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Background

On behalf of the Brake Pad Partnership, AQUA TERRA in conjunction with the US EPA has
conducted watershed modeling of the environmental fate and transport of copper frden vehic
brake pad wear debris and other copper sources in order to better understand how wefgper tra
through the environment and what the relative significance is of copper from brakegrad

debris on copper levels in the San Francisco Bay. The watershed modeling effodfithoee
interlinked modeling components at the core of the BPP’s effort. An air depositiohwazde
used to estimate the amount of copper from brake wear debris and other adsreteagpper

that is deposited in the watershed. The results of that model provided some of the inputs to the
watershed model. The watershed model, a draft of which you are being asked tp review
estimated the relative amount of copper from brake wear debris that is gexstfram the
watershed in runoff to the San Francisco Bay. That information will provide inpins bay

model, which will estimate short- and long-term concentrations of copper in the Saut
Francisco Bay.

The work plan for the watershed modeling effort was reviewed and approved andbisl@wdi
http://www.suscon.org/brakepad/documentArchive.dsipal results for the air deposition
modeling and for the source release inventory effort can be found at
http://www.suscon.org/brakepad/documents.asp.

The Brake Pad Partnership Steering Committee is seeking an independentesigerof
watershed modeling results for the environmental fate and transport of coppsurte that the
approach and results of this element of the Partnership’s work are technically sound, t
determine if there are feasible opportunities to strengthen the presentalienedults, and to

help build in-depth understanding of and confidence in the technical studies on the part of the
Steering Committee and the stakeholder communities.

Charge to Reviewers

With the aim of meeting these objectives, the Steering Committee is geekiments that
specifically address the following questions:
1. Inyour assessment, do the modeled results adequately estimatetitreeasiaunt of
copper from vehicle brake pad wear debris that enters the San FrancisoaBayff
from the watershed? What improvements, if any, do you recommend for the presentat
of results?
2. The original intent of the technical studies was to develop information on theerelati
impacts of copper from brake pad wear debris in the bay. In your assessment, what
factors would need to be taken into account when using the results presented in this



report for assessing the relative contribution of brake pad wear debris copgper in t
creeks?

3. In your assessment, do the modeled results adequately present the levettainiync
involved in the amount of copper from vehicle brake pad wear debris that enters the bay
in runoff from the watershed? Do the modeled results adequately represent the
uncertainty in the relative contributions of copper in runoff from brake pad wear debris
and from non-brake pad copper sources?

4. During your review, did you identify anything that could render the modeledsresul
inappropriate for subsequent use in the Bay model as described above? Did you identify
any limitations on the use of these results in the Bay model?

5. In your assessment, what factors would be important when extrapolatingdbked
results to other geographic areas?

From Jim Pendergast, US EPA (July 17, 2007)

P1, second paragraph: This text seems better placed in section 1.2. It doesn’t provide
background but rather describes what model was used, which seems to be betten haced i
discussion of the work.

P2, Table: Suggest deleting the Total Loads column because it is confusing adttiogg
discussion text. We know that we matched the high brakes with low non- BP contribuation, et
which resulted in no real change in total loading. But without saying this, seatflevonder

why the total loads did not change. Since the table is designed to show that the iBBtimontr
ranges from 10% to 35% depending on one’s assumption on the variability in sources]lthat is a
the table should show here.

P18, Last paragraph: Did we decide not to pay for a BP high — non-BP high and BP low — non-
BP low scenario? How much would it cost to run these scenarios? Given the wisgnsitine

total watershed load to the bay to the three scenarios run, I'll guess teataesvimay want to

see the high-high and low-low scenarios to check the sensitivity on the totahloalaton.

P26, L2: Suggest not saying “fall back”, but rather say “secondary”.

P26, Table: Need to fix the word wrapping.

P26, Last sentence: Ought to give the reason why the Alameda Creek simulatiom.wa

P26, Last paragraph: Fix formatting to left justify.



Figures 3.2 and 3.3: Very good simulation of higher and middle flow ranges, but why the
departure between observed and predicted at the lower flow ranges of Napa &iWspeeand
Alameda Creek near Niles? The Napa River is more troubling because thargepart
significant for the lower half of the flows. Suggest additional text in thertelescribing this.

P30, L3: Don’t need to emphasize NO. Lower case will do.

P31, Third paragraph, Last sentence: What reason do we give to consider these 6 points as
outliers? An alternate hypothesis is that the model is missing a signlbeaimg, because the
observations are 4 to 5 times higher than the predicted values. | do suggest more text on this
topic.

P31, Last paragraph, L3: Suggest replacing “NOT calibrated” with “notafedeby further
calibrating the model”

P36, Third paragraph: Is there a reason why the high end of BP loads is offsetdwy &nd of
non-BP loads? Since the loads were developed independently, this is only a coindiglet?ce, r
We ought to say this so that a reader doesn’t wonder if the non-BP loads weresgdmnerat
subtracting the BP loads from a total watershed load. Remember that nadetsreill read all
the reports.

P37, Table: Check the total row. The sums for “Watershed Load” and “Load to Bay” should
differ because not all watersheds modeled drain to the Bay.

P40, Figure 3.9: Check the word wrap on the figure title.

From Bob Peters, Akebono-USA (July 18, 2007)

Page 3, Paragraph 3. I'm not familiar with the report cited but it seems to nietsestimates
would be based on roughly the same thinking and same modelling that this report is based on.
Additionally, it had major involvement from the same individual, so it's no real sutpatthe
estimates are similar. | don't think this adds much to the credibility of thel.mode

Page 6, Section 2.1 - when the number of paths from a watershed to a bay have been reduced
from many to 1 for the purposes of modeling - how is the background copper concentration (I
think in the sediment) of the many small creeks comprehended, or maybe more ajgbyppria
compensated for?

Page 9, Table 2.1 - This isn't the only example - but it illustrates my point. Rgn ga
measurements are reported to 0.001". | doubt any rain gage is that accurate. dnifiokrdi
digits need to be considered throughout the report.

Page 17, Paragraph 2. Minor point - just wondering if the assumption about irrigaticneffici
is a good one. I'm pretty sure my lawn watering isn't that efficient.



Page 18, Section c. "BPW" is used as an acronymrakeBrad Wear - | think it would be more
accurate to call it BPWD - since it really is the debris we're concerited w

Page 26, Table 3.1. Text and table are interfering with each other.

Page 32, Figure 3.4. | assume the line is a correlation line and my read is thati@olise
pretty poor based on that graph. What is the correlation f&etoiHow can this be considered
"good" correlation?

Page 32, Figure 3.4 The plots (not just on this page) are very difficult to decrypt. For the
benefit of the folks that aren't used to viewing the plots - | suggest the legyahdges are
labeled in English, avoiding technical abbreviation wherever possible.

From Wayne C. Huber, Oregon State University (July 18, 2007)

Donigian, A.S., Jr. and B.R. BickneWatershed Modeling of Copper Loads to San Francisco
Bay, Aqua Terra Consultants, Mountain View, CA, June 21, 2007.

| am pleased to provide this review of the report. Overall, it looks like a good jod. tdwill
make a few general and specific comments about the report and then addnessifice s
guestions to the reviewers. The majority of my general comments arequadityons for
clarification and do not reflect generally upon the good quality of the modeling.

General Comments
1. Ilike continuous simulation for the purpose of defining loads to the Bay. HSPF is an
appropriate model, run by good modelers. The tools of this study are appropriate.

2. | agree with the “weight of the evidence” means for model credibility inltbenge of more
data and greater study resources. Once in a while | might quibble with Wipadds
agreement,” but | generally accept the opinion of these qualified modelers.

3. Loads developed from HSPF are driven by the loadings supplied by others. HSdtesss
copper mass with runoff events and develops hydrographs and pollutographs for Cu. But |
expect that the loads are driven most strongly in the model by the deposition modElimg of
(2006) and copper release estimates of Rosselot (2006a,b). (I have not reviewed thisse repor
In other words, if the loading estimates that drive the model are on target théhisotiae

HSPF estimates. The fact that HSPF Cu loads are in the same ballpadadsisget estimates
(Davis et al., 2000) is good. The good agreement of HSPF TSS loads with estinhdt&se

et al.(2003) is also good.

4. Having said this, |1 do not see a good discussion of sensitivity analysis in the\\éetr
really drives the copper loads in the opinion of the authors?



5. Since load (mass or mass/time) = concentration x flow (volume or flow rat&ngreerm
hydrographs are also very important. The quality of the observed vs. predictegragtisois

difficult to judge from Figures 3.8 — 3.11, but looks generally good. The flow-duration curve
comparisons (Figures 3.2 and 3.3) look good to me, and a maximum volume error of 9.0% over a
24-year simulation (Table 3.2) is very good.

6. |like the use of best available topographic, land use and other spatial datagteagal N
Hydrography Dataset (NHD), coupled with GIS. | would appreciate arfexe references for
datasets such as NHD with which | have not worked personally.

7. P. 8, re. volume-stage-discharge functions: Were actual rating cuaiablavfor the
various streams that would serve the same function? And couldn’t stream widdase eal
directly or estimated from photos or GIS coverage? For instance, some of¢hen'stare
rectangular concrete channels. Just asking.

8. Regarding precipitation input (p. 8), the report indicates hourly values were usesi15A/e
min data available and if so, why not use them? However, with large PERLND &hdND/A
subareas, maybe HSPF does not respond much differently to hourly vs. 15-min rainfail. But i
most urban modeling scenarios, the shorter time increment rainfall data, gre bett

9. I wonder if 15-min rainfall vs. hourly would also affect sediment washoff? Myleetion is
that sediment is generated in HSPF on the basis of rainfall energy. Would htghsity, 15-
min rainfall generate more sediment than lower intensity, hourly rainfall?

10. | really don't think this matters much here, but Thiessen weighting of nearby lgags
temporal patterns as weighted gages are combined. Another option is to use thgatesss
that temporal resolution is retained.

11. | like the use of the California Irrigation Management Information Sysi¢kilE) data for
evaporation estimates. In the Pacific NW, we have something similar cajtédeA (U.S.
Bureau of Reclamation). | am not clear how the CIMIS data were combined with pa
evaporation data for modeling purposes. If there were a way to use the ddkaiditbe
model, I'd choose CIMIS ET estimates based on the Penman equation and good local
meteorological data over pan data in San Jose.

12. Pp. 16-17, re. irrigation. Great idea to include this in the model. How is irrigation
introduced into HSPF? As additional rainfall? If so, does this show up on imperviousg as wel
pervious areas? Probably not, but I'm interested in how this works.

13. P. 18. paragraph c: Does the “impervious” land use category include both roadways and non-
roadways? Is imperviousness “directly connected impervious area” (RQtAs not clear to

me whether loadings differ for roadways and, say, rooftops, and whether sucines ciffis

accounted for, or whether it matters at all in this modeling. | probably just donitstewu

exactly how the loadings, land uses, and model land covers are coupled. The modgl is likel
calibrated to whatever assumptions were made in the loadings. But I'deasmtmoadway

surfaces need to be separated from other imperviousness if brake pads thampalstasainly



roadways?

14. Page 30, paragraph b: Another reason for deviations in flow-duration curves at low flows
might be baseflow resulting from irrigation and the many different kinds of urbelmadges that
occur during dry weather.

15. Is there a reason for dropping the six high observed Cu concentrations in Figure 3.47?
Agreement between simulated and observed concentrations is not so good when they are
retained.

16. Finally, what is the rationale for the three scenarios (Table 1.1), in which nioadPare
increased/reduced as BP loads are reduced/increased? Yes, this rdseltsaogper loadings
of similar magnitude (56,000 kg/yr), but | don’t understand why the scenarios assume
compensating loads.

Specific Questions to Reviewers

1. Inyour assessment, do the modeled results adequately estimate the relative amount of copper

from vehicle brake pad wear debris that enters the San Francisco Bay in runoff from the

water shed? What improvements, if any, do you recommend for the presentation of results?

| believe the relative amount of copper from brake pads vs. other sources isysarongition of

the loadings applied to the different land uses in the model (see comments 3 and 18).I Henc
believe the HSPF modeling itself is secondary to the loading estimategstaas far as

producing total loads to the Bay is concerned. As noted in the report, the earbeishpet
modeling (66,000 kg) comes close to the HSPF annual loads (56,000 kg). The HSPF modeling
increases in utility as control alternatives are considered and spatitdraporal patterns might
affect them. Regarding the spatial distribution of loads, this is also st@ifighgtion of the

land use and loading data entered into the model and also, presumably, the spreadsheet. | don’t
see any special improvements for presentation of the result, other than, perhapsgkseme hi
resolution (shorter time span) presentation of some of the observed vs. simulatgdapyro

2. Theoriginal intent of the technical studieswas to develop information on the relative impacts
of copper from brake pad wear debrisin the bay. In your assessment, what factors would need to
be taken into account when using the results presented in this report for assessing the relative
contribution of brake pad wear debris copper in the creeks?

| gather this question deals with the relative impact of brake pad wear on the. Beaeks.
Factors that might need to be considered include: point sources of Cu (e.qg., indbstriesght
be located along a creek (greater Cu downstream); sorption and speciation of Gheatoegk;
relative runoff from a subbasin directly out of a creek into the Bay vs. runofbditstd
elsewhere along the shoreline (discussed in the report a little bit on p. 8).

3. Inyour assessment, do the modeled results adequately present the level of uncertainty
involved in the amount of copper from vehicle brake pad wear debris that entersthe bay in
runoff from the water shed? Do the modeled results adequately represent the uncertainty in the
relative contributions of copper in runoff from brake pad wear debris and from non-brake pad
copper sources?

How to assess uncertainty is a bugaboo in most modeling studies. Presumably this was



considered in this modeling study through the stated uncertainty in the dry and wétatepos
fluxes of copper given in Table 2.8. But the scenarios seem to consider only compgensati
loading variations (see my comment 16), so | don’t really understand how unceagainty
considered here. And | don't know how this would be done other than arbitrarily to vary model
parameters, which is often done to produce a range of estimates. On the other handsuhe not
what this would prove. A better sense of model sensitivity would help here (see mgcbd),

to see where additional focus might be needed.

4. During your review, did you identify anything that could render the modeled results
inappropriate for subsequent use in the Bay model as described above? Did you identify any
limitations on the use of these results in the Bay model ?

Most of my general comments reflect more of a need for clarificationahg negative criticism
of the HSPF modeling. | think the modeling reflects the spatial and temporahpatteopper
and sediment load to San Francisco Bay to the extent that such estimates can beddu e
data. This is to say, | believe these results are credible. | also ketieval loads might be
produced just as well by the spreadsheet model. But HSPF provides the opportumitgfor g
temporal resolution and many more options for controls.

If brake pad contributions of copper are on the order of 10-35% of the total loads to the Bay, i
will be interesting to see whether reductions in brake pad copper make mucmddferéhe

health of the Bay’s sediments. For instance, it isn’'t possible (I assumée)rid gel100% of

brake pad copper, given the prevalence of older vehicles and long life of brake padsah gen
What if BP contributions were reduced by 50%? Could the impact of this be seen in?he Bay

Control options will also depend on the particle size distribution and speciation of copper
entering the Bay. If it's all attached to sediment, it will be mordyegsnovable than if more is
in a dissolved form.

5. Inyour assessment, what factors would be important when extrapolating the modeled results
to other geographic areas?

Loadings (atmospheric and other) have to be the key since they are the drigimgtpas in
determining loads to the Bay or wherever a similar model is run. Good land uselldatnwe
necessary since loadings are determined as a function of land use. Point salipstraam
sources of Cu will also matter. HSPF will do a good job of modeling the hydrology mos
anywhere. It's the parameters that drive the quality processes¢habst important. And
calibration/verification data must always be a part of the study as well.

Kirsten Rosselot, Process Profiles (July 19, 2007)
General comments:

| found this to be a well-written report that was a pleasure to read.



The portion of the copper load to the Bay that is due to brake pads, non-brake pad anthropogenic
sources, and sediment is going to be of central interest to many of the Pgstakeholders.
Could you include a discussion of this in your final report? | tinkered around witBsTal3

and 3.4 because | wanted to see what portion of the anthropogenic copper loads were due to
releases from brake pads. | used a concentration of 25 mg Cu/kg sediment tdestimina
nonanthropogenic load so | could get the total estimated anthropogenic loads tp émel Ba

from there get the the portion of the anthropogenic loads that is due to brake pads. Is this a
reasonable way to determine the anthropogenic fraction? When | do this, It gle¢ tioaal
contribution from brake pad wear debris towards total anthropogenic loads of copper tg the Ba
for the mid-brakes case varies from 15% (for the Sonoma sub-watershed) twb®¥é Fpper
Colma sub-watershed). For the rural sub-watersheds, the brake pad contribmtich iswer

than for the heavily urbanized sub-watersheds. There are six sub-watershed®tahospper

load to the bay is larger than 4,000 kg/y (for the mid-brakes case). They are Cotdra Cos
Central, East Bay Central, Napa, Petaluma, Santa Clara Valley Westhramidé& These six
sub-watersheds contribute about 60% of the total copper load to the Bay. It'singehed

some of these sub-watersheds have their largest contribution from sedimentRé&tapana,
Sonoma)), some have their largest contribution from non-brake pad anthropogenic sources
(Contra Costa Central, East Bay Central), and one has its largest contribartidordéike pad
sources (Santa Clara Valley West).

Another thing that's of interest to folks who might want to use this study as a sprehdio
understanding copper in areas other than the Bay area is the fractionsEg¢hed winds up in
runoff for various types of land use. Could you discuss average runoff factors foritius var
land use types in the Bay area?

| would like to see more mass balance-related discussion in the report. FpieeXddahink the
runoff factors for releases to directly-connected impervious surfaces deafilgl be the build
up and washoff parameters that were developed using monitoring data in the Casyreial
watershed. What happens to the copper released to these surfaces after theungtidup f
value is satisfied? Physically we know that this copper blows off or is blowheoifnpervious
surface, but is it modeled as if it blows off the impervious surface and lands on amtadjace
pervious surface where it is treated like a release to pervious surface,rooteled as if it goes
to a sink and becomes unavailable? Could you prepare a mass balance of copper in the
watersheds based on the source term inputs and the modeled outputs?

Specific comments:

First two paragraphs, page 3: Does this agreement occur because the modébrasedcl
produce these results? Or does this agreement demonstrate that using [satatetere
developed from calibration exercises in one watershed throughout the greatshechter
produced results that are in agreement with other research? This issueimather® and 4"
full paragraphs of page 36.

Table 2.1 page 9: There's an asterisk in the second column heading that doesn't hagtea foot
What does the "(S)" in the third column heading mean? Please define "MRAGTCIMIS"
in footnotes. What is the Zone 8 MFACT (the last column)? | see that it looks like Gage



MFACT normalized to Zone 8 but | don't know what it was used for, unless it's the multiplie
instead of Gage MFACT.

Paragraph just below Table 2.1, p. 9: define "ET." "ET" shows up again on page 16 and | think
it should be defined again there.

Third paragraph, p. 12: Could you discuss whether the choice of land use dataset would be
expected to influence the results in any particular direction?

First paragraph, p. 17: 0.8 doesn't seem small enough, observation indicates that more
overwatering than that occurs in urban landscaping. How sensitive are the mosldisdoe

this number? I1If this number is too high, what effect would that have on the modelésPresul
Would it make the runoff from developed land too low? Is this factor the same for crofs as |
for landscaping on developed land?

Item d(e) on p. 18: Sediment associated losses don't actually show up in Tables 2.6 to 2.7. |
would suggest you switch to plain bullets or something besides lowercase tatthesifems in
this list.

Item e on p. 18: | want to make sure these releases are being treated asrestaom+goint
source load direct to the streams and that there is no buildup function involved.

Items 1, 2, and 3 at bottom of p. 18: There needs to be a paragraph or so explaining the rationale
for choosing to run the cases this way.

Second full paragraph p. 31/Figure 3.4 p. 32: | think there should be some discussion of the
uncertainty in the measured copper concentrations. Also, the modeled results@ppeaatch
flatter than measured concentrations. The slope of the modeled results does mdbdy@pea
near unity, either — based on an eyeball assessment that slope looks lygmeataet | think

there may be source term reasons why the modeled results are flatteetswamed and | would
like to see some discussion about these reasons, which include 1) the releasppheere

evenly throughout the year when in reality releases can be seasonal, episodichgrtivae of
day, and 2) releases were modeled as if they were applied evenly throughaood theeléypes

for each sub-watershed when in reality they may have occurred more in one part of the
subwatershed for that land use area than another. The effect of theseltangpgeographic
variations in releases might be captured in grab samples, but they wouldn’t be in thegnodeli
That doesn't mean the model didn't do a good job of estimating annual copper loads to the bay,
but it may be important to understand that the way things were modeled may meaodiiatm
peak concentrations would not be expected to match measured.

From Kelly D. Moran, TDC Environmental (July 19, 2007)

This memorandum contains my own comments as well as comments from a BASMéwere
on the draft watershed modeling report prepared for the Brake Pad Partnership (BPP)



Overall, the way the watershed modeling was implemented appears to proviseraipéa

estimate of copper loads conveyed from San Francisco Bay Area watersheua$tarfSesco

Bay. When supplemented with additional information to address our comments below and any
substantive comments from the BPP Scientific Advisory Team, we believa¢hatitershed
modeling report should be suitable to serve the needs of the BPP.

Our substantive comments are listed below. During our review, we identifiedraifer

editorial items that we expect AQUA TERRA will wish to address whilageting its report.

These are listed in an attachment.

Anthropogenic copper contribution¥Ve would appreciate it if the report were amended
to include additional information to clarify the portion of the copper loads attributable t
anthropogenic sources. Copper control strategies necessarily focus on anthropogenic
copper. Clarification of the anthropogenic contribution will help BPP stakeholders
understand the relative importance of the brake pad copper contribution. (We appreciat
that the BPP project manager has already initiated efforts to addeesertiment.)
Approach to modeling of brake pad releases in relationship to other copper sdurees
approach to addressing the range of the uncertainty of the copper sourceesssima
based on an assumption that does not seem reasonable—that the errors in the release
estimates for copper sources other than brakes are directly linked—anelynvers
proportional to—the errors in brake pad copper release estimates (callecafaarice”
below). Despite our concerns about this approach, we hope that it is possible to obtain
the information necessary for the BPP from the existing modeling runs. Tosatldses
issue, we suggest the following actions:

o Consult with the Bay modeling contractor (URS) to determine whether an
approach to handling the Bay modeling scenarios without assuming anti-variance
in release estimates can be developed with existing information.

o Clarify the reason for the selection of the “anti-variance” assumption iexhe t

0 Revise or remove the text in the third full paragraph on Page 36, which relies on
the anti-variance assumption.

o Discuss the additional potential release estimate variance options @hg., hi
brakes and high-non-brake sources, variance of individual non-brake sources)
gualitatively.

o Consider additional description of the error estimates for the primary copper load
estimate comparison value, which is from Davis et al. 2000. In particular, we
believe that it would be helpful to provide the estimated range of the load estimat
(“low” and “high” estimates can be obtained mathematically from infaonan
Table II-7 of Davis et al. 2000). We also suggest further clarification of the
preliminary nature of the SFEI copper load estimates, e.g., the SFEI tapest s
“[t]he simple model used in this report was intended only to provide preliminary
estimates of emissions....(Davis et al. 2000, page 69).

Inherent shortcomings of modeling approadiine report should list and discuss the
implications of the inherent shortcomings of the modeling approach. The mostantport
shortcomings to list are those that are likely to be relevant to (a) the Balingamtgb)
interpretation of the report by stakeholders. For example:

o The modeling systematically underestimates peak copper concentratidns/loa
This result is an expected shortcoming of the modeling approach, which entails
averaging out of sources that may occur as “events” (e.g., swimming pool
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discharges). In conjunction with the Bay modelers (URS), the BPP should
explore what this means for the Bay modeling and for comparison to Bay water
guality criteria, and the BPP should ask AQUA TERRA to include appropriate
recommendations in its report (e.g., explain how to adjust for this shortcoming
and/or or to understand its implications).

o Similarly, the modeling design was focused on providing information that will
allow Bay modelers to assess annual or seasonal changes in the Bay—it is not
appropriate for evaluating short-term copper concentrations in creeks. Because
the modeling was approached on a Bay-wide basis, the values for individual
modeling watersheds are necessarily approximate. (More locallfispelease
estimates and/or modeling parameters could significantly affectgdésutigher-
resolution modeling at smaller geographical scales or time steps).

We believe that the following changes would improve the clarity of the report

+ Table 1.1, Summary of copper loads for modeled scenafibs table does not connect
well to the text, which refers to 6 model runs. This table would be more useful and
clearer for the reader if it specifically showed the three non-brake ruhide Ws
possible for a clever reader to tease this information out of the table, thesumaould
be clearer to stakeholders if it were formatted such that it is obvious tretwbe 6
model runs. Table 3.3 is a good example of how the six runs can be clearly presented.

» “Best Estimaté It would be helpful to label the “mid-brakes”/mid-other copper sources
scenario in a manner indicating that it is the central estimate of loadsifroopper
sources (e.g., the “Best Estimate” or “Central Estimate” scenario).

» Explaining the value of BPP-conducted studiés Section 1.3, it would be helpful to
provide a short explanation of the framework of the BPP studies (i.e., the boxes in
Figure 1.2) that identifies the studies that were specifically preépanerovide input data
for this watershed modeling report. We believe that is important to explah¢haP P
studies were completed with the cooperative oversight of the BPP Steeringt@amm
and were peer reviewed by the BPP Scientific Advisory Team. The cowpeapfiroach
to preparation of these input data distinguishes the BPP-supplied studies from other
information sources that happen to have relevance to this work. The cooperative
approach and the peer review lend credibility to the BPP-supplied inputs.

When BPP-funded studies are mentioned for the first time in the body of the report, it
would be helpful to identify them as BPP studies. For example, where the report draws
on the BPP studies in the first sentence of Section 2.5, it would be helpful to link back to
the explanation of the credibility of the source (i.e., by adding the phrasedeseasbed

in Section 1.3").

» Clarification that runoff from the delta is not part of the mode{fP@ge 6, Section 2.1,
first paragraph). It would be helpful to clarify that the model does not address runoff
flowing into the study area from the Sacramento/San Joaquin River delta.

» Clarify references to Bay Area Hydrology ModPlage 25, letters “a” and “d”). We
believe that this would be more clear for Bay Area readers if these twowers
combined into one and included the context (i.e., “HSPF parameter development for the
Bay Area Hydrology Model design tool through calibration studies in CastteyNahd
Upper Alameda Creeks (AQUA TERRA 2006) and in two Santa Clara County creeks
(Clear Creek Solutions in preparation; parameters listed in Clear CokgloSs
2007).”), with appropriate editing of the first sentence in the following paragoaph t
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reflect this change. To be completely accurate, it would be appropriate to add afootnot
after this mention of “Upper Alameda Creek” clarifying that the sulnshésl referenced
is a subset of the BPP modeled watershed with the same name.

» Clarify data sourcéPage 31, first paragraph, last sentence). Please clarify the source(s)
of the “limited available instream copper concentrations” and add appropristensita
the reference list.

» Clarify references to watershedBASMAA asks that text, figure captions and/or tables
use the term "BPP modeled watershed(s)" (as was done in Dufour and Cooke 2005) to
minimize potential confusion with different watershed areas delineated by othe
organizations that have identical or similar names.

ATTACHMENT

The following minor editorial items were identified during our review:

» Page 1, first paragraph, second sentence. Delete “San Francisco BayThearoject
is the “Brake Pad Partnership,” not the “San Francisco Bay Area Brake Raer§tap.”

* Page 1, first paragraph, last sentence. It would be preferable to use a wothasthe
“deposition” to refer to the quantity of copper transported to San Francisco Bay, because
“deposition” is the term used for the air pathway in this work.

» Section 1.2. Consider using this section to create an Executive Summary. Theysummar
is quite helpful, but we found its placement confusing. We found the text in this
summary a bit confusing to follow (it seemed to jump back and forth between
assumptions, results and validation/calibration comparisons with outside datasets
perhaps more paragraph breaks or subheadings could be added to assist the reader.

» Page 2, Section 1.2, second paragraph, third sentence (and throughout the report). Please
replace “Alameda study” with “study prepared for the Alameda CountywidenGAéater
Program (ACCWRP).” Similarly, please clarify other ambiguous uses oétire t
"Alameda" (e.g., page 26, paragraph 1, which could be interpreted as referring to
Alameda Creek, another geographical area in the East Bay, or to sevaldéposs
agencies).

» Page 3, last paragraph, second sentence. The final verb should be “are” rather than “is”.
(“...while the values for the East Bay watershed are 48% to 53%.")

» Page 4, Section 1.3, last sentence. This sentence contains a “he” that should be a “the.”

» Page 5, Figure 1.2. Recommend addition of a source for more context for this figure (a
minimum, a link to the BPP web site).

* Page 8, Section 2.2., first paragraph, first sentence. The verb should be plural (i.e.,
“include” rather than “includes.”)

» Page 9, Table 2.1. This table has a few formatting issues. It may need footnotes. The
is a “*” in the header of the Rainfall column that doesn’t connect to a note below the
table. There are two columns for “Gage Annual Rainfall” and “Gage MFACT,” with t
values for Upper Alameda watershed, and one value for the other watershedsars app
that 2 rain gauges were associated with Upper Alameda watershed. A shoreftmtnot
the table would be helpful to clarify whether this was to fill gaps in individual gauge
records, or for other purposes.

» Page 26, last two paragraphs. Paragraph formats need fixing (one wraps ar@ylletabl
other is centered, rather than left justified.)
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» Page 31, first line. Replace “Cleanwater” with “Clean Water” (twodspr
» Pages 43-44, references. At least one reference is missing (ACFCWCD 2005).
» Page 43, references, final reference on page. Correct spelling of “lbeatber”.

From Lester McKee, San Francisco Estuary I nstitute (July 19, 2007)
P = Page number, Par. = paragraph number, L. = line number

P2, section 1.2. Please make it clear in the opening paragraphs if you are mode|oupper
or dissolved copper.

P2, Par4. Given the model objective if to estimate loads of Copper from urban areas, | am
hopeful you included the gauges that represent greater urbanization (ontyntedacmind:
Guadalupe River at San Jose/Hwy 101, San Lorenzo Creek at San Lorenzo)

P6, Parb. ...small streams and creeks (add and storm drains).

P8, Parl. Define major. For example there are 14 “major reservoirs in ther&athat capture
>20 sgmi area (see SFEI report Davis, McKee et al., 2000).

P9, Parl. ...with similar rainfall total. Do you mean daily rainfall totals.yid check the
results of this methodology by trying to predict the hourly rainfall of a statitmhaurly
rainfall data? This would provide you with an understanding of your %error both ngtand
in magnitude.

P9, Par3. Pan evaporation. This section needs better description so that the readst is not |
feeling disconnected from your modeling procedure. How exactly did ymoagstevaporation

on an hourly basis? What about impervious surfaces? How did you cope with roofs, roads and
parking lots? Did you check the outcomes? Please demonstrate the methods apticassum
gave reasonable input data for the model. Evapotranspiration is likely 70% of theateta

budget so | suspect it is a really important term in the model. Was the raihgeestimated data
reasonable over a single day and over the longer term? If not, what are thelpotentia
consequences of the assumptions and errors?

P12, Par3. ...and associated characteristics. What characteristics?Blepseific. ...and
associated activities. Please add some references to the end of the pamatirapbagler can
follow from where you are deriving your assumptions.

P12, Par4. | agree — impervious surfaces along with evapotranspiration amapertant
parameters in your model. Again, | am left having to just trust that you maxtenedde
decisions. Please add some more detail in this very important section. How didugly ac
estimate total imperviousness and disconnected impervious surfaces? Did yod use ldata,
if so which data and how was it classified? You reference Defour and Cooke, 2006 ddltas
their table 10 in this report so the reader can see what assumptions where madealhthéow
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calculations were done. Please discuss the potential impacts of these assumpitmnsodel
outcomes.

P16, Parl. 23% seems low. Do you mean the developed area that received irrigatiomh? Overal
based on ABAG land use data from 1995, the area in urban and ag use in the BA was more like
44% (see SFEI report Davis, McKee et al., 2000). Perhaps the differences in thaneadee

the cause of the apparent discrepancy?

P17, Par4. Please add the units from Pun and the units you converted to for HSPF in to the text
and better explain how you did the conversion. Please comment of the errors and potential
effects on the model output of the assumptions that you had to make.

P19. Figure 2.6. Given that the model objective is to understand urban copper runoff, more effort
needs to be put towards disaggregating the urban source and transport clieraeatedisess
effort on the 4 non urban classes (Ag, Grass, Scrub and For.)

P23, Table 2.8. These are lower that Tsai et al, 2000 (RMP study). Please comment @h how di
your estimates of loads compare with the work of Pam Tsai et al. (see
http://www.sfei.org/rmp/reports/air_dep/tracemetals/AD_TMFinaliRepdf). | realize Pam'’s

work was primarily focused on deposition to the Bay not to watershed surfaces but she di
estimate deposition to watershed surfaces as well. And her concentratiaingaith are certainly
valid.

P24, Table 2.9. Your concentrations in wet deposition here appear lower than Pam T&ai's wor
by a factor of 2 or 3 (see page 8 in
http://www.sfei.org/rmp/reports/air_dep/tracemetals/AD_TMFinalRRepdf). Please add a
comment of why that is so and the potential impact to the model outcomes.

P28, Figure 3.2. | was hoping to see a better calibration of the urbanized San Losggmo sy
Please comment on the potential impacts of the over estimation in the two urbasieetssy
(San Lorenzo and Guadalupe).

P30, Par b, c, d. Please define “good” in this report. | see the model results for dny oy

out be 30 — 50%. | see both over and under estimation that is apparently based on degree of
urbanization. | realize that +/- 50% is not considered bad, but | am left to ponder wiest tbeus
over or under estimation and therefore | am not sure | agree with “very good” wstiroat

further commentary.

P31, Parl. It would be more helpful to see scatter graph of observed versus modeled data for
TSS so that the reader could see if the model is performing consistentih®vange of
observed concentrations. Please add the scatter plot. P31, Par 2 come part wayitmdbls.

P31, Par3. Do you mean San Lorenzo Creek? San Lorenzo River is not within you model
boundaries (also Figure 3.6). | have collected three years of high flow dataionlto total Cu

at Hwy 101. JC used this data to verify his model. Is that factored in to your modsla# go

please reference SFEI and my reports and provide more detail about what was done.
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P31, Par4. ...will provide sound technical basis for performing the alternate saemesi You
may be right, but | am not convinced. | think adding some more scatter plots would help.
However the main addition that would help would be a sensitivity analysis of érsaggest
that such an analysis should be completed to provide validity to you statement.

P37, Table 3.3. The loads for Santa Clara Valley Central and West represeya ahadoout 335

sg mi. You loads of sediment and Cu are 75554 tonnes and 7037 kg. The loads of sediment and
Cu | have measured during WY 2003 (about average flow) in Guadalupe River at Hwy #01 wer
10,806 tonnes and 820 kg for an area of 160 sqmi about 91 sgmi of which is downstream from
reservoirs. No matter which way | scale up the sediment or copper loads, itsagpeanodel

over estimates Cu load for that part of the Bay Area. Sediment is overtedtinyaat least 1.9

times and Cu is over estimated by at least 2.3 times (see McKee et al., 20@5CGarlbads
http://www.sfei.org/watersheds/reports/409 _GuadalupeRiverLoadsYea)2Rldase comment

the cause of the discrepancy and on how this might impact the usefulness of the model.

P38, Table 3.4. Please clarify that each column represents the low best and highssé¢drase
comment on any other literature that estimates BP contribution to urban runcékdrople,
perhaps the modeling done in Stockholm made these estimates. Is 35% reasonahlgdGi
have potentially underestimated atmospheric contributions, perhaps 35% may be the upper
estimate?

P43. The report lack a discussion of potential errors associated with the assanipwould
benefit from a sensitivity analysis, a conclusion, and section describing dathaapsuld
improve future modeling efforts for the Bay Area.

From Robert Ambrose, US EPA (July 19, 2007)

Reviewer Response

I'll start with some general comments and questions about the report and the modeling w
before addressing the specific charge questions. First, | want to exyyrgssat confidence in
the technical expertise of the report’s authors, Tony Donigian and Brian BicKihely are
certainly among the best in the world in applying HSPF to analyze waldrgtimlogical and
pollutant response. Second, | acknowledge the coordinator’s observation of theeBtdrig
get this draft report together in time for review, and that certain itemsheuhdded and
corrected in the final report.

| have two or three main technical questions about this application.

Modeling of Land Use

The report makes it clear that individual land uses were considered, but it doekeataaaif
they were modeled explicitly or implicitly in the assignment of watersheahpeter values. |
have always thought of HSPF as a lumped parameter model as applied to individual
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subwatersheds, but | understand that there are ways to model individual land useantlVere |
uses lumped and modeled explicitly within each watershed? That would make sensbkubiime
is never stated that this is how the modeling was conducted. If land uses are not maleled thi
way, how is the information in Table 2.4 used?

Assignment of Hydrological Parameter Values

On page 13, the last paragraph states that model parameters for eadiedatedsand use
category were assigned based on the soil classification (one of 4 HSGs)labt tregagraph on
p. 25, the report states that hydrology model parameters were based on soils andl$lepe

two paragraphs imply to me that the model would use the same parameters fed fores
grassland, developed, and agricultural land uses if the HSG and slope is the sameaulBim&t w
seem right to me. The report should state clearly the methods used to account for iddividua
uses within each watershed. A table summarizing model parameters bydaarttlusatershed
would be helpful.

Modeling Copper Fate in Watersheds

There is no clear description of how the model handles the fate of copper loads depds#ted to t
watershed. A section should be added summarizing how this is modeled. This could mostly be
copied from the HSPF technical manual. The report should also list the sediment amd coppe
parameters used in this application, and describe how their values were derixedn g.e31
mentions washoff parameters, but no equations or values are given.

On p. 18, item “e” states that “rain-dependent releases are representechgddi@s originating
from impervious surfaces based on a calculated concentration and the runoff volurtreoBem
surfaces for each watershed.” Though it's not entirely clear, | ashatninese releases are not
meant to represent runoff and erosion of atmospherically-deposited copper froaid¢rshed
(such as wet and dry deposition and BPW roadway releases), but rather thectarahisad
industrial ‘rain-dependent’ releases” mentioned in item “d.d.” This should bedar

On p. 18, item “c” states that roadway releases of copper were adjusteduntdoc losses due

to street sweeping. The adjustment method (equation, algorithm, parametsy et&ljehould

be described. The amount of copper reduced due to street sweeping must go someléhere in t
watershed. How were those loads handled? Were they added to wastewater leadsess

Modeling Results

As noted, the flow calibration seems good to very good. The general pattern TSS and copper
loading in Castro Valley Creek, Guadalupe River, and San Lorenzo River seemxgeqd tleat

high loadings in Castro Valley Creek are not captured. | don’t believe tteebmudiers,” as

stated on p. 31, as there are 6 of these values. The implications of this apparent bias should be
addressed.

Charge Questions

1. In your assessment, do the modeled results adequately estimatetitreeariaunt of copper
from vehicle brake pad wear debris that enters the San Francisco Bay frifremdhe
watershed? What improvements, if any, do you recommend for the presentation P result
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| would judge the modeled estimates of the relative loadings to be adequate. Previous
estimates were that brake pad depris constitutes about half of the copper todkdeaBay,
whereas this study centers on about a quarter. | do have questions about how copper lost in
street sweeping was accounted for, and whether it might enter the Bagrnvaste streams.

2. The original intent of the technical studies was to develop information on the ratgiaes
of copper from brake pad wear debris in the bay. In your assessment, whatvaxtior need to
be taken into account when using the results presented in this report for assegsiatjiibe
contribution of brake pad wear debris copper in the creeks?

I would like more information on the differences in loading estimates in this report
which centered on 23%, versus earlier work by Carlton and Cocca that centered on about 50%. |
also would need to know more about how street sweeping was handled.

3. In your assessment, do the modeled results adequately present the levettainiync
involved in the amount of copper from vehicle brake pad wear debris that enters the bay in
runoff from the watershed? Do the modeled results adequately represent thenincertize
relative contributions of copper in runoff from brake pad wear debris and from non-bdake pa
copper sources?

| believe that the results showing high, medium, and low estimates give an adequat
representation of the range of uncertainty in the relative contributions of coppelofake pad
wear (10% to 35%). I'm not sure about the accuracy of the overall loading estisnateghe
modeling took overall loading estimates as given. I'd be a little concabwd the under-
simulation of high copper loads from Castro Valley Creek.

4. During your review, did you identify anything that could render the modeled results
inappropriate for subsequent use in the Bay model as described above? Did youadgntify
limitations on the use of these results in the Bay model?

One of my main concerns is how land use patterns affect results. Thesesonicgt
be alleviated by the authors with some further explanation of procedures. Attpleseave to
caution use of this model to explore scenarios with different land use patterns.

5. In your assessment, what factors would be important when extrapolating tHednwedalts
to other geographic areas?

At present | couldn’t recommend extrapolating modeled results to other geogaegdsc
| would need to understand more about how the model was applied to individual land uses, and
how parameter values were derived. If important (sensitive) model paramggteesent lumped
processes and are calibrated, then the model must be considered descriptive ofqmdgants
in the modeled watersheds. This is still useful, of course.

Ken Schiff, Southern California Coastal Water Research Project (July 19, 2007)
The stated goal of this paper is to develop a watershed model of flow, sediment, and copper

loads to San Francisco Bay. The uniqueness of this project is the linkage witpregnwos
deposition, and more specifically, the atmospheric deposition associated with brakénsad d
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wear. A wonderful question and fun challenge indeed! Below are a few of the t@agsei isaw
that could improve the report.

| assume that this watershed modeling is an extension of the original wdterstieling
conducted by Carleton for Castro Valley Creek. If so, a quick comparison of the twls mode
would be helpful. Overall, the model setup is very straightforward and the typical mode
parameters are from the regular sources (i.e., NHD+, DEM, local rain g#&besxtrapolation,
NLCD, etc.). What's unique are the BPDW source terms. To the person who has not read the
atmospheric deposition component by Pun and Rosselot, a good summary here would be very
helpful, especially since these terms are not specifically defined. Rpa€el@ase, although
variable, appears to be empirical data. Atmospheric terms are modeled. Twdhasaee not
addressed in the report:
1) Are there non-BPDW deposition rates for both wet and dry conditions?
2) Of the non-BPDW releases, a very large portion may be from historieglbsded
BPDW that was either resuspended (for atmospheric terms) or washed off (for
nonatmospheric terms). This is an important element as we have found a large &fac
deposition is from nonspecific dusts.

The modeling calibration and validation deserve a bit more effort. The autlyimshe most
important section (3.0 application and results) with a paragraph of excuses. Thstigigs
the reader confidence in the results. The fact that such a high profile projedtn@bplrovide
adequate time and resources (in the authors opinion) for thorough calibration antbwalkdat
startling. In fact, looking at the “QA checks” leads me to believe that sdibeatian and
validation would definitely help. Some of the larger items | noticed:

1) Flow duration curves match well (fig 3.2, 3.3), but little other hydrologic vtadialas
provided that could significantly influence sediment or copper concentrations (ilye., dai
mean flow, daily max flow, time to peaks, etc.)

2) Units in table 3.2 need to be examined

3) The TSS and copper plots do not show a “remarkable degree of consistency with
observations” to me. | do not see much relationship in the simulated concentration and
observed data points in the long-term simulations. In fact, the correlations ofeabser
vs. simulated data for copper in Fig 3.4 looks doubtful, even with the outliers removed. |
would have the authors double-check the slope and 2.

4) The observed copper data vs. long-term copper simulations in figs 3.5-3.7 are erguffici
for me to evaluate validation. | recommend more scatter plots and/or sumatisticst
of accuracy, precision and bias.

Although | am somewhat harsh in some of my criticisms, | do think this is a woréharidl
important effort. | encourage the authors to spend some more time perfdmmmgcessary
calibration and validation steps. If this extra effort requires additionaliress and time from
the sponsors, it will be a valuable investment. Even if the numbers change litdgtréhe
confidence it provides the reader will be important.

One last issue, albeit nontechnical. Who is it that will decide that the BPRWoiirés large

enough to warrant management action? Is 35% too much? Is the action threshold lower (say
10%) or does BPDW have to be the majority (>50%) of the load? These policy decisions ar
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often times equally as important as the scientific information. Sometimesrgto action
levels beforehand can help avoid miscommunication at the end of the study.

John Sansalone, University of Florida (July 22, 2007)

The reviewer examined the report in the context that the draft report witd@@onent step
towards building a comprehensive calibrated/validated model of copper loaals Foe®icisco

Bay. In the report the authors clearly indicate the constraints theydwarlte specifically lack

of data, lack of resources and lack of funds. As a result, the HSPF model developetuoiythe s
was not calibrated and validated. It is assumed that all parties accepéettresults and
conclusions are developed from an uncalibrated/unvalidated model due to the reality of the
constraints identified. The report title should reflect these limitatiorwdiogly. As a draft
report, the report appears to be a reasonable draft summary, although the acopea
constraints are not directly known by this reviewer.

Since the study and report represents an important evolutionary step that builds adiounda
from the previous literature and data collection, it is of critical importamtdly details the
input parameter values and ranges and their specific sources in a seidsWwithin the
report. This is an organizational exercise since all of these input parametensequired to run
the model. Large databases such as rainfall should have their specific sauitedgdand the
actual digital data should be provided to the sponsor in an organized and clear format on a CD
similar. (This may be part of the deliverable package to the client, but is noftrofeghe
report). Input parameters that were assumed or estimated should also heddersif
organized format of tables based on model algorithms for watershed or catchments and
references and rationale identified. The use of input data and parametergsisatigbroughout
the report but without the ability of the reviewer or client to assess the vahdityasis of input
data and parameters.

In general the reviewer finds the report language replete with lack of preaisd lack of clarity
for an engineering document intended to build the knowledge base. There are aofumber
grammar and punctuation corrections that are required; and can be identifieghtbareful
editing. Again, this observation is important if the report is to have lasting velbe i
evolutionary process. As with the language, the graphical results could alsonpeeved
clarity. The graphics are not report quality.

There are a number of specific comments. These comments are gesrgiaaiiyed from the
beginning to the end of the report.

The authors indicate that HSPF is considered a premier model. Can the authors provide a
independent reference to demonstrate “premier”. The authors should conciselyedbscri
other models they considered and why these models were not selected in favor ofTHEBPF
rationale is important as others undertake parallel and future modeling.effo

The authors have properly included an expanded database with 20 precipitation\gagteeg
micro-climate variability of the watersheds. However the watershed comigai®not appear
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to reflect a database of equal quality and detail in order to translatelramtatoff. It would be
helpful if the authors create input parameter tables with quantitative values angarameters
ranges, reference sources so that the client and future investigators carzesicqpyniparameter
strengths and weaknesses. Future work can rely on the defensible strengtbskaond/ards
improving weakness in the input parameters.

It is unclear if the authors used GIS data to generate a carefully édigatgt set of hydrologic
functional units (HFU) for each land use. Each HFU can then have hydrologic properties
identified such as depressional storage, infiltration parameters based omlpdoisaroperties,
etc. There should be tables of HFUs and a drawing delineating and quantifyingddiedsh
watershed.

The authors indicate the lack of data and resources. The authors should identify theedstacif
needs and resource needs for the benefit of future investigations. Again this carcheiees
out in tables and with a description of these needs.

The authors should quantitatively describe their methods of limited calibration and the
guantitative results of limited calibration.

The authors should quantitatively describe their “consistency” and QA checks#deboth
methods utilized and quantitative results that illustrate the consistencyfacdideQks. Some of
these are illustrated in Figure 3.2 and 3.3.

It is noted that while two modeling methods provide similar load results, that does not
necessarily imply that this represents reality without an objectivstyek.

The text and figures are inconsistent regarding suspended sediment and TSS. bé/hgt is
measured is particulate matter in agueous solution. Suspended sediment maybedrasas

TSS (a method of measurement) but TSS is not an accurate representation of suspended
sediment. The proper terminology is suspended sediment measured as TSS. In addition
suspended sediment should not be confused with the SSC methodology, which | suspect was not
utilized in most of the data collection.

There should be a list of symbols and abbreviations at the front of the report wiitiatefiand
units provided.

Nearly all of the figures need graphical and clarity improvement irr todeovide clear, report
quality figures. This is especially true for the area maps, which in a numbesesfar@ missing
scales and north arrows. In some cases map boundaries and sub-delineations showld be s
more clearly. This should not be a problem given the GIS capabilities. Each map shptld
provide references for the sources of information.

How do model results respond to various levels of watershed and loading parameter

discretization? This parametric evaluation is important not only for coppéngisa but for
hydrologic parameters and watershed hydrologic functional unit pamsmete
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The study talks about data types — define data types.

The authors should indicate why it is necessary for the model setup, “by nédessggregate
all watershed drainage.

The use of indefinites and personal pronouns, at least in this reviewer’s opinion, are not
appropriate for an engineering report.

The use of a single level value for multiple streams should be justified wiféramee. This is
the case for many, many assumptions made in the report and model.

The storage characteristics of the reservoirs should be summarized i\ a tabl

Identify how many of the study stations were updated with respect to the total rafratagions
utilized.

The HSPF hydraulic parameters should be provided in table format with references

Briefly describe methodology for “actual simulated” ET. Also briefly déscwhat procedures
were used from the Alemeda County study and why they are applicable tadyis st

Describe infiltration algorithms and how these were related to soil praparttemoisture
conditions. For example the use of physical soil properties to determine tipagitand soil
suction components of soil hydraulic conductivity. How were soil properties delihaeatoss
catchments?

Is the mean the representative statistic for slope — are slopes normalbytidt if not, use the
median.

Provide a basis and reference for the irrigation efficiency factor of 0.8, thisraypgia
Identify the copper loads from the irrigation water.

Are annual historical precipitation values normally distribution, so that a nmeaalavalue is
representative of the distribution?

How is the overall long-term mean annual precipitation shown to demonstrate howathe me
varies?

Describe and quantify how losses due to street sweeping were determined.
How was a “best estimate” of copper contributions determined?

Figure 2.6 could use more work; | cannot put my hand on it, but it is not particularly usétil in t
present form.

Tables should be report quality.
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Describe and illustrate statistical comparisons.

While weight-of-evidence approaches are described in the Guide, demonstrale lapproach
was used in this study and why it is deemed valid in lieu of calibration/validation.

Be specific, what are the sediment and copper parameter values?

Figure 3.2 and 3.3 are important but the graphical quality is weak. How do authors ecttencil
large differences are the far more frequent low flows?

Consistency and QA checks are very unclear in the report and not detailed dreguanti
Demonstrate the decision to throw out 6 of the data points is statistically kalid;are specific
test to demonstrate this. Why 6, why not 5 or 7? If the data cannot be thrown outadbatist
they should be included.

Describe all calibrations quantitatively.

What is a “remarkable” degree of consistency? This is probably inappeofatiat quantitative
engineering report.
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