how
we...unregulated flow,

Bob commented that is the other issue that is going to keep driving us to the point that this is just
one part of the flood characterization logic tree.

Dean agreed.



Break

Dean said he had five or six slides to try to organize the discussion of the last couple of days. He
stated that what this is, is a conceptual tree that was put together in the early stages of the project.
As to how we were going to go through the process and what were the factors that we really need
to consider along the way for making probabilistic stage/discharge curves. We started with a
flood frequency estimate of some type which we incorporated the paleoflood data and centered
on the diversion dam area. We needed to have suitable ranges of probability. The hydrograph
issue is one that we are kind of dodging here but it is clearly an important factor contributing to
the stage probability. We move down the road here towards considering alternative scenarios
like dam breaks versus natural flows the flow duration is going to have an important impact on
the ultimate stage at the site. These inundation maps are kind of a proxy for the dam break flow
across the site. They are a very transient picture of what could happen. We have run these for
40-hour flow durations and clearly for some of the bigger flows on some of the small channels
off to the side, the flow just gets stranded even after 40 hours. It never fully propagates through
the pathway that it could take and if you have a peak flow that has a short duration peak
discharge then it is not going to propagate through the system. So what we are trying to lay out
here is a broader framework where we could incorporate lots of different kinds of scenarios and
operational issue and issues of the diversion dam, What are the factors that we are going to have
to work into that? They start with some kind of frequency depiction, we have hydrograph issues,
and we were at that time trying to figure the effects of infiltration, effects of culverts and then we
can compute all the late stage discharge AEP for the sites of interest.

Bob asked why AEP sums of 1...

Dan stated that you would have to choose some confidence limits; you would have to pick how
many points you are going to use. '

Dr. Lall said this is for example for the 100-year flood the AEP is .01 but there is a....estimate of
value

Dan added so it is a probabilistic estimate of what the AEP actually is.

Dean continued so in terms of this and trying to summarize where we sort of think we are at this
point. What we would like to say is we have a pretty good handle on the flood frequency up to a
certain point for unregulated flow up to the diversion dam that is probably adequate for making
100 to 500 year estimates; with a notation that those flows are within the diversion dam capacity.
The inundation maps provide some kind of conservative proxies for any peak flow scenario. The
RICOM results are probably more representative than the TRIMR2D for the site inundation due
to the better resolution of the topography in those models. The stage probability curves that we
put in here that could be modified to incorporate scenarios for diversion dam flow as they are
described. There is some conservatism incorporated in this that the modeling was done for
steady state durations of about 40 hours and maximum instantaneous stage. In the framework of
possible flow hydrographs, these are going to boost the stage relative to what will probably
happen. TRIMR2D are based on 20-foot cells. RICOM results resolve topography better. We
think there is some remaining conservatism in that, but really don’t know how much. The other
side of that is the RICOM and TRIM results start to converge as we get to larger flows. So that
topographic resolution is relatively less important for the really big floods. What do we see in
this framework that is not contributing very much to the uncertainty and to the over all results.
That is for most scenarios the culverts across the site really don’t change things. We have
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investigated that uncertainty and we look at some of the stage probability curves and some of the
maps but there is not a huge impact. Likewise within the bounds of the infiltration models we
put up so far it doesn’t seem like that is having a huge impact either. So unless someonc wants
to say we should be using very much bigger infiltration numbers the difference of no infiltration
versus some infiltration isn’t going to have a huge impact on the stage.

Dan added if you use Fritz's estimates, most of the time you have no flow.
Dean commented we can make it all go away if we go too far.
Bob said it should be included somewhere though so that we can get an idea.

Dean said that statement is kind of in there. In one sense, we can make a case of within the data
that is available to calibrate to our high-end infiltration numbers sort of match up with the gauge
data. In fact it is discussed in there; if you use the values that Fritz uses, you cannot match the
gauge data for the channel infiltration.

Bob added but on the other hand as we tatk a little bit about it when you get outside the channels
the infiltration was maybe more valid.

Dan said Just to mention one aspect of that. We still have flow in channel by INTEC that is
really spillage out of the right or south side of the channel. That is a place where whatever is in
the channel has some impact on INTEC. So unless you can lay claim to substantially different
infiltration in the channel.

Dean explained where you are going to get much higher infiltration, are the areas where there is
basalt under the gravel. That would be anywhere where the flow paths cross the Pleistocene
surfaces around INTEC and so on. You might potentially lose a lot of the pathway that goes
north because north of the cannel, up into the basalt terrain, there is a lot of basalt and likewise
when you start putting water in the spreading areas.

Bob said that near INTEC is the big pit in the ground next to gauge station where the water goes
straight down there.

Dean said we are assuming alluvial channels infiltration values all through that area.

Bob wondered if the gauge related infiltration data include that gauge. Dean replied that
constraint comes from the differencing between the gauges downstream of the diversion dam
versus that gauge. That is what we are matching; observations from flows of 5~ 12 cubic
meters.

Bob stated that he thought it was worth pointing out that there is no conservatism is a legitimate
the statement from Fritz.

Dan replied that Fritz also said we should calibrate this, Dean said that they did that and got
some buy in back from Fritz. Fritz said go ahead and calibrate it; then we talked back and forth.
Dean reported that Fritz said he thought that seemed reasonable.

Dan explained an area that is dry should have whatever infiltration capacity it can. We
calibrated in the channel area, admittedly the highest infiltration was in the early part of the flow
but it wasn’t completely dry and didn’t get inundated. In that sense it is conservative because
we’ve never run tests of opening the gates at the diversion and immediately looking at a stage of
10 cms coming down and looking at the loss. It was always some days of high flow.



Dean said that is where the whole element of conservatism of long duration steady state flows.

Bob reiterated that was one of the examples of conservatism that bounds a lot of the other
uncertainties that we talk about.

Dan added ideally that work like Fritz’s would have given us something we could have directly
put into the framework.

Dean said the other side of that staying in practice. In running these kinds of inundation models
including issues of infiltration is well beyond sort of a normal state of what people are used to
seeing. The standard analysis if you decide that you want to rely on very high infiltration
parameter values as a basis for a scenario we are going to have to go to greater lengths to justify
those numbers.

Dean stated those were some of the INTEC issues. [ think we talked about this yesterday. Even
for some of the very large flows, most of the flows through there are going to be fairly
distributed and shallow. Flow through the facility is going to be channcled by the interior roads
and ditches within the facility. Those characteristics within the boundaries of the facility; we
have some detail in the present modeling but we have to be very cautious of about the fidelity of
details that are shown in our modeling in terms of going to far with those results. The
distribution of flow around the site is controlled by small-scale topography features much of
which is transient. For example, Lincoln Avenue elevation and characteristics. Our model
basically is the elevation and profile shown on the aerial photographs from 1993. It has not been
updated for the repaving that has occurred or any kind of changes for the roadbed. That small-
scale 2-3-4-5-6 inch increments are turning out to be fairly significant in where things go and
how they get from A to B.

Dan added that right now water flows near Lincoln Ave bridge is going south across Lincoln
then going north across Lincoln indicating that the channel was bulldozed and tends to point a
little bit toward the south bank so there might be a little super elevation there. The thing that is
really sensitive to where the roadbed is in our model. If the roadbed were six inches higher on
the south bank then the flow might go to the north bank.

Dr. Lall asked a process question. As one of the modes of failure is it possible to speculate on or
find potential locations of breaching that would have an impact. You are not saying that there is
o breach there but if there were a breach at such and such location then that would potentially
have a big impact.

Dean stated then we have details of the ditches at the facilities and discussed yesterday about
assumption of blockage at Lincoln and INEEL railroad those are all going to have strong impact
on how you characterize stage discharge.

For TRA, the most extreme scenarios are influenced by the Pioneer diversion canals. The big
canal on the north side of the river. The control for flow in and around that is located upstream
of Highway 26 in paleoflood study reach. There are several intermediate sites where mitigation
is pretty straightforward and we can identify those. The ponds at TRA are more susceptible to
more frequent events. Most of the buildings at the facility are up above the flow levels that are
resulting from flows of the Big Lost River Flood Plain channels.

In the big scheme of things, going back to our conceptual framework what’s really going to
contribute to the stage probability estimates, obviously, the input flood frequency upstream of
the diversion dam. Then it boils down to how you deal with scenarios around the diversion dam.
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The present diversion capacity is based on the flood frequency is potentially capable of full
control flows well beyond the 100 and 500 year frequency analysis. In one sense if we develop a
probability scenario that is contingent upon the diversion dam and up to these levels the stage
probability is depicted by the inundation associated with the diversion dam capacity flows
downstream of the diversion. Even with a Mackay dam failure or upstream dam failure, there is
no doubt going to be much flow continuing into the spreading area and the fraction that
continues downstream to the facilities through a breach of the diversion dam is clearly much less
than 100 percent of what you input as flow of the Big Lost River. These are scenarios that need
to be developed down the road in terms of stage probability contributions. Finally, site specific
details at INTEC and TRA with regards to how some of this might be managed and mitigated.

Bob stated that this is where we needed to go and hopefully this meeting will...he wants a final
product at this stage.

Dan commented that he wanted to walk through the two facilities. For INTEC, you are targeting
to get 1 in 10,000 exposure metric Bob agreed. Dan continued the safe capacity at the diversion
is basically...if you did not divert anything...you could accommodate....you are approaching
190 to 200 capacity at INTEC. You have a hazard of what you allow through basically for the
situation.

Bob stated that the load to the diversion dam could be 7300 cfs and 1200 cfs would get shuffled
for to the spreading areas so what you would get is 6200 makes it to INTEC.

Dan replied he was going to start with what he all ready had thought through so 7300. We
looked at 1 in 500....what’s our estimate of the max....that’s we are very confident of our
estimate of the 1 in 500 flow. It is going to be 150 or less. So we are saying at 1 in 500 the
diversion structure....you should have high confidence that it will perform. That means the flow
to INTEC is whatever you allow through the diversion structure. There is a 90 percent
probability of performance for the diversion structure. You can go outata high degree of
confidence and have a flow less than capacity of the diversion.

Bob commented that is at 1 in 10,000. He continued that the latest estimate of what the culverts
would pass is 1200 cfs.

Dan said we are assuming that you will operate the diversion structure and that would be not to
allow the flow to exceed....or not to divert more that a certain flow.

Dean added that this is where the 90 percent reliability issue comes in. The statement of
reliability of the diversion dam is such that you have a 10 percent chance that the culverts plug or
something goes haywire. Dan and [ were talking about this in the car this morning as we wetre
driving over here and reflecting on it. When we think about how do the geotech guys at
Reclaimation normally assess, for beiter or worse, the performance of dams and everything and
hydraulic structures. When they reach a judgment in the performance stuff that reliability of
something is 90 percent. That reflects their opinion that something is really haywire with that
structure, Their are feeling not to good about the way that thing behaves.

Dan commented in your judgment you have to assign a probability of .1 something will fail.
That generally is what is going to happen because those are static loads. A failure probability of
.1 is very significant for an engineering structure



Dean said if you were to have Clint and everybody do a risk analysis of the diversion dam. He
said it is good for 6000 but to have them come out of that with a 10 percent probability of failure
after making that statement that they think it is good; that would be astounding...is my view.

Bob stated there is a factor of safety of 1.9. Dean replied that is what I mean. It means that they
are saying that means they have really high confidence that it’s...they are comfortable with
things at that level. That’s inconsistent with a 90 percent...or 10 percent failure probability.

Bob asked how you convert that factor of safety to a failure probability. Dean responded that it
becomes subjective judgment. Dean continued in our dealing with these guys, high factors of
safety approaching 1.5 or 2 never translate into failure probabilitics of 10 percent.

Dr. Jorde commented it depends what they mean what factor of safety.

Bob said they computed a dynamic...a total load on the face of the diversion dam based on shear
stress and water velocity as well as potential for infiltration and demand over capacity.

Dr. Lall added average distance divided by average load. So

Dr. Jorde added...of the downstream phase. This would be an item thing; looking at this thing
and how steep the slopes are by the time it is completely...by the time there is seepage flow
through the dam; you will have seepage flow leaving the downstream side. The phreatic surface
will touch the downstream side. So I would never believe that this dam has a factor of safety of
1.9. That is why I’m asking what they calculated.

Bob commented that the other caveat there is that is based on two standard penetration tests near
the culverts. They did install a tensiometer so they do know the infiltration rates. They did have
large flows in 1997.

Dr. Jorde asked how they got that because they can’t .....if this is a homogeneous dam, which [
would grant from looking at it, looking at the length of it, and it has to be built really cheap. I
would assume this is a homogeneous dam that doesn’t have a core or anything; I wouldn’t think
that this was a factor. 1 am not going to question it. Ijust don’t think this thing has a factor of
safety. Maybe for a very short-term flood or seepage flow before the thing is soaked.

Bob replicd that we all recognized that. That is one of the functions of this report is to give a set
of loads to assess the diversion dam. Presumably my management will concur in a rigorous
geotechnical assessment.

Dean added he thought that was one of the major things they highlighted that really the stage
probability estimates at the facilities are entirely dependant upon how you characterize the
performance of the diversion dam.

Bob said management likewise could say well look at how shallow all these flows are; we don’t
even care.

Dean agreed.

Bob continued that if he was honest with them he would have to say yeah look at how shallow
these flows are. But it just looks bad when you are planning for an infrastructure potential for a
new operating reactor, for example, you really don’t want to have one of these big blue swaths in
a place where you might build the reactor,



Dan said you have the same kind of thing at TRA. TRA’s main facilities don’t get inundated
until you reach...if you want to get to 100,000 at TRA you need to look at the 1 in 10,000 Joad
and see how that would partition. The 1 in 10,000 load exceeds your...how much of that flow
partition into flow into the spreading areas and how much partition into flow onto the site. It's
less than say 250 cms partitions onto the site then you don’t have a flow path to exercise that
diversion bypass and dump flow to TRA. So if you can accommodate, some how, through the 1
in 10,000 loads you have a confidence that the flows will partition such that flows less than 250
you don’t really have an inundation hazard for the primary TRA facility. That’s not a classic....

Dean said that there are two big differences you have to consider for the diversion dam. One is
when we talk about the flood frequency and tie of the diversion dam being there or not being
" there what we are talking about is a breach of the diversion dam at the location of the culverts. It
could happen anywhere from the head of the diversion channel and the culverts to the north. But
regardless of where it happens in there, you are never going to get 100 percent of the flow going
down the Big Lost River. So there is some partitioning that goes on there and that part of it you
can tie into the frequency. You could have a probability of a failure associated with the flood
frequency. For failures of the diversion dam associated with water in the spreading area which
would take a whole different set of flow paths; the probability that you have a certain stage in the
spreading area, which is a couple of steps removed from the flood frequency and likewise the
flows be occurring from that are starting from differences places than the Big Lost River
channel. Those things do not relate to these flow maps at all.

Bob stated he wanted to give a flavor of the things he will have to worry about eventually.

Dean replied that he would need to be real clear with people in terms of distinguishing those two
types of scenarios and the probabilities associated with them.

Bob commented that what we have seen and what we know about the amount and persistence of
flow required to do that is almost impossible. I think it was Kerrigan’s 1973 flood analysis that
there was 35, 800 feet backed up behind the diversion dam.

Dean answered that was a scenario that could be evaluated.

Bob then commented that for our purposes it’s a distraction. But your arguments about the water
and where it’s going that’s worth noting.

Dan explained another logic tree branch that you have to consider for INTEC are the 1 in 10,000
flow will partition and some part of the flow will go in the Big Lost River and spreading area.

Dean stated it would be hard to end up at RWMC.
Dan said flows would not end up at RWMC through the Big Lost River channels.

Dean said that would be a failure...the only way....if you have a failure of the training
embankment along the diversion dam channel just south of the culverts. Then you are putting
the water in a position that it could flow down the gradient of the fan and with enough duration
and enough time, you could eventually overtop the sill. Our modeling says....that doesn’t really
get going until 700 cubic meters. You got to get way out there and that’s partly a consequence of
the spreading thing and the way we start the flows.

Dan added with your breach scenario in there you fry to take care of your worst-case scenarios
you will route a bunch water onto the.... That is one of the avenues that becomes exploited here
only with the larger flows. Of course if you set some kind of breaching area where you force
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water to route on the structure where part of it gets diverted by the railroad embankment, which
is a flow path to the south.

Bob commented that brought up an interesting question. We are assuming that diversion dam
doesn’t exist, do we also assume that railroad embankment doesn’t exist. Dean replied yes.

Dan responded that it does exists and in fact the water downstream. In fact water in the very
large flood they backwatered onto that.

Bob clarified so you are putting water downstream of the rajlroad and it backs up onto it.

Dr. Lall stated that the very last thing they saw yesterday which was a funny little channel that
seems to be making a beeline for TRA.

Dean clarified the canal, the original canal.

Dr. Lall then went on to ask if there is any mechanism by which the water just cuts into that from
the Big Lost faster than through a breach scenario.

Dean said no because to get into that you have to get water...the pathway to that is through the
high flows south of the diversion dam or north of the diversion.

Bob said if we block Highway 20/26 maybe we can use that channel because its lower it could
go north...

Dean agreed that it maybe there is a variance. Bob and Dean agreed that it could be run north of
the highway.

Dr. Lall commented that his reaction yesterday was we should get the water all going out onto
the plain. Where infiltration loses that occur through it is not accounted for...perhaps the big
leader could be...in any case, you would have a swallow depth of flow every where and low
stream power every where so that is not to exciting but if the diversion channel were to fill and
keep breaching. That could be..

Dan said it doesn’t even have to breach because it becomes....the north bank and becomes the
channel.

Dean said the best scenario is if you get water into it and they have actually breached the south
side of that thing in many places and the water will leave that. But in our scenario that has come
out of this is the water gets on the north side of it and they haven’t breached both sides. They
didn’t breach the other than....

Dan said they did in a couple of places but it still the water still has to flow over a hump to get
through those breaches and continue down. As we were driving out, there is that last little
diversion that went northeast of TRA and perhaps relieves some of the flow that is going along
the north bank and directs it toward the northwest corner of TRA.

Dean said that it captures local runoff diverted away from facility and would in effect be doing
that up to a point. So it would be a volume dependent issue.

Dr. Jorde asked what is the purpose of the discussion right now. It sounds like basically we all
agree that this whole situation is fairly safe. You would have to do something very strange.

Bob replied that we have to look at performance of the key structures.



Dr. Lall said I’m at the same spot; this looks like boring. We could get some excitement we
could look at some sort of cascade type of failure. The other thing yesterday was the ice-
jamming scenario. Then another possibility here would be, it is completely outside of the
domain of your analysis, was you get a cloud burst flood that focuses just right on the site. So
why are we wasting time on the Big Lost.

Dr. Jorde asked what are we trying to figure out now because I feel if we do not present that the
diversion dam does not exist and if we look at the situation as it is now...it fails and if not you
will not ever get that entire flow towards the INEEL even if you remove the diversion dam,
which will not happen. So the situation is very safe, so what are we trying to achieve with this
discussion.

Bob said what he needs from the reviewers is an assessment that we have captured the
uncertainty for the Big Lost River Flood Hazard Study. We are assuming the diversion dam
does not exist.

Dr. Jorde replied which is a very funny way of capturing the uncertainties. If youimpose a big
error and then after you impose this big error you start talking about the uncertainties, the
uncertainties are many dimensions bigger.

Bob said let discuss a couple of issues here. One is because the facilities safety. To mitigate the
natural hazards for these facilities is a much more dimensional problem than just the flow of the
Big Lost River. However a fundamental part of that is what do the flood loads do to the Big Lost
- River itself. Our primary focus is to determine have we captured in the probabilistic sense the
flow magnitudes and their uncertainties for the natural Big Lost River system on the
INEEL..unregulated. That should be our primary focus. Now a bit unfortunately we sort of
diverted into the discussion of the diversion dam but for regulatory purposes we have to assume
the diversion dam does not exist because it is not certified as a flood control structure. The bad
news is we know its there and is going to have an impact. However as a result of this study we
will have the Joads we can impose on the Big Lost River to make an assessment whether it serves
as a flood control structure, Once we have that in this rigorous and defensible framework...

remember my slide about risks and defensibility and how they have to be justified in the total
risk framework? We do all this work so if I go to my management or the taxpayer, or the public
I can say we know what the loads are on this diversion dam and now we know it is or is not
worth spending x amount of dollars to fix it. That is my job to go to management and say we
have a certainty that procedurally and technically we have a process and product that supports
these decisions, That lets me assure my management and the public that yes we have followed a
rigorous process and yes the numbers that have come out of this with their associated
uncertainties are defensible and supportable given the process and data that we followed to this
point. Don’t worry about facilities risk and mitigation, the diversion dam and all that; that is not
our job. Explicitly not our job but implicitly there are things we have to worry about. If I were
you guys, I would remember that we are talking about risks but in reality there is a diversion
dam. If we have made some horrendous mistake that nobody can think of right now, its probably
not as critical as how the Apollo 13 mission made a tiny mistake and everyone could die. That’s
not the case here. It’s a very awkward situation and as I said early in my first talk in a more
rational world we would have accepted the results of the 1999 report, and said this is good, we
are done, let’s move on. However, because of some politics and agendas and egos, people blew
up some of these uncertainties that were actually were very insignificant and that won’t have



much impact in the long run and we are forced to do this. It’s the same thing happening again, I
am calling on you and Dr. Lall to assert that we have captured all of the significant uncertainties.

Dean stated that the irony of all that is that we did find a big problem. The topography! We
have the same geologic framework now that we had in 1999 but we have more detail as a result
of the trenching. The fundamental conclusions there i.e., is we have this 400-year-old deposit
that we can use as a bound and we have the Pleistocene deposits that we can use as a bound, that
is unchanged. But what we have is very different discharge numbers that are directly attributable
to the change and the flaws we have uncovered in the original topographic data. We didn’t
recognize in 1999.

Bob said that it is not all bad. The flaws that were discovered were not due to the insignificant
uncertainties people were harping on. Only indirectly. Those flaws would have been there
regardless of the aleatory uncertainty. That term meaning uncertainty of your universal model.

Dean added the other one was we had not closed the quality assurance loop on that.

Dr. Lall asked if he could try something with everyone and see how they would react. Yes, you
are making up a PMF, there is not doubt about that. Everybody does it just depends on how they
look at it. The key thing that you are bringing to the table is that you have a procedure by which
you say that in terms chronology we can put some bounds on stage and you try to integrate those
stages with a flow model, so that there is a pseudo flow number, one could argue that this is crap
because who knows if your hydraulics are right or not. There is no verification of those things
and T understand this. The information does go together because that stage corresponds to this
fake flow model that we have manufactured. Since that has been marched forward you are
maintaining consistency with that particular assumption all the way through and that gives you
the inundation maps. So I think that part is reasonably well documented, now it is still somewhat
of a speculation as to have you captured the uncertainty across the flow to the stage frequency
part at the points of impact—I don’t think so. Could one do it, is it worth the investment in
doing it. The answer to the first part is T don’t think you could. Answer to the second part is the
amount of resources you have to spend to prove that you could not do it. That is where I am with
this.

Bob stated that is what we need to know and again that is my job and my management’s job to
take your assessment of that and say we do or don’t deal with it. My recommendation to my
management is we have been through enough review, we know enough of this stuff regardless
the remaining uncertainty...we have done enough. Given the standard practice and going
beyond that, which we have done here, we just can’t do any more.

Dr. Lall said lets try one more, which is flow frequency. They are trying to quantify the
uncertainties. The depth flow response relationship, it would be very difficult to say whether or
not uncertainty could be quantified at all because the number of parameters you could play
with. ..

Dan interjected giving how you scale. These models are millions of cells.

Dr. Lall said so what are you going to gain by coming back and saying what is the bound of that.
So you look at it qualitatively and....once your range this is just not going to support depth and if
its not going to support depth you have got tremendous....so you have no depth and you have no
power. The place I am stuck is there are places there were you could build up depth. Just
because there are obstructions everywhere, then you have breaches, which is the point he was

A-84



trying to make. If it breaches that is not represented in the model at all. So you could speculate
all you want on where it would breach but that’s what I am saying you could come back and say
which breaches would likely bother you and maybe some documentation could be done on that.

Dan explained that is what you are recommending to identify potential key points. We can
identify points of value and run blocking Highway 20/26. We could identify based on those at
this point there might be some sensitivity of inundation at TRA. We could identify some
potential branch points but would have to keep them very small to execute the calculations.

Dan then reviewed inundation maps and said for the most part you enly see two (colors) because,
except for very small flows, there was no effect of the culverts versus....once the flow reached a
certain discharge there is no effect to the culverts. Right here shows the effects again we either
had full culverts or partial culverts. In the case of infiltration all of the culverts operating or no
infiltration and partial culverts once again there is not much effect of the culverts. So now we
are isolating the effects of infiltration in flow models. Not flow models first order, first order we
are looking at the difference of the grid resolution on the estimated inundation. So these thick
curves that have a lower estimated inundation of these flow models, which uses the five-foot
cells in the channels. So basically we’ve used a resolution on the test grid here to establish six
feet would be adequate to produce.... We used 20 foot cells in TRIM...we don’t really resolve
some of the channels well enough and so we break out of channels at smaller discharges so we
have more inundation. This is one of the most striking places. This is where we have really
strong sensitivity and having infiltration produced the lower stage here. At 63 there is just water
spilled all over and the infiltration isn’t having a large an effect. This is the kind of thing that
TRA is sensitive to the grid resolution...this just shows that no matter what you do using
RICOM with or without infiltration.... At INTEC, again, you see the effect of the grid
resolution where the thin lines at higher estimates of inundation at smaller discharges effected
with 20 foot cells we don’t have the volume fully represented in the channels and so we spill out
of the channels at smaller flows. But once its inundated, it’s inundated...completely blocked.
That sensitivity is larger than the grid resolution sensitivity and comparable in effect. So in one
sense once I allow for all the volume that is available in those channels, there is a lot more
conveyance in those channels and when it spills out it finds more channels. It doesn’t inundate
the facilities quite as fast as if I do the same thing but block the culverts. But it does show that
until you saturate the system, which you do with larger flows, you will get some substantially
differences in the estimated depth. Once you do go to the very large flows the whole system gets
inundated.

Some interesting things here is that it found more resolution in routing more water into this part
of INTEC with the higher resolution so there is something different about the details of how
routing onto the site between these two resolutions of the grid. And it may not always be
intuitive, oh, I have higher resolution so there is more channel available so it will never get high.
Well in this case it is just the opposite at higher flows.

Dean interjected ‘cause we found a channel.

Dan stated we found a channel....the difference between 20 foot flood grid is these secondary
channels at 5 foot we’ve resolved the channels all the way down. At 20 feet it might hit a hump
or something and they’re blocked. There is still impact going from 20-foot to 10-foot cells. Then
using the high-resolution grids and blocking Lincoln versus Lincoln being open allowing the full
conveyance. At 25 there is no difference but what it does it very quickly spills to what you



would say is a flow of 106. Now with Lincoln blocked the 63 inundations about like 106. They
do converge to similar behaviors at large flows.

Dr. Lall asked a question he had from yesterday. If you look at the flow of the culverts basically
what you end up with is flows greater than 106 plotted.

Dan said the flows were greater than actually 50. In essence this is more realistic even at 25.
Even at its fullest throttle it doesn’t have that much impact on the inundation.

Dean commented that in one sense the actual pathway...is this correct if we had more data on
this spot the most probable pathway would be following the black curve for a while and then it
would jump and we would find the transition point, If we had it blocked and the inundation
would be probable and all of a sudden...

Dan added that it has diminished conveyance and then it would shoot over here.

Dan said at 25 — 63 and you maintain a flow below a certain value the behavior of the Lincoln
culvert is not really relevant to the site

Bob observed the issue he would like the reviewers to think about is if you were to meet or
exceed FEMA requirement that is going to be the legal issue that is going to pop up. We are
supposed to have 100- and 500-year flood analysis. In RCRA space that is equivalent to FEMA.
You can see that we have exceeded FEMA requirements by order of magnitude in my opinion
are not weighted very heavily in these discussions.

Dr. Lall said that because of the analysis FEMA requires. Back to your running question has
HEC-2 dash 46M or something been used because it was certified....I don’t know the answer, |
don’t know how to answer that.

A discussion about FEMA codes then took place with the group actively participating.
Dan said their position is that the code tested probably beyeond the scope of what FEMA....

Bob said the equivalence between the codes that are accepted versus....Dean interjected we
would in comparable situation would use....Dan said 2] was recent.

Bob stated that a long time ago in general FEMA discouraged the use of 2-D. You had to prove
the 1-D code did not work.

Chris said that this is completely out of the realm of using a 1-D code.

Dean added that has been written into many reports not just by us. All of the USGS reports
going back about 10 years have said the site inundation is not a 1-D problem. That goes back to
Berenbrook’s original 100-year flood plain analysis. The final sentence of the conclusion was
there needs to be a 2-D analysis of this because 1-D doesn’t capture it.

Dr. Lall said he was uncomfortable with writing a sentence saying that what models have been
used here are equivalent or superior to. I just couldn’t do that it is too bizarre.

Dan said there might be people who could do that but

Chris added that is part of the problem as Dean was saying they do say this site is completely
irrelevant to a 1-D code. Now having said that, here is our 1-D code results. Yeah, they did it
but why is kind of beyond anybody because they said right up front this is totally irrelevant.



Dean said they did look into it quite a bit because of the regulatory issue. What it would take to
get this stuff certified as a FEMA approved code. What they found is that they have a process
and essentially the Secretary of Energy and the Secretary of Interior would have to sign off on it.
Dean said he didn’t think that was going to happen any time soon.

Dan added that it is remarkable that there was no technical specifications.

Dean informed the group that they could go to the FEMA web site and check it out if they
wanted to. He said they could look into FEMA 37 and flood plain mapping. Eventually the web
site would get into discussing requirements for certification, of modeling codes and so on. There
are lists of their approved codes because it’s a big issue with regards to their whole flood plain
mapping process which is all done under federal contracts by subcontractors. They have to lay
all that out.

Bob said so what you are telling me is that if a lawyer asks me the question I just have to say no
we are not legally...

Dan interjected that is what Appendix C Part 2 Section 1 is all about. That is a real life
demonstration for capabilities.

Dean said that is what we gather with some of the stuff from Nic. All of the testing he asked us
to do that is what all of that is aimed at documenting. You know, meet or exceed some high
standards on the technical side.

Dr. Jorde added that in general the FEMA codes...it’s a FEMA thing and a lot of people who
have nothing to do with FEMA are bound by these things. Models accepted by FEMA are crude
and very simple.

Bob stated to give you a flavor of what I’m going to face when the lawyer asks me...

Dan said they have been pursuing the verification for a year. Now we have FEMA approved and
now we need to stop. He has a proposal in to actually....sedimentology program in Europe to
do additional research...in using 2-D codes.

Dr. Lall asked “and you said Appendix C had some comparisons.” He suggested having Nic
write a note saying based on the comparisons in Appendix C...he feels there has been a
demonstration of equivalence.

Dan said that is why Nic provided those comments.
Bob asked if they had ever done a formal comment response.
Dan responded yes, that’s Appendix C Part B Section 2

Dr. Jorde said that we might ask if the FEMA criteria are really very much below what this is all
about. FEMA is not applicable to the level we are discussing here.

Bob added that a lot of this depended on his management. If they stand behind this it will
standup to legal scrutiny.

Dean added Bob that’s a really important issue. It would be worth your while to go back and
look at the FEMA certification requirements, because the process we are doing right now is
essentially what FEMA says you need to do to certify a code. The whole QA process with Nic
and everything. The final step in the process of certification is an agency saying we have done
this and here it is. Then it gets certified. That is it.
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Paul stated that maybe they should take that tact first instead of this is defensible and once that is
done.

Dean stated yeah, we conducted all the reviews that are necessary for certification.

Bob said the challenge to him is to avoid the “yeah but” thing...He stated he is perfectly
comfortable with what has been done.

Bob then asked the reviewers at this point in the process what else do we need to provide you?

Dr. Lall said this is better education than he has had before. It would be the reading that will
make him ask questions.

Dr. Jorde stated you will look at the stream power thing that we discussed and make an argument
why from this point on you don’t want to go any further.

Bob asked Paul to get a summary of observations on this process or both; then Glenn’s as an
independent observer. Bob said liked to take advantage of the fact Paul and Glenn could put
their two cents in about what they saw that was valuable or useless—important, not important—
probably an independent assessment that the reviewers were well briefed. That nothing was
covered up and everything was laid out on the table. Any technical insights and comments
Glenn would have would include that he had been to the site several times and that he and Dean
had hashed and rehashed field issues. Conformation that the field review was thoroughly
addressed pertinent issues.

Bob reviewed timing and products. As I stated yesterday, the “bins™ in terms of review
comments should fall into:

v The primary issue is: have we captured the uncertainty well enough to march ahead with
these numbers?

v Are the realistic estimates and flow bounded reasonableness? Yes, they are bounded well
but given what we’ve exposed you to in terms of future needs what can be improved.

v Other things as a scientist/researcher. We really want to pursue some research that has a
chance of paying off and what would that be.

The uncertainties are sort of narrowed down and we know that the model framework and we
know that approaches we are using are reasonable it is just a matter of the parameterization and
bounds have been captured as thoroughly and rigorously as they could have. There are probably
other uncertainties and conservatism that we have looked at but that bound the universe of other
issues.

Dr. Jorde asked what kind of research should be done. Are you talking about scientific type of
research or site related?

Bob answered he would leave that to Dr. Jorde and Dr. Lall. He said as scientist we can always
have a little fun tinkering around with what should or could be done, especially having been
exposed to this amount of data. He thought as scientist the group was creative and interested
enough that it’s an opportunity to identify some arcas. With the understanding it doesn’t in the
near term effect uncertainties and the results of the outcome we have so far but if DOE wanted
to; these are some of the things we could look at. One of his personal interests is it possible to
use some kind of remote sensing scanning to determine grain size distribution for flows.



Chuis said that research on the site to come up with real infiltration numbers beyond an academic
thing.
Dr. Jorde said the effect of everything seems to be completely disappearing if you just take the

diversion dam out. That would be my immediate recommendations forget about all of these little
things and take into account the diversion dam. '

Bob stated we all know that but the regulatory purposes we can’t assume the diversion dam
exists and even if we do, we need do know the loads on it.

Paul asked if the previous peer reviewer comments were included in any of the documentation.
Chris will make copies for Glenn and Paul. There are “along the way so and so said this” and do
you have the response or is the response the new report.

Bob said there are several layers of comments and responses.

Dean stated that there are sets of comment and response documents that go back to the 1999
report. Then we have sets of comments we received as a result of the review meeting we have
had along the way over the last three years. Kyle’s stuff, Kevin Coppersmith, and Nic’s stuff.
There is formal comment response stuff in Appendix C for Nic’s stuff. At this point, we haven’t
written comment response stuff for everybody else’s comments because most of those comments
were directed along the lines of things we have to do in the process building the report and my
response to almost everything there is it has been incorporated into the report as part of the
participatory process. Nic’s comments were for quality assurance and very specific.

Bob asked if the information had been circulated to those guys.

Dr. Lall inquired about one thing he still was unsure of. He said you have maps of surface
exposure, then you generate flows and you compute wetness or whether or not that thing
touches. Do you do any evaluation of whether the things you have mapped there because it will
be for surfaces that are stable for certain age versus not correspond to the flow that has been
generated with that?

Dean stated yes and reviewed the map.

Dr. Lall asked do you have estimates like a score over the whole domain..that could be
categorized as such and such.

Dean replied yes, that is part of the summation chart.

Dean said that in section 2.6.5 he sort of says here is the applicability of the various areas to
these judgments and is trying to summarize in the tables. It is in the draft summary documents.

Dr. Lall said that he was mentally thinking of an approach, which these uncertainties are
associated with those flows. There is a deterministic stage associated with each of those flows
along the whole section. So now if I was playing the game described the first day, which is, he
can independently tell you that this is a good place to go and check whether of not something has
been cut. If 1 had a probabilistic scoring function associated with this and T mapped that, I could
get a cross value and sort of check. T could say you go out there and now you dig there and you
say yes. The probability at which you predicted something would have happened at that flow
there and that showed up. Then I looked at that location and yes indeed it matched up.
Something like that is what I had in my mind set.



Dean stated this is much the same as what we were talking about with ranking of the various
sites. With the site ranking chart or plot that we had what we are really trying to do, the only
points we plot out there are the ones that apply to a specific bound.

Dr. Lall said he had put that down, as a research needs question for more work. This would be a
great application of the depth of flow and exposure relationships for mutually consistent in
locations which would sample at the moment. Then you get closer to the sites we are
questioning where the landscape doesn’t have control. I don’t know if anything could be said
about that.

Dean replied no, because you don’t have the detailed geomorphic mapping to support that.
think we have to be careful with supporting the paleoflood conclusions and the consistency there.
Within the study reach, we have chosen that study reach because it has certain geologic,
geomorphic characteristics—i.e., stable channel, When we move downstream, we move into
alluvial system and the characteristics in that system are very different.

Dr. Lall observed that this is where he could say he has questioned every aspect of the
characteristic modeling in that section.

Dean said absolutely. But we are not using that hydraulic modeling to establish the flood
frequency. We are now in the....hydraulic modeling in those alluvial reaches is being done
strictly in a context of inundation. The question we have to ask is are we doing that in the
standard of normal practice and I think the answer is yes. Regardless of the flow modeling we
would use I don’t know anybody who is doing inundation mapping that is not using fixed bed
models.

He continued we are in full compliance with every kind of engincering standards that has been
written for that stuff. Dr. Jorde, in answer to...thinking back as to why we didn’t do the stream
power maps that is why we kind of stayed away from doing that for the downstream stuff.
Although we have thought about it a lot, we decided that we were just portraying inundation here
and we don’t want to have anybody pulling any other significance beyond that, but at the same
time 1 think you are absolutely right we need to portray that as here are the sites that are most
sensitive to channel instability. We need to highlight those.

Dr. Jorde said one thing is and I haven’t read the USGS final report and I do need to look at that
and oh they didn’t even address that. Stream power would be one of those things that...yes we
have thought about that and looked at it and decided it is not relevant or we feel...

Bob injected or it is another branch on the model tree like run on/runofT is, ice jamming, and dam
failures. Do you still feel strongly about the climate change? How long did we string out this
study - about 10 years?

Paul stated all of these studies assume the climate was the same and flood frequency....
Dr. Lall said we will have a Lake Bonneville here with a climate change scenario.

Dean said you must be careful with climate variance. If you go the wrong way you have the
return of Lake Terreton.

Bob said he was thinking about Yucca Mountain where those guys arbitrarily increased rainfall
by factor of three without any evidence for it and when you look at the evidence they said oh!
That is silly the last three million years since the Sierra Nevadas popped up there has been
absolutely no reason to believe there have been increases.
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Bob reviewed QA logistics and said sooner or later we should get meeting minutes and distribute
those and let people read them and say this is what I said and this is what has been left out and it
could be important.

He then asked Dr. Jorde and Dr. Lall if they could have their comments in 10 working days. Dr.
Jorde replied that they were moving into a new building but he wanted to get it done quickly but
there is a little bit of uncertainty.

Bob asked Dean and Dan if they could have their assessment in 20 working days and respond to
Dr. Jorde and Dr. Lall. He stated that very soon after that they would say yes or no. Things have
been accommodated or tell him what is required to deal. Either way you’ll communicate with
these guys.

Dean said in the context of producing finals what it is going to be is we agree that yes we will
address this within this framework. The stream power maps and stuff that, we are not going to
get that done in the 10-day period.

Bob said there are no constraints in regard to communication. If there is anything that is going to
impact schedule or cost, he needs to know. I have committed to my management that by the
middle of November we will have this thing wrapped up.

Dean said that wrapping up the peer review would be possible by November. The other thing is
the issue with Vick and he would like to get some input from him. Pending discussion with
Vick, that arrangements be made to make a trip down there. He also said that Vick had not seen
the trenches. Vick was last at INEEL in 1999.

Bob said that he wouldn’t see the trenches and Dr. Lall interjected that the pictures were quite
good and someone who was a geologist would be able to tell a lot from them.

Dean said it is important to see the real thing but it is unfortunate that Vick didn’t get to come
but it was just one of those things.

Bob stated he is under pressure to fill in the trenches. On the other hand, if you talk to Vick and
he says he absolutely has to see those trenches then I won’t do it. He wouldn’t be able to sce the
trenches right now it would be a safety issue.

Dean replied that Vick is probably not walking much as it is an Achilles surgery.
Bob stated they would have to wait until spring to sec the trenches.
Paul asked about Bob Jarrett’s comments from the earlier stage.

Dean said Bob has never written any formal comments but he did review the 353 paper. The
paper is a summary of the 1999 report and he has been on field trips. Dean informed the group
his comments of the morning were one of those standing out in the field kind of comments. We
have the USGS comments and a lot of those things have come in under the umbrella of the NPH
concerns. NPH is Natural Phenomenon Hazards.

Bob said those are all aleatory type of discussions like why are you using geomorphology when
you have 60 years of stream data or nobody has ever done this before you can’t do this.

Bob stated that Bob Jarrett stood out in the middle of the saddle and said the flow obviously
came through here you just don’t see it. Even though you see all of the micro mounds right in
the path of where he thinks the flow is. There is a small but significant chance that those micro
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mounds don’t have any thing to do with para-glacial conditions 8000 or 9000 years ago. This is
an example of the very small uncertainties that we have had to treat as significant.

Dean said the way they had to treat the uncertainty with the mounds. I think we can make a good
case have originated and been in place as features for over a long timeframe. They have a long
history as individual sites. Now as to whether they could be....the surface expressions of those
things could be wiped out and then they rebuild in a more dynamic way. That’s kind of another
question and that’s where the real uncertainty in those mounds lie. Let’s say after a big fire they
just blow away. With all of the vegetation gone, the sand and top blows away in a certain sense.
Then as the place re-vegetates they reform, become big again, and become sand traps.

Bob asked if there was evidence of that in the trenches and Dean stated he didn’t think so.

Dean said a lot of what they have been through on the paleo-bound side is disproving assertions
of how do you know that something can’t happen.

Bob commented that it gets back to the whole discussion of resource allocation. Sometimes you
have to and this is one of those occasions where you have to nail things down.

Bob said it is prefty rare that you have a multi disciplinary project like this where each of the
disciplines and sub disciplines have the rigor attached we have put on these things. The problem
is condensing it all for publication. As reviewers you are dumped with an incredible amount of
information.

Dean added that the tact they’ve taken on or are attempting to take is...our intent here is to
attemnpt the make this document, sort of a summary, but you know it is going to be the main
stand alone document that people pick up and look at for the results. All of these appendixes
with all the plates and everything are where the people will put the details. I am anticipating for
file distribution we will print a few of these but everything else will be on CD.

Bob ended by thanking Dean and Dan for their presentation of the multi disciplinary project.



Big Lost River Flood Hazard

November 8, 2004
Conference Call
Idaho Falls, Idaho
Attendees:  Robert Creed Department of Energy-Idaho

Chris Martin S.M. Stoller Corporation
Dan O’ Connell Bureau of Reclamation
Dean Ostenaa Bureau of Reclamation
Dr. Victor Baker University of Arizona

Dean stated they, Dr. Baker, Dan, and Dean, were sitting there reviewing a little bit of what we
went through in early October. We had started and just gone bricfly through the overview
presentation and objectives that you guys did and now we are talking about the paleobounds
criteria issues a little bit and kind of stepping through that a little bit.

Bob asked if he needed to remind Dr. Baker what the nature of the review is? Did you guys go
over that?

Dean replied yeah, we stepped through the slides....

Dr. Baker added it might be good to hear it from you; if we went over the slides but fairly
quickly just as a background before we start talking about some of the details.

Bob responded yeah, the first assumption is that we have been doing this for enough years with
enough review by qualified individuals such as yourself that....and there is a high probability
that there are no serious, outstanding scientific and technical issues that we have been on the path
to addressing those and based on participatory review and some other reviews, there is a high
probability that we have addressed those. The purpose your participation and Dr. Lall and Dr.
Jorde is to validate, if that is the right word, that we have captured the uncertainties adequately
such that we can present this as a final flood, Big Lost River flood hazard characterization
document to my management. Now, having said that we are all scientists and we are naturally
inquisitive and based on our particular perspective we can always find things that need more
work and T have encouraged the reviewers as an aside to maybe document some of that stuff but
that is a separate question from...given those uncertainties and interests, have the uncertainties
that we have presented in this report bounded those issues such that we can certify that yes, this
is an adequate characterization of the Big Lost River flood hazard at the INEEL. Is that clear?

Dr. Baker replied oh yeah, I think we have been talking in that framework.

Bob stated good. As I was telling Dean at this point in my career there is no such thing bad
news.

Dr. Baker laughed you’ve seen it all.



Bob responded I’ve seen it all and some how it will all work out one way or the other. If I have
to retire doing Big Lost River flood hazard characterization work, there are worse things.

Dr. Baker said I got updated on the notion that the Mackay Dam failure is a 100 year flood.

Bob replied so you know where we are at here with our status of flood characterization at the
INEEL.

Dr. Baker stated yes.
Bob said it is pretty bleak.

Dean added I realize that.....I hadn’t really been planning to touch on that this morning but I
realized that was probably one issue that was no where stated in our report anywhere that is
actually a pretty important issue in the background here and we are doing all this at this point....

Bob interjected for Vic’s edification and comfort level we realize and I'm constantly
communicating to my management that the Big Lost River flood hazard is just one component of
the total flood hazard which includes Mackay Dam, the INEEL Diversion Dam, and some other
things. The primary purpose of Dean’s report is to help establish the Big Lost River flood load
so that we can then make some decisions about engineering evaluation and work on things like
the INEEL Diversion Dam, the bridge at Monroe Blvd at INTEC....

Dr. Baker said yeah; we had a helpful discussion of the INEEL Diversion issue, because that was
somewhat of a mystery to me in reviewing the report. These seem to be natural flows but we are
not to talk about where the INEEL diversion is because....but natural flows would have gone
through the point if there was no diversion structure so...but I now understand the issues related
to that. '

Bob stated yeah it is just a regulatory quirk that.....

Dr. Baker interjected sure, yeah; I totally understand these regulatory quirks and flood related
problems.

Bob added and hopefully with the loads that I get out of this report I can now go my
management and say here are the loads, let’s assess the diversion dam and see where we go from
here.

Dr. Baker said okay, this has all been very helpful so far and we talked about trenches to and that
sort of thing and I think T can see where that aspect is. That was one of my questions when I was
initially looking at the material,

Bob inquired and have you gotten enough information? Do you think you can satisfy yourself
that you do or do not need to go see those trenches yourself?

Dr. Baker replied oh, I am satisfied that I don’t need to go see them. I think the information that
has come recently I can look at it and get what I need from that.

Bob said and I would expect that given your familiarity with the area....

Dr. Baker interjected I have concluded that it is not necessary for me to go up there to see the
trenches. Which probably don’t exist any more anyway.

Bob responded I’ve stalled them a little longer you know. I take....Dean might have told
you....I take various blows about the head and ears for keeping these things opened but your
involvemnent is important enough that I was willing to do that as long as might seem necessary.
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Dr. Baker added we’ve done more talking about the extrapolation from the trenches to other
locations and I think that’s more an issue of communicating to people that aren’t familiar with
how geomorphic mapping works. It’s not a technical problem.

Bob said right.

Dean stated where we were just before we called we were....1 had brought up part of the
presentation that I did for the INEEL about the paleobounds criteria it was one of the Day 1
presentations and we were talking about the area where we compiled the stream power
information and kind of the relationships in those areas to the geomorphic maps and how it
extrapolates from sort of a point observations on geomorphic maps into larger scale areas.

Bob said right, that is sort of similar to Dr. Jorde’s observation.
Dean stated help me with that, I don’t recall....

Bob went on well that sort of lead to the discussion about how we relate the 2-D power and shear
stress modeling to sediment transport and some other things.

Dean replied oh yeah, on a larger scale for the inundation....

Dr. Baker added yeah, I haven’t come to that aspect yet but I was more into what is a kind of a
innovative component of this which is the various expressions of resistance; grains sizes,
vegetation, materials, etc versus levels of stream power and shear stress that are able to move
that and then we were just talking about how that’s given a subjective probability of
achievement. We were going over all of that which was a kind of a new part of the study that I
hadn’t seen in the pervious studies and it looks reasonable to me. It looks like the best kind of an
approach one could do then.

Bob added right T agree I think obviously and your input is very valuable there because

We recognize that...I think Dean has done a first of a kind acquisition of all the data and at this
point as far as we know a unique correlation between as you observe stream power modeling and
geomorphic features that you might see out there.

Dr. Baker added and that is one aspect of that it is, is not these criteria are not things that you
could translate just exactly the way they are here to another location; they depend on the nature
of soils here and certain. ....a whole lot of circumstances that are defensible in this region but you
wouldn’t take them to New England for example.

Bob said I think that is a very important point. I think, Vic, as you know this sort of 2 key
clement in the integration of geomorphology in engineering. It is important that I think that
engineers understand this and it is kind of interesting you take an engineering class and usually
within the first week the professor tells you only use these empirical relations where they were
derived and can be applied reasonably....

Dr. Baker agreed it is exactly the same thing

Bob continued and then a few weeks later you find you are using those relations however,
wherever you want to.

Dr. Baker said what happens is people just remember or they just look up the equations, they
don’t realize those are empirical and they came from some place and that they are only as good
as the data that went into them.



Bob stated perhaps and you would be more able to comment on this more than I could probably
what we have established here is a defensible methodology with defensible uncertainties that
perhaps people could take away from this particular site and use elsewhere but as you alluded to
the specific. ...

Dr. Baker interjected methodology you can take away and certainly some...many aspects of the
relationships you can take away but you have to think very carefully about how the whole picture
is coming together at those other sites and there may be other materials that may be behaving in
different ways that you have to understand in those other sites on the resistance side of the
equation. If you could quantify the driving force, the stream powers and the shear stresses pretty
much can mechanically transfer that but the resistance side is very dependent of the sites just like
in any study you are going to find different materials and drill bores in one places versus another
place, that is why you have geologists.

Bob said much to the chagrin of the hydraulic engineers.

Dean interjected from that point of view this site is such that the values here are as low as you
are probably ever going to sort of see them in those areas certainly the surfacial parts of those
are you know variable bands of resistance.

Dr. Baker added yeah, and from that point of view it’s a great place to do this first because you
can defend these more easily than you could in....a lot of flood plains have clays and all kinds of
variations in resistances related to vegetation and complex history of scroll bar development and
interbedded clay that those would be much more difficult places to justify this.

Dean said at least this area has relatively uniform stratigraphic you know conditions beneath the
terraces from everything we have seen they’re all pretty much. So anyway.... we have up here a
slide with the sort of the percent area versus discharge right now. The best 72777 in terms of the
area and stuff.....

Dr. Baker said that is relevant to the point I raised. We were talking about how you sort of
express and justify the extrapolation from the trench where you can show in detail the time
period to the surface where the model shows you what the stresses are but you still....to generate
the bound you have to express the time period over which that hasn’t been exceeded.

Dean stated and in that there really is sort of two components and that is another issue that has
always plagued us in terms of that transformation going from typically when we have age
information it really comes from the B or C horizon of the soil profile, sort of deeper in the stack
versus the upper most or the A horizon or the upper most horizons as it is the question of how
old are those horizons potentially coupled from the underlying deposits in terms of their age, the
amount of time and stability that they might represent and that is....partly to address that is one
of the reasons that I have developed this sort of dual criteria of this sort of soil erosion criteria to
represent the idea that we can remove the upper most A horizon and perhaps replace it and that
takes a very small threshold value versus you know a full scale erosion of say terrace deposits
into the B and C horizons were the bulk of the dating of the soil stratigraphic information
demonstrates stability and comfort. That requires a much higher level of power, lower force
basically, than we expected there.

Dr. Baker added it is the second one, I think, that is more relevant to the flows because it
envision scenarios for removing A horizons that don’t have to do with the water flows on the
surface that you could have a drought, you desiccate it, and blows away so that is not a flood but
you can’t do that with the deeper layers.



Dean said that actually has certainly been happening here in that right before we started this
study in 2000 there was a big range fire that burned over two-thirds of the study area. In many
areas you can see the upper part of the A horizons are being stripped or there is redeposition of
sand and the A horizon is clearly being influenced.

Dr, Baker interjected over grazing and all kinds of things can affect the A horizon but they don’t
effect the deeper layers. Except locally if there is gullying or something like that, but you can
recognize that.

Dean agreed. Let’s move on through the rest of this. So okay this is kind of the issue we are
really talking about is detectable geomorphic change and you know to achieve virtual certainty
do we have to have 100 percent of the sample area be inundated and our kind of basic precept
here is that no as long as we have large sample areas we can resolve geomorphic features within
those and they have to be of a scale that we would expect to detect it geomorphically. So, we
have talked about that. Maybe....it looks like we are having a computer problem here. Are we
up now? We have been having technology problems this morning. Are we okay? So
then.....anyway what I had up there was the slide which we were combining the results from the
sample areas. We have all....so all along the lower access we have FP-1 through FP-21 and
basically not every area is created equal. Some areas have.. ..will have more resolving power
because they’re. ...of the sort of local geomorphic conditions that we would expect really for any
given estimate that we might try and make with surfaces that are all about the same age and have
a really broad range in terms of their resolvability as a paleohydrologic bound because first and
foremost the bound is a flow that has never occurred so there is nothing intrinsically there related
to discharge for the sites necessarily associated with their development, but and rather what we
are talking about is that discharges have removed them and some of them have in a sense they
have. ...within events they are in a position where the stage that would be required to inundate
them to reach high power is higher or lower than the hydraulic condition. So in that way when
we start to sum all the....it’s okay I guess conceptually to talk about...to go out of bounds and
have your conclusions of what you think the range of discharge for the bound might be. A basic
requirement is that you know you can’t go below. So that....this is you know a test to sort of
portray how well....we sum all the data in and in the meeting we had some discussion with Dr.
Lall. Dr. Lall would say well couldn’t you take these and specifically divide them and weight
them. That is an intriguing idea but T don’t think we are quite there yet. We are still at the, you
know....... this is going to be another subjective probability basically where we say based on our
judgment we think that the lower bound is to the best of you know here and the high bound here
and that is the number actually that goes into the flood frequencies analysis.

Dr. Baker asked this figure wasn’t in the materials you sent. It was in the disk but not in the hard
copy.

Dean responded I don’t remember Vic.

Dr. Baker replied I don’t remember it in the hardcopy.

Dean said then it probably wasn’t

Bob and Chris both stated it wasn’t in the hard copy.

Chris added it is not in the report; it is just in the presentation you made.

Dean responded okay, okay, right.



Bob added that is one of the key data analyses I guess that we need some assurance on that even
though it is somewhat subjective those things are, in my opinion, good threshold indicators at the
least, The question is given that are the uncertainties in that captured in the results. Obviously,
in our opinion is yeah they are.

Dr. Baker said yeah this is an aspect I am trying to get my mind around which was made a liftle
problematic by not seeing this and not being at the meeting because it was not in the written part
of the report but this diagram makes it more conceptually clear what’s going on with that.

Dean added and 1 think the key thing is this that, which I obviously haven’t finished writing up
here, is that like I said that all sites are not created equal and some have high resolving power
and some have low resolving power and we have to treat them accordingly framing a kind of
probabilistic subjective probability description of what a bound would be that we all can equate
to flood frequency. If you have only one site and you have to take what you get from that one
site, but if you have multiply sites you can combine them at least subjectively in some way to
help constrain your ends.

Dr. Baker said I agree completely conceptually and in fact it is totally parallel to issues in flood
water deposit paleoflood studies but it needs to be exclusively stated, I guess, in the report how
this is being done but I have no problem with it. I sce that its going to work out fine and
basically what you did you just didn’t write about it in the report. This is the timing issue that
learned about more, in terms of bringing this all together and laying it on your reviewer’s heads.

Dean agreed right....Another element in this is that there were sort of two ways that we can
reach conclusions, in particular from the Pleistocene. One is on a site to site basis which is really
the kind of the traditional use of the shear stress and stream power data and then the element or
one frame of reference for changing....geomorphic change that comes out of mostly the
geomorphic phases is this idea that there is some structural value associated with catastrophic
change and Frank Macgilligan kind of criteria that he has proposed. So in some of our prior
discussions people have said well we should use both numbers you know on a site basis okay
that if we want to have erosion at a trench we have Macgilligan’s case where he has 300 watts
per square meter for average channel power for the beginning of change, well 300 watts is what
should be applied on a geomorphic surface for change and I would say on the basis of the
compilation that, no that is not the way we should be using that particular completion (7) rather
we should look at channel values basically as an indication of what the channel is going to start
doing now but it really isn’t, those aren’t directly related to specific geomorphic sites that we can
associate with a specific geomorphic paleohydrologic bound. Rather there are general
indications that at some certain level we are going to see major (channel) change. So anyway
that is the catastrophic channel change issue. Let’s go on here, I think we have...... this is what
I just said. Now we have a plot of the stream power versus kind of channel length showing the
power derived only from a channel transect. Basically I had a box defined that went down the
channel and then we could....at different discharges here we reach very high values here which
would provide backup support for the idea that when we get up into those discharges the 250 to
400 cubic meter discharge ranges we are probably greatly changing the Big Lost River system
and many areas of that are also involving Pleistocene channels that is complimentary to the idea
that we would also be seeing some erosion.

Dr. Baker asked are many of these areas where the power levels goes up narrow, deep cross
sections?



Dean said flanked by Pleistocene banks
Dr. Baker replied yes, so they are sort of resistant components of the....

Dean interjected yes they are more resistant. For example, one of these high....one of these
areas are....this is the Juniper Bends area where we have essentially a bedrock channel but I
would also say that the way a geomorphologist would go out and measure these values those are
the sites that we would go to, to measure a cross section and make an estimate of what the power
was for change just downstream were it not part of the river, because people would say well I
can’t make that estimate downstream because the channel is all changed and modified and
obviously the alluvial, but here the power was very high. When I looked at the background and
where the numbers came from are embedded in the estimates, they come from resistant sites, so
you know when the resistant sites go into these higher levels then that is an indication that the
system is kind of over all under stress. So this is being used strictly in a really kind of
complimentary way let’s say I don’t think we can necessarily use it directly from a public
relations stand. But I think the jest of that is when we reach conclusions about this area specific
basis that we should look over here and say well does this indicate that major change has been
going on and if it were to be no, you would have to question your other conclusions, But if the
answer is yes it is consistent. So these are our revised bounds...the numbers that we used....I
think compared to the 1999 study really the geomorphic basis and the geologic basis is really
unchanged. We have refined somewhat, which isn’t well written up at this point, the aging basis
but there is really minimal changes in those aging behaviors. The discharge numbers have
changed in absolute terms but the first order cause of that is the difference in the topography and
then we have refined the ranges here within the framework of this kind of paleohydrologic bound
material. (Technical problems on Dean’s end) We had broken this up into several sort of
subdivision covering various topics. It's going dead? We started this morning out, Bob and
Chris, with Dan’s laptop and the projector that we had up there and we put it on the table and we
couldn’t get the projector to come up. We spent about 10 or 15 minutes fiddling with that and
now the laptop is in the process of having a melt down. So....

Bob stated did Dan take off. Is that him leaving?

Dean replied yeah. This is one of those “we never dreamed this was going to happen.” Light
bulb for the projector, yeah; we have one a bulb in the pack but having the laptop melt down this
morning we just did not see that.

Dr. Baker said when we were talking before you said there were two main issues from your point
of view one was the issue we have been talking about which is the processes of the paleoflood
information and the issues with the shear stress and power and relating that to bounds that sort of
thing. You said there is a second issue did we....did we capture that or did we...

Dean replied that the second issue was the fact that we didn’t have any trench logs and trench
exposures documented in the report.

Dr. Baker interjected oh yeah, well we talked about that.

Dean agreed yeah and those are I think the two main issues that [ want to make sure you... .that
we can walk through with you and you feel okay with now.

Dr. Baker continued we could {alk more about the trench logs but you don’t have the slides for
that. Now those were sent to me in the materials I received just before coming to the meeting. Is
that right? The trench is that in the stuff that came or I got the slides from the meeting. s there a
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slide of the trench or is that what you were going to show me here this morning, because you
presented that in Idaho.

Dean responded right there are a series of slides of the trench stratigraphy.....
Dr. Baker interjected so I have the disk with that on it.

Dean asked is that correct, I haven’t looked at the disk that you guys have?
Dr. Baker said Chris made the disk..

Chris responded yeah, that was the presentation you made here in October. So it has all of the
slides with the little flags in it and all of those things.

Dr. Baker stated so even if we don’t see it here this morning; I have got it so I could at it. We
could talk about it; you may have some hard copy of it.

Dean replied I am trying to decide what is quicker.....I think what I am going to do is I have kind
of hard copies of all of the trench logs and T am going to bring those up right now rather than
running back and trying to set up another laptop for the next half hour.

Dr. Baker added at least you can alert me to it and I can look in detail on those disks.
Dean said I think in the time we have....

Bob stated and that was one of the key issues that came up in the previous reviews was that Dean
and his gang can make all of these assertions about geomorphic interpretations and people would
say what are you talking about where is the data. So the trench logging, the detailed

photographs, and the interpretations are sort of a key element in the defensibility of this business.

Dean said what we are going to now are the real hard copies of....sort of the field logs of some
of the key trenches that I'll lay out for Vic. This will kind of cover a.. ..both a methodological
and a result side of this, of how we did this. Iam definitely adlibbing right now because I have
got to shuffle through papers and figure out what should go first here. So, bear with me guys.

Dr. Baker asked in the report appendix that has the trench log, are you going to have all this in it
or are you going have the figures? Okay

Dean explained the basic construction of the report in the end what we did....man, that is probably
where I should start. A lot of these trenches, the basic idea was like we put in a grid in a straight
line. They were typically five foot deep trenches and I grided them in one meter squares then |
took a digital photograph of each one meter section and the mosaic goes together into a rectangular
grid so we had a true scale trench log and then with the photographic base we logged directly on
this. So what we are going to do with the final report is....these will all be drafted up and we will
have a book basically kind of like we did with the flow model but it will cover all the trench logs.
It will have original photos plus our overlays....interpretative overlays.. ..objective...in there
somewhere. .. .because it has elements of both, being what people call objective and subjective logs
objective interpretative logs and I think in the context of the real regulatory side of things that....it
should fit very well with those long term document aspects of...and this one is going to be one of
those long trenches. In the context of all the trenches here this was from T-1 so trenches T-1, T-2,
and T-3 were basically were on the Pleistocene surfaces and also caught several of the earth
mounds. I don’t know if T want to go through the earth mound thing in a lot of detail right now but
we transected several earth mounds and in general they are pretty interesting creatures. Did you
ever see Julie Tullis’ trenches through the earth mounds?

A-100



Dr. Baker replied no.

Dean continued okay well the earth mounds had....what we found in the subsurface is that they
had a kind of convexity, so they have a surface shape which was a convex upward and then in
the subsurface they were convex downward and completely jumbled and mixed.

Dr. Baker asked they are what size, silt, sand?

Dean replied they were silt, sand, and they were....s0 they not only had a surface expression with
mostly silt and sand but then they had a subsurface expression that was filled with that same
material and there was some gravel in most of them but they were generally deficient in the
gravel fraction.

Dr. Baker asked so they were initiated on gravel surfaces but in at depressions on the gravel
surfaces.

Dean agreed yeah cither at depressions or by virtue of whatever formed them, originally they
created a depression on the gravel surface. So you know what they have clearly....they have
subsequently or contemporaneously through the Holocene been extensively burrowed. ..and but
they are burrowed.

Dr. Baker stated because if you are an animal that wants to burrow that is where you live instead
of in gravel.

Dean agreed “A target of opportunity.” He then added and that goes right to the heart of the
dueling ideas for the origin of these things that they appear to have been there for a long time in
that what we found was that the soil development under the fine grain parts of those was....there
was an enhanced carbonate accumulation under the mounds in the gravels right below the
mounds at most of those sites....close to these things. So they have clearly been in existence
through most all of the Holocene.

Dr. Baker added well stuff was there but the structure of that stuff has probably been mixed
continuously through the whole time period when they were there so...

Dean interjected yes and in the fine grain part there are remnants of poorly developed soils that
document partial periods of stability within parts of the mounds that are then subsequently
remixed. So I think what our conclusion regarding those from the trenches.and surfaces as a
whole is the mounds actually have been persistent, spatially stable in their location, because
every mound we saw had enhanced carbonate accumulation which indicated long term existence
at specific spatial location relative....there is more carbonate under the mound than in the profile
than there was in the adjacent gravels. So they have been there at least as long as the gravels but
they are not popping up intermittently through the Holocene. Likewise there are no sort of relic
and abandoned craters, if you will, that were encountered in any of the trenches and we had
several hundred meters of trenches. It is like these things are unique....where we see a
depression in the top of the gravel you know there is a mound on the surface and so where we
sec them on the geomorphic map is apparently where they have existed mainly on these surfaces
through time. So in that way the mounds.....becausc one of the issues that we were trying to get
to was, are the mounds potentially indicators of stability on Pleistocene surfaces and I think the
conclusion to that is yeah they are because they exist in these channels and if we can recognize
them in the flood surface stratigraphy of these kind of channel-like features on the Pleistocene
surfaces then they are indeed indicators of long term stability of the Pleistocene surfaces and
absence of a lot of fluvial modification of those surfaces.
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Dr. Baker asked but then that makes a presumption on the nature of the origin of the mounds in
that if they are continually sort of being reworked could you imagine a scenario that, because
they are very fine grained, that you could remove them and they would just reform in the same
stuff from silt. This presumes that the formation of the mound...I haven’t read the literature on
it....but a possible model is that you are trapping silts and sands maybe by the vegetation,
roughness as vegetation will concentrate where those sites are but those are also sites of intense
bioturbation because that is where the rodents live in association with the vegetation, so they are
continually being churned and of course you can say maybe that this part was not churned
because you said there was some preserved paleosols so those would be things that could be
‘ndication of whether there was modification but I’m just saying is there a scenario where a flow
could remove some of the mound material or all of the mound material and it would just reform
in the same spot from subsequent wind and...

Dean answered I think the answer to that is yes and that is in part happening presently due to the
eolian erosion of some of the mounds due to the removal of all the vegetation by the range fires
and we see certain areas on these surfaces where the mounds are somewhat muted relative to
other areas and I.....whether that is the result of human impact at INEEL or whether it is the
result of colian action on those sites there is...they do have an element of transitory surface
expression due to things but the....if they had been removed by flow and one would expect to see
a stratigraphic record through those areas as well and if that is what has happened in the trenches
on the Pleistocene surfaces even though it crossed all of these channels is there is sort of no
stratigraphic evidence of younger flow in the upper parts of gravel horizons.

Bob intetjected he would also add in the case of the muted mounds I don’t think it tell whether it
is a case of the mounds being removed or eolian sediment being piled up in the areas so that you
can’t see the relief any more.

Dean said right, right

Bob continued and then regarding the origin I think Julie Tullis discussed this a little bit. My
favorite mechanism is permafrost conditions coming and going and sort of having points of
stress related to hexagonal features that you might get in a permafrost area where the points of
the hexagons are interacting and forming this locus of stress that is results in one of these
mounds.

Dr. Baker replied now that would explain maybe that the sequence of depressions that the silts
later formed in so that would be something that would be late Pleistocene and that is actually '
related to a question I was going to come to because we have these mounds....these silt mounds
in Washington state too and I’ve looked at them quite a lot there. Buta difference there is that
they form not only on the Pleistocene gravel surfaces but they also form on the bedrocks surfaces
and that would relate to your point about a paraglacial origin. You wouldn’t expect them
necessarily on the rock surfaces if they were just paraglacial.

Dean added right and they are present in Julie’s studies you know she documented the existence
of these mounds in some areas underlain by basalt but you need a certain thickness of loess
covering the basalt to support the growth of the mound and actually in our kind of digital
renderings here of the study reach there the mounds are limited in their extent to the Pleistocene
alluvium and they really don’t occur in any area on basalt to any degree and likewise they don’t
occur on the Holocene deposits the Holocene fine grain deposits. So they only occur here on
sites that have....that are, were in existence in the Pleistocene and have gravelly substrates.
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Dr. Baker added I think that Hal Multbee described somewhere on the Snake River Plains relic
sort of polygonal ground on these gravel surfaces that is just a recollection of an old paper.

Dean added right, you know the origin of these in the literature is widely disputed, I mean there
are those....

Dr. Baker stated oh yes itis....

Dean continued who are struggling in the biogenic origin or strong.....I don’t think that really
matters here....

Dr. Baker interjected oh yeah it is a classic problem certainly there is biogenic association and
some people immediately want to make association into causation so....

Dean stated and I think here the key point for us is that they are spatially stable and that is
what....we looked carefully at all of these things there is about 7 or 8 of them that we actually
crossed with the trenches and we looked for frost wedges, you know, to see if there was relic
frost features associated with them and, I think we found one, out of all the mounds we crossed.
I think part of the reason there is that they probably expand through time because they are being
grown out to the edges. One of the things that we did in the descriptions was to try to
characterize the percent of gravel associated with each and in general the amount of gravel
contained within the mound volumetrically appears to be somewhat less than would be required
to fill the depression represented by the mound and there is no surface covering around them so
it appears that whatever was involved with the origin of the mound has involved, initially at
least, a depression in the gravel surface and that doesn’t seem like it could have been a biogenic
process. That is most reasonably some kind of patterned ground/frost wedging process.

Dr. Baker said yeah, no that sounds okay.

Dean added the key point for the paleohydrologic side is spatial stability and preserved
stratigraphy in the subsurface, you know, kind of consistent with its origin and that they are not
modified. Because one of the suggestions I guess from prior views from some quarters was that
all of these channels on the Pleistocene surfaces are somehow related to Holocene modification
of those Pleistocene surfaces and I think, that was the why we did the series of trenches in the
Big Loop Arca was to demonstrate that indeed even though those channels are dimpled as the
Pleistocene surfaces....

Dr. Baker interjected they are relic Pleistocene channel and you’re documentation of that is
important and it is a reasonable interpretation because they’re subdued and they look like relics
of sort of braided stream process that have plagued the surface and maybe some Pleistocene
modification of the original braided stream form.

Dean continued and on that note, not so much in the Big Loop trenches but what we found is we
went to areas upstream of the saddle was that some of those channels actually there are channel
deposits that were infilled with fine grain deposits and had well developed Stage 2 carbonate soil
in them....the fine grain deposits...

Dr. Baker inquired do you have radiocarbon dates on....

Dean replied no, of course not. We hauled bags and bags of stuff out of there and sifted it and
couldn’t find anything.

Dr. Baker asked if they had tried OSL.

A-103



Dean responded you know I sampled a lot of that and every time I went back to look at that I got
more scared of it because all I saw were burrows. All the carbonate horizons are extensively
cicada burrowed and that is you know I finally at the end of the day said all I'm going to do with
the OSL age here is get a real minimum. We are going to geta series of numbers we are going
to have to explain away and so I finally decided to back out of the OSL.. Although I have
sampled this thing extensively and the samples are all sitting in storage right now; we could go
down that track still, but at this point I am hesitant to do so for....because.. ..well we are going to
get conflicted results.

Dr. Baker said the best you would do with OSL is if you knew you had a horizon that had been
reworked by wind and buried but people have been getting results with fluvial sediments with it
and it just always....because of the technique, particularly this one where they zap 100 grains
with a laser and they can average those together they can then tell the bad grains and get much
better numbers.

Bob asked what does OSL stand for?

Dr. Baker answered Optical Stimulated Luminescence (OSL). It is a major technological
advance over what used to be called TL and they....basically it is an result of laser technology
and optical technology that has just really advance quite a lot from people working on I guess
microchips and stuff like that. They know much more about the mineral physics of quartz from
that than they did before and the instruments for analyzing this have really gone way up so if you
could get the people who want to devote their life to the laboratory what this takes it is a fantastic
new dating tool for late Quaternary sediment.

Dean said and so at least in terms of these channel fills right now we have no numerical ages.
The soils are completely consistent though with the soil development that we see on the
Pleistocene and in fact the soil laterally merge right into the Pleistocene soil....the soil on the
gravels and the gravels interfinger on the margins with the channel fill so they have to be
contemporaneous. One of the things in the saddle area that we noticed once we got this mapped
was that the....which doesn’t....oh up here....is that the subtle surface scarps on the topography
are actually circling around the saddle and this is were these channel deposits are is in this trench
T-6 and T-7 and are apparently associated with the last stages of. ....late stage modification of the
Pleistocene surfaces. As opposed to being geomorphic features that indicate any kind of flow
over the saddle or some.....you know, some other flow direction there. So the ?? of the
geomorphic surface evidence as well as the trenching evidence is sort of saying well there
is....even though these are the youngest parts of the surface they are not associated with flow
that would have been coming through the saddle, rather it had to be flow that came through the
constriction and around the backside. So that was a major stratigraphic finding on the
Pleistocene surfaces and then sort of bringing into that from the way....okay.. ..this is trench T-6
now which started on the Pleistocene. ....excuse me....H-1, H-2 Holocene surface and then
continued up on to the Pleistocene surface....here, I'll just arrange these....but....in the slides I
have a cartoon of this, which is why I’'m trying to lay it out on the table bere. Basically we have
the fine grained infill of the Big Lost River incision into the Pleistocene surface which is
undetlying these H-1 and H-2 surfaces and is a monotonous silt, sandy silt with a Stage 6, Stage
2 carbonate soil developed in it and then this is practically on the stream bank and I’ll come back
and talk about the late Holocene part of that. But this sort of package of soil and sand is what
typifies these H-1 and H-2 surfaces and into multiple decay horizons. Then at the back edge of
this, there is a sort of on lap gravel sequence that ties back to the Pleistocene gravel surface.
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Anyway in about the next sheet they would tie right into kind of the typical plain bedded gravel
sequence that we see underlying all the Pleistocene surfaces as we go up the terrace risers there
and so these soils look very much like the soils in the channel fill and this is the soil at the site
that we call BLR-6 that looks identical which was just down stream of these trenches and from
the lower part of that horizon in the first study we got an age of about 10,000 years.

Dr. Baker asked how was that?

Dean replied we got a 10,000 year radiocarbon age and this trench we got about a....I believe it
was....yeah, we got a 6,000 radiocarbon age out of that but there is a bunch of burrowing stuff in
here so....as you can see we have major burrows....in the region of burrows this was the one we
could actually find some charcoal in that we could date; a real small sample but....you
know....so 6,000 has become a sort of defacto minimum age for these late Holocene bounds.
Plus we got a 7,000 year age from another site at the saddle in the Stage 2 carbonate rich fine
grain stuff. So the periods of....this represents sort of the latest Pleistocene to early Holocene
aggradations of a previously incised Big Lost River channel system....incised to the Pleistocene.
Then in the latest Holocene that was partially eroded from the stream bank and a series of silty
sand aggraded in that and radiocarbon ages from this are 500 to 800 years at all our sites and this
site as well and that is expressed in the soils on this as sort of a scalloping of this underlying
carbonate soil that sort of feathers out as we move back to the terrace and by the time we get to
the middle or back part of the terrace the whole soil profile is intact on this H-1 surface and it is
only partially eroded and you can see that these units are sort of pinching out as we move toward
the stream bank here and it is partially eroded here. So this is the evidence for what we had
previously called or this is kind of stratigraphic evidence for what we had previously called the
400-year flood in terms of stripping of the....partial stripping of this surface and where....versus
long term stability of them. And this is so when we talk about setting the bounds and going back
to these areas what I’m using for the area right in here.....is a long skinny box that incorporates
most of the this low terrace....the full width of this terrace. What we see as we look at the flow
modeling is that the initial kind of higher power shear stress values invariably comes from the
outside edge and then the discharge increases as it moves inward and occupies most of the
terrace surface so the stratigraphy here should be reflecting well kind of partial inundation and
insipient stripping of this surface and we should be able to relate that in terms of the hydraulic
modeling to a specific discharge.

Dr. Baker said remind me how does that 400 flow level relate to the overspill on the south...what
was that level at...it figured prominently in the 1999 report.

Dean replied in the 1999 report we said that discharge was 100 cubic meters, no 150 cubic
meters. .. 100 didn’t go over and 150 did and one of the things that we found when we
resurveyed, specifically for the saddle, was the first thing we did when the modeling results
started to diverge is that we went out there with the GPS and planted the GPS at a low spot in the
saddle and what we found is that it was two feet higher than was depicted on the topographic
map in the 1999 report. Now it takes...depending on what exactly the topographic set we are
using 250....225 cubic meters. TAPE ENDS

There was approximately five to ten more minutes of discussion. By completion of the
conference call, Dr. Baker stated he felt confident that between this meeting and the material he
received last week he would be able to complete his review of the report.
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This Appendix contains the report only. Full text and cited appendices can be found in
Appendix A of the final flood hazard report.
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SUMMARY

Accurate depiction of topography is a basic requirement for flood-inundation modeling estimates.
This document describes the process and Quality Control efforts associated with obtaining
accurate topographic data for use in flood hazard modeling and paleoflood studies of the Big Lost
River at the Idaho National Environmental and Engineering 1.aboratory (INEEL), Topographic
data was required for three aroas along the Big Lost River near the INEEL including 1) a detailed
paleoflood study reach downstream of the INEEL Diversion Dam for which. 1:4000 scale aerial
photographs were flown in August 2000; 2) the main Big Lost River cormridor at the INEEL
extending from the INEEL Diversion Dam to about 2 miles downstream of INTEC and TRA; and
3) the Big Lost River - Box Canyon areas upstream of the INEEL Diversion Dam.

The accuracy of topographic data used in the flood hazard studies was called into question when
initial hydraulic modeling results based on newly acquired topographic data from the paleoflood
study reach downstréam of the INEEL Diversion Dam were found: 10 be significantly different
than modeling results from previous studies which used topographic data from the INEEL 2-ft
contour map produced by Aerographics from aerial photography obtained in 1993. Extensive’
analyses of the topographic data used in these modeling studies has been undertaken in an effort
to characterize the accuracy of each to the topographic data sets used in the flood hazard analyses.
Each group of topographic data used in these analyses has been compared to an independent,
meore accurate, set of GPS field survey data,

Aerial photography flown. in September 2000 was used to generate 3-ft prid data for detailed
hydraufic modeling of a paleoflood study reach downstream of the INEEL Diversion Dam, More
than 800 points were surveyed with GPS in this reach to evaluate the accuracy of the topographic
grid, National Map Accuracy Standards (NMAS) and American Society for Photogrammetry and
Remote Sensing (ASPRS) accuracy measures indicate that the grid data is sufficient for mapping
with contour intervals of approximately 1.3 to 1.5 ft or larger. For the same reach, grids derived
from the 1993 INEEL 2-ft contour map do not meet standards for 4-fi contour’ mapping and
appear to be significantly warped in some areas.
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For the main Big Lost River corridor between the INEEL Diversion Dam and areas downstream
of INTEC and TRA, comparisons indicate that the original INEEL 2-ft contour map was close but
generally does not meet ASPRS standards for class 1 mapping as a 4-ft contour map, the standard
cited in FEMA 37 for flood hazard mapping. The original 2-ft map also does not meet NMAS
standards for a 4-R contour map based on the present comparison data. The 2003 BOR 5-fi grid
developed from the 1993 photography and origina} Aerographics control data meets both ASPRS
and NMAS standards for approximately 3-ft contour mapping, Measured accuracy values on the
2003 BOR 5-fi grid are generally 25 to 50% better than values measured on surfaces derived from
the 1993 INEEL 2-fi contour map. The level of accuracy achieved by the 2003 BOR 5-ft grid
appears to be limited by the underlyitig accuracy of the original control network used for the 1993

photography.

Topographic data generated for the Box Canyon area of the Big Lost River has been generated as
part of the 2003 BOR 5-ft grid. More than 8000 GPS data points were surveyed along the floor of
Box Canyon and included in the photogrammetric processing as breakline data to improve the
resolution of the resultant topographic grid through the canyon reach. No formal quality checking
of the grid upstream of the INEEL Diversion Dam has been conducted, but accuracy is assumed
to be similar to areas downstream because of uniformity of the processing and use of the same
1993 control and photography data.
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1.0 INTRODUCTION

Acturate depiction of topography is a basic requiremeit for flood-inundation modeling estimates.
This document describes the quality assurance and quality control efforis and process associated
with oblaining accurate topographic datz for use in flood hazard modeling and paleoflood studies
of the Big Lost River at the INEEL (Idaho National Environmental and Engineering Laboratory).

TFopographic data was required for three areas along the Big Lost River néar the INEEL (Figure
1-1 and Figure 1-2). These were 1) a detailed paleoflood study reach downstream of the INEEL
Diversion Dam for which 1:4000 scale aerial photographs were flown in August 2000; 2) the
main Big Lost River corridor at the INEEL extending from the INEEL Diversion Dam to about 2
miles downstream of INTEC and TRA; and 3) the Big Lost River - Box Canyon areas upstream of
the INEEL Diversion Dam.

1.1 Data Requirements

Guidance on flood hazards is set forth in DOE-STD-1020, -1022, and -1023. Design and
evaluation criteria set forth in these standards control the level of conservatism introduced in the
design/evaluation process such that flood hazards are treated on a consistent basis. These criteria
also employ a graded approach to ensure that the Jevel of conservatism and rigor in design
evaluation is appropriate for facility characteristics such as importance, hazards to people on and
off site, and threat to the environment. Facilities at the INEEL for which flood hazard information
is required span the full range of performance categories (PC-0 to PC-4) and probability levels
(lO’1 to 10’5) outlined in the DOE standards. Thus, there is a need-for both high levels of rigor and
defensibility in the evaluation process as well as an intemally consistent approach to flood
hazards across the full range of performance categories and probability levels that are required on

asite-wide basis.

In 1993, Aerographics Inc. flew 1:10,000 scale black and white aerial photography over a
significant portion of the INEEL site centered on the Big Lost River. This photography was used
to gencrate 2-fi contour interval topography (1993 AG 2-ft data) along the Big Lost River that
would provide a consistent basis for flood modeling at the INEEL site. Among other uses, these
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These comments are preliminary. Aspects of the report have yet to be presented in final form,
notably Appendix B, which was of considerable interest to me. Also, there will be further
discussion of responses to the detailed comments.

2.  FUTURE RESEARCH

1 Several future research topics are specific to the INL region. One innovation would be to use
some of the new dating tools to deal with geochronological issues in regard to paleohydrologic
bounds. Examples of new tools that can be applied are Optically Stimulated Luminescence
(OSL) and cosmogenic radionuclides, OSL has recently proven to be very useful for fine-
grained fluvial sediments and associated eolian silts and sands. While subject to limitations, very
recent advances in OSL technology have surprisingly increased its applications for fluvial
geochronology.  Similarly, there are several excellent possible applications for cosmogenic
radionuclide studies. Relict late Pleistocene soils can be dated by using the ratio of two isotopes,
sampled in vertical profiles. Cosmogenic radiocarbon has a short enough half-life to be
applicable to Holocene geochronology. Paleoflood erosion of bedrock, and paleoflood transport
of large boulders afford excellent possibilities for cosmogenic geochronology.

2 Related to the new dating tools, would be a more extensive study of the Pleistocene
paleoflood record. At the study site this would include the Pleistocene braid plain (Surfaces
P2/P1). Just off the site, downstream of Box Canyon, is a scabland complex, with flood-
transported boulders. There are also possible ice-rafted boulders. Though the age of the
responsible “cataclysmic flood” is probably pre-Pinedale, and its magnitude seems to be
considerably smaller than what was calculated by Rathburn (1993), it is not scientifically
reasonable to leave this anomaly unresolved. The age and magnitude of this “cataclysmic flood”
may also have practical importance, in that regulatory requirements to estimate a 100,000-year
flood could lead some critics to ask for a more complete analysis of the relationships in the Box
Canyon region. If such a “cataclysmic flood” can indeed be documented, its magnitude and
effects would be of interest in regard to hypothetical scenarios involving the failure of Mackay
Dam.

3 A final INL geomorphic research issue is the origin and history of the silt mounds. Are these
indeed relict features that persist from the latest Pleistocene? Alternatively, might they be
equilibrium forms that evolve rather quickly at optimal sites (perhaps related to late Pleistocene
periglacial micromorphology) from an incipient form to a climax mound morphology. When
destroyed, by wind or water erosion, these features subsequently reform in the same locations.
Resolution of this question relates directly to the use of these features in delineating
paleohydrologic bounds.

4 A general rescarch topic, inspired by this study, would be to study many sites, in different
climatic and geomorphic settings, where one can quantify the flow hydraulics associated with
surface erosion. Seitings would include bedrock channels, terrace sequences, channel margins,
etc. Data presented in Fig. D3-1 and D3-2 are important, but these data were not collected
according to uniform protocol. Moreover, seemingly precise relationships, such as incipient
motion criteria, are notoriously uncertain, and subject to numerous complex influences.
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Big Lost River Flood Hazard Study, INEEL, Idaho

This document is part of the review prepared by Klaus J orde following the scientific
review panel meeting and field visit in Idaho Falls, from Oct. 7 to Oct. 9, 2004.

General evaluation of the project:

First I would like to thank the project team to invite me to participate in this review. The
work that has been done here is outstanding and cutting edge science in several ways and
although I was hesitant in the beginning due to time constraints I am glad to be part of
this procedure. The quality of the information that has been provided for review is
excellent, based on the reports and the presentations in Idaho Falls. I could not find any
critical gaps in the information and all questions I raised during the review process were
answered profoundly and in a very open scientific atmosphere.

~ What makes this work so outstanding is the comprehensive integration of uncertainties
into the final inundation probabilities. I feel very confident that this work is fully
adequate to represent the situation as it is now as good as can be done with today’s
available knowledge and tools, and is by far exceeding normal regulatory standards. 1
recommend to move ahead based on the results of this study. My comments are therefore
i be seen more as suggestions for future work based on the findings of this study than as
required additions to it.

The approaches to the various components of the study that finally lead to PIMs have
been carefully evaluated and chosen, and 1 want to comment on a few.

Hydraulic modeling in general:

Both models, RICOM and Trim2D, have been tested rigorously under different
conditions relevant for this study and compared to measured data. The results show that
the models produce results with sufficient accuracy regarding stage and flow velocities if
recommendations regarding the time steps and Courant numbers are followed. The fact
that they are not FEMA approved does, from a scientific point of view, play no role here.
It can be assumed that the performance of these models exceed criteria that are required
for FEMA approval. If I may use a somehow personal view for a comparison: You don’t
need a US driving license to qualify for testing software for a remote control robot
vehicle that drives around on Mars. This is certainly a bit of an exaggeration but it is
going in the right direction.

Paleofloods and bounds:

Excellent choice for the modeling reaches to establish paleo floods and bounds because
of stable channel reaches and selection of trenches.

After the presentations, discussions and the field visit I agree with the project team thata
fixed bed hydraulic model was the adequate tool to use to calculate discharges in the
paleoflood study reach. Throughout the river bed there is a high number of basalt
outcrops and bedrock channel sections that will not change during a flood event. It can be
assumed that even with erosion taking place between these control sections this would
only change local «mall scale flow patterns but not influence water level elevations at
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certain flows. The goal of the hydraulic modeling for the paleoflood analysis were stage-
discharge relations over the paleoflood study reach. These results would remain largely
unaffected if erosion would be allowed and it is therefore not considered necessary.

The approach that was chosen to describe criteria for erosion are more appropriate than
traditional formulae based on threshold criteria. The non parametric probabilities chosen
here include the imprecise character of today’s understanding of sediment transport
phenomena and erosion.

Flood frequency analysis:
excellent work, no comments
Inundation depths:

One of the most important components obviously are the hydraulic modeling approaches
and models that have been used. From looking at the terrain topography and the modeling
results it is quite obvious that a 1D model would be completely unable to identify the
flow processes that occur at overbank flows in the study area. This applies most of all for
the inundation area and depths at various INEEL sites but to a lesser degree also to the
paleofloods and bounds. The flow patterns that cause certain water depths at INEEL sites
are often completely detached from the water levels in the river itself because the flow
paths leading to the inundation are detached from the river at the respective “flow
coordinate” and have their origin in the topo graphy or various channels (natural or man
made) far upstream.

Also, the flow patterns within the INEEL facilities that have a significant impact on the
inundation depths which could not be captured with a 1D model. The same applies to the
obvious influence of the topographic terrain represented by the different grids used for
the two models, RiCOM and Trim2D.

Inundation depths at INEEL sites for higher flows cannot adequately be solved by 1D
models, the use of 2D models is an absolute requirement.

Questions and concerns:

1Given the remaining uncertainties in the elevation data for the inundation modeling and
the differences that resulted from using two different models and input topographic data
(e.g. fig. 3-2b of the summary), have you thought about actually integrating the standard
deviation of elevation data into the models (by introducing a random error into the
elevations) and find out if this would cause significant differences in the flow patterns
and inundation depths. The question is if the errors are really random or if they follow
larger patterns. It is somewhere mentioned that the errors seem to have an increasing
tendency in one direction.

2 The results for the inundation maps are based on fixed bed models. At the very high
flows which were modeled the river is spreading across a vast plain with small
topographic variation and very erodible material. As the river staris spreading over this
plain, erosion will occur and small changes in the topography following erosion could
possible cause new flow patterns that cause further erosion and finally influence the
inundation depths at locations far away from where the erosion takes place. therefore
recommend to plot the stream power and shear stress maps and try to evaluate if erosion
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in areas of high erosive capacity could eventually lead to significantly altered flow
patterns in completely different new channels, or if this would only cause locally changed
flow patterns without any overall consequence. Basically, this is what alluvial rivers do
during extreme flood events: They reshape the valley and create completely new patterns
of channels.

2Question: are there potential breach points able to support a totally different flow
pattern forcing avulsion and new channel formation?

3There should be a paragraph that discusses if there are any scenarios that might occur
but have not been covered in this study and could lead to a significantly more severe
event, e.g. rain on snow, rain on frozen ground, channel reformation further upstream....
I am not familiar enough with the local climatic conditions to evaluate if anything
specific should have been addressed. If the paleo flood approach integrates every
thinkable scenario, it should be specifically mentioned.

Suggestions for future procedure:

4Instead of trying to integrate uncertainties such as culvert blockage into the logic tree, 1
suggest that the significant structural uncertainties (such as culverts at Lincoln Ave.) are
removed by 1. changing the structures or 2. assuming that they perform in the least
favorable way (this is how the diversion dam is treated presently). I cannot see a way to
estimate some quantitative uncertainty of culvert blockage for the logic tree.

8The results of the inundation modeling could be used to identify the most critical flows
paths leading to the inundation of critical sites. In some cases it should be possible to
change these flow paths by blocking existing or opening new flow paths, e.g. by opening
breaches in existing low embankments (road embankments, canal embankments) or
blocking preferred flow paths by low elevation embankments.

6In my opinion, the greatest potential for generating additional safety would be to
consider the existing diversion dam and integrating it into the analysis. The dam and its
hydraulic structures (culverts) probably will need to be evaluated and enhanced but it is
quite striking that this study has integrated nearly every possible uncertainty into the
ipundation probabilities, but at the same time neglects the certainty of the physical
existence of the diversion dam for regulatory reasons. Taking the diversion dam into
account and reducing flows by diversion capacity would significantly reduce inundation
risk.

6Integrate floods from upstream and combine with dam break scenarios and diversion
dam into complete analysis. Run unsteady flow analysis.

Research questions:

6Fundamental research on large scale infiltration rates could make a significant
difference in the evaluation of inundation risks. There are large infiltration ponds in the
Silver Creek watershed, dimension of hundred meters in diameter. May be there could be
a starting point to get some larger scale information.
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s not to occur in the entire report. Although I find it

7The phrase “climate change” seem
ding more time on it, I

difficult to make any specific recommendation without spen
believe this issue will come up.
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Big Lost River Flood Hazard Study, Idaho National Engineering and Environmental Laboratory,
1daho, by Dean A. Ostenaa, Daniel, R.H. O’Connell, and M. Jones

Review comments by U. Lall

The authors present the results of an innovative study of the flood and inundation risk posed to
the Idaho National Engineering and Environmental Laboratory (INL) facilities in the proximity
of the Big Lost River. The study addresses (a) the apparent discrepancy in past estimates of flood
risk through additional field investigations and the use of a novel approach to integrate different
sources of historical and paleoflood information for defining flood flow return periods; (b)
steady state, two dimensional numerical modeling of flow during flood events to identify
potential inundation pathways, using high resolution, revised topographic data at the site; and (c)
the integration of these investigations towards a characterization of inundation modes for
selected locations of concern suitable for a formal risk based decision analysis.

The authors do an excellent job of documenting the detailed analyses, the data sources, model
sensitivity analysis, and parameter and data uncertainties. The analyses and methods used are
cutting edge and advance the state of knowledge in addition to providing a response to the task
they were asked to address. The discussion of background information is adequate, and the field
visit was effective in educating this reviewer about the key aspects of paleoflood reconstruction
‘used in this study. The authors are to be congratulated for performing a thorough analysis for the
quantification of risk and its uncertainty.

The site under investigation is unique in that it is in a closed basin, where flow typically
decreases in the downstream direction due to Josses to the subsurface. The basin has been
modified over time, and modifications due to dams and diversions need to be accounted for.
Almost all historical floods and floods prior to the period of record are presumed to be related to
snowmelt rather than rainfall dynamics. It is assumed that given the geomorphic and geologic
controls (e.g., unmodified Pleistocene deposits, rolling topography, highly porous subsurface),
the spatial scale of rainfall events in the current and recent paleoclimatic periods is unlikely to be
large enough to compete with snowmelt driven floods from the large catchments at the INL
location. Given the nuclear waste storage facility and the nuclear power plant in the vicinity of
the Big Lost River, there is an interest in flood risk management. Consistent with FEMA
guidelines, inundation maps for the 100 yr and 500 yr flood risk were deemed of interest. The
10,000 yr to 100,000 year return period flood events are also of interest given the nature of the
site. Tt is clear that existing Bulletin 17 guidelines for doing flood risk analysis are not likely to
be applicable at this site.

Prior investigations documented by the authors, resulted in a wide variation in the estimate of the
magnitude of the 100 year flood at the INL Diversion Dam, which is upstream of the INTEC and
TRA sites at which flood risk is a primary concern. Indeed, some Irecent estimates of the 100
year flood flow appear to be higher than paleoflood bounds reported by the authors. The study
was expected to (a) provide improved estimates of flood risk, and (b) a better characterization
and quantification of the key uncertainties in the analysis. These would be used to guide risk
mitigation strategies that INL may pursue. The primary innovation introduced by the authors is
the use of paleoflood markers and dates as additional information into flood frequency analysis



1o achieve these two goals. The hope is that such information provides more direct information
as to rare floods than can be provided by the relatively short historical record. Flood probabilities
can change at a location as climate changes and as land use, land cover or channel characteristics
change. Landscape and river basin changes are addressed by the authors at the local scale by
considering the diversion structures and their potential capacity, and assuming that the upstream
dams do not significantly alter the peak flood. The latter may be a reasonable assumption for
extreme flood flows at this site. However, the demonstration by the authors that the inundation
patterns at the site are highly sensitive to small scale differences in topography, highlights the
nature of the uncertainties associated with mapping flows to inundation. The inability to
accurately estimate capacities of drainage culverts under flood and debris flow conditions is an
added source of uncertainty in this regard, that is unresolved.

As with the approach based on historical flood data, the paleoflood based approach assumes that
in the long run climate and hence flood risk have not changed. Thus, uncerlainties associated
with anthropogenic climate change, €.g., due to increasing greenhouse gases are not addressed.
However, the longer record of floods does presumably address interannual to century scale
climate variations, such as those due to the shorter time scale fluctuations of the El Nino
Southern Oscillation, and may dramatically improve estimates of the 100 and 500 year flood
flows relative to analyses that do not use the methods pioneered by the authors. No reliable
means of estimating potential flood risk under an anthropogenic climate change scenario are
currently available. The ocean-atmosphere general circulation models used for climate change
projections are known to have significant biases in precipitation statistics even for control runs
using current climate conditions, particularly in orographically varied domains such as Idaho
and the intermountain West, These biases are not significantly ameliorated by nesting Regional
Climate Models into the boundaries of IPCC based projections. Consequently, it is not useful to
pursue an end to end modeling project for INL flood risk mapping using such climate change
projections. We can only recognize that this is a new and as yel non-quantifiable source of
uncertainty. Qualitatively, we expect that winter precipitation dynamics could change
dramatically. The models predict with relatively high confidence that the mid-latitudes will be
warmer leading to warmer, moister air masses bringing precipitation and heat into the region.
The precipitation is likely to be in the form of rain rather than snow. Consequently, the flood
mechanism could shift from snowmelt dynamics to large frontal storms and rainfall-runoff. The
frontal storms could have a spatial scale that is of the order of 50 to 100 km of simultaneous
impact. At this point, it is unclear whether intermittent frontal storms (with what frequency?)
could generate larger flows in the Big Lost River than the seasonal accumulation and melt of
snow. This issue constitutes a significant source of uncertainty, but not one that can be resolved
by either the authors of this report or by others. These uncertainties impact all estimates of flood
risk, but may be particularly severe for the assessment of rare flood potential (the >500 year
return period events).

I have reviewed the nonparametric Bayesian Monte Carlo flood frequency estimation approach
pioneered by this group and applied to the Big Lost River data. The statistical methodology
developed and reported on in the Journal of Hydrology paper is sound and innovative. The
authors systematically consider a variety of sources of uncertainty in measuring flow, estimating
the time and level of paleoflood bounds etc. While some subjective choices as to measurement
error uncertainty distributions and their parameters are made, from the report and from the
presentations it is clear that the assumptions made are reasonable and should not dramatically
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impact the final results presented. A dominant source of uncertainty here is associated with the
manner in which paleoflood stage is related fo paleoflood flow.

The authors use a hydraulic modeling approach. A 2-dimensional, steady state numerical model
of spatially varied flow (? Is this correct 2 — at some points it seems like a fixed Q is used) over a
certain section of the Big Lost River above the INL site is used to infer flows that correspond to
specific stands of high water as inferred from debris and soil stratification in selected trenches in
the area. A limited sensitivity analysis of the parameters of these models (e.g., 2 values of
Manning’s n) was made and “calibration” to known discharge conditions and stage in the region
at a few locations was attempted. A semi-quantitative assessment of the reliability of these
analyses is made by computing stream power and shear stress corresponding to the proposed
discharge for a paleo flood and assessing whether these indicators would be consistent with the
geometry and topography of the area in a spatially distributed manner. Specifically, do areas of
potential deposition and erosion, and sheet flow during the proposed flood correspond between
those inferred from the model runs for a particular flow rate and those observed from the existing
topography. Existing data for stream power and shear stress measurements and their relation to
erosion and sedimentation for different soils are used to guide this process. This is an innovative
application of this technology. It translates into a subjective assessment of the “minimum” flow
necessary to produce the observed features (related to channel stability) from the field
observations for each subarea. These estimates are then used to specify paleoflood bounds for
use in the frequency analysis. Complicating factors in this analysis include

a) 3 The difficulty in reliably estimating the discharge associated with a shallow sheet flow
over a large area as the flow overtops the main plateau like feature in the study region.
However, this may not be critical since much of this flow may not make it to the INL site.

b) The inability to robustly identify the rate of sedimentation/erosion as a function of stream
power, and its implications for paleoflood bounds

¢) The lack of consideration of changing fluid density as sediment is entrained or deposited
may lead to some systematic biases. However, these may be subsumed into or
overwhelmed by the variation in the effective parameters used for modeling.

d) The high sensitivity to detailed topographical data suggests that paleoflood estimates may
be very sensitive to any landform changes that may have taken place in between paleo
flood events. These changes may be masked by the current setting. However, it does
seem that the authors have developed the “best” available topo graphic data set, and that
their assertion that no significant changes in the topography have occurred over the last
10,000 years may be reasonable. As to the channel itself, there is an assumption that
“stable channels” existed in the specific control sections used for assessing paleoflood
bounds. The field visit was reassuring on this point. While this is still a critical
assumption, the field evidence suggests that the sites chosen were reasonable with respect
to the assumption

¢) The performance of the many culverts in the region in actual flood conditions is a source
of uncertainty for the projection of the flow and inundation field for existing conditions,
but presumably this is not an issue for identifying the paleoflood bounds.

f) The loss rate of flow to infiltration has been calibrated to a particular estimate that may or
may not be representative of conditions under high floods. Given that basalt underlies the
gravels in much of the area, the loss rate could perhaps be sustained at the higher flows,
but there is no direct evidence to support this assumption.



The authors seem to be cognizant of these concerns and have addressed them under the
framework of engineering judgment and weight of evidence from the field investigations and
hydraulic modeling conditional on the parameters specified. A striking conclusion offered by the
authors is that the discharge of approximately 110 to 150 m°>/s has not been exceeded in the last
400 to 600 years, and a discharge of 130 to 175 m?/s has not been exceeded for 800 to 1200
years. This is in contrast to the assessment of a 100 year flood of >200 m’/s by other authors as
recently as 1996. Clearly these paleoflood bounds will have a significant influence in the
procedure used to combine paleo and historical flood frequency information, since they
dramatically modify the tail of the probability distribution. It is important to note that these
bounds are based on rather specific assumptions on the reliability of the computed stream power
(dependent on channel geometry and roughness estimates) and soil erodability (dependent on
stream power and soil/vegetation assumptions). Certainly the degree of field investigation and
sampling performed by the authors provides an extensive high quality data set for the types of
investigations performed. The assumptions as to the parameters are based on published literature,
which actually does reflect a high degree of variability.

Consequently, the final estimates reflect a certain degree of subjectivity that then carries through
to the rest of the analysis. Based on the complexity of the analysis and the information presented,
it is not possible for this reviewer to assert whether the choices are conservative as indicated or
not. A saving grace or a nonlinear uncertainty (is there a threshold beyond which the % loss is
dramatically reduced?) that also emerges is the role played by the regional soils and the loss rate
of the flood wave as it approaches the INL at the downstream end of the channel studied.

The authors present a considerably more sophisticated approach to flood risk estimation than is
usually attempted. Many more sources of information are used to constrain the problem, and are
integrated through quantitative tools. However, these tools and data introduce their own set of
uncertainties since parameters have to be specified, and judgments need to be made as to the
applicability of procedures, parameters and definitions en route. This is not a bad thing. The
authors make a valiant effort to maintain transparency, and it is clear that many critical
parameters are subjective and will impact the final results with weakly constrained uncertainties.
However, the traditional approach to flood frequency analysis using only historical data and a
prescription of probabilistic modeling tools reflects even more severe subjectivity and
uncertainty since the viability of those assumptions is rarely assessed directly with at site data.
Thus, through their model formulation, field investigations and applications the authors have
significantly improved on flood risk characterization as practiced.

A bottom line question for a reader may be whether the 100 year flood estimated by the previous
USGS study is a better or worse estimate than the number presented by the authors. Such a
question can best be answered only in the context of the decision problem considered. First, the
question of whether the USGS estimate is plausible under the framework of the authors work can
be examined by seeing the probability assigned to that flow magnitude by the uncertainty
distribution of the 100 year flood. Conversely, one could compare the uncertainty bands
associated with 100 year flood from both procedures. We know that a traditional approach
(USGS?) does not account for model uncertainty. The authors Bayesian approach does. Thus,
consideration of an additional source of uncertainty would likely make the reported uncertainty
bands from the authors approach be wider than those reported if model uncertainty were not
considered. So, one would need to inflate the uncertainty bands from the USGS model further to
make that aspect comparable. On the other hand, since the authors use information as to rarer
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events, they will potentially see a dramatic reduction in the uncertainty bands associated with
flood events that are of return period longer than the historical record (e.g. 100 year) relative to
procedures that do not use such data. The most important aspect of fitting flood frequency
models is constraining the right tail of the distribution, and the paleoflood inclusion allows one to
do this. Of course, both approaches are non-informative if we consider a non-stationary world
with future climate changing.

Second, in terms of developing a flood risk mitigation plan, it is essential that the uncertainty
bounds for flood frequency be used in a formal way to guide expected loss/benefit calculations
for each failure mode and proposed solution. One notes readily that the range of flows associated
with low risk (Probability of exceedance <0.01) events is progressively broader as rarer events
are considered. Thus, consideration of uncertainty may allow a much wider range of possible
outcomes to be considered appropriately weighted for risk. Since flood loss/avoidance cost are
typically nonlinear as a function of flow, consideration of the uncertainty in the nominal risk
values for a particular flow used as a control threshold would most likely translate into a
different choice than when just the flood frequency curve is used. Thus, the better estimate of
uncertainty bands for the flood frequency curve provided by the authors approach is likely to
translate into better decisions provided that this uncertainty rather than the mean flood frequency
curve is considered.

Third, we know that there are significant effects of Pacific Ocean conditions on moisture and
temperature changes in the Idaho region in Winter. Specifically, the El Nino Southern
Oscillation and the Pacific Decadal Oscillation impart a significant interannual to multi-decadal
signature to snowmelt volume and peak flow. Thus, the historical record is unlikely to satisfy the
assumptions of being an independent, identically distributed data set. This assumption is central
to both the author’s procedure and the standard (USGS) procedures. However, the impact of this
assumption on the analysis is much greater on the analysis based on approximately 50 years of
data (USGS) than the one provided by the authors where events well beyond the characteristic
time scale of these climate oscillations have been sampled. Hence, I would expect the estimates
from the author’s procedures to have lower variance given the better constraint from exceedance
bounds. However, since we have no information on the frequency with which those bounds may
have been approached over that period, I would still expect that the true uncertainty associated
with the paleoflood based flood frequency curve could be higher than reported here.

In the meeting in Idaho, there was a discussion of potential failure modes and their
characterization, including the possibility of a cascade of multiple events such as dam failure and
a flood. These have not been analyzed in the report, and T understand that they were beyond the
charge given to the authors. I presume that the flood and inundation maps and probabilities
developed by the authors could form the basis of such an analysis conditional on specific hazard
mitigation strategies that are proposed. An unanswered question is whether there is potential for
at site flooding at the two INL facilities from mechanisms other than the Big Lost River
overflowing. This consideration may be a factor as very low risk events are considered in
conjunction with climate change. '

In summary, the report represents a significant improvement over prior work on characterizing
the flood risk and its uncertainty for the Big Lost River. Both model and informational
uncertainties are addressed. In many cases, the uncertainty assignments are subjective, and in
many cases only a limited sensitivity analysis is attempted. However, the approach taken is
generally self-consistent, reproducible (at least in consultation with the authors), and well
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documented. The subjective uncertainty assessment and testing procedures are consistent with
those used by others for structural or hazard reliability assessment and mitigation and appear to
be properly applied. The basic assumptions as to the geomorphic evidence introduced to
constrain rare floods appear to be sound and the methods used for integration of different pieces
of information are appropriate and seem to be adequately tested. I cannot critically evaluate the
applicability of the critical argument or assumption of the stability of the landscape and the
associated fluid dynamics for flow-inundation-erosion-sedimentation modeling and paleo-flood
determination. However, I do find the scientific arguments presented to be convincing and
reasonable. The caveat that anticipated climate changes and unanticipated landscape or structural
changes have not been accounted, and a limited number (yet all obvious) of mechanisms of
exposure have been investigated needs to accompany the document, particularly in the
discussion of low probability events and their impact. It is important that future use of the results
of this study use the uncertainty bands developed for the flood frequency curve, rather than just
the curve.



oF—-D

*$3INANRNS UOISISAIP T3oq JO UONEI0] )
* Eomumummsm sd ﬁowﬂmﬁu L MOYS Jey) aouis 20UaI9J21 2} se 7-1 uuﬂmm g 95(1— g oulT I Q\m F\O ! L
. (-req B (3 .
* wopsofBns 104 POSURYD | 1 oungie) ) 1oy oanBy, punoe sysoyusred ppy —gour] | | dibot 9
o . {(IND
0jeI0qR T [RIUAWUONAUS puR ULI9UIB U [RUCHEN X
* uopsad3ns 10d paBuTYD oyepy 3Gi 1) 150, WISSUY pue AI10jeroqeT [eusiorAuy Ldibiot 5
pue Suneou3ug [BUOHEN OYEP], PUB TN, 951345 — T 9T’
. §97U312]aY Y} .
* uorjsa3ans 1od paBULY) woyy SuIssIul si (Zp07) "8 12 BRSO 10} 20UAIJY ~ [ SUT'T 1dribot 4
'$90UBISISY md
* uoysaB3ns 1od paBuLYD a1 woyy Sujsstud st (7007 ) neassnoy pue ssSIOH /1-0 91981 2
% uonsaFsns Jod paSuey) - NEasey, se po[jadssiu s, NBSSSNOY), md z
T U /1-0919eL
uonse33ns Jod paBuey) -PASIAARI IR SIM[EA — NRISSNOY] PUe SSSWIOH wd 1
* . P /1-0 91qeL
oy 20V uonnjossy Jewiwioy | "ON 83ed/ | ON
BIB9S
sasuodsoy pue JUSIWOD MOIASY Juswndoq g Hed
(yB1s1940 W) 1021014) 19101 'S 810 Mod  :SI0
UILEBJA] SLA[D OWEBN "€ 39 eRU)S() Ued( -SWeN
IOMITAY JUSUMDO([ IOYRUIS () JWUMO0J
p00T “0€ Foquandag e
JJRA([ [BUOISINI({-ALd  *ON “AdY/eI(]
oyep] ‘Arojeioqe| [BUSTUOIIAWY pUL SaupomSuy jeaoneN oqepl Apmyg pIeze[] Poofq JSATY 3501 sigq PPLL
goyewLIoJU| JUATINIO(

uopewloju] punoibyoeg | Jed

UNHIETA S1Y,) 10

aQI0OTd MAIATI LNHANDO0d




-0

* uopsadgns 1od padueld (OUp] 40 ANSIBATU) ANsIoAtg), 00 [dg — Y ourT | 8 bTL | €T
¥ nonsodgns 1od pafuey) |, 10D BIOIS WS, 01, OSSY PUE PN, sduey-goury | LdzhTr | T
« wonsaddns Jod paduey) | "BUMUOd B O} Jageuepyl,, Suimor|o} poped 2y adueyy —¢ow | LdzlWT 1z
590UAIUSS JO LIR)S 18 ]
: uonsoT8nS 190 POBURYD | (uyyvug sy puw paers) eqoy) satueu iy 3571~ b g SowT | drelet 0
* uonsaddns Jod padueyd -0 JO 951 18I N0 jeds — 7 2wy Ldiz bt 61
*§S0URIUDS ]
* uoysa3sns 12d pasuLyd) asot) poq Jeye O Xipuaddy 0} UoneEd LAsU] — O] % § saur] Ldnbet 81
*30U2)Uas © JO MBS 31} .
* yuowIod Jojeq 1d PABIPOIN 18 (J\) LONBIAZIGQE JO pralsUl (e sureU [[y 85 — | U] LT L1
-(suor10as sk pAIsy| 2q pinoys | sroded ayeredas
moj sey ‘sau§ AN[198] TN 18 UoHepunty pooly J9AR] TVEaINED
* padjaL> pae pAIPON 1507 S1g SvewInsg 03 SuAPOIN SIMEIPAH — 4 xipueddy) i ot
1701109 218 SUOHISS PR SINLL soorpuaddy ams eI
% wonsadsns Jad pasuey)d sisarpuared Sursopd ppy ~ T UG Y xipuaddy | o d/zl/11 g1
‘$aAIND pIRZRY .
* uopsagans 1ad peduedd a3eys 107 g x1puaddy siInojed xipuadde 101100 — £ SUTT sdrzhio't vl
* Aj11ejo 0 3%0y poppy | “(*"posn sesm T yoeosdde ") 1eUL, OF 5P, agueyy —¢ow | ¥ de ol €1
;,SSTI00[3A MO[J puE UOHEepunuy, Jo pealsut
‘SUOHB[NI[ED [3pOW |  ,SS2N)S 183YS pue ‘ramod WEANS ‘UOTIEPUNUT SIE[NO[BY O} pasn drc bo
* 10 sypnsar Furssaoold-jsod aie §§ pue 1MOod 1X8} PoTIIpoIA araM,, S[SpoOW ot Aes SIY) PINOYS 'SS3OS Iesys pue mod | 7Y £b/01 zl
uresis moys ssopuadde Isie] s Ul semay Ay [V — T 3K
* uoysa33ns 1d pasurd Joge wiog 7-1 31qe. 03 toeNo o oA —s1 ‘g1 ourt | ¥ debot il
* uonsadsns ad paduey)d qUSTISIE]S ST JO PUS SY1 18 Z-[ djqel AUD — § U] vdiz b0t 01
(" *s2rRLlNSD )
* uoysaB3Ens Jod paBUTHD adeys snsijiqeqord---) a3uls, 03  5oFes,, oFuey) — [ U] AL b0t 6
+(* - sajeuInsa punoq .
* wonsoREns 3ad PORUED | zoroun kyooed-+) pumog, 01 spunoq, SFuey) — 9 aury | ! debot 8
‘Toyyooy uonn[osay Jmewwio) | "ON 9ded/ | ON
BIBJ/ 998

sasuodsay] pUE JUSWILIOD MIIASY Juawndoq -Z Hed




=2

(-~ panpqns e {14 S30ELINS
& _SODEJINS OSOY)} UO,, PAA[OP - PAYIPOIAL | 983N ) ,YiiMm,, 1O «(*+younstp  TAH moys sasens ") ey, | p1d/g bziz | 8¢
1IoST Ioyny -SUISSIUI PIOM B 3q 01 SWRas AIBYJ, — Z-1 AUl
"UOTIOAS SIIUIINJAY S} WOLY SUISSIU .
* vonsa33ns 1od paguey) st (£007) MeassNOYy PUE SSOUIOH 10§ 30UAIJY — T U] erdbrre | Lt
1011035 SA0UIY U} .
* uopsaBEns 1od paBUTY) woxy Fugssu §1 ZOOT ‘T8 10 W[SD) 0] 3dUAIPY — H1 ‘e1 seur] mdnbie 9¢
* uonsa§sns tad psFuey) ‘(*+pore o8IRy B) B, 03 UE, ofueyd —zawWl: 01 di1le | oce
‘TR J 12ATY O%RUS S} 03 UONE[aI Ul TNI .
* uopso3Zns od pABUTD) 31y} MOYS 1,US20p 7~ SIB1 S8 [-1 am3rg Ajuo 1D — [ AUl o1 d/1bre Ve
* PS1921300 PUE PIYIPOIA 16°C Pue ¢'T suopoas o) pauaddey teym —auy e | 01 d/IbOT | €€
(" TenonIppe (y PUE ‘SAIYSUOTIEAL ") .
* uopsaiins 2d pESUTH) (o pue sdsuoneos, wsongeq pus, ussuy —g aury | 01 YTWOT |
1011098 SAOUIBIY .
* uoysad3ns 1ad pasuey) a3 wroy SUISSIUL ST ZOOT & 19 BRUIS() 10§ 3IUBIJIY — T aur 01 d/1 b0 le
. “PapPE S1 JX9) [PUONIPPE - S3 X JSuyssul s1 ey FuIyiowos 0 13531 () TS P S0 — €W | 6 d1 bzt 0¢
“{rrzuny A T Ureuesng ) .
. uonsa33ns sod paSueyd SOUSIUOS £ JO LIS S} J2 T T[Ny 51} — T °T SAUIT 641 WTT 6T
(" SJUSUIUIOD .
* wonsa33ns 1od POSUD | (s pue--) puyiBisu, o s, 10aw00 - gowry | deber | 8
: ‘sopesowojoyd
. uonsa33ns Jod padueyd [ousn oy} UrEIH0d Af[emUdAS [ i J1 Arersadse gdw b1 LT
‘q xrpuaddy 2110 03 0e[d po0s » oq pMmom SR, — aui] e
-ﬁ-.u .vﬁ—.ﬂ EH—.—Q -VM m-..ﬂuﬂa b@wm,!! m..-b@ﬁm -1— m...ﬁcwgﬁmm .Qu .
* woysa33ns 1ad padireyd 29U0)USS B JO 1IE)IS JB SUIRY [[NJ 3} — 9 29 € SAUI] gdiwbret 92
* uonssFans 1ad paFueyd -33UQIUAS JO LIRIS J8 SUleU [[IY S — L dUIT | 8 drz vzt ST
+(-+* A1oreI0qQR] .
* uopsaBans d paAUEHO 616 TN D) NI J0 1605 oy, sy —g oy | S VLML | ¥
aygroov aonnjosY JRIwoy | ON98ed/ | ON
‘pIBd/ 098

sosuodsoy pue JUSWIIOD MIIADY Juawndo(q :Z Med




-pdap Jo sdeut 101 F xipuaddy 90USIAJAI 0 JUBM KB

* @ xpuaddy 03 pappe oG I wdep 30 siold *K]UD sseNS Tedys pue 1omod aresys Jo sdew seq xipuaddy cedshee | 0
‘(a1 xspuaddy T paureIuod sdeur) .
* uonssFans 1od pABURLD | 4 yipuaddy, pue ,pOIEIN0D, USOMIA UL, OS] — 1 OUTT cedshre | 6
(59 ® pue g-¢) (uonose
" . We(] WOISISAI(T SU) Yardd Aprys uo Auo sem 3Ry} w3noy | zzdig Wz 3%
sprif om) 9Ie 2131} SIUIS _Spuis (oeal Apmis,, 01 pagueyd [ 70} poLajal Baq 21 , SAYIE Aprus, JEUM, — PP T SULT
(- -poyuewapdu SISA 8£0°0 pue) .
+(" o1 Joy PSSTSEM S € JO )
¥ uopse33ns sod pASUEHD degs =) oY 10}, PUB S €, U0341AG , pIsn SEM, 1asuf — ¢ AU cediehee | o
“Jx91 SY) 0} PAPPE US9q PAIEDO] 2JM XN[J UWBINSUMOP
+ sey z-17) 251 0} 90USIAJAI B pUE 7-10 am3i] 0) pappe gurpiaoxd sFupids sy a1yMm Suimoys o3y v apnatt | 12 dizbizz Sy
usoq sey sTurrds Surpom oy3 Jo U WEanSUMOp SYY | O) [elalyeusq 39 ) pinom ‘g uatILIOD dALETaU Aue 130 peay 0§,
“spuE ofioads pue 38IBYDSIP U2 aouoIR]aI o xpuaddy
" ss010 ATESsaaau oy sapaold pue o8IRYISIp JO UOHOUY wol} >mIY € 20USIJR1 SIYH PROYS “S[[EM aSpeydiyeqijo | 1T dilicz | vy
& sB pasn pH3 srgdesZodoy sy syusEmaop [-T 2[qE 1| s1oedunl yim op 0} SurpAue sAey 3,Uso0p -7 SqRL 51 aury
"Uon09s 1B SUIDUISIIE PUE T xipueddy 10
uonedol W | Y xipuaddy 03 o[Sue UONEIOT o} U0 Juauierels € Surppe 10q
% 01 9ouaIa)ax oIdxe U pappy L1 uop9sqNs g UONI2S 15039ng “(UOTIRIOI SSIMDOPD ,69E) PUB £661 passodorder | 1T dilize £
-y e O xipuaddy ur pajuowIndop st uo§Ie101 Y, auyy 10} AJUO Inq ‘UonEI0 JO of3ue oy passnosIp ) xipuaddy
-uoTyRIoL JO 9fFue oY} SSNOSIP 10U S0P xipuaddy — ¢ sur]
L aIe sexoq anjg 7 2eld Wog ABoroag pue -, Ll
* uopsag3ns 1ad paBuLyd pue ,afeur, uo 2, af Fuissiyy JO 0 Ueaq Sty wondey | dyg-z 2mB1g (44
“OF TUALITIO 10F S3UIAJAL 03 a3y oy St
. uonsedans 12d pafuey) | SIYL -so1n91y 9913 SUIMOTIOF O3 oI pAeIot o9 pioys 31 osy | 91 dy am31g 187
-3y st P (Z-T PINOYS) I9quInl io uondes ou st a8y 1,
"uoyeo0] §Y1d .
* uopsagans rod pasueL) 3} 3, Ust -7 2n3ig * (7 “SL1),, 03 20UBIAIALIOAL0]T — 9 sul] stdzhzre | or
“g-7 aIBL] 2q POOYS S YU [ Uy POd
" uonsadEns 1od poduey) | 118419 ‘31,1 ou ST 819y} os[e {(9-T 1) x-10)dey)) se poraqumnt | 1 diwbiz1z | 6E
are somBig (9 ‘314, 01 adULRIAl 1081I07) — U] 18T
Tayooy uonnjosey Juewrioy | ON 98ed/ | ON
rIR /D98

sosuodsoy PUE JUSWLIOD MIIASY Judwndog 2 Hed




¥ —D

“pIOM BUO SI JUDD tod, - € 9ury

* uopsaB3ns 1ad pasuEd) “[~€'T 2q PINOYS pajio JAquinut am3Sig ~ 7 2uwf vonde) SETAMBLL | b9
€T
2201, | SIGRL W &
* uonsaB3ns 1ad paUEHD (308 3O S1 110 2, — T TENIOQ) SIXe-A ‘0L AT | ~€'T 0L W £9
pedig W1 ET
" uonsa3dns 1ad pafueyD -(*-paremns? Ual am*) ,2q, ARPA - 6°WT L g /e _ﬂm.m.m 79
(- -eareqns Yo UIGH A} Baleqns, 0} ,SeaIeqns,
* uonsadgns 1od pagueyd agueyo pue Jo, 13[3p 10 *(---seaxeqns Iqj Jo yoea?) | ve dig ezt 19
Sealeqns, pue Jo, U99M1aq 243, yasul Taig — 1 3U]
* uonsaddns Iad padueyd (+-aIoy pasn 537 100 sey*+) ,U9aq,, 0} ,2q, A3ueyD — 9 U] rediivrez | 09
* "3y Jo apis WYL U0 pajedo] st vondeD -nondeo v FUISSIUL S 21314 \m;m.NNmowsz 6¢
“JU2ISISU0D SULISQUINU czd
* uonsagdns tod padueq) 2mJH aew 01 P3N ([-£T) X-U0TIA3S 0} paSueypd aaey Lo ) ¢ ]
! ; /1-€°7 3B
mou (-7 ydnonp 1-7) x-raydey) a5om sam3g snotaa1d [V
(i) suonoung Asuad AMIGeEqold .
* uopsaBSns 1ad pasued>d ser,, aq oy Surj[ads [y pue UoneIAIqqE 9SI9AQY — 7 AUF] sz biee LS
("0 are (g xipueddy) zd-1d pue ‘vH-€H “ZH-TH ) sdnoid )
* wopseB3ns 10d PABURUD | pyy a1 jopua ai e g xipuaddy 10§ uowelo B 1ASU — 9 aur] sz drelee 95
(£d-zd) sdnoid dew .
. JnoyBnosy ASUAISISUOD 0§ PIRUEUD | 10 ypp JRISISUOD 3G O G, O 1O Wk © MO~ 9 2R srdelee |
“UOTIASS SIOUIIANY .
* uonsafFns 1ad poBUEHD o wiog Smssyw st (S661 OVHSS) 22U3JY — b Ul ordbee | vs
saotpuadde @D SRR | g ey | oS
* pue 110da1 INOYSNOI) JUAASISU00 3q 0] paIpIpow S3esn ) 15238ng "spun ysydug Jo uonippe (Ajuo pue) 151 — 9 AW
“(z00T ‘puejSug pue
* ‘poppE 20U2IRJ3Y | WALE[ L8E] ‘SWHFLD DUE woszen) ‘7661 ‘wedniiFeN) uonoas | sz d/T ez | T8
§30U213]9y a1 woy Guisstuy are duIfRY ~ £1 ‘6 ‘9 saUul]
. “UOT}Das SI0UNPNY .
* pappe 30Uy U woy Fussyu sT ZOOT YSIAST 10§ 20URIA}AY — £ SUI'] Sz beT 15
‘YooY HONNosay ewIuoy | ON @%ed/ | ON
IR/ DOS -

sosuodsoy PUE JUSWUIOT MIIAY JUSWNIOQ T ued




Sv—0O

T “Kenge ag 03 syeadde
-50ATI09[q0 JSII UO Paseq PSS 39 1SNUI SYEUI] 9]qIPaId 3 Swipeal ST 1Y %06 PUE %01 01 0456 PUB 046 WO JUIM drz 1L
* ajroadg “uoneRSI{]l I0§ PAJIS[IS 1M S QPRI syuui] 91QIpaIo 34} AU JO UOISSTIOSIP 10 uorpesrysn[ swos oLdr iz 9L
apiao1d 03 P3N — £T°T y2noxnp 0Z-7 san3y osqe ‘g1 Uil
P poppE SpIoMm FWISSIIAL | " HWIT 1aMO] 343 = Apy3ys woxy ", ‘PIOM FUISSIA — 9 SUNT | T9 dizwrLz | st
(***suonnqrusip EIEWEP | 61-C ysnong
* uopsaB3ns 12d pIFULHI JEoq) LSBIRUSID, ) SOBIEYSIP, 2FURYD — uopde) | C1-T SAMIL] vt
* pazipiepuels votezijeldeD -3A0QE [/ PUE §9 SJUSUILOD 335 -~ 9 sury | 09d/I WT'L'T | EL
(*--u1 pasn prodde .
* uopseBans 1od paduLyd o uo-**) Yyoeoxdde, 01 payoeoxdde, paduey) -7 U] ssd/EWILT | T
* JU2)SISU0D APE () L-7 Qe Ul pazifendeo st (), w34~ ¥ o | 8% digbrez | 1L
) {60 WWIOD 325) .
* payyduls FuLLQUNN JuoIsSISUOD og "paSuRYD sey BulIAqUINU JIqR]. - § sur ssdie LT | 0L
"X~/ '7 UOT09SqNS
0] UMOp 0F I0 X-7 YIim ons Qu)SIst0d g ‘(anfeA-ped)
+ -paytjdurs SUqUINN “PIAOUIL sypd jo uonezyendeD Ja1[Ied pasn sem Jeym 03 3[9eq St Fupaqumu 23y | gs A/ b/T°LT | 69
(sdad)
1sed a1y w1 pazijeded Uddq ey JSgpd, wusy oYy, — 1 oUW
‘01095 IIUAIYIY Y}
wiogy FuIssiul st (z007) Te 12 [[PuU0d.0 20UaIaYYY — SUI] 1587 .
* uonsa33ns 1od padueyd 128001 O s1-) 0, 01 30U, 33URYD ~ LT WL Lsd LT | 89
-(***oZnurmu 1) ,OL, 01 ,AUL. 93uey) — 71 3wl
"pappE “g-9°7 9]qe], 03 PaN) 10 1%3) S Ul no . ot
x . -9z ysnor | L9
st sInF1 JO UOISSNOSIP PUB PISIASI ATSAISURIXA ST UONOIS | PRI[ED 2q 07 pasu Asy], "S2M3Y IS} 10§ N0 11e0 O ST 214 L, 197 soxn31d
Ua)EIM SB 1321100 JUduIsje b "OSEAIIIP JOU dic v
* Nt ¥ JuUIREIS Op-+*, 3Q " -3SEAIOUL 10U 0P, aseryd o PINOYS -~ Z 9T e /€ ML 99
OIS 2UIIY .
* uopsa3ans 1od pagueyd oy} wioy JuissTul 81 (Z00Z “USIAST) 20Uy — ¥ aul] er d b s9
| Toyg/ 0oy wonmjosay Tewoy | ON9%ed/ | ON
BIRJ/ 028
sasuodsay pue JudaUUoY MIIADY JusuInNd0(g 2 Yed




9 —0

I T aav ow T Apiqeqoid ) ggd |
uonsafans 1od padue -
* R pacuEd o, o, SBueyy — £8 & 1 U1 (I8 01 ¥ 8 Sou] | BT 68
"paULISP U93( ApEIIE SEY {dAV) e
* uopsedans sad padueld Aiqeqold 2oUBpIRIXD jenuue,, se, JAV, 3§ aury 1gdiree | 88
* uoysoFans 10d peBurdD [T B1GEL UL ypauonse-® SUISH 150830 U9ISISUO0 O o 18 L8
JO PBIISUL 004,01 X 350 SANIEA JAV Wia 3[qe snoladld d/z-¢ 91qel
-Ksnq s59] s1o0[d U saeul
. . 2(0°€) UOR3s sIy) ut 1AL} 10 3301 B501]) JO JUIOS
N YOTYM WMOYS JOU SIE STOTO3A Agpooren &Eo:wom.:ou pash JAOUS PUE SSTIOSTP 0] [BIOHAUAG 9 3 PINOA, "paAeidsp 210 0g d/9°T'€ 9%
are 1amod UIRans puk §5e1S BaYs podai spyy Uf "U0IS0Id JO S10190A ATO0[3A T Surhous som3Ly 6661 T 19 ceRUa1S0y U]
X37U0D Y} UL PIIIPISUOD SBM Ayoojan modal 1o1id a1} uf : :
) Moy Jey) sam3Ly ueyl aoeds $s2] sa%E) :QEM Mwmwwﬂwm gsuonE[uUIS MO O Butnp poonpold sydex5o:pAy og /1 b/sTe | S8
* !
51dnod © U1 3X8 34} UL PISSNISIP B $O1)SLISIOBIRYD JUAL[ES a1 Jo sopdurEX® MOUS PUe SSSIP O} |erdyauaq 39 ¥ pineM
¥ wonsadgns Jod pasuey) | (1 soum OB Aqeotd 1) MO, O} ,SMOL, 3Fued) —~ £3UlT | 08 diibisze | v8
00 paj[eo 2q pinoys Ay ‘08 31 &0 xipuaddy Jo g pue .
* uopsafgns 1od pABUEL) v SUEJ YliM P3JRIO0SSE SUOOIS sepnopued 2191 91V - ¢ SUT] osdibirze | €8
T |
* uopisaBBns sod pasUEHO RO ~4) WJAOODL, 0 JHODTH, 38uey) — T 210N f-galeL ) 8
"UONDAS SIOUIYY .
* uonsaB3ns 1d pasuT) a1 wo1) Furssyul st (z00T) 191p1ag 99us1R)y — ¢ oury LLdnbiree | 18
(* oy
* uonsagsns Iod paduey) 71 RTSiEmTX01dde jo pue “ruofiul ¢ ¢ Aimeaixorade | LL dy1 Wze 08
jo+*) Arerewnxodde,, 01 ,~, 9pIN oW afuey) ~ 1 W]
-(++Burpduaes .
* uopsod8ns 1od PABUBUD | s paseasour ) Jeneds, 01 Afeneds, S8ueq) ~ 9 9] Ledbie |6l
-("*2onpoid 0} ETEP owdesFodoy parelor’ ) )
* GOﬁmOWWﬂ.m MOQ ﬁDWCﬁQU :OH: ﬂvﬁ,_w :DM:Q%OQOH: EODE@D :Bwﬁ: ﬁ@mﬁm - .? DH—MA \l.._l Q\ﬁ .._rQ m wh
100070 > SqAY 10§ S
© SB pasn Iels o YHm UOISIJUCD PIOAE O} % pue 0] (4) TEIS B Gl
* wopsed3ns Jod pASUEUD uroxy uoneoydnynu 10§ joquiks a1 SuisuBYd 15093ns AjSuons | d/1-TIqEL LL
‘os[y "lequInual 03 padU ¢ -7 sem pajuasard o1qel Ise] 24T
oy 09V uonnosey ooy | ON9d3ed/ | ©
d/ { N N
‘ered/ 298
sosuodsoy pue JUsWWOoD MIIAY juownsoqg :Z Hed
_




LF—D

-anjeA-U01)03s 1jdey) 1o anpeA-IsdeyD

* uopsaB3ns 1d pasueyd Ioynd "se[qe) pue samSy 10§ SUIIaqUINU JUS)SISUOD I8[] TYYANID 66
(530 650°01) SWR00E
10 (57 650°01) /W 00€ 3] siseypuored u1 seAMbY
* yodal JnoySnoy} AdUdisIsuod 103 padueyp 19218y ysijSug o Aq pamof[o} spun dLusul 18033ns oping) 9jQ1§ “INT | TVIINAD 26
Y[ ‘SN SLNAW PUE YSHIUF JO X1ul e Sash jrodar 1IN
oy ‘pouaseld SI¢ SUSUIAIMSEIUL MOY JN0 Jylom 0] pAaN
: ue (&) sedn3gqus -¢ YSnoIg
* uogyseBSns 10d pasuet) Fu1ssNOSIp pue Funeiedss yo »m.sﬁ mwuwon M _Wﬁm 03 Wunw N mm.mm‘,w.ﬁzmww L6
" uonsadins 1od pagueyDd yxa) ul pasn se WO, 03 W0, aguey) W.‘M MMM%MM 96
“(f(g-¢ SINGLY) SOLIRUAIS " ") soUus a7 JO
% uorysa8ans sod paduey) | pUL A IE poixad € Jasuf -(-+*oyderSodo} 57 QANISUSSTL ") | O8 di1lvrye | s
Jowyderdodoy,, pue dANISUSSUL, U2aMIDQ 0], WIS — | [ JUKT
*(-raduoso e
* uopysagans 1od pasuey) SMOYT Aq pajeuruop” ) ,SMOLY, 0} MOl umm:wno -1 oﬁ.ﬁ ogdnb1ve | v6
“(q xipuaddy T SAETT UoHepUnil 898 apjo
N uonsafgns 1ad paSueyd a ﬁvco%%ﬁ..wu&u% s sdew comumwc:&. oomw_ Mowwﬂ Mﬁ%oﬁ\w ogd/t b/1ve | €6
“JaUURYD UOISIBAIP 31 JO
apls uIoU oY) SUO[E JIas S) SMEIp MO 3T ‘og 'pus oyl 30
MO} 0} SSNUHUCD )T SS0BIA paddex jou s,31 Ing [AUNEYD +(>--ay uo paddenus "
* UOISISATP 94} JO PIS YLOU 3} UO PaUTELUS ST MOYJ UL sxe pue--) ,poddenus, 01 paurenus, dBURYD ~ § UL 98 d/LB/IVE | 76
-dexn e U1 JI SB JO UL Y283 O :denug
‘Jas)1 I9ye Suofe meip 10 find o, surenuy
(" o1reusds P OYL) wu 0 ua 2guey) — g U]
(- roroym ( Jenred,,) SHSAIND ST Jo ) mojed
. -uenumal Aa1e(duroo sem yderseied 19178 0} 3oUOYUSS Jo puS wox ,(Jented,,), A0~ & SUT | £8 diilsee | 16
-+ 20UIEASAUOD OU Io1Ie PR, 33130 — ¥ 3UF]
1o spasu yderdered ojOUM
“Fupyy swies
* 2 MOTS 1Rl saIng1y ueyy s0eds $59] SANE} YoIm SODUAUDS "GAOQE §§ JUAUTIIOD 325 | 1§ di1lyeee | 06
a[dno) © UI %3} 3y} Ul PAsSNOSIp 318 SoTSLIRIoRIBYD JUSIES
Toysoov UOIN[OSTY uauImio)) | 'ON 9%ed/ | ON
“BIBJ/ 238

sosuodsoy PUE JUSWIWIOD MIIASY Juatundoq :Z Hed




8F—D

~ToreaTjdde INI 0% o§10ads JApmas st 10} ,Aoemode ToUBY, € SIIDSU0d | gy J
* 10U -pOYISUL JO UOISSTIOSIP ferouad sy sfyj, "23ueyd ON PINOM JEIA O} SB JUIWANEIS © SUPNIUT GUOM 31 ] — WSS 5,7 (248 ot
. TApras prezey pooy st 103 .
* uopsadans 1od padueyd WOog 2yl 0] "7, S8 BUWW0D 310529 uOTSS PIOMAY — [ 8] pdie /i 6
+ PANUTTODSIP,, 10U
UAUIN20P AIBUIWNS U SISy TE[IULS YIEM JUSSISUOD 29 ] doxd . 3
N o1 om3yy pedueyy ‘uonded o1 3 31y 10f UOTINGLE POPPY pauiopueqe,, I UL} 1G0Id 3L (Wep UOISIAAIP Y3 dA0qe | -1 T03Ld 3
: T A[pnioE) 00Xy SA0(R PEOIIEY a1j1oBg UOTUN) Y1 JO IO [[BD
"g aulf o ,HOAu .
* vonsB3ns Jod pasuEd) 3O JUOT UI PUE § SUI| UO JUSWUOIATS, JO ywox W A1), Hesu] Ldbin L
- 7INI o) 78, 01 38ueYd  INI
* uopsaans 1od paRULHD 1e,, Jo peajsut ojdwexs e s¢_,"INL, §0 0.y Ul 21, Hesu] TYHENAD 9
* uonsaddns 1ad padueyDd 9583 JoMO] 1 ds1 biot ¢
oq PINOYS Joyu0 AYfEng) pue SOUBINSSY Arend),, — 7T our]
. wonsa8ins Iad paduey) “pasn ISty me b ¥
) woym ,SHdSV. PUR WSYIAN. suopEIARIgqe S — b SUr] JAzemwing
% uonsad3ns Jod padueyd -(panmbog) payjadssTu st  pannboe,, p1om oy — 7 AUl ; %M{% =_W= S €
. . /1 b
* uorsadans 1od pesued) ur] yoea uo ,"INJ, JO uog ul o, Masu] — £ ‘¢ “p seul'y Areunng 7
L 1M0] Ul , SHUSII0D) JO S[qRL WEW |
* £dos 1aded peyunid [euty 01 senddy 03 WNJEYL, SIPUILID 01 91 Jd WOL Joensqe uid 3,00(] [V 1ensqy 1
“Toygy o0y UOINOSY Tuewiuo)y | ON9%ed/ | "ON
eIBJ/ 098
sosuodsay pue Juawwio) MalAsy juawinsoq 'Z Wed
- (GEI9A0 O PRl03D B0 WS 830 dog 810 |
unIep SWYD RURN ‘Te 19 BRURISO UE(] Qe N
JOMITADY TUAWINO0(] JOIEUISLI) JEaWma0(]
P00Z ‘7T WPquEddds Pred

Jex(] [eUoISI(-31d  ON AN /MeI(
sa1pny)§ pAvze] PooLy J3ARY ysory Sig J0} vIe(q slgdesSodoy, ‘Y xypuaddy (Apmg pIeZe poojy JPAIY 1507 sig 9L
UOTJRULIOJU] JUITRIO(]

uopew.ojuj punolbyoeq | Hed




6y —D

. uonsaSgns 1ed paSueyd f,o”"SIIPIOS 10J 6T 7T
AydeiSodoy, aq " saIpmSs 10 Aydesgodoy,, pnoys — 6 AUt dizb1Te
sypuadde ST JO .0 WAWYIENY, Ul 3 31 TEh 6
* [ JUSUALOD 23§ 15089ng 1odal S UT 213GMmas(s 10 (v xipuaddy) xipuadde d __.N. . 1z
sy yo -0y Xpueddy Ut ST BIEP sRUIPIOO]) — SUI] IS8T 28 1xa
:.m w .H ON
* $1 JUALILIOD 935 xipueddy, 01 sorydde os]y "$[ JUIUMIOD 33§ - ¢ pgsoury| d1WITT
* uonsad8ns 12d paduey)d - yeuLoy A[ [0SV W mdino £l 61
<+, 01,7 ULl 91 TIOSV 8¢ dino -+, a8uey) — 73Ul dibT1e
“(poumq Arened |
* uonsoBSns 130 PASURHD | 55 3u xaddn ) 210M,, 01 ,SBM, a3ueq) - ¢ aury uonde) 9-C N3 81
§T
. "1%2) o) UE AJIR[D uasaldal g~z omBL] uo
N ureydxe 0} uondes 1 1%3) pAppy syren ay) Teqa uondes amS 10 3xa1 3G WOY Te3[ 10U $1 1 MMM%NM W LI
* Pral "¢ 1 JUSWIWO? 935 — T 3UF] dn W_M.M.ﬁm 91
~iodal Jegae] o Ul xipuadde ue
. ~xrpuadde iy Jo 7 10SWYIENY, Ul
. se papiout aq 01 suaddey osye Yorym nodai yuspuadapm aq 11 o) 15338nS. £10 dox ST U1 SIAYASS[D 1O (v xpuaddy) 01 N o1
ue s1 uood spy 30U xipuaddy Jo asn pautelay sipuadde ST Jo ¥ XIpUS ddy 1 eyep AaAms [ — AU 15T dirb/r1e
“saoua1e]al xipuaddy 0 moySnony ,yodal s 3O, PPPY : ’ : ’ ;
" uonssF3ns 10d padueqd “[10 M2 ST [3qe[ STe-A | €T 231y vI
* uonsasSns 1ad pagueyd 381 18I UO , STATY,, dULa( — W 15eT | 8 dnlrre | el
-(" - saynum .
* uopsaBans 1ad paBULYD 01 Jo sum uonednoo0° ) JO, 01 ,SeA, aZuey) — [ AULT gdilrre) T
uj (IBoIS .
* uopsaB3ns od pasuet 10u ‘vonelodio)) IIOIS TA'S 10] SHIOM e Sy — [ 93Uy Ldis b I
oy 00V Tonnosey Juemioy | ON @sed/ | ON
BIRd/ 928

sosuodsoy pue JUSWLIOD MBIASY JuaWN30Q :Z Med




05—0

sa3ue)oai yuid se 2m3y siyy

. - (43
* aBuvta ON AlISea 10N o readde Jey) soqumy [sued 2Y) 313[op O1 Auam Aue 2191)) ST §-¢ o313
* uopsadns 12d padueyd Surseds auyj 1991100 — | AUl 4 1t
! i D 1wl d1 bzes
; . (- unpm are (painduo) - TIALD" ") . 0
* St 56 3O SUa9s S{Y, IBULLD ON sisepuazed oY) Jajje ,219M,, 10 918, IoUaLa asu] — £ AUl 6c diehiee ¢
. uonsadans 1od paSueyd - -etusoy o1y [IOSV T ndino 13 67
-, 0}, JeuLIOY 9fY T[SV S8 ndymo "+, 3Bue)y — 7 5] dribreee
1921509 ST 12AYDIGM ©, 77 aeruad 0 pue ssasoxd
UOIRIUSHIO 3IN[OSGE PUR 2ATIRI2T 34} 10) Pasn SEm JIBMYOS ",
10 ,**9YeIsuaS puR SUOHEIUSLIO IN]0SQE pue aape[al ¢ .
* aar
Kgrzeo 03 Fupion paRUEL) 5]012uaT 0) Pasn sem dIemlyos =7, SE Juipiomar 15988NS | joyng/eTe
ssa001d e aje1ouad 01 pasn seM
21eM1J0S UOLRINBURLICIE *A3091105 pead . Usa0(] — WSS 1, ¢
* uopsed3ns 10d pazueyd ‘pajeuIolR, SB pajjodssTu i patewiome, piom YL - | 3 < LT
poleulone,, Se paj[adssiut s}, pIjeLole, piom syl — [ U] WBNG/ETE
* uonsa§gns 1ad padueyDd syuapu1 a1 [JE WY — TV mwmmzm 9z
L ! T
~xpuadde sty Jo g UAWENY, W 3G N e
¥ ¢ JUSLIIOD 395 15938ng Jytodal Suy UT 2I19GMBS]3 S0 (v xpusddy) xipuadde d H m. . sT
sty jo @ xipudddy ut paje[nqes a1e syod', — 73U /e
N uonsaSins 1ad paSueyd (oo WO SMOB ) b o camgy | VT
35U, pUB ,SMO[],, B99MIaq W10, aSU] — 1 suyy uonded ’
'SI011d
pasnponul Jo 218d sae) S} ‘g9 & "UOIIIS SIY Uk s1algns " -
&
TEIUILS IS0 JO JUSUNEAN YRIM JUSISISUOD aq 10U PINOM pUR 67 z
¥ uon53s sy 03U} Ind 03 JueM AJ[ea1 am UEBLJ 18] 910U 10T Eﬁmﬂw :mﬂwﬂwobm uﬁ.wws_%MHMhow Hmm Mwﬁmﬂwomm_ﬁomgm_wﬁ dz1Te ‘
e axbal pnom 213y voneuejdxa yo ed sip usop LYY P nysIM 3 SEA i aed Toun S T
Suory ‘ssaooxd Ansunuressojoqd jo wed prepuels si sy,
T/ ooy HOINJOSY Juatoy | "ON 95e )
nnj N @d8d/ N
‘eI /098

sesuodsay pUE JUSWWIOD MIIASY JUBWNI0Q 2 ued




1§—D

b uorjsaB3ns sad pASUR) spxif, st pajjodsspu st ,spyS, piom o4 ~ T AT | T dn bey ve |
sapuedde s JO ,H URWIIERY . u aq 31 ey 1523308 .
* ‘g JSTUOD 335 ;a10daI SEY) UL SI9YMIS[S 10 (v xtpuaddy) xypuadde sy a1 Ty (33
J0 . xapuoddy uy papnjout axe SUBSI jmod- ", — U] 357 /
‘Toy/ooy ponnjosey Jmewmoy) | ON98ed/ | ON
‘BIRd/02S

sasu0odsay pue JUAWWOD MIIAY juswnosog :Z Med




FAale]

(" s3[ppes mof woly aelped JeU) SeoRLInS )

* vopsaddns Jod paSUEHO oyeipe, 01 Jueipes, 23uey) - 7 sur] “AB0joudiony eand | 1
Nl
LI b sl ~Tf 01 [,, 9q s9Fe1s pinoy§ — [ Ut ‘S0
% uSPLIA S8 1001100 | 4w T 01 1u 30 pesysul ,-1f 01 [, 2q sdeS Pl s - [ our 'sfios a1 E 01
* uonsaddns 1ad paBuey) LSO T, oy ur (~) spm e[ — T AUl k3ofoydio]N mg_mwm\.w.ﬂm 6
] [-€/M0
33 d pa3u fun st 0
# uonsedsns Jod pasueyd JPH 2q UM SIR PINOUS | o109 8
" nonse38ns 1ad paduey) Cy1deen sped 1eqey ut se suondiiasap jussald o-d/c1d L
® nonse3dns 1ad paduey)d . . "peulpiapun pue pioq 0 y'o 1'd Mwmﬁ.ﬁ.oﬂ 9
: — 1'71 € SNy IUS)SISU0D Jpell 39 0} pasu sSwmpeey Jun WU TTH
. uonsa8ans 1ad padueyD ‘(1]eseq) 9589 MO 2q P[NOYS Jeseqd,, — ¥ Ul W_.wwmﬁ:m_ S
" xipuodde spgy Ut papadu 10U ‘paterep [qeY | AUl U soeydor pue Jo,, 18YE X, 3 AR [ M0mo0g :omu.hm_n< ¥
rod Sar g
% uonsadans tod paduel) (1-g “'1) sjerouIntl Jepngal asn saorpueddy J9WNO A0PSqY £
. . t-d
* uonssd3ns 1ad paduey) S9TUSIUSS JSIE] 21 JO pUS JB aneds v paoN -~ 7 dWT OENSqY z
® £doo 1aded pejunad feuLy 0) gorddy WBL Bmo] U] ,$USUO) JO BIqe ] N 4 I
’ 03 WM}aY,, SIEUTW3 01 31y J(d WoY jyoensqe upd juoq | AORLSAY
[y 00y uonnyosey ueuuosy | "ON #8ed/ | 'ON
BIBJ/ 998
gasuodsay pUue JuU3WLoH M3IADY JUaWNd0(Q :Z ued
L—
(@B1s19A0 YO 100[01) OIS WS 810 god 810
unIey SLY) AWeEN Te 10 BRURISQ UBS(] PUWEN
IOMBTAYY JURUWINI0(] 1012UIS1IQ) Um0
$007 “0€ FPquNUdS Req

e [puosdg-ald ON ANMeIQ
eje( 2150§099) ‘A xipuaddy ¢Apmi§ paezeH poo[ J3ARY 150 Sig PPLL
o) emIoyu] JuIWnI0(]

uopewou| punoib)oeg :} Hed




£€6—-0

—l 1
Fuijep pue ‘s|1os ‘ssouay isatousy
* 01 paje[a1 Blep Eyuaweiddns 13Y10 SB [[9M S -SOA ) Jo saresows ojoyd apnjout os[E xpuadde st M TVHANED vl
* wonsedans 10d paBuey) | 's1dPIOY aoe(d w9 aoejdor 03 198103 3, U0(] — SAW T ISE'] p-/990 €1
. 'sanBu0] MO[J 10 JO SEATE MO] payoeaIg )
* uopsadEns 10d paguey) saey ss0dap 7d PUB [d, S€ 9IULUSE JO 1E]Ss pIOMSY — 9 2UI'] £-8/990 tl
oy 00y wonnjosay JEemo)) | ON dsed/ | ON
wered/ 098

sasuodsay pUE JUSWIOD MIIARY JudWnoeq -2 ued




Pe—D

/51530 SSAUYBNOL A MO[3Q uoigar oy} JoJ pasn
2q Ued UOTIR|NUIS J08Ip 10 S[3POWqNS amsopo™*", S&es (g-0 HONEIILIO
* u s, Junuuefy 3uisn pagads st W31ey ssauyBnoy | d p ) uswiers 1ok nq “20BJINS pue] SI 18310 SSSUYSNOI oY) : mﬁ o 4 6
3o doy a1 15538nS (- d uo | sep) UONO3S sy Ul 25US13Ya1 13poN
AUO ¢punoj WEIay 15210 ssauy3noa ST MOH — [BIRURD)
& “p-0y 98ed Jo doj ayy uo pauga(d 42, U] uga( — (g) pue (1) suoenbg G-D g
" paJoquInudX suonenby ‘() yrrm 93ed Jo WI0N0] 18 SHEYSAL Furaqumu uopenby 0 L
. - o /01 13191 STy} S20P suorjenbs s
* Pappe seA JUOHEAIISUOD,, PIO UL jegm |, Pu0d2q suoyenbs ap" ", $9)BIS JUAIUIS - f Ul £-0/% 9
“UONEIOU pIEpUB]S Ul SI[qELIBA ) .
SAAIIEALISP pIepue)s Uey) o0 Funyiawos el £y 31 AP
* uoneI3ayul AU} OUSP YIAYM sourpad ajousp asoql | . AT B /5 b o
‘a]qELIBA B I3A0 P3IIUSD 10P B Aq paiouap ST AUBALIOD V xp puey Z AKX (1) woryenbo U SULIN 130 augaq -~ £ AT
I Uon»s vV Lvd
-0M] 0] PAIOALIOD) o "D/t €
* $58§NOSIP A[UO UBYY """ S} SULEIUAD g yed,, sa1eIs 1 JUag fb/Arewmums
- 1odo1 s 3o 4 xipuaddy ut 1-0/Z
* vonso85ns 104 PBUTYD | oo o) wopenyyu - & xipueddy pue, s3uey) — L ST | b/Mewng ¢
" uonsed3ns 1ad paduey) . 01, S8 oMl payjedssiA — 1 Ul b mwwohwﬁm 1
{oy/0ov UOIMosay uewioy | ON @8ed/ | ON
‘eled/ 298
sasuodsay pue JudWwo) MatAay juawnaoq :Z Wed
(143181940 VO 10fo1d) 1B[0IS 'S 310 Jod 810
Uney SID) IWeN Te 10 eRUSISQ UBd([ SUEN
IDMITASY JUSTMOO(] 107RUITTI() JUUINDO(]

ssueinssy Aengd) put A30[0pouRA SupPpoN MMeIpAH D xipuaddy

F00T ‘6T 10quudas
A [eUoISA(-31]

¢Apmyg pAeZeH POOLL 1A 1S07] Sig

eQ

oN AgeId

PpIL

uoyenLIoYU] JudWnIO([

uopew.oju] punoibyoeg | Led




§¢—D

* uonsadSns 1od paBUERYD -payIoys, e pofjadssiu st ,1saM0Ys, pIoA 4L — L AWl L1on izt | e
N uoysa33ns 1ad pasueyD ydegered puodas ayeoppdnp 91913 | 91-D/C [Wrag! £T
(a1 JO peaowss Aayduod 0) ]
* wopsa33ns 19d paBURID) . 01 ' roAOUIAE pajepduiod, afuey) - uonded Jo aul] J5ET 1-0 2m3L] (2
i3 o mo.mmg - +
* uonsafSns sod padueyd A", 01, S3[FUE SIAWR[a" ", 9ALOD ~ 6 20T st-o/zhTt | 12
it " muﬁ.mm - .
% uopsaBsns f2d padury) s, O} ++'$APIS STUAWAa""", WILOD — LT U - Tl | 0T
“£12 pU® UOHEAS[? SDELINS I3jEM USIMI3] UOLILID0SSE “surpesy sixe qdeis 10J ,UONRAS[D JIEM,,
I2a[0 © 2INSUR 0} SWLU J[GELIEA JBULIO} sy mdino a1 10 ,UDIBAS]3 0BJINS IAJEM,, Fuisn jsn(15983ng JUONRAS(D Azt
* ur pasn si pue suofenba Ayl fie ul UOHBAD] 90BJINS IRM 30BJINS J0JEM 10J UOHBIAIQQE UE S8 J[PALLIE JO 2UIM) PL-O/T BT 61
210Usp 0] | UONIRS VY Med ¢y xipuaddy up pasn st 21 pajewnsa,, sueaul A[renion gorgm 819, s Agmy — 72Uy
“(‘puiE e UO SUOTRASID [ WOL ) .
* uonseB3ns 12d paBULYD) pajoengns ) ,SUONBAR]3,, O L UoneAd}d,, 8ur) — 9 AUl b 81
. 7153 - 159/ FUIUUNI 0} JSEIYLIOU - JSIMINOS ] .
* WM SZIUIUI 0} PAEIOL SBA USITH s1pua 4L Jurgunl W0 paIRIol SeAL JIAL A SIS apduns uJ — g 2ul'] SO/ WIT | L
. ‘ TpiE g 01 € 01pUs ¥ ¢ oy Bupuedxe | .
% uorsuedys 10U “UOEWIIIP JO ssanoxd v Ajje o] .11 Suquosap 10] PGP, U w115 15118 B SIS —] AUIT -0 W1 a1
worysoddns 1ad paSue «(*-*1e013 T voxe ") UL, 0O} ST, oTue — (pua)| 2ut el
% n pasueq) (G T ) U1, 03 St 0 — (pue)| AUy o/ dovo't Sl
7 uondIs ‘Y LIVd
. “sootpuadde 1ayio o) W s sTurpeay o Surequunu
* yoday agjouE WOy poonp 01da1 53§ 15093ns “odal 1apoue wog paonpoxdal st i) ssaUN] TVYENAD 4
. ] -(£1) uonenbs padueLes e &I 3001
| somm sy o o e IOWL | ) sy ty P COW | BOVD )
T2 03Ul PAIOOR] U3G SE V0T b qsJe4L 15;: shes (-0 d -Juas 3se]) JUSUIE)S BIIeY — ¢ uonenbyg
" -¢-1y oFed Jo doj oY) U0 paulRd -yoyenba a1 UL § WLs) 3y 3ULRA — 11 uonenbyg 9-0/€ b Al
* -pappe uoijenbs snotaaxd 0] a0UBIRIY surga( — 01 uotenby o0zl I
" “p-0) 25ed Jo doy 2y U0 pauH2d -yoryenba 3y Ul (zp sE) Z WUA) 24} sugad — 6 uonenby 9-0/1 b 01
Toyg/o0v wonn[osay Juawoy | ON dsed/ | ON
‘pIRd/ 008

sosuodsay PUE JUSLILIOD MBIIASY JUdWNI0Q -2 ued




9¢-D

“UOTSSNOSIP SJBNSKITT 0} 13l PPV "popLAoid §1 aUoU y i
* uopsa38ns 1od paBIEYD) ng ‘am3g e 3q pinoys a5y 515238ns ouUAE — SUI] IS8 €O Tl | LE
uonsasH d poZuw oouees /€ WT
* 0135308 Jad PATUE) yo pua e (uode1sip 1o g xipuaddy), wasul — 7 Ul ez (4 9t
Jmyo<
* uonsadsns Jod paZueyd aq SIY) PINOYS ‘OS[Y ~, W ['0w 03 12 O L. FurSueyo 18283ns | ZZ-O/T WL ¢t
‘siajowl Ul are g pue (O xipuaddy w sjord uo sipdaqg ~ ¢ AUy
(e sm | .
* wonsaB8ns Jod peBUBYD | gy ) f120, pue 3L, USBMIAG U, HOSU] — p UL cconbrn | vt
(" yadap TOmEDIHU
% ‘dap voneyIur 10U ‘Gidep (1a1em) Isnl s 11 Jua1ms oy Jo pdep TOFEATU Supynsal ap jo* ) pdap, | 220/ bt | g€
0 §39US1MIO0 10q JO JUOI] Uf , UOHRN[LUL, LISUT — g aurg
uonsa3sns Jod paduel) 103, 01,30, aBuey) — 7 oW | TTO/A WL | TE
€ uopRs ‘v LAVd
23y c- -
* yous ug orydesd 1adoad ayy sonpoid 01 payoalIod Udaq SBY -3q 01 Jeadde 3, 00p samEY Y3 INQ JUSIJJIP are suondey | ﬁw%ﬂ@ﬂ 1€
yonyam oiy papodur ug 0] 39URJ9JA1 JOSLI00U] UE sem 2194 ], o :
({1e81e] 10" ") 20UUAE - ]
* topsadAns 1ad pasuR?) J0 pus 0} poirad pue sisayualed Suiso ppy — UL 1SET 81-0/1 bie't 0¢
‘puLwiod e 03 uepd pooyy T, wye ] .
* uoyysad5ns Jod pasueyd pouad ayp a5ueyd 10 ,'PuS UOISIBAIp 3 10] |, 333[3( — ¢ UM 31O/ W2t 6T
nm:osm;mumu,n_mﬂ:m_uﬂw MMM%MHMM MmeMMw:MWvMMMN 'Tea[D SYY PIEWI 0 35T IS} IO JACe 4 /Al 2z
ES N e dut . . 1 €y - - e —
-pasn s1 sdais piom 9y} JO 1daoxa sdais JoAsu ale 2194 L trods ‘3, (sd31)s 0TT-0. 10 W(5PU022)S OZ1-0y ™ 31 1~ 9 3T
% uonsafns Jad paduryd 2500, 01 ,§/€W, 399000 — 7AW | LI-D/E 1| Lz
-syeudoxdde
" uonss8sns sod paduryd ST 19ASYDIYM , FULISpIO Jaquiny,, 10, 19pIo Juuaqumnu,, | L1-D/ZWTT 97
JoUe 03 FuLIRpI0 SULIRqINY,, aSuey) — U] 158
*(***suorsuaW[p )eulpI00d SIS
= H : . - .
* uopsaFans 1od pasueyd TUNUITXEOI "), JUSUIS[3,, 0] , SJUSUa]3,, a8ueyy — § AUI] Lo/ T T
oy ooy wonnjossy om0y | "ON 9%ed/ | ON
“BIRJ/99S

sosuodsoy puE JUSLLILIOD MBIASY Juswindoq 7 Hed




LE—D

% uonsa33ns sad pasueyd Kq, oweordnp sy awRA— 01 2ur] | LZ0/Th IS
* -ayyroads apey ;01 Surua)ar  SPOTIML 353U, 312 JBYM — T U] LT-oiTh Y
"AUIeS AL} 1€ AaY} AYI] 2191 SPUNOS )Y “AJLIR[d
" “u s, Suruueyy] §,31 101 PAYHIRD 08 J1 (] UON99S ‘Y Wed WOL 531D ssauy3nol oy (0] pajefal oz-o/c b 6t
10) S SUIES A1) JUSTILFS00 UOUILY WION0q oY) ST | aur]
*2191] UOIUSATOD TILS & A100[oA
* Ul 9M 08 ‘] UoWRg ‘Y uedJu meo mH> 10] N pasn 0§ b € SE AU S 4 PUe nopeqiad AIS0[aA B ST 2IAUMIS]S 97-0/T h g
" 1 u0nag Y Med U ANS0T 3P v pauNap sem 7 30UIS 7 JO peajsil 4 Sursn 15938ng — Ul 1587]
% wonsaFsns sod pasuey)d (¢ W sB 5189, 35ED IIMOT] — 6-L SIULT] 97-0/1 b Ly
* uonsadans iad padueyd  JeuoISUSWIp,, Pue [apoul,, azHendeD ~ ¢ B ¥ SSUT | o7-0/1 b o
saorpuedde Iapo .
* uopsad3ns 1od pagueyd U1 PaduaIayal B ‘6e61 T8 19 BRUSISO gunr 15988ng — ¢ Aul] 920 b v
. “saotpuadde 10 Sy Ul S SBUIPESY 21} FULIOGUING
* tode: 1agioue o3} paonpoidy 15033ns ‘podar 1ayjoue woy paonpordar st S{G) SSIU[ TVHEANID 144
1 wopdds ‘d LIvd
* (Kea JOW)IS MOJJ ) SALIP 0} PLaY OU) SASEID Ajesn (IURISUOD SUI003( I} SIOP 10 ‘35830 MOY SA0( — ¥ oury | sz Tl | gF
* uonsa33ns 1od paduey) pUe S19[U,, 0} ,pUeS 19U, 103100 — € AT | STO/MbTT | T
"+ Apresu uo 3% : .
* uonsaBans sod pasuLYD SUBAIND ") U0, PUE ,SLSA[ND, USIMIS] 218, HASUL ¢ aur] vz-0/s Tl ¥
SR ‘oda -3¢ /T
* PAUHEID | ¢ mmuns o 1o xipuadde siyy ;1eum JO g BONISS — | aur] VOIS BT v
. ramyeu L ‘spuas reuonendwod 3 Jo (;1ByMm) TeITIBU J12I0SIP i bz
* 31219SIp A1) AEPOUOIIE O1,, 'PIXL} sodA aydumiy ap Kuedmodoe o1, (S)pIom Surssiur pue promay — | sul] yzOir el 6¢
* aausuas Futmof[oj 1 pazierded T 38 () porrad 9y a18[a — ¢ W | ¥T-D/E WT1 | 8¢
ooy UONN|osay JelIWo) | ON988d/ | ON
BIRG/ 098

sosuodsay PUE JUSLIWOD MBIASY Juswnaeq :Z Hed




8¢—-D

“So]is UOTEBNSIAU] PI[IEIOP IO 0] WESLSUMOP

N POYIYS sBM SNO0J AU} NS suoneINsoAW PIAIEIP | (SPUSH sadung 10y sm31y sye1edes v 33 1. US! Aym — 8 BUT'T 9g-0/1h 0
poopoajed fenusiod e se 350] sem SpUIH Iadunf UM
L 'spuagxa Apms poopjosed oy 10J
" uonsagdns 1ad pasueyd | 239y pasn yoear oy, ‘(sedejd) seare Furpeslds pajoauU0IIBIuL ce-o/T b £9
JO SaLIAS B 0) passedAq st sB Surpiomal paysadsng — 6 Sul'l
wlBan ey W
% uonsagans od padueyD 23 Ieosip WEaHSUMOP sHuLl Jel] “SRAYMIOU S} 0} SUIMY IJALL ce-0/1 b 79
35U} 2IoUM 3)IS 213 JO a3poa---, se Swplomale 15383ng — § o]
. gt
" uonsedans 1ad padueyD) 1xa) oY Uy 2n3y STy JO UOISSNOSIP OU St 31 L -y, smBL 19
. Pt
s uonssdans sod padueyD angyy arearydnp 232713 «3/9 AMB1 09
‘ L7 -sIaquinu apnoxL yitm (;1eym) jo suol3al )
* Joparlrd [B20T,, @oUR)U3S Y} JO HILIS Y1 Je X&) FuassiIy — € 2Ur'T £e-0/e b 65
. “anyeA 9UI0S UeY]) J91eald :
* uopysodans sod paBuELD 15qUINU PNOL] € SB MO[ [BOIISUEN SULIP 0F paaN — 1 aur] £e-0/E b 8%
L]PA3] 13NeM pAJaPOLL 18Uy
" “SpPUNOq JaMO] I8 SHIBW 12)eM-131Y PaAlasqo AL 31 10U “[9AD] JoJRM PANSDIUPIALDSGO 159US1Y 241 8 AU ze-0/Th LS
[PIUOZIIOY B AQ PIPUNOQ 9q S)[NSa1 [SpOUL 1 Upjnovs — t AW
. ¢ 01 1497 30 Y[ 01 WS Wwoy MO[y ST _
* awiayos 10[09 3 Aq PAIEAIPU] ‘51 pud weansdn, o7 218YMm 815 03 PaaN —  2I3Ly/7 aul'T 1e0/e b 9%
¥ uonsedans sod pafueyy | (7SO 00EY ) 00 1oyye () pouad oy 1e[oq — € 2T | T€-0/Th 99
¢lepowr ayp Jo 3551 .
* 19| eas-poy, e 10 TOTRIRENTS o[eos-plal, ® S S| — -1 2T oeorth | v
(1 uonaag ‘y Hed), 9IUSs JO pud )
* wopsa@3ns 10d pIBURLD 18 ,, UOTo0S UOHALIOSAP [POUL,, 03 OUIIAYI HIASUL — 1 omT 62012 h €5
"1X2] o) UI STy} JO UOISSNISIP Ou ST 31343 pue GAODTY 107 sdags
auin om) Jo uosreduros e sMoys 7 amFi] “I2asmoy ‘TNOOMT
* ‘a1 o1 SOUAIISI A[I0ALI0D 0 UANLIMIY pue 7wl Jo uostiedwos e moqs 0} o3 si 7 amIg 2z-0/v b réS
jeqy 15083ns ,* "s[opoul 7 IS 3 L, 29URIUSS A} JO MElS AL
-ydesFered syp Jo 1red STy} WOR Surssiw ST FuyIewos — ¢ ul'[
ooy nonnjosay juetnmio)) | ON 98ed/ | "ON
BIB9S

sasuodsoy pUE JUSWLIOD MSIADY Judswnooq g Hed




650

(Aptas o) JO SUOISN[IU0D 33 GO ARY SIIj) S90p ‘Aue
JU10375e TR A TSUONBAS]D ofms qZYWHL pue WOOH 24

* poday Aewstung o) Ut pRssnosKCl U1 S0USIAYIP 9} JO (joa1et]) Yoe] 10) asuepodar 3y uo y0dy TVIENAD 6L
AIeumng oY) U 10 TON09S S{y} ul 13ipts UOISSNISIP B SPAAN

* uonsadsns 1od pasuRyd -(-++sdays SN pue” ") UM, 0F W sSueqy— g1 oury | prOich 8L
-Kjsno1aaid ouop Se .6,

* wonsoBEns 12d p3BURHD | oquks o aspy gaseY o pafiads o, STAUM — ST 9T otk | L
(" aAleUBR

* uonse83ns sod posULYD FATAANIS Uy) ,2AT0YR, 01 03132, 98uey) — 9 dull o/t h 9L
.A e rh.O”@

* wopsadBns 12d padueqd 560 03 Aressaosut) ,a8n, O} Juzsn,, sFue) ~ ¢ AU 2ok sL
(" [edIIIDSURY

* uonse8ans 1od paguel) Soapoid 09 pauelsT ) aonpoid,, o1 Jonpold,, aFueyd — T U] TwO1h i

* uonsagsns 1od paSueyd 7 UOTIISS Y MR, O uf UOHIRS,, 151 o sSueqy—goury | 1pO/Th €L

* uoyyseSEns 1od paduey) (7gWIL) PTAULL, UL Py O cmenden —pourt | 0¥k L

* uonyseggns Jod pasuey) | (*I0RINCD T aIMSUS" ) I, 0 et SBue) — UL IS 6£-0/1 b 1L
"G ouy]

* uonsoSans 1od peBuel) ¢1 ydei3esed uononponuy a4 W papujoul aq osfe pnoys ec-ych 0L
I3AJOS 207 9} 10) AOUSIJAI pUE vonduosep SIYL — Z-1 Ul

(rw Rl :

* uopsa3ans 24 pagueyd o) TTAY) SOUATURS 31} JO MBS a1 78 AP, MeSUf — € UL LEOM b 69

* uonsadans Jad pasury) JTNOOTY, 03 ,WoDN, JO gurjjeds ja1100) suonde) -0l meamﬁm 29

" uonss3ans 12d paSuey) JIorem,, 03, 1B M, JO uoneziended 1921100 — uonde) -Q_o_,lo m:mﬂ L9
“pajoipeIdispun 218 SUOnEpUnUl “aperadoxdde

" ay 1By (35U quasard) MOYs [[1IS PUE Pasmoys siusal §1 JoASYIIYM " "aIe SuonEpunm Y, 10 ,***§1 uonepunul oc-0/z h 09
a1 synsaI A aonpoid o1 ysed 23 Ul pasn sea (IuniL 01, "SI UonEpUNUL’ T, aJueyo ‘onssi asUS], — T AUl

% uonseFans 1od paSuel) _yoda1 sy 3o o xjpusddy, 01, UoDES, sgueyy — LowT | 9e-0/Th $9

foy/ 00V uonnjosey jeewwio) | ON 25Bd/ | ON
“BIBJ/ 098

sosuodsa)y] pue JUSWILIOD MIIARY juswnoso(Q :Z Med




09—-0

. N WO} SJUSTILIOD 1901P

* sodo1 T YIN| W04 SJUAMIIOD 1031P 1F fayr 5Iom 250U} PAUINSSE | "7 UON0AS ‘g 1V d M3[Ad1 10U Pi 08

Toygr o0y UOTIN]0sY B0y | 'ON 9%ed/ | ON
‘BIJ/ 098

sosuodsay puE JUSUILIOD MIJASY Juswndoq :Z Hed




19-0

N ’ uorisa3sns 1ad pasueyd 103, se pajodssiut s1, 10}, paom oYL~ L dUIT F\Mm:ﬁ H.Q 6
\ onsa33ns 1od PEBUEYD “RouMSISUOD 10] {apotl SInEIPAY W) AT 3T 10U -ppoul | m-D: 9
' ayneIpAY B Uel TP jopout o1A[oIpAY B S~ T aury L b1 T1°d
-Kperewnxoxdde, o
uopsa3ns 1ad paFUE i oovpdal pue (<) 9pIR o ] — W 10T | /eI L
nonss3ans 1ad paBue + A 01 uonENbS W N, SUIOP 0F PRON aut 5
* o1sassN pesueyd A 10§ uopenba ut 0, SUGSP FpeeN - 13T L 11 9
“3usIuas o} Jo pua
uonsadans 1od paBuey) atp 38 ,AA0QE PIULAP SE ae § pue A pue 7, Y SIS | ﬂ. . o
2 SpnIoUs OS]V D, SUYOP 0 PON — -1 uouTIbd s s1td
Koua1SISUo0 J0Y seotpusdde pue d0QJ (/M asn WA 3O pealsur) 10oUOAXS
: . [RISUSD ¥
£fewums moysnony padueyo pue paxddyd suogejou yun | welod gaorpusdde 1oqi0 31 W pasn se sjun 10y (/) uses as(1
uouss3sns Jad paueq) k JJo, Jege X, 8 splad — [ A0Wood E»MMM& € |
“JBH 1omO] W SHUAIueD) 3O SR L WEN 4
£doo 1aded payund RUy 03 sarddy o1 WY, Sreus 0} [ 40d w0y toensqe turd 1,800 1-(1A0ensqy 7
:.mDﬂ—M@alE: —uﬁd :..—OM: ﬂuOEOQ _.ﬁ.m?f: OHOMOQ 1 Q
uonsadans 1ad pssueyd “(**s/ W Q0Y - 1
01 (s/,5°"") 400Vy PUB sisaypuared udamiaq 01, WISUL g our /e bpornsay
wonNjosay Jounno) | ON a8ed/ | ON
. BiBd/ 998
sasuodsoy pue juawwod MDIADY juawnooQd -2 Hed \_
(8151940 VO 1ato1d) 9101 'S 1310 §M09  BI0
unIey SUY) SWEN ‘[ 10 BRURISQ uead JoureN
TOMATAY Jusuma0(] 101RUIZLIQ) JUSWN00(J
$007 ‘8¢ 1oquaides are(q

yelq feuospaI-3id 0 N “Aays¥eId
sasATeuy poo[yodfed 10y symsay] SuIPPOIA annespAH supenjeAy @ xipuaddy tApmys prezeH poold JAATY 5071 319 APLL
WO RULIOJU] U0

uoneuwojuj punolbxyoed 11 Hed




790

“sjuasa1dal ]
are 21 1eym pue quasardal $30TIIA 341 JO yoeajeym | ZT-Eq PUe [
* otdoy sty JO UOISSTIOSIP popuedxs pue pappy apnjou] aul] Jo jurod B j0U pue eale pue si uonnqUISI ATy | ~£d $oIn8L] 2
1507 B oY) Aym JO 1x01 oY) UF UOISSHOSIP © apnpour 0} PaaN
-umop sunuiod spoquiAs | Z-g-a PUB [
* uopsaB8ns sod pasuELD yoe|q sMoys 213y nq ‘dn ymod sjoquIAs Yoelg sABS wondey | -£Q SINBLI (4
(v ddy 52) seopuadde .
# seredss aaey ey seorpuaddy Ul ABojourunss) 19030 a5 - SMMMMQ mMMH mmuw@w%w QMW MM%“MMM%%MMMHM«%QM.MM an ﬂw.md ¥4
LAy ‘Inoydnorgy adesn JUL)SISUOD JOJ pULERldl - s3ueyo oN ; " ; won ' " : /
‘(1@ Ransi L1
* wopisa38ns Jod PBURED | <y cpnas--) syu] soye pouied Suissiuw ot sl — € SWT | -A/i bE'd 0z
" uonsadans 1od paduey)d ("*"uonsodop il PRI Holaog:.v 1 - 6l
 uonisodap,, pue ,pajeloosse, Uasmivg , Tia,, MasU] — W ¢ ~(/T beTa
ouI0yol [PUIBTIO - 300 sapdiured i Jo Ewouoaw swEB aAOqE uwm spomed v se €l
% pougap Asnotaaxd sem ‘p aoUls IZIS aporued aSeIoA 3j0UIp - 31
w 28esn G J9ISISIO 3 OF PAUHL - o8uPY> ON 01 ¥p sn 0} Juesm Aew NOA UOISTYUOD PIOAR O, — 01 surl -anbeza
" uonsedans 10d peduey) ‘1-1c vonenby SI 4 uonenby ~ ¢ slomood | 1-7d p10BL L1
35T 1811} 241 U0 210w} )
* uopsag3ns 1od paBUELD) a1y ApNEOUE 0} PasU AJUQ — MOI PUGSSS “un[o? Yanog 1-7a *19EL 91
. uonsagEns 1ad paduey) -pasn 151 USYM | VHA, 0Ged — 13WT | 0 _U 7 ¢l
* uonseFdns 1ad padueyD -uas STY) JO pUs Y1 8 .(, sisaqyuared ayy 9193 — SUIf IS¥] -ar _U rzd vi
(- Surpenyeas UL asn L
* nopsoBEns 12d PBUPED | ...y guenjens,, pue a0 10F, UOBSQ L, HOSU[ — £ W1 | -A/ZbNTd ¢
. wonseE8ns 1od paguEy) (***2ATIRAIOSIOD 3Y O} PaIopISUOd”" ") “.o%m_»luom:oo,_ L _ 1
pue 0] PAISpISUO, UIIMIS] .39, yasuy — € WY { -1 W1'Td
(*"pauiquiod 39 ¢-arn
* wonse88ns 19 PSBURD | gy powmquion, pue Aeu, uesmieq 29, wesul —yaul | WITTd H
= uonss3ans 12d padueyd) .ﬁowuoummﬁ w SIUI,, PUE m;nS 01
510108}, 2Q P[NOYS ,WH,, Pue 0198, sansstasua — g our | W1rTd
Toygroov uonnjosay Juelmio) | ON9sed/ | ON
‘BIRd/ 088

sosuodsay pue JUSWIWOD MIIAY juswinaeq :Z Hed




€90

“30(] AIBUIUINS U PISSNOSIP 05TV -ApTis Ty

" "g¢ pue g7 spusuruod 10d [ ¢ (] UonDas Ul pappe POSSNOSIP | SIY} UF Pasn afom (o1qdIou1093 pur JUSWIUIRHUD ‘uSsop) pASY MANIOE T pE

puE $£°(] UON2aS Jo Suruuidaq e pAUOHUSUI St srdo, | semoderes peoiq aGi JO ORI 10 BLISILID JRGMA SSNOSIP 03 AN
a0p -a519 BUMISWIOS 10 ‘9406 “%0T rd? e
* Arewuins Jo yed st 91d0) SIG) U0 UOISSNOSL( "310U PIPPY “Kprus s1y 1o parjdde a1om BLIRILID JBYM SSNISIP OF pesN | -z beea

® uorsadsns 1ad paduey) "pIOM QUO ST JU0 1, — €1 ‘0T Ul -arz MWm.m.Q 7€
_-ealeqns, 0] ,sealeqns, 3FULYD pue JO,, A3[P 7€

* uomsoB3ns 300 POBURED | 1o cuamans, pue 10, Boowsaq ,oup, wesul e -1 w1 | areleea |
:.QHQB__ ﬁg :w..ﬂoh‘mﬂﬁ:m: .VN

g uonseB3ns 10d PIBURLD | 5 i0g  (jeuneys 6 pue urerdpooyy [7), Wesu - €1-71 WIT | /T EED 0
.ﬁ .. ..ﬂvom.ﬂ_ .WN

* nosofAs 320 POURED | g sou smq-+) 0900, 90 PINOYS 120, PioM UL~ 9 ourT | Areleed |

"z aye]d pue seorpuadde 1ao Yiim ASUSISISUOD . d ) 97-a

* 10} SOLGUA 1Y)0 PAYOAYD pue PAFULY) ST-TH 29 PINOYS 7, 24 K1qeqord PIOYs \TLu -6 MU |y eqarger, | 5

* uonsadns 1od paduey) ,-1a130q,, s€ pajjodssTur s1 ,[30q,, p1oM oYL — L ULl -z _Nrwm.md LT

. uonsaF3ns 1od paduey) ,Paneoss,, se pajjodssiu si paIeyeos, pIoM SYL — & U] E_.Nwmanm\_ M 97
(" osoy) THIA (44

* uosofBns 120 PORURHD | (s s oo sqouse, TeomIoq B, HOST] -€ oW | -QrThiTed |
"+ ss9] AjjeIouas i€ Je1 0z

* onseREns 350 PIBURHD | oy resouo, pue e, weonaeq ,om, wsu — s ourl | QT 1€ |

Toysoov uonnfosay JBWwo) | "ON 88ed/ | ON
BIRJ/09S

sasuodsay PUE JUBUILIOD MIIASY Juswndo(q :Z Hed




¥a—0

T
1
oy ooy uonnjosay Juawrio) | "oN 988d/ | ON
IR/ 9%
sasuodsay puE JUSWIUIOY MBIASY Juslindoq 12 Hed
(UB1510A0 YO 109[01g) IB[IOIS 'S 310 MOog 810

UTMRJ S OWeN
H@?zum>®.m Taaumdod

‘e 19 BRURIS() UBS(] PWEN
107euIS () JUAUINO0(]

SurepoJAl pue d5IeYISI(Y 10§ $101d

ndynQ — yueumaddng dIUOIIH

$007 ‘87 Ioqudag
apeI([ [PUOISII([-I1J

a3e(

TON AT/
e (] UoISISAI(] TN 1) 40F SOLIEUIG

‘@ xipuaddy {Apmy§ paezeH PooiA 1A 150 S1g
TOYJRULIOJU] JUIWNIO]

:apLL

uoneulioju] punoibyoeg :} Med




9D

_adRIoAR JRU) SeYROIpUl S/ j
" 1x9) SurssiuI poppe - 9K | 0130 MOl 3 10y paRINoED BOJE PAYIoM 1EI01 3T) moySnory) . _m_ Nm.ﬂ 5 01
panqLysIp” ", ‘SUISSIUI PIOM B 3q 0 sieadde sxoyy — [ 2UIY /
Gpym s/ 0L vV . ponad e 10§ s/ ¢-a
* uopsaBans sod pasULL) 01 © s una- ", ‘SUISSIUL pIOM B Mo, o1 sxeadde o104 — L qu slhzrd 6
Y ¢-d
* uonsaB3ns 1A PORUEED | o gien -1, PuE ,FuIsn, U3a0q B, WOSU[ -~y AT | /EWCTE 8
® uoysadans sod paduey) JSIsAjeue,, 01 Saskpeue,, oBuey) - 9UWT P _N..NMH 5 L
* ,Jeall Ayjsout, 03 pa3uey) S APBRUISOT w | cqrzlyid | 9
10 ,°*"I8aU AjIsow a1’ ", Iy SuIpIoM U0 Sp1oa(f — [ JUl']
,1sisad S109J39 Je{IULs JeTlL MOYSTT, 10 - sisisied 10953 | .
* uoysaBins sod pRRUTY) IE[(UIIS B JeY) MOUs™T, 90U “SurpIom Uo 3p1e( — € AUl canbra s
" uonsagans Jod paduey) “(1uao1ad) pIoM JUO ST, JUSD 18d,, - wioyoq woyg ouwy 7 | A/t b/ ¥
x uonseffns 1ad pafuey) “uew,, 01,40, ofuey) — 8w | v-A/E W 3
" uonsoFdns 1od paduey) syndu, 01 anduy, 38UBY) — OU 4T -4 ré
“WELY 19M0] UT ,$3U9u0)) JO 3[R L UEIA .
* Adoo saded peyund feuy o3 saddy 0] WM, SIBUIUIS 01 38 J(Jd WO 19ensqe qurid 3,00(7 g !
. . wonmjosay Juauraoy | "ON 98ed/ | ON
[/ 09V “BIRJ/ 095
sasuodsay pue juawuwon MB3IA9Y Juawnooqg -2 ued
(UBISIAC VO 1olo1g) BN WS 810 dod 810

utpey SIy) SWEN
IoMITAYY WMo

‘[8 12 BRURISQ Ura( PUWeN
10eUELIQ) Um0

gopepunU] poofy JIATH 150 S1g 9yeumysy 0 3

P00T 2T 1oquandas @e(
Pei( [BUOISII-Id  FON AR AFeI(q
sopg Ayoeq "INI ¥¢
arepoJAl SneIpAH ‘A xipueddy Apmg paezeH POOLd JoAry jso 31 IPLL
UO)BULIONU] JUIWNIO(]

uoiew.ojuj punocibyoeq | Med




960

odes

* PAPPE o it 1ML reuyy oy w sdewr 59810400 GI0) 3y opnfo 03 afgrssod 1 [ "TVHANED £

* {1 JUSWIWOD 33 (Lt L't W poued puoses o oo ~ g UK | TL/T 09 | TT

* {1 JUAUIIOD 39§ (HsyooyeyS) pafredssius st Ayspodeys — 19U | 8/1 bty 1T
(- AARONpu0D oIneIpAl spssaid Ve

* [{guounmos seg | (€661) ANGONPYS,) ,Suosard,, oy wiesoud, oueyy - poury | STYET | 0C
(" ereredas v Sunuplem Wz

* [ JUSUIMIOD 335 sngye-,) Sunueiesm, 0] JUBLEM, SFUEY)) - oUl] 5B LI by 61

* 1T JUSUWIWOD 33 “(1oureyo) pafjadssiu s1 [PuLRYD pIom SYL ~§ W T 1 L/ bTY 81
(.7 onneIpAy .

* 11 JUSUIUI0D 395 paremmes  pipaxd 0177} 8, 0 ,pug, SFUBYY) - { SUI'T onbiee L1
JTeUM JO UOTIRIASD PIepUR)S pUE UBSWI e

* [T JUSUIIOD 935 o aJe Ay, *o pue 1 10§ uondirsep siow paaN -1 U] EeT 91

% 11 JUSUIWOD 305 -uorzenba o4} wox X, SuPap os[y — (1) uonenby | /¢ b/e'T ST
—_-mﬁ_» .

¥ 1] JUSUILOY 39§ s soepdal pue,), Toquks sisayjuaied oY1 219[( ~  UI'T vebiee bl
L epep Aeans [10s Jo uoiepiduios juasal bz

* 11 JUSWIIOD 335 V. o‘Ti0s,, pue ,uone[idwod,, usamiaq Jo, Pasuy ~ | Suy cesiee ¢l

* [ UNTWOod 33§ .A:... §590[ s€ Yons ...:.v W58, 01,2, Qw.ﬂﬁﬂo -gaulT 1/ _.r 1T Z1

"BIEp [BIUALIS[dANS S AJUO PIPNIOU] "PAZHELL Apealje -93p1lq peoIiel i
* st qIJon 18 WIpstd “d Aq paserdwos 1iodoy - 98ueyo ON | TNI Y} 01 SNURAY U[OSULT PU0£dq 5203 Yoral Apmg ~ § U LB/ 1
£i0jeroqer] [C)UAWUOIAUY PUE SULIDIUISAT [euonEN oqep] 1¢e SurepoAl sineapAly Honnjosay-yIi 31oddng 03 sy ToHEL O]
oy 00V uonnjosay JUSWILO) ”o NE:ET ‘ON
’ eI/ 098

sasuodsa) pUe JUBWWOD MIIADY JUswnd0q :Z Med




L9—D

9
"UOTSIOA
2UON0A[? 1 JO IXBIU0O Sy Ul 7 ered uf passnosip -aSIRUISIP 128 10] ([1e33p AQ PIMO[|0) MITATaA0) sired
* s1 Sured 2y Jusumoop pajunid © se jou Juswajddns se 990 Sdeul J1e19p pue MATAIAO JeY) 2J0U 0] Jem ABJA TVEEANID 5
STU0NDa}S ue se papuosul st xipuadde sy Jo wonsod ST

® uonsafdns od paduey) TAOITH 10U INODTY asn ssotpuadde Joqio s Iy | TYIHNED v

" uonsa8sns rod padueyd (HOOTH) pajjadssmu s1 OITY duted [9poJy — Ul M.w”wowwhww €

. wonso5ns 1ad pafuey . “] Xipueddy W os[e pue 110051 Arpununs 3q /1 b/ -

JO §'€ UOND9§ U] PassnosIp ofe saaIno Jvy-odelg — g ouly | -4 10ensqy
B 19MO] Ul SIUANUOD JO A[qeL W |
* Adoo 1aded payund [euyy o) soyddy 01 WIM)9Y,, SIRLIWIS 0} 31 A(Id Woy 0ensqe jmid 3,0 [-d 10ensqy I
oy 00y uonn[osay ooy | "oN 988d/ | ON
“BIRJ/ 098
sosuodsay pue JUsWwo) MaiAdY Juswindo g Med
(yBisIaAo yO 10afo1g) BIOIS W'S 810 ¥od 810
anIefp sugo QUIBN ‘8 12 BEUIIS( UB3(J 2UIBN
IDMITAY JUSWNI0(] JOYeS LI JUAWNO0(]
$007 ‘81 1qundag :98(
JJel(] [BUOISIII(-3.1J "ON "ANI/yeI(d
wed UOISIAAI(] "IN 2Y) JO WEINSTMO(] JIATY I507] 31 91}

10y WoTjRPUNU] POO[J PIAPOIAL JO s101g — Jmswd[ddng dTuopI3[H “H xipuaddy (Apmyg paeze poojf 19ARy 3507 31y PIL

WO BULIO)U] JUIUINIO(]

uopnewojuj punolbyoegq | Med




890

suydess Suidde[10A0) (G1/- VL — 6#399 de *9'1)
* uopeue[dxa 10§ pappe 1AL penord sased Inoj [ dary 03 jou Jeadde sydeld swos AU 6
(009 VL~ s#I dejN =)
* uoyeue|dxs 10} poppe 1oL ‘gyuasardar yydap (°p Ajuo ypm gdess Blegm 8
“syuasaider yurod wonod[F dieys i) JRUM
* uoyeuedxa 10] pappe %31 .SSIOSIp JEU 13} AUIOS PPY TYIANTD | L
" uonsadsns od paduer) “(aaqursd) payradssrur st pajund, pIom ay, - oUI[ 15e] bwwm\“ Maw 9
‘o sIJal | [-d/Th
* Juaumoog Atewiums 03 pasueqd ,6°7 UON09G,, 01 9DUAISJAT 2] JUSWMIOP Jesm SPNIU] — ¢ dWT |  Aensqy 5
. wonsagdns sad paguey) *(,, " UEaIH 3} 03 PUOSILIOY SIAIND PIOS ) -7 h b
® : +++ ) 01, PUE ,S3AIND, USAMIS] ,pUOdsaLIon,, Jesu] — ¢ Sul | /oensqy
% uopsaddns rad paguey) “(spuodi1oo) pajjedssrua sp  puodsaLioa,, pIom Y[ - SUI] DMM\H MWN £
. “JYSLI JeMO] Ul STUSIUCD) JO 3[qe ], WEN -
" £doo 1aded payurid eur o) satjddy 01 WIMG9Y,, YEUITEIG 0] 3|1 A(Td WO 10ensqe 1uiad 1,uoq 1~ 8fqel 7
" Adoa 1aded paund {euy o3 ssyddy 5L 1940] UL, SIUIIU0D JO 21qR, W 240D 1
: : 0] WIN}aY],, HRUILI[R 01 31 J(1d Woy 1vensqe yund 3, uo(y
JER TG uonNoSTY wawwoy) | "ON 98ed/ | ON
vl 098
S9sU0dsay pUB JUDLIWOD MIIADY JUdWND0(] -Z HEd
(uBismeac v 13fo1g) B WS 810 od 18I0
UILIRIA SLIYD)  OWEeN "[B 13 BRUD)S() UBS(] OWEN
ISMOITAY JUDUMIO( I0TRUIS LI JUSWIN0(]
F007 ‘L7 Wwquaidog (g
JJeI(] [RUOISI([-31J :"ON “AdY/Jei(d
SIS
Ayqoeq "IN J¥ SUOHEI0T] PARANag 10§ 510 AIqeqosd a3y ‘i xpuaddy (Apmyg pALZEH POOLY JIARY 45071 g PP
WO RULIOJU] JWIWNI O]

uonewJlojuj punolbyoegq :| Hed




690

01
6
8
“PoI00.LIOD ST 2B SIY) PUB puaZo] WO SAOWA 10 2InS] 01 0Mmod weans ppy 3 .

* Kpoarsualxs pajepdn are uopdss SIYL Jo 1X31 pue sanSLg *31n313 U0 10U g pusdaf ur st somod wesng | -z 3y ‘2 d

utod "paseq sl 7 vred
* wurod supy AJLIELD 0} P3P S} 1%33 [BUORIPPY wawssasse aFe yorym uo ymawrdofoasp Jros Jo eexBap groeds | pITIT 9
* wauruod Jod pafueyg) JoTuo] 10U, 10U ° paureysuon JA3uo] ou st Asuenbag,, | gered /¢ o
% yuaurwod Jad pafueyn poIaneos Jou © paraleds Aaa,, | gered I¢ +
x pa1sad3ns se UONIEJOU PIPPY SR 17EM YBIH = AMH | Tered 6T £
" uawoed Jad paduey)) <onpoid o) pue spunoq,, Aes pinoysg G z
* justrmos Jad peBueyy) (0SLE) 00T “PasIdAI BNJBA 50 PINOYS NEISOY PUR SSAWIOH m 1
oy ooy uoIm|osyy juawwo)) | "oN #3ed; | ON
“BIB/ 098
sasuodsay pue JUSWIWOY) MIIASY Judwnaog :Z Ued
KISI0ATU() 2181 OURP] 310 Jog 810

Kerjoety | UUSLD “I(] PUe YUI'T [ned IJ SWEN

‘T8 12 BBUAIS() UBd(J -2UIBN

ISMOTADY ITNI0(] I0JRUIS LI JUSTUNIO(]

P00T “0€ 1quisydsg
Wea(] [BUOISII (-1

@eq
*ON “AYAFRIq

oyEp] ‘AlojeJoqer] [EyUSWHOSIATF PUE SuLsswSuy [edopeN oqep] ApniS pIvZeH PooLy JIATY Iso T 31g PPLL
UOPRULIOYU] JUTINIO(

uopewJojuj punolbyaeq :| Jed

QAODTE MATATYH INHINN1D0d






