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A
Susmary

.1‘.

5 When che opavetional plaw far the Glen Canyan Dam. wes originilly

designed, little consideration was given to.accommodite, ©T. Evel define,
" emvironmental- or-recreational flow requirements downstresm. Since the
" sompletion of the Dam in 1964, it has been operated almost exclusively fox
. power gemeration -and water Storage PUYPOSEs, gubject only to & minioum
1000 cfs ralease Tequirement for downstream fisheries during the Lake Powell

$illing period .(USBR 1976). Howewer, two significant and interdependent

S

changes in tha operation have taken place in the intervening yeirs.

First, Lake Powell completed filling in 1980. Prier to this time
Ilnnu!l releagse wolumes . from the Dam had largely been dictated by water
;:;iupply requirements dowistream With-the excess being. stered in the ceservoir.
. Mow, whenever feasible; this excess is being released through the Dam's
" “pewerplant to generate electricity during pesking pericods. Second, since
71966 when full generating capacity was reached. the Dam's powerplant -
: operation has gradually shifted from providing for basze load to provwiding
i for an expanding peaking power load. Filling of the reserveir was, in fact,
s necessary precondition for the long-term expansion of peaking power
production at Glen Camyon.

; This change has had a significant impact on the geascnal and .daily
uleflnur downstream. Whereag under base load operation, seasonal average flows
varied from 7900 cfs to 15,000 cfs for different ﬂnnthnl.nnw. the monthly

fluctuation is 7100 cfs to 17,600 cfs. This change in release patterns

has had major effects on the river morphology and ecolegy downstream.

The proposed uprating is & continuation of this shift in operation

lieced on Table 1, oormalized monthly release wolume/hours in month.
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- §0 extend the use of the Glen Canyon powerplant as a peaking facility.
‘“The results of the uprating will thus be to accentuate the impacts alveady
‘goeucing. Thasears:

1. Shift in seasonal flow releases causing extended low flow periods
in spring fnarnh. april, and May) and fall (October}, and high flow pericds
in late summer {July, Auvgust, and September} and early winter {Nevember,
“December, and January).

Z. Inerease in the daily pesk flow rate.

3. Increases in rates of rise and fall of daily river stage during
peaking periocds.

4. GConsequent impacts on chanmel morpheleogy, beaches, and riparian
ecology.

The purpose of ag enviTzoumental assessment is to describe whether . .-
‘there are potential significant adverse impacts of an action, so that a
determination can be made as to whether or net an Enviroommental Iepact
Statement (EIS) should be prepared. This environmental assessment cannot
perform this function due to two major wesknesses:

=It conceals, or greatly underestimates, adverse environmental impacts
of the project.

-It fails to telate the project to any coherent enviromnmental
manapement goals for the Colorade Biver dowmstream.

specifically, the environmental assessment hes the following failings:

1. It does not address the seasonal changes in flow rates caused by
increasing emphasis on peaking power operstion and the subseguent enhancement
due to the uprating. Thie change reduces average flows in the spring and
£all period and increases them in the late sgummer and early winter, as noted

above.
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. 2. Itsignificantly underestimates the potential increase in daily
“#low peaks, partraying it as -a 1600 cfs increase from 31,500 cfs to
:'T!_J.lﬂﬂ cfs, when the petential incrasse iz actually 6100 mfa from the- S
| ;ypical current peak flow relesse of approximately 27,000 cta.

) 3. 1t incorrectly concludes that there will be no effects from
increased flows downstream of Lee's Ferry by feplying that flow peaks will
“be of very short duration. In faet, the Bureau's pricr apslysis shows that,
typically, peak flow increases will be of geveral hours duration, and their
effects will continue through the Grand Canyon downstream to the Lake Mead

:jheseruuirﬁ
= 4. 1t fails to sddress changes in the rate of rise and fall of the
. .River due to the increased peak release. The Bureau's prior analyzis sghows

thet Fluctvations io river level of at least 1.9 feet/hour will be cypical

“as opposed to the 0.5 feet/hour under the current pperation.

%, Because the environmental assessment neglects to congider the post=

_uprate rates of river rise and fall and incorrectly concludes that there
' . will be no effects downstream of Lee's Ferry, it either neglects or greatly
. underestimates adverse impacta on beach aveas, riparian vegetation, fish

resources, wildlife, and recreatlion.

&. The environmental assessment does not address the eumulative impact

of historical operatiomal changes st Glen Canyon Dam and the relationship

7o 0F these changes to the uprating.

7. The informstion presented is often unsubstantiated and at odds
with other Bureau snalyses. Such discrepancies indicate that adverae impacts

nay be worse than is asaumed.
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Conclusions
“l._—..-l_—. - .
3 It is evident that .the uprating may cause significant sdverse.impacts

—EmEm e r——

nand that an EIS ghould be prapared.. The preparation of this RIS shoutd .

Ii.ﬁptwidi the opportunity ta correct the deficiencies in the early operational

"“planning of €len Canyon Dam and sstablish emvironmental -eriteria for flows
within the Grand Canyon. 1t can do $o within the context of develaping

.an overall mavagement plan for CGlen Canyon Dam that optimizes power production

. while preserving or enhancing environmental and recreptional wvalues. The

“bages for thepe -conclusione are described in detail below.
g

“-Digcusslon

i eam

1. Changes in Seasona]l Flow Rates - The e¢nvironmental ssssasment has

"“failad te addresn the necessary. rexllocation nf zeagonal relsase Volumes
Ewﬁi:ﬁ reqult - from an edpageion of peaking power generation. This amasonal .
) 1;1-.151: in vater releases has been uvnderway sinee rtha aarly 1570s, as is
" gyident from inspection of Table 1, which lists monthly Glen Canyon release
-v'yolumes for the period 1966-1981, and Figure 1, a graphic representation -
of the shift. Belease volumes appearing in Table 1 were derived by normal=-
., dzing release figures obtained from Bureau reports (POM-5%) which have been
previcusly assembled by Marsik (1981}, Normalization of release volumes
invelves adjustment of histerical data to reflect the yearly deviations
“'in total relesgs volumes from that of a specified bape Figure, 8o chat .
h comparisons are posgible. _The base yearly release wolums selected was .
B.25 million acre=feet, which corregponds Te boch the minimum requirement
for Glen Canyon under the terms of the Colorade River Storage Project

guidelines, and the base relesse for projections of proposed future

regervoir release echedulaes.
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_ Averaged monthly releases eppearing in Table 1 for water ysars 1966-1971,
197276, and 1977-81; - indicate & SLTONE establ ished trand towards reallocation
=?£ release tobaks fou-.the epnths of January, April, May, and August. less .
harked but significant trends are algo evident for June, Septeuber, and
DEEEDb¢I+1 The. shift to paaking power generation iB readily -apparsgnt, with
spring and fall water releases being sharply reduced to maintain the storage
~and sggociated reservoir levels necessary for peaking power generation during
the late summer and early winter montha. Sharp decresses in release volumes
during April, May, and Jupe are egpecially critical for yecreational uses,
Baie to their affect on the early portion of the viver rumning seascn. .
1f uprating iz implemented at Glem Camyom, the seasenal shift in
 regervoir releases will be accentuated. Monthly release volumes for post-
. - uprating repervolr opecation, -as -projecied by -the Bureaun, aye ghown in
"~ yow (B) of Table 1. Graphic vomparison of the normalized monthly average
" relesses and projected releases {yow (B) of Table 1)} appearing in Figure |
. indicate 4 major inc;qé;td release requirement for July, and smallar potential
increages for December and January, To supply thege inereases, current
release volumes for Oceobar, April, May, and June would have to be reduced
by varying amounts depending on raservoir inflow volumes and power marketing
agrecments. Reductions in current releages for these months would exacerbate
the low flow problems presently experienced by river runners downstresn frocm
.hé the Dam. A good deal of damage to the downstiesm riparian habitat from
jnereaged peaking operations and reallocetion of seascnel flows may have -

already taken place.

xﬂﬂitIEEI computed for both December and Jenuary are understated, apparently
due te efforts to complete f£illing of the reservoir later in the 1980 water
year.
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?. Underestimation of Peak Flow Incresse - The En?iranmental Agsasessment

Fe—— ]

.contends that the uprating will result in a minimal 1600 cfs increase in kthe
cpeak Flow cate over the presant 11,300 cfs: & review of historical data -
h'ﬁrnuided in Attachment A of the eaviroomental assessment suggests that the -
stated increase iz misleading. Although the difference in maximom peak
flows attainable, piven best efficiency operating conditions for the power
. plant, between pre and post-uprate conditions is 1600 cfs, the difference
between the projected maxioum and the average annual maximum release which
has occurred since the reserveir reached an elevation ovf 3641 feer is
™ approximately GylOQ -cfs, -or a. post-uprate lnorease of greater than 20 percent.
.A listing of tle average annual maximum relesse for the period -1874-81
._appears in Table 2. Prior to 1974, the reservoir water surface elevation
,Mas less than 3641 feet, the elevation mecgssary for achieving the current .-
1nmximum power . plant discharge of 31,500 cfs. IE past operating policy were
“maintained, average annual maximum peak flow rates for post-uprate eonditions
.nauld be less than the maximum 33,100cfs projected. However, there ave tao
factorg which would tend to reduce this prospect: 1) the recently completed
. $illing of the Powell reservoir in 1980, and 2} the establishment of peaking
“ -power as the accepted mode of operation at Glen Camyom. The filling of the
resetveir increases the probability of occurtence for that range of reservelr
clevations which is required to produce maximum power generation. Therefore,
:h it is more likely that post-uprate peak flows will be of greater magnitudes
and will be reached more often than has been the case historically. Increased
 capability for pesking power at Glen Canyon would also tend to reinforce the
efforts to maximize peaking power output through marketing agreements, since

Tevenues from peaking power sales are high.
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- 3. Pesk Flow Impacts Downstream of Lee's Ferry - The assertion that
1

.spost-vuprate increases in peak flows downstream of Lee's Farry would diminish

*+iE0 ero is incorrect based -on analysis of hydrographs presented in - i L

y
previous document which described typical future flow pattarns for the

. proposed additionof 250 M of generating capacity at Glen Camyon (USBR.1981).
_-_'ﬂuu hydregraphs traced the progress of a flood wave resulting from the
.- proposed vperational changes downstream from the Dam and into Grand Canyon
.- Hational Park. Figures ? through 4 indicate the probable effect of the .. -
' uprating on a "typical" Wednesday flow pattern for high repervoir elevarions
Tt at Glen Canyon Dmm, Lae's Férry, and Phantom Ranch in-Grand -Gaayen Hatiodal . -
| Park. A flow trace interpolated between the pre-uprate summer condition
- {dotred line) .and .the former projected "peaking power" condition (broken
. line) undar 3 250 MW powar génetating -increase, has been superimposad.om
"™ each of the original -graphs. It should be noted rhact che ioterpolated ...-
. hydrograph peak for .a typical Wednesday and a 186 MW expanaion is less
than the maximum discharpe which could be attained given the high reservoir
o levels assumed. Use of this particular hydrograph, thus understates the
potential increase in both the rate of river rise and fall, and peak flow
" rate for the post-uprate condition. However, for purposes of comparisonm,
" the flow trace fqr the post-uprate condition was assumed to be proportiomal
to the ratio of the previcusly proposed 250 MW incresse and the currently
; proposed increase of 186 MW (1150 Md te 1336 Mi). The flow trace plotted: . .
. in Figure 4 for the Phantom Ranch gaging ststion indicates that the duraiion:
of the increased peak flows is in excess of 5 hours. Thus, as the Bureau
has pointed out in the present environmental assessment, downitreéam flows
will approach a steady state, or stabilization of the pesks and troughs of

the release wave, resulting in minimal dampening of the flow peaks genaTated
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Jundert post-uprating reservoir cperation.

4

-

4 '] ;Egreaaedlnascn of Rise and Fall in the River_fiﬂh1q!53;£n-th=..

jggyially release pavierng.sesulting from uptating-at Glen Canyoy will prodoce ;.0 -
-

concomitant changes in-the chavscteristice of daily flew parterns downs Lream

Ty

s of the Dam. The Bureau states on page 14 of-the environmental-sesesament
*_that the uprating will cayse a vertical rige in ;ht Coloradn River of 0.2
. af a foot at Lee's Ferry and that-this rise would diminish to zerc downmstTesm.
—~- Thig 0.2 foot rise is an underestimate {as shown in Figure 7), and in any case,
of agual significance is the change in the rate of rise and fall of the river
Eﬁ%'utuge which would cegult. from posigprate ragevvoir-opevatien, : Again:, the
Bureau's (1961) analysia has been utilized along with data ow downstream
‘e piver channel chgracterigtics to produce a comparison of pre and post-uprate
cop4 eonditions.  Tahle 3-gutlines channgl chgracteristics whick cerrespand te ..
gpecified rates of flow for Lea's Ferry and Phanrtom REanch gagiog stations.
In lieu of river depths derived from channel ernpa=-sections, the availeble
data was uged to calculate the hydraulic depthl of the River at-the varicus
‘- flow rates. This inéntia:inn wae then plotted end graphed in Figuzre 5.
- Wext, a graphical trensformation was made between Figure 5 and Figures 3 and 4
for Lee's Ferry and Phamtom Ranch gaging stations. The regulting graphs
of hydraulic depth ve. time for a typical Vednaesday during the summer at
high Iustt?ﬂitllll?ltinnﬂ are shown in Figuras 6 snd 7, Since the hydraulic
", dapth is roughly eguivalent to the river stage, the slgpe of the graph at
any point represents the rate of rise or fall in the river depending om
the time of day. The maximum vate of river rise experienced without the .

uprate is estimated to be 0.5 foot/hour at Lee's Perry and 0.9 feotfhour

_ he bydraulic depth is the depth of ao equivalent rectangular channel and
- is equal to the channel cross-sectional ares divided by the channel top width.
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:IL_-:_#I: Phantom Ranch; while the:gaximum rate of -rise.with the uprage- is:prajected .:

hiép be 1.9 feet/hour .and 1.8 feet/hour at Lee's Fervy and 'Phianeom Ranch .-

iEE}iape:ti?elyak-Qn.the gther hand, rhe. estimated magimua . cate nE piver. fall? rovir
for no uprate end uprate conditions at Lee's Ferry would be 0.3 foot/hour

P,
ﬁé;and 1.8 feetfhour, while the rate of river fall at Phantom Ranch -with and .

. p without uprating would-be the pame. The steepness of the rates of rise and
“‘fall shown in Figure & for the post-uprate condition at Leels Ferry i8 a

:“”TEflggtian of the narrownesa of the river channel at low flows as indicated
by the graph in Figure 5,

i The extreme mature-of these projected changes in hydrograph chayacteristies-

. produced by an uprating are cause for concern, as the environmental effocts

;“nf such alteracions ip-the:downsyream Flow regime could be gigpificent .

¥ {see digensaion, pojpk:ils Furtherpore, -thare: sre, other -teaches downstrgan: . ...
£a
of Glen Canyoy Dam-which-are narrower than Leels:Ferry. Harrower .chatmel

ol
repchen result .in higher rates of river rise and fall due to the more Tapid

. =change in water depth with increasing discharge. Therefore, it is eritical
** that Further analysis be done using actual channel cross-sectioms at multiple

points downstream of the Dam.

5., Underestimation q;idverneEnyirunmental Effects Downstieam — Becaume

-

the hydrologic impacts of the uprating are significant, consequent environmental
. impacts will be significent, contrary to the conclusions of. the. environmental
‘- gegpessment. .The greatly increased rate of river rise:and.fall resulting.
from post-uprating reservoir operatiom could potentially cause increased
channel scour and severe ercaion of beach areas. Frequent cycles of
inundation atd exposure can be expected to erode important stretches of the
river eorridor which have been approaching stabilization over the years

gince the disruption of matural river flow io 1564 (Scevens 1981). As
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b

channel scour patterns are altered and new sections of the riverbank are
{i,ujtﬂdtﬂ* pools which are -currently favored by fisk for spavning may be filled.
!I .. Increased podt-uprate rates of.viver fall woold enséerbats present. flgh. 7 - -
il stranding problems, as pools are segregated as the result of rapidly declining
!f civer stages (McCall, personal communication 1982). The potential less of
beach areas presently acting as campsites and angling spots would decrease
1.1: recreational use downstream of the Dam and into Grand Canyon National Park
(Dolan 1981). These potential adverse impacts on the downstream environment
underscore the need for a comprehensive analysis of reservoir-powerplant
B7'. operations at:Glen Canyon and theiy likely.inflvence gn stusion acd sediment ..
. transport regimes.
3_I 6. Failure to Address the Cusulative Impacts of Dam Operation - As -
Jwas indicated in the discussion for point 1, the changes directly attribucable--
) to the proposed uprating are paitially obscured by previcus alteracions ia’ i

f 1" reservoir operation policy. A clear shift from a base load to peaking leoad

operations]l mede is apparent in historical reserveir release data [ses
Figure |. Since no ‘major structural modifications were made to the power-
plant during the 1966-8]1 period, no comprehensive environmental evalvation
of the intensified impacts resulting from the shift toward increased peaking
power operation was undertaken. A draft assessment of envirommental impacts
at Glen Canyon was published by the Bureau (USBR 1976), but it failed to
address the impacts of this shift toward pesking operations. Therefore,

for an adegquate assessmani: of the snvironméntal impacts redulting from

the proposed uprating, an investigation of the cumulative effects of
operaticonal changes over the past 15 vears is necessary. Thie can enly be
accomplished through preparation of a comprehensive EIS for reservoir-

powerplant operations at Glen Canyon.



o ey
¥

Philip Willismas & Associates -11-

"l."_lr\uﬂ_-

'*hﬁitum.thg inaccuracies addressed earlier-im thiz critique, the-environmental
4 «agsessment containg unsubstantiagted . 'statements related fo hydrologys. @ .
:.ﬁinclud£n3=
-page 7, paragraph l=--The Bureau refers to hydrologic flow sequences
which are not identified or referenced. Computer synthesisz of probable
future inflows to Lake Powell requires statistical evaluaticn of historical
~ data and its subsequent firtimg to a probability model. In such procedures
" eritical interpretive assumptions are made. Therefore, substantiation of
i the forecmsts offered as a resulr of the modeling:is necessary from both-.
a purely hydrologic standpoint and & powsr generation standpoint, since
;.. forecasted reserveir levels ultimately. influence benefit-cost anslysis.
o -page 9, paragraph S~—=It is assewrted that minimum relesses wilk.be .
maintained aa in the past, except during emergency situations which may
* oocur duriog drought years. No criteria is offered to define the conditions
under which an emergency situastion would exist. The statement does, however,
b infer that the future commitment to a minimum flow requirement would be
tenuous. The Bureau should describe its drought operational plan and its

conpequent impacts on the dovnatream environment.

=Page 3, point Ho. S=--Here the Bureau contends thar if the uprating
is not implemented they will lose both the capability of better regulating
- the River and the ability to-aveid . and:coptrol spillis. .Om the contrary,
the propesed uprate and expansion of peaking power capacity at Glen
Canyon would encourage maintaining the reservoir at high levels, increasing
the probability of apills. Further substantiation of the Bureau's claim

is required.

7+ Unzsubstantiated Informatiom in the Epvironmental Assessment — Apark
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~page 17, parsgraph S-——It is asserted that on the average, approximately

T

‘-hﬂ feet of additional terrestrial enviromment would be inundated and -thak ..

'

_::1_-:1:111'.: weans no significant impacts .to terceatrisl habivat would vasubi, .02 te: o
..hrhzre 18 no substantiation-for this important conclusion :and,. on the contrary,
;_l'it appears to be greatly underestimated.
-Attachment A, page f=-==The discharge listed for January 2%, 1970 is

+. 31,571 cfs at & reservoir elevation of 362% feet: According to the Bureau's
. ~own operational constraints (see page 3 of EA), 2 dischirpge of this magnituda

can only take place at reserveir elevations in excess of 3641 feat. Moreover, .
‘t?tht monthly power operstions xeport -for Jenuary 19 imdicates that-dhera:

ware no releases dowmstream for purposes other than for power generation.

If it is true that 31,571 cfs was discharped through the Glem Canmyon powerplant

.~ 8t 8 regervoir elevation of 3629 ‘feet, the bapic premises ‘fnor the past- -

“~pprating reservoir~powerplant operation arve brought into -quegtion. It i, .:

" possible, at reduced powerplant operating efficiencies and lower roedervely
levelg, to produce an equivalent electrical outpuc with a higher diacharge.
Therefore, reservoir elevations which acre less than thase lying within the

, rtange cited by the Bureau {currently, 2384l feet) could hf affected by the
uprating, since they could be matched with higher discharges to increase
their respective power generating capacities.
=pege 10, Teble l-=<The majority of the release figures listed in this
‘; table are at variance with the Bureau's own monthly operational summaries
{P.0.M.=59). Another weskness of the presentation is its failure tp indicate
what portion, if any, of the release volumes cen be attributed to discharge,
either through the Dam's river cutlets or over its spillways. Inclusion of
spillage, i.e., non-powsrplant diechsrge, in the cited figures is misleading
since the purported intent of the EA is to compare pré and post-uprate

powerplant dischargs potential.
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Philip Williams & Assoclates Pier 33 North, The Embarcaders
Consultants in Hydrology San Francisco, CA 94111
Phone: {415) 981-B363

RESHME

PRILIF B, WILLIAMS, PH.D., P.E.

EDUCATION

1970 FPh.D, in Bydraulics, specializing in fluvial sediment hydraulics.
University of London, University College Civil and Municipal
Engineering Department.

1956 Bachelor of Engineering in Civil and Structural Englineering,
speclalizing in hydrology. BSheffield University, Civil Engineer-
ing Department.

PROFESSTONAL REGISTRATION
Civil Engineer Wo. 21483 (California)

PROFESSIONAL EXPERIENCE

1979- Philip Williems & Asscciates
present Consultants in Hydrology, San Frameisco

1376~ Pt. Philip B. Williams, F.E.
1979 Congyltant in Hydroleogy, Saen Francisco

1973- Senior Associate
1975 Environmental Impact Plaoning Corporstion, San Francisce

1970~ Senior Engineer
1972 Bechtel; Inc.; Fipeline Divigicn, Za&n Frepcisco

Dr, Willisms has been engaged in 4 wide range of hydrologic and engineering
hydraulics work since he emigrated to the United States in 1970. His work
haz included delineation of flood hazard in developing areas, evaluatiom of
urbanization effacts on waterghed sediment production, supervision of
research in two-phase flow fluid mechanics, testimony 4% an expert witness
on flood control dam operation, work with landscape architects to develop

- vecreational land use plans, studies of effects of land use changes gn
groundwater regources, preparation of harbor meintensnce dredging plans,
analysis of multipurpose reservoiyr operation, salt marsh restoration
design, and critique of dam safety analysis and analyeis for groundwater
management programes.

Much of this work has been related to anslyzing the envirommental sffects

of hydrologic changes, and this has often involved working with professionals
of other disciplines in the preparation of planning feasibility or environ-
mental impact studies., He has directed and participated in over B0 en-
vironmental assessments on projects including flood control, residential
development, freeways, natiopnal parks, commercial developments amd land

uge poniog changes.

Environmental Hydrology Engineering Hydradics Sedimert Hydraulics Water Rescurces



Philip Williams & Associates

PROFESSTONAL SOCIETIES

Member: American Society of Civil Engineers
Member: Association of Bovirommental Professionals
Member: American Water Repources Aszociation

TECHNICAL PAPERS

"Deposition Velocitiea, Transition Velocities and Spatial Distribution of
Solids in Blurry Pipelines™ {co-authored by Mash, Aude, Kenny, Seiter and
Jacques). Hydrotransport 1 Proceedings, Coventry, England. September 1870.

"The Initiation of Sediment Ripples on Flat Sand Beds" (co-suthored by
P. H. Memp). ASCE Hydraulics Divigion Jourmal. April 1971.

“fhe Design of Slurry Pipeline Systems" delivered to the Sympogium on Two
Phase Flows, University of Tennessee Bpace Imstitute, Tullahoma, Tennessee.
July 1971.

"The Initiatiom of Sediment Ripples from Artificial Distrubasnces" (co-
authored by P. H, Eemp). ASCE Hydraulies Division Journal. June 1372.

“The Effect of Wind on Energy Consumption in Buildings" (co-suthared by
E. Arens). Energy snd Buildings, Vol. 1, Issue No. 1, IS77.

“Tgking Another Look st Electrical System Relisbility." Publie Urilicies
Fortnightly. March 17, 1977.

"Dam Design, Is the Technology Faulty?" Mew Scientist. February 2, 1978,
“"The EIF Process as a Tool for Implementing Flood Plain Manapement Folicies"

Proceedings of Flood Management Conference. Sacramento, California.
California Department of Water Repources. Report No. 44. March 1979,
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RESTME

WILLIAM BENTON VANDIVEBRE

ECUCATION

1980 H.E. Watershed Management/Hydrology
Univerzity of Arizona

1975 B.8, Civil Engineering/Water Resources
Univereity of Illinois

FROFESSIONAL EXFERIENCE

1981- Aggoeiate Hydrologist

present  Philip Williams & Associates, 5an Francisco

1580~ Staff Hydrologist

1581 Leeds, Hill & Jewstt, Imc., San Francisco

1878~ Graduate Research Assistant, Univereity of Arizona

1580 School of Renewable Watural Resources. Tuscon, Arizona
1978 Graduste HEegearch Asgistant, Northern Arizona Universicty,

Department of Civil Engineering., Flapstaff, Arizona

1975= Civil Engineer I, City of Chicago, Department of Public Worke,
1677 Bureau of Enginearing. Chicago, Illinois

In the last five years Mr, Vandivere has been involved in the analysis

of a variety of watershed and hydraulic studies, including the analvsis of
runoff from unbanizing watershede, development of design meagures to raduce
peak runoff and mediment load, and an analysis of water supply needs for
5an Bruno Mountain Fark, Sam Mateo County, Califernia. While im Arizona he
resedarehed forest hydrologie influences and the impact of hypothetical
gecond-home development on streamflow characteristies inm Coconino Mational
Forest. In addition he researched coal wmining reclamation technology,
focusing on the evaluation of precipitation uncertszinty influencing the
effectiveness of reclamation efforts in semi arid regiona. He has alao
investigated sewage System design and the analysis of weter hammer problems
in municipal pumbing statioms.

FUELICATIONS

~"Impact of Development on Qn-Stream Flow" (eo-authored by P.D. Trotta &

Jol. Bogers}. Proceedings of the Arizena Section, American Water Resources
ﬂqanclatfnn, ¥ol. 9. Tuscon, Arizena, 1979,

~"Uncertainty in Sedimentation Pond Design" {eco-authored by D.R. Davieg)
Preaented at the 1979 Winter Mesting of the American Soeiety of Agricultural
Engt?eara. Wew Orleans, La. Decembar 132, 1579.

~"Sediment Yield Prediction for Black Mesa Coal Spoile” ({co-authored by M.H.
Fogel & L.H. Hekman). Presented at the 1979 Winter Meeting of the American
Gociety of Agricultural Engineers. Now Orleans, La. December 14, 1979.
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Philip Williams & Asscclates Pier 33 North, The Embarcadero
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RESUHE

PETER THOMAS VORSTER

EDUCATTION

1975 A.B. Geolegy and Geography (double major)
University of California, Berkeley, California

PEOFESSIONAL EAFERTIENCE

19759= Water Resource Analyst
Prasent FPhilip Williams & Assoclates
1975 Research and Educational Activities Director
Mono Lake Committee, Lee Vining, Califernia
1977~ Researcher = California Water Atlas
1978 Governor's Office of Planning and Research, Sacramento, California
1976 Bydrolegical Field Asmistant

U.5. Geclogical Survey, Medford, Oregon

Since graduating from Berkeley im 1975, Mr. Voraster has been engaged in a
variety of work im the garth sciences snd resource planning. In his most
recent work, he has specialized in the snalygis of California’s wabter re—
sgurge policies, including water supply and manapement problems im Seuthern
Califernia. Much of this experience was gained as a principal researcher

in the preparation of the Califernia Water Atlas. In addition te water re-
source analyeis, Mr. Vorster's work in the past four years has included
developing an environmental monitoring program for a State weather modifi-
cation project, environmental aszsessments of the Mono Basin and salt marshes
in the S5an Francisco Bay, as well as considerable practical field experionge
in streamflow and water quality monitoring and geological and geomorphological
field mapping.

FROFESSIONAL SOCIETIES

Argociation of American Geographers
American Geophyaical Union

PUBLICATIONS

"Rainmaking Regulared" {co=authored by Linda Adams}. OPR Journal,
Vol, 2.1. July 1979,

ﬂalifaggi; HWater Atlas, State of California, William Kehrl, Editer,
1879, Principal Researcher.
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