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LENNERT AND ASSOCIATES
SOILS ENGINEERS

310 FORESY STREET, OAKLAND 18, CALIFORNIA

TELEPHOMHE: DLYHPIC 2-6220

Job Number 260

April 11, 1963

Off'lece of Arehitects and Enginesrs
University of California at Berkeley
Barkelsy 4, California :

Attn: Mr. George H. Kimball, Principal Engineer

Re: Preliminary storm drainage investigations
and emergency remedial measures at the
Univeraity of California at Berkeley.

Gontlemens

Transmitted herewith are the final sections of our report
covering the services of this office In the subject matter
under your authorization of September 18, 1962. The various
sections of this report have been tranamitted as completed
ovar the course of the past winter, and two complete bound
copies of the entire report ars transmitted herewith for your
records. As of the date of this letter we fesl that the
program of necessary emergency remediasl work is well defined
and that the most eritical ltems have been completed; and
that our composite report definss ths overall storm dralnage
conditions on the campus sufficiently clearly so that you may
proceed with long-term planning and interim remedial worlk.
The purposss of the work covered by this authorization have

thus been ascomplished.

Gertaln important matters have come to our abttention which are
not elearly pointed out in our formal report, elther because
they have only recently arisen and/or bocauss they have only
recently become apparent sa our grasp of the overall plecture
has improved during the course of preparstion of the summary
of our findings. These matters cover aspscts of the program
of "emergency remedial measures", the long-term improvement
of campus storm drainage facilities, and certain considera-
tions regarding interim measures if construction undsr the
long-term program camnot be started this year. A brief dis-
cussion of thege items is glven hareaftsr.
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Comments are glven concerning certain aspects of the emergency
remedial program, as follows:

The program of removing groins in lower Strawberry Creek
has been progreasively carried forward during this winter,
gs runoff from the ralins has degraded the creelk, removing
aceunulated bed material and revealing the new bottom av
esach stage of groin removal, and allowlng the planning of
further controlled deepening of the creek. The initial
"emergenecy" program originally envisloned 1s now essen-
tially completed, and we are entering a new phase of’
permanent rehabllitation of the stream channel. We have.
now arrived at the point where further removal of groins
should be done with considerable caution, asg lurther
despening of the chamnel without overall planning will
begin to create unstable embankments in some areas, and
require the underpinning of some abutting faclilities.

The stream channel is atill grossly inadequate, and much
further work is still reguired, but some corollary
embankment stabilization and similar measurss must now
acoompany further deepening of the channel.

The exlsting remains of the original "grizzly" at the

inlet to the Big Inch storm sewer has been purposely left
in place, so as to reduce the inlet capaclity of tho system
and give some protectlon to lower Strawberry Creek from a
large increase in peak discharge rate from the storm sewer.
This remaining structurs should not be removed, nor the
inlet system modified, until corollary improvements in

the lower Strawberry Creek system have been completed

such that the resulting increased peak flow rate can be
handled by the lower creek aystem. ‘

The inlet system, and especially the wooden "erizzly", at
the ontrenes to the Clty storm sewsr at Oxford Strest must
not be altered until the effects of increased injection

of peak campus runoff into the sewer have been carefully
gtudied, and measures have been taken to assure that such
changes will not produce severe problems in the City
system below.

The program of construction of rock groins in Ohicken Cresh,
to stabilize the slide condltions, halt erosion, and
stabllize the cresk bed, has been gratifylngly successful

to date. Helped by the erosion and deposition I'rom recent
rains, this groin system is rapidly becoming effectlive and

1y stabilizing the lower section of the cresk. The program
of sonstriction of these groins should be continued without
interruption, as described in our letter dated March 25, 1963.

With regard to the initistion of a program of long-term lmprove-
ment of campus drainage facilities the following gomments are

givent
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The item of highest priority is the construction of a new
inlet system to the Big Inch storm sewer and the simultaneous
reconstruction of lower Strawberry Creek; as this will pro-
vide a system adequate to carry the presently large and
continually increasing peak Tlow rates from Zone IV to
Oxford Strest without flooding and damage in between. The
reconstruction of lower Strawberry Creek must be completed
prior to putting flow from the new inlet system iato the
oreek, as the cresk could not conceivably carry this £low
rate at this time, and disaatrous flooding, eroslon and
damage to lower campus facilities would result 1f this

were attempted.

The new inlet system to the Big Inch storm sewer should be
moved upstream and raised Iln elevatlion; as discussed in
our report, and should include a surface diversion off peak
flow rate in excess of that calculated for a "ten year®
storm, down North Omnyon Road to Gayley Road, thence to
University Drive, and thence to Oxford Street.

The new inlet system and culvert at Chicken Creck must be
constricted at the same time that the new inlet system bto

the Big Inch storm sewer is constructed, since this new
culvert must then connect directly to the storm sewer conduit.

The reconstruction of lower Strawberry Creel must be such
that the creek can carry the peak output of the Big Inoh
storm sewer, plus any other injected flow, without flooding
or damage to adjoining campus facillties. This will involve
mg jor channel Improvements down to about Dana Strest, and a
ecombination of channel improvements and intentionally per-
mltted overtopping and area flooding helow. Whatever peak
Flow rate 1s developed in the watershed area which is in
oxceas of that which ecan be carried in lower Strawberry
Creek without turning the oreek intoc an esthetically
repulsive "open storm sewor', will have to be handled in

a peak-rlow bypass system involving flow down Gayley Road
and University Drive to Oxford Strest. '

The existing diversion of peak runoff from the Rad. Lab.
sres into the "Gaylev Road Area" must be re-diverted to the
Blackberry Creel system, but only af ter neoceasary measures
are taken to assure that severe flooding and damage will

not result Iin lower areas.

A1l of the sbove memsures mist be taken in corrslation with
the master drainage plan discussed in our report, and can
not be designed snd executed until et least part of the
master drainage plan 1s completed.

Considering the time avallable for preparation of a master
drainage plan and the design and construction of Improvements
in campus storm dralnage fapeilities pricr to the coming winter,
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it seems doubtful that the above measuresa can bs completed in
this perliod under an orderly and efficlent program. It there-
fore sesms wlge to consider what interim measures might be
taken this year to provide maximum protection during the winter
of 1963-6l,, without overlapping with later permanent measures
or wasting of funds. In this regard we ofler the following
comments:

It seems unlikely that 1t will be possible to complete
conatruction of the long term ltems descrlbed above prior
to the ocoming winter. We willl thus face the hazardas of
both flooding down Strawberry Canyon, as happened this
vear, and the gross overloading of lower Strawberry COreesk.
We could greatly reduce the danger to Strawberry Canyon by
removing the remains of the original "grizzly" at the
entrance to the Bilg Inch storm sewsr, thus consilderably
increasing the inlet capaoity of the system; but this will
sntall greatly worsening the dangers In lower Strawberry
Oreek due to the injection of a greatly increased peak
flow rate, Comparing the potential damage inherent in the
two choloees, we feel that it is far preferable to paas
unmanageable peak flow rates down Strawberry Canyon, flood-
ing the Haess Recreation area again, than to put this flow
into lowsr Strawberry Creek with the virtual certainty

of truly disastrous results. "Splitting" the flow by
allowing a large part to go down the storm gewer, as 1t 1ia
now set up, greatly reduces the potentlial peak flow in the
canyon, limiting possible flooding and demage. We there-
fore recommend that if the permanent measures discussed
for lower Strawberry Creek are not -taken prior to the
coming winter, that the existing obstructive remains of
the original "grizzly" at the entrance to the storm sewer
be left in place to limit the input of flow to the lower
campus area via the storm sewer. If soms reconstruction
of lower Strawbsprry Creek 1s accomplished this year, the
matter will have t0 be considered this fall in considera-

tion of the work actuslly accomplished.

The flow from the Rad. Lab. arsa into the Gayley Road area,
causing the erosion at Stern Hell and the flooding .at :
Gowell Hospital, cannot be returned to the Blackbsrry
Oresk aystem until the City has hsd ample time to teke
necessary measures to handle the increased flow. In the

' 1ight of recent developments it does not seem likely thet
the City cen or will move rapldly in this matter, and thils
seems to preclude the early re-diversion of this flow,
making interim measures necesgsary. We therefore recommsnd
that the emergency measures described in our report be
telen at Stern Hall and Gowell Hoapital prior to next winter.

If nothing else in the way of actual physical improvements
of the campus storm drainage system can be accomplished
prior to the coming winter, we atrongly urge that at the
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leaat some further interim remediml work be done in lower
Strawbsrry Creek In the area between Faculty Glade and
Dena Street, azs this area appears to be the most likely
location of serious trouble next wlnter.

Wo have been fortunate in not exppriencing a repetition this
winter of the heavy peak flow rates which occurred in October
1962: and thus, though there has been a considerable amount of
well distributed precipitation this winter, no further severe
flooding conditions have ocourred. It must, however, be expected
that the next winter will produce peak flow rates comparable to
those experienced in October, and that the campus drainage
gystem willl onee again be tested in its capabilities to handle

- the pesk flow and avoid the flooding and damage seen this past
winter. In addition the continulng developments in the Rad.
Lab. area, and particularly the congtruction of the new road
to Grizzly Peank Boulevard this summer, will further increass
psalt flow rates and the "pressure" on the campus drainage facil-
Ities. Whlle the emergency measures taken thus far have
improved the situation considerably, they in no way represent

a final solution to present drainage problems, exclusive of
future Inoreases In pealk runoff rates. We therelore most
“strongly recommend that the present program of Ilmprovement of
campus drainage facilities be continued in one form or another
without Interruption, and on an orderly basis, with the work
scheduled s¢ as to resolve the most serious problems first to
the extent that the overall caempus drainage picture will permit.

BdL:icz
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Job Number 260

March 30, 1963

Office of Archltects and Brigineers
University of California et Berkeley
Barkeley I, California

Attn: Mr. George H. Kimball, Principal Engineer

Re: Preliminary evaluation of storm drainage
conditions at the University of (alifornie

at Berkeley.
Gentlemen:

Final report is hereby rendered upon a preliminary evaluation
of gtorm drainage conditions on the Berkeley campus, begun

in October 1962, continued through the winter of 19&2—03 with
obgervationg of the actual performance of the watershed and
drainage facllities, and brought to compietion on this date.
Our work has had two basie purposes, the first being to deter-
mine the major sources of immedlate danger of severe flcoding
and erosion and to recommend immedlate emergency remedial
measures to prevent or minimlze flooding and damage during
this winter. The sescond purpose has been to roughly define
the fundamental aspects of storm drainage and relafted problems
~of flooding and erosion on an ovsrall campus-wide basia, to
allow the formulation of & long-term program which will solve
existing problems and prevent the development of still worse
difficulties in the future. The first purpose hes been
accomplished by the issuanes of recommendations for emergency
remedial measures during the course of our worlk, and these
measures are essentielly completed at this date. The second
purpose has been effected through the gradual development of
an overall ploture of the storm drainege regime on the campus,
and the presentation of this picture 1is the primary purpose

of part of the sub-sections of this report and of this letter
of transmittal and summery.

The goope of the area, problems and technology covered in this
report 13 both extensive and complex; and the accompanying
gub-reports, while limited In extent, together represent a
somewhat voluminous presentation. Thils office has spent many
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months in gathering and digesting information, forming an
understanding of the overall picture of the problems or area
involved, and in preparing these reports; and our work has
involved much material net included in the yeports for the purpose
of brevity. In addition, the composite overall plcture evolved
in the mind of the principal of this office is difficult to
pregsent in company of the detail given in the sub~reports.

In conseguence of these considerations, we have prepared a
summary of our findings with regard to the overall ocampus
" 3torm drainage regime, and present this summary below. Refer-
ence is made to the individual sub-reports for the detalled
background of the summary glven heresafter. .

The sampus as viewed from the geographic-geologie-hydrologio
viewpoint has a different appearance than might be seen when
thinking only in terms of cultural-architectural conslderations.

- The area is thus briefly described from these englneering
aspects, importent to the understanding of the storm drainage
regime at the campus, as followss

The campus can be divided on a geographical-geoclogical-
hydrologic basis into two separate areas, one the [lativer
alluvial fan area of the lower campus, in which most of
the existing development is located; and two, the steeper
badrock hill area to the east, in which development 1s
now becoming important hydrologically. For general pur-
poses Gayley Road can be considered to be the dividing
line betwesn the two arsaes, and this road does in fact
form an artificial diversion line of considerable impor-
tance to the existing storm runoff pattern.

Referring to the contours shown on the general site pian
1t i1s seen that the area west of Gayley Road 1s nearly
flat, thoe area to the east lles in the steep weaterly
slope of the Berkeley Hills, and the two arsas are thus
gquite dissimiler geographically. The upper area is
charscterized by steep slopes, relatively high reliel
and a well develcped ridge-canyon topography, resulting
in rapld concentration of runoff. The ares ls separated
into two basic watersheds, one that of Strawberry Cresk,
and the other of Blackberry Creek. The lower area 1s
essentirlly tabular, with a gentle slope to the west,
showing little relief and a broad runoff flow pattern in
the natural condition.

Geologleally the two areas are quite disgsimilar in both
subsoil-badrock and structure. The Hayward Rift Zons
pasges nearly parallel to and guite close to Gayley Road,
and produces a discontinuity in the bedrock across the
Rift. West of Gayley Road the subsoil conslsts of
Pleistocene alluvial deposits resting non-conformally
upon bedrock of the Franciscan Formation of Jurassic age.
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The alluviums vary from soft geologically Recent sediments
of the Temescal Formabion to qulte firm, moderately
indurated slder alluviums of' the (al Formation of earlier
Pleistocens age. The Temescal Formation sediments are soft,
highly erodible, and show poor stability in stream smbank-
ments. The Cal Formation strata are generslly clayey,
resist eroslon, and are relatively stable when excised by
stream erosion. In areass where campus stream beds are
eroded down to the Cal Formation the stream bed generally
stabllizesa in this more resistant sediment. The Franclscan
Formation rocks are generally hard and well Indurated,

are stable at ateep slopes, and are nearly non-erodible
except where highly sheared along the Rift zone. Hast of
the Rift zone the bedrock is gensrally very shallow, and
geologically Recent sediments are found only in exiating
stream beds. .The rock ranges from hard, resistant
Franciscan Formation at the base of the sequencs, through
marine gediments of the Monbterey or Claremont Formations
(Mioecene), through fluvial and lacustrlan sedimenta of the
Orinda ¥ormation (Plioccene) to the basaltic voleanics and
agsociated sediments of the Grizzly Peak Formation (late
Pliocens} at the top. The rocks of the Franclscan,
Claremont and Monterey Formations are generally well.
indurated, resist erosion and ars stable at qulite steep
slopes. Thoe rocks of the Orinda Formation, and the sedi-
ments and tuffaceous members of the Grizzly Peak Formatlion,
are generally poorly indurated, soft, relatively easily
eroded, and unstable at steep slopes. Ths Orinda sediments
and the sediments and tuffaceous members of the Grizzly
Pealkk Formation form the bulk of the upper campus area, and
the generally poor soils proparties of these mabterials
predominate east of Gayley Road. Thus the lower area 1is
gonerally stable soila-wise, with 1ittle erosion, sliding
or sloughing; whilse the upper ares 1s grossly unstable;
with much erosion and numerous landsllides, producing

heavy bedloads in the streams at peak runoff.

Ref'erence is made Lo reports of this offlee covering scils
design recommendationsg for Residence Hall Number Three and
the Environmental Design Bullding, dated July 21, 1961

and March 7, 1962, respectively, for a more GOmpL@te dis-
cussion of the geoiogy of the Berkelsy campus

Hydraulically, the lower campus area is essentlally fully
developéd, with no apprscieble insrease in runoff for many
years, and local runoff has long sgilnce been taksen care of
ag far as the overall drainage pattern 1s coneerned.
Excepting for local difficulties due to undesirable local
geometiry, the only major flooding problems in the lower
campus ares are due to the heavy peak runoff now resulting
from development of the upper campus area; and without
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storm flow from the upper area the lower campus area would
not now have any major storm dralnage problems. In com-
parigon, the upper campus area has only recently been
appreciably developed, old established runoff patterns and
runoff rates have been and are being grosaly eltered, and
mich flooding and erosion has oscurred and is currently
worsening. Dus to the large area, steep slopes, relatively
impermeable soil, and rapid concentration of flow in the
gullys, roads and other high-velocity flow channels, the
peak runoff potentiml of the upper area is much greater
than the lower area, with attendant greater hazards of
eroaion and flooding as development progresses. In addi-
tion, 211 storm runoff from the upper area passes through
the lower campus, via elther Strawberry Oreek, Blackberry
Oresk, or by other routes due to artificlal diversion,
eventually reaching the inlet to the Gity storm sewer at
Oxford Street. Thus in the lower campus area the major
present storm runolf problem is the transmission of flow
from the upper area without flooding or srosionj while

in the upper campus area there sre now, ov will be 1in the
future ag development progresses, many local problems In
addition to the necesslty of controlling flow through

the lower cempus area 80 a3 to eliminate existing problems -
and avold the creation of new ones as development of the
upper &area pProgresses.

Phus when viewed from the standpoint of disposal of storm
runoff the campus is naturally divided into two areas: the
lower area, now neatly fully developed and without major loeal
problems, but experiencing severe distress from runoff from
above: and the upper area, which 1s not only experiencing local
difficultles from storm runoff problems, but in addition, the
runoff from this area has severely damaged the lower area %o
daste and much worse results are bto be expected as development
of the upper area progresses, unless adequate preventatlve
measures are taken. The lower area has no sffect upon the
upper aroea; excepbting as it poses the danger of fleooding and
damage from runoff from the upper area. In the upper area we
mugt consider not only the loecal problems of storm drainage
disposal, bub in addition, the effects which this storm £1low
is now having or will have upon the lower campus AT'G&. It 1s
suggested that the reader refer to the General 3ite Plan,
herewith, to visuamlize the above information. Attention 1s
called to the upper Strawberry Creek watershed, Zone IV,
which is outlined in green, and %o the Blackberry Gresk
watershed, %one VI, which is ocutlined in blue. Note that
these two zones, together with the Gayley Road Area and the
amall area above the lowsr portion of North Janyon Road,
gonatitute the upper campus GroeR.
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In the course of our investigetions in this matter, we have
divided the campus into natural subdivisions ag dictated by
considerations of storm runoff. As previcusly desoribed,
these zones were established in order of the ssverity of
present danger of flooding and the necessity for smergency
remedial measures, but each zone represents a logical, natural
unit as seen Lrom the astandpoint of storm runoff. Referring
to the General Site Plan, on which these zones are shown, and
to the discussion of each of these zonesg given in the sub-
seotions of this report, a cursory description of each zone
and its hydrologic aspects ia given In logical sequence, ‘
wlthout regard for the original numeriocal ordsr.

zone IV covers the watershed area of Strawberry Creek above
the entrance to the Big Inch storm sewerr, an area of sgome
700 aores, or about two-thirds o»f thse total upper campus
area. Only a small portion orf the area 1s developed at
this time, but due to the ateep slopes, low soll perme-
ebility, and rapid concentration of flow along roads and

in relatively mature canyons, accumulation times are shar ¢,
runoff coefficients are high, and peak storm flows are now
severe. As the aree 1s developed and roads are bullt the
peak runoff guantities will steadily inerease. We estimate
that at this time the peak runoff from this watershed for

a "ten year" storm will exceed ths capacity of the Big

Inch storm sewer. It is the runoff, and bed and float
loads, from Zone IV which have plugged the Blg Inch storm
sewsr inlet, flooded the Hams Recreatlion area and
International House in recent years, and which currently
threatens lower Strawberry Creek in the highly developed
lower campus area.

Zone I covers the Chicken Creek watershed within the

bounds of Zone IV. GChicken (Creek was separately considered
because of the severe flooding, eroslion and landslides in
this canyon, due to diveraicng of flow into the canyon
from the Rad. Lab. area. The flow from Chicken Oreek was
the causs of the first flooding of the Haas Recreastlon

area during the storm in October 1962. Note that COhlcken
Creek empties into Strawberry Creelt just above the inlet

to the Big Inch storm sewsy.

Zone V covers the watershed area above the Botanical Gardens.
It was investigated because of the severs damage to the
Botanical Gardens during the stori of Oestohsr 1962. We
soncluded that the heavy bedload of coarse boulders which
was carried down the ereek and destroysd the Japaness Pool
was due to the end-cutting of a rock groin upstresm of the
Garden, with resulting release of the coarse bed materials
antrapped above the groin. In addition, the inlet to the
twenty-=four ineh diameter culvert through the Garden Is
grossly lnadeguate. The Garden area will undoubtedly
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flood again if not properly protected; but we do not think
that a heavy boulder-load will agaln come down the creek,
gonaidering the recent repailr and strengthening of the
groin.

Zone VI covers the watershed of Blackberry (Oreek above the
outlet of the City storm sewer just southwest of North
Gate, and together with the Gayley Road Area comprises
the westerly portion of the upper campus area. Zone VI
ensampasses gome 160 acres, or about 15 percent of the
upper campus aresz, and drains to Blackberry Jreek. This
ereek 1g in turn intercepted by a Clty storm sewer at
Highland (Qourt, which in turn empties into Blackberry Creek
in the lower campus area Just southwest of the North Gate.
Due to diversions of storm flow from the Rad. ILab. area
into the Gayley Road Area, this zone does not now carry
its rightful share of storm runoff into Blackberry Oreek,
regulting in an artificially low peak atorm runoff in
Blackberry Creek at thils time. The runoff from this aresa
will normally reach ths Clty storm sewar at Oxford Street
via Blackberry Creek In the lower campus area, but we
believe that at peak storm runoff much of the flow from
the "0ity" area of the watershed is diverted via Hearat
Avenue to Oxford Street, without passing through the
storm aewer or the lower portion of Blackberry Creek.
Blackberry (reek and the interceptor sewer from Highland
Court to North Gate are important at this time mainly
because they will have to take & greatly incrsased peak
flow in the near future if the present diversions in the
Rad. Lab. area are re-diverted into RBlackberry Creek.

Zone III 18 the Big Inch storm sewer, which intercepts
Strawberry Creek just above the Hans Recreation area and
discharges the flow back into the crsek at Faculty Glade.
The sewer was built to replace the "Little Inch"™ storm
gewsr, & amall diemeter pipe that was lald to allow the
£111ling of Strawberry Uanyon and the construction of
Memorial Stadium. The storm sewer wholely diverts Straw-
berry Creek when it functions properly, and has allowed
the filling and development of a portion of the upper
Strawberry Canyon area, with the mogt recent construction
being the Haas Recremilon Genter. On the numsrous
oceasions when the storm sewer Inlet has plugged during
periods of peak runoff, severe flcoding haa oeccurred in
the canyon area below the inlet. As the inlet has always
plugged during peak flow perlods in recent years, thers
has besen no valid demonstration of the hydraulic adequacy
of the storm sewer, but we estimate that it is not now
adequate to sarry a "ten year" peak flow from the Zone IV

watershed arsa.
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Zone II consists of lower Strawberry (Orsek and that portion
of the lower campus area which abuts the creek, with the
north and south boundaries of the area being arbltrarily
get at University Drive and Bancroft Way, respectively.

- The runoff from this area adds to the flow in lower
Strawberry Oreek, and it 18 this area which is threatened
by flooding, eroslon and deposition of bed and float lcads
by peak flowg from upper Strawberry Oresek. As the storm
sewer has always malfunctioned during peak flows in recent
years, diverting peak flowg down Strawberry Canyon and
into the Haass Recrsation area and International Housge,
the effects of the dumping of the full pealk runoff of a
heavy storm, and accompanying bed and float load, from
the atorm sewer in lower Strawberry Cresk at Faculty
Glade has yet to be seen. Recommended emergsency remadial
measures were set up to Lry to at least partially prepare
lower Strawberry Creek to carry the flow, as well as the
bed and Float loads which will acceompany the peak runoff.
Note that with the emergency remedial measures taken to
improve the functioning of the inlet system of the Big
Inch storm mewer, peak flow and accompanying bed and {loat
loads will reach lower Strawberry Oreek during the next

‘severe storm.

The "Gayley Road Area" was set up because it Is unlque
hydrologically, as explained in the sub-sectlon of this
report entitled Zone VII. Thils area is isolated hydro-
logically, should not be subjected to flooding, and 1s
presently the site of severe erosion and flooding only
because of artificlal diversions of peak runoff.

The area above North Janyon Road, east of the Gayley Road
Area and west of Zone IV, is an isolated side-slope of

the main ridge whioh separates the watersheds of Strawberry
and Blackberry Creeks. Except for diversions from the

Rad. Lab. area above, the indigenous rainfall on and
natural runoff from thls area 1s minor. Runoff from this
areg enters culverts leading to the Big Inch storm sewer

at low runoff rates, and flows down North Canyon Road
toward Internationael House during periods of peak runoff.
Hydrologlcally this area is not important at this time.

The area 1ying between Zone II and Hearst Avenue drains to
lower Blackberry Creeck. At this time we find no storm
runeff problems in thls area execept for minor flooding

due to adverse local geometry.

The above dlscussion very briefly covers the campus area in
terms of the zones set up during the course of our work.
Reference is made to the sub-sections of thils report covering
these arens, in which each arem 1s more fully discussed. Noto
that these areas form a "converging" runoff geometry which
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"focuses" at the entrance to the City storm sewer at Oxford
Street, the rinal outlet for all cawpus storm drainags. Note
further that the key areas in the campus runoff regime are

sones IV and VI, as yet largely undeveloped,and that they are

the source of most of the present serious storm dralnage problems,
a8 well as the potential source of much more severe problems in
the future. Note that thess two areas sncompass some 000 acres,
or about three-quarters of the total campus area, and that only
about twenty perocent of this area is now fully developed, in
comparison to almost total development of the Jlower campus &area.

Wlth the foregoing informatlion as a basis, a very brief sumnary
of the outstanding aspects of the campus storm drainage regime
and the most Important existing and potential floodlng-erosion
problemg is given below. In order to make the summary as
brief as possible the background information from which these
opinions were formed has been excluded, and the reader is
referred to the sub-seections of this report for substantiating
information. Reference to the General Site Plan will help in
visuallzing the following material.

All storm drainage from the sampus finally enters the §lty
gtorm sewer at Oxford Street. This flow enters via lowsr
Strawberry Creek, which passes through the lower campus
area, ls intercepted by the Big Inech storm sewer between
Faculty Glade and the Haas Recreation area, and then drains
Zone IV, an area comprising asbout two-thirds of the total
campus watershed. In addition, Blackberry Creek jolns
lower Strawberry Cresk just above Oxford Street; draining
Zone VI, roughly one-eighth of the campus area. Ths bulk
of the campus area thus drains direotly through the two
croek systems, of which Strawberry Greek iz by far the
largest and most important. All areas not included. sbove,
such as the "Gayley Roed Area"™ and the northerly side of
the lowsr campus area, draln to the sreeks by dsvious
routes, with various points of entry. HExceptling for local
flooding due to undesirable local gecmetry, all areas

other than Zoneg IV and VI would be free from problens of
flooding and erosion were it not for hazards dus to the
peak flows from IV and VI, either in the creeks or via
artificial diversions.

The upper campus area, ossentially Zones IV and VI, are
just reaching the point of development where severe internsgl
problems are developling. A typleal exampls is that of
Chilcken COreek, Zone I, where masslve diverslons of peak
runoff from the Rad. Lab. area have caused ssvere floocding
and oerosion in the eanyon, triggered major earth sliding,
produced serious bed and float load injectlon into Straw-
berry GOreel, and threaten the poultry research facilities
located in the canvon. Had emergesncy reomedial measures not
been ftaken in Zonel this past fall, very severe damage and
losa would have resulted. .
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The [looding and destruction of the Botanical Gardens was
due mainly to the end-cutting of an upstream rock groin,
soupled with malfunction of the oculvert which bypasses the
creek under the Japanese Pool, with resulting release of

o large quantity of peak flood flow and coarse bedload
material into the garden area. Thia occurrence could be
termed a "hydraulic accident™, due to local inadequucies
rather than- -to basic area drainage problems.

(reatly incressed peak flows from development of the Rad.
Lab. area, and artificial diverslons of peak flow from the
Rad. Lab. area into immature channels totally inadequate
to carry the flow, accounts for a large part of the
current flooding and eroslon problems. The development
of the upper campus area has oreabfed the baslc ocauses

for the erosion south of Stern Hell, the flooding at
Gowell Hospital, the flooding along lower North Canyon
Road, the erosion and flooding in Chicken Canyon, and the
numerous developing points of erocsion and flooding along
North Canyon Road above Chicken COreek.

The recant flooding of the Hans Recreation area, and to
soms extent of International House, in Qotober 1962, was
dus to malfunctions of the inlet system to the Blg Inch
storm sewer. The first occurrence took place because mas-
sive flood flow from Ohiocken Cresek diverted around the
inlet to the sewsr and a partial diverslon ocecurred down
the eanyon. The second ocecurrence took place besause the
"trash rack" at the inlet basin plugged, and part of the
peak flow diverted around the Iinlet and down the canyon.
In both inastances we bslieve that if the diversiona had
not taken place as they did, the "grizzly" at the entrance
to the pipse would have plugged anyway, and concelivably an
even more destructive botal diversion would have occurred.
The inlet system to the Blg Inech storm sewer waa and 18
inoapable of handling either the psak flows or the large
bed and float loads transported thereby.

The inlet system to the Big Inch storm sewer is inadequate
both because it is hydraulically inefficient and hecausse
it was designed to trap incoming bed and float leoad, and
does so at the price of "plugging" and diverting peak
flowa down the canyon. The Big Inch storn sewer thus

does not funetion at the times when 1t is most needed,
namely during peak flows, and it has melfunctioned and
caused flooding in the sanyon during all thres peak runoff
periods of the past five years. The pipe is probeably
inadegquate to carry the flow from a "ten year storm" at
the present level of watershed development; but this can-
not be judged by recent performence as the inlst has
malfunaetioned during every peak flow which might have
"tosted" the pipe capacitby.
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International House was flooded twice in October 1962
because no curb wes existent along the shoulder of the
road around Memorisl Stadium which abuts a large "hole®

in back of International House. Peak flow simply "jumped"
the shoulder of the road, filled the "hole", burat through
lower windows facing thé "hole", and poured through the

bullding.

The erosion gully south of Stern Hall 1s due to diversion
of peak runoff from the Rad. Lab. area down the swale in
the Cyclotron Road area. This erosion will cease when
this peak flow is re-diverted to Blackberry Cresk.

The flooding at Cowell Hospital occurs from flow down the
ambulance entrance driveway, from Gayley Road into a

"nooket" on the easterly side of the bullding. Most of

the flood water comes from the Rad. Lab. ares, via artificial
diversions; and the flooding of the hospital 1s dus to a
combination of this pesk flow and the unfortunate geometry

of the ambulance entrance and the easterly courtyard of

the hospital.

Lower Strawberry (reek, from the outlet of the Blg Inch
storm sewer to the ity storm sewer. at Oxford Street, is
not adequate to carry a "ten year storm" with current
watershed conditlons. In addition, some areas are probably
grossly inadequate to carry the flow and accompanying bed
and float load from a “three year storm'". We believe. that
the only reason that severe floodlng, erosion, and
re-channeling has not taken place during the past five
years, is that malfunctioning of the inlet to the Big Inch
storm sewer has '"split" the peak flows, and the creek has
thus not experienced & true peak flow for over filve years.
For example, during a period of heavy flow in the oresk,
the many sharp bends mnd narrow, constricted channel from
the bridge at Stephens Unlon to below Sather Gate would
dissipate much hydraulic head, cause a "back up" of flow,
a rise in water levels, and a reduction in upstream
veloecities. We believe that if the full flow and bed
load of s#he storms during October 1962 had reached this
arca, it is most probable that the channel from ths outlet
of the storm sewer to the bridge at Stephens Union would
have filled with coarse bedload materials, and the creek
would have cut a new channel through Faculty Glade, flood-
ing @ large area. (onditlons conducive to such "hydraulic
accidents", are sesn all along the lower creek.

With the emergency remedial measures which have been. taken
at the inlet to the Big Inch storm sewer, the 1nlet will
probably not "plug" during the next peak flow, and the full
flow and bedload will reach lower Strawberry Cresk. We
have also taken all smergency remedial measurea in lower
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Strawberry (reelk which we have felt were adviesable at this
time, in order to obtaln the most favorable conditions in
the creek which "quick" measures could produce. It is
still very doubtful, howsver, that the lower cresk could
now take a "three vyear storm" peak flow without serious
flooding, erogion, deposition and re-channeling in the
lower creek arsa. ' '

The.upper reaches of Blackberry Crsek and most especlally
the (lty storm sewer from Highland Court to North Gate,
are not now receiving the pealk flows they would receive if
they were recelving all flow from thelir original watershed
areas. This is due to dlversions in the Rad. Lab. area
which are now putting much extraneous peak flow into the
"Gayley Road Areca'. Even so, 1t appears that the present
Blackberry Creek system is now taking all of the peak f'low
which it can sultably handle. It 1s thus apparent that
re=diverting flow back into the Blackberry Creek system
can be done only after careful consideration of the effects
of such re-diversion, especially with regard to flooding
of the (Clty area below Highland Court.

The "Gayley Road Area' is now suffering serious flooding

and eroglon due to peak runoff diverted from the Rad. Lab.
area above. This flow must be re-divertsd to the Blackberry
Creek system or otherwise sultably intercepted, to alleviate
the problems in the "Gayley Road Area'.

It is polnted out that. thers are two basic aspects to storm
dralnage, one the low rate flows that occur many times a
year and can be handled by small oculvert-inlet aystems,
and two, the peak flows which occur once every one, five,
or ten years, which require large facilities and cause
severs flooding and damage when not controlled. There are
few deficlencies in low flow rate drainege facilities on
the campugz, but many in the peak flow system. In many
campus areas there 1s no resemblance between low flow
patterns and those at peak flow, the low flow drainage
being through culvert-inlet syastems and the peak runoff
moving in surface flow over different routes and to 4if-
ferent accumnlation points then does the low rate flow.
For example, certein secondary canyons which fall to lower
North Canyon Road are lntercepted by culverts at low flow
ratea, draining directly into the Big Inch storm sewer;
while at high flow rates the culverts are "plugged" or

are hydraulically inadequate, and large runoff guantities
bypags the culvert inlets and flow down North Canyon Road
toward International House. The peak runofl’ flow pattern
does not resemble that at low flow rates in any manner.
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The Qity storm gewer from Oxford Street %o the Bay appears
to be adequate to earry present flow rates down to the
First section of open channel flow at Sacramento Streetb.
From this polnt down severe flooding, deposition and erosion
took place during the storm of October 1962. The coarse
bed and float load materials injeoted into the sewer by
gtrawberry Creek did not appear to be harmful in the pipe
above Saoramento Street, but did appear to he "dropping out"
and "shoaling" the stream chammel at some locations in the
open channel areas. It is polnted out that thias sswer
drains & large city area, with a short accumulation time
and high runoff ecoefficlent, as well as the campus arsea.

Tn addition, the accumulation time for dralnage from the
campus must be much greater than that of the city area

along the sewer alignment. Thus the peak campus flow may
not coincide with the peak flow from the City area below,
and the peak flows from the campus may thus not contribute
to overloading of the sewer to the degree that a direct
somparison of peak flow rates would indicate. The inter-
pction of the Oity storm sewsr and campus drainage 1s
obscure at this time, and warrants much further serious
study. It is our best Jjudgment at this time that current
peak campus flows may be troublesome, but do not now pose

a critlecal problem for the Clty sewer; and that the
‘inJected bed and float loads are troublesome only In the
open channel sections and in the old portion of the sewer
around Sen Pablo Avenus, which are hydraulically inadequate
in any case. We feel that if the (ity storm sewer, as it
now exists between the campus and Sacramento Street, extended
all the way to the Bey, that current input from the campus,
both peak storm flow and bed and float loadsa, would not
now be troublesome. The effects of this input upon sectlons
of the (ity system which are hydrsulically inadequate are
too complex and obscura for avaluation in this report.

In considering the problems discussed above, and the general
storm drainage picture at the campus, We have formed certain
very preliminary concepts as to possible remedial measures which
would most economically and sultably resolve the pregsent runoff
problems, and also prevent the occurrence of mny serious problems

in the future as devaelopment of the upper campus area conbinues.
These preliminary concepts are glven briefly as follows:

The inlet to the Big Inch storm sewer must be re-bullt and

moved upatream, so as to both prevent malfunction of the
inlet from either hydraulic inadequacy or plugging by bed
and/or float load, and to provide greater hydraulic head
upon the upper, flat portlon of the existing pipe, and
thug inorease lts hydraullc capacity.
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Some combination of the reduction of peak flow now passing
down COhlcken Canyon from the Rad. Lab. arsa above and
sxtension of the presently begun program of stabilizing the
"stream bed" must be completed very soon, to halt [further
erosion and sliding in Chicken Canyon and the attendant
hazard of s major mud flow down the canyon. In additlon,
the present dumping of thousands of yards of bedload
material into Strawberry Oreelk, from srosion in Chicken

© Canyop, must be grestly reduced or halted. In combination
with the above measures, e new inlet and culvert must be
installed in Ohicken Oanyon at North Oanyon Road, connecting
directly to the Big Inch pipe, o handle the peak flow, had
gnd float loads pertaining al'ter execution of the measures
discussed above. The most obvious means of reducing the
peak Flow in Chicken Janyon ia to use the new road from
North Qanyon Road to Grizzly Pealk Boulevard {(to be built
this year) as a means of diverting all pealf flow from areas
above this road directly to Strawberry Oreek. This can be
done at little or no exbtra cost in construction of this roed.

We feel that it may be most expeditious bto use North Ganyon
Road as an emergency bypass for the Blg Inch storm sewer

and all secondary cenyons falling to the rosd; thus allowing
design of the sewer, and the oulvert-inlet systems 1n the
secondary canyons, for much smaller peak flows, producing a
very large reduetion in construction costs. The flow would
be diverted northerly around Memorial Stadium To Gayley Road,
thence to South Drive, and thence to Btrawberry (reslk
gt Paculty Glade. ‘“his would require minor regrading of
smell portions of North Qanyon Road, Gayley Road, and
South . Drive, and the construction of low curb-walls

in some aroas.

Lower Strewberry Croek must be carefully analyzed and modified
a0 a8 to ocarry peak flows and accompanying bed and float
loads. This will require extensive modifications down to
the lower end of the new Student Center bullding, and rela-
tively moderate measures below thla point. It may be
necegsary to eliminate or bypass some of the sharper bends
in the upper area; and a considerable enlargemsent of the
flow section, stabilization of the creek embankments, and
underpinning of some abutting facilitles will definitely

be required. These measures wlll not changs the cresk
appreciably from the architectural or eathstlic standpoint,
and can be done so as to improve these aspects of the stream;
and the cost of these measures is so low in comparison with
the alternate of esxtension of the Big Inch storm sewsr to
Oxford Street that we feel that this approach wlll be used.

The current diversion of pealt runoff in the Rad. Lab. area
from the Blackberry Greek watershed to the "Gayley Road Area'
mast be eliminated, and the flow returned to Blackberry
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Creek. This can only be done after careful consideration
of the effects of this re-diversiocn, and the simultansous
execution of necessary improvements in the Blackberry
Creek gystem. :

This offiee feels very atrongly that the new road to be
built between North Janyon Road Juast east of Building 77
and Grizazly Peak Boulevard must be used as a peak-Ilow
diversion facility, to protect the present Rad. Leb. area
from development of the area above, and to control peak
flows in lower areas. Such use would invelve the inter-
ception of peak flows by the road, and diversion to upper
Jtrawberry Creek. Only peak flows would be diverted, and
this can be easily and dependably done by proper sizing of
the culvert-inlet systems carrying flows across the road.
We believe that the added cost of construction of the road
for such usage would be very small, and the gavings in the
avoidance of construetion of major storm sewer facilitles
below would eventuelly run to hundreds of thousands of
dollars. In addition, this measure will give relief now
in areas currently bothered by flooding and erosion.

Gayley Road should be regraded in the area of Cowell
Hospltal, so ma to divert all peak flows on Gayley Road
to South Drive, and thence to Strawberry Creek at
Faculty Glade. This can be done with moderate regrading
of Gaylsy Road and South . Drive, and at moderate cost,
and flooding of Gowell Hospital will be completely elim-
inated. In addition, such re-grading would tie in with
the use of North Canyon Road as an emergency, peak-flow
diversion channel. '

Nuwnerous problems of local flooding of buildings must be
remedied by minor changes of exterlor grades. All known
problems will require only minor measures for complets
alleviation of the flooding problem.

In sonsidering the overall drainage regims on the campus
we heve come to the conclusion that campus storm drainags
foclilities must entall a astorm sewer sysbem for low to
moderste rates of runoff, and a supplementary surface-flow
system for peak flows during rare storms. The cost of
building a storm sewer system for, say, a "twenty year
atorm" at full campus development would be astronomical;
and the investment of capltal into a aystem which will bho
nesded for only fifteen minutes every twenty years 1s
unthinkeble 1f it ecan be awvoided without the danger of
severe flooding, which can be done at the campus. This
" dual-channel concept iz used in nearly all citles, as
witness the curb-to-ourb street flows during intense
gtorma; and if the system is well-sngineered, great sav-
ings in construction costs ars achleved and no flooding
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or damage results, We helieve that the final campus storm
drainage system will involve the use of such a combination
system, with, for exemple, North Canyon Road acting as a
peak-low bypass for the Big Inch storm sewer, and similar
arrangements in other areas. Further, the use of Univer-
sity Drive as a peak-flow hypass to lowsr Strawberry
Oreek may well become part of the final campus storm
drainege system. It ls polinted out, that such a bypass
system coasts little to develop, malnly reqguiring good
engineerlng and adequate advance planning, and is far
more “sure' and dependable than an Inlet-pipe system:
while, for example, the cost of paralleling the Big Inch
storm sewer, with existing improvements to slroumvent,
would be fantastic. We fesl that every effort should be
made to use available surface channels for peak storm
flow, to prevent flooding and damage, and to lessen the
cogt of atorm dralnage facilities. Sinee the campus area
-has good "rall' throughout, this approach is a "natural,
and must be used to the fullest practicable sxtent.

The above materilal briefly ocutlines our thlnking regarding the
permanent, long-term relief of storm draineage problems at the
campus. We have already talken all emergency measuress which we
feel are proper at thils time, and believe that further storm
dralnage work should be done as part of a wsll planned long-
term, program of campus storm dralnage, considering all future _
developments as well as present sonditions.

In conelusion, we state in the strongest possible terms that

we feel that bthe greatest need at this time with regard to
storm dralnsge problems at the campus 13 a master dralnage
plan covering the entire campus area and congidering all future
campus development.

This plan would establish present and finsl watershed areas and
dralnage paths, present and future runoff logds on all creeks,
eulverts, roadways, ete., and the general losation and type of
present, modified and future drainage facilities. The plan
would be the basis for "reshuffling" the present distorted
drainage pattern, to allow the solution of exlsting problems

at minimal cost, inconvenlence, and future hazard. Such a plan
will require a good topographic map of the campus and careful
analyses and engineering; but the bensfits of such a plan are
so great and the potentiel losses without adequate planning
now are so severs, that we fesl that the preparation ol a
me.ster dralnage plan mmst be done at thls time. We feel that
surrent storm drainage problemsa can be solved at moderats cost,
and the creation of drainage problems in the future can bhe
completely prevented, 1f e complete master drainage plaen 1a
prepared now, and all further constructlon, as well as storm
drainage work, is done in compliance with this plan. We feel
that certaln portions of the remedial work discussed above
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ghould be done this year, and that these measures can be Ilntel-
ligently designed only by reference to a master drainage plan
for full eampus development. Without such reference, facilities
constructed this year may well be as Inadequate and dangerous
five yoears hence as certain existing facilities are now.

This office feels that due to the recent development of the
~upper watershed areas the problem of storm drainage at the
campus has now become oritical. Any delays in solving the
existing problems will assuredly result in severe flooding and
damage, as has occurred this winter, with progressive worsening
of the situation as development of thse uppsr area continues.
The situation on the campus 1s similar to that of many surround-
ing clties, where recent development of upper areas has now
produced critical storm drainage problems; and any unnecessary
delay in dealing with these problems simply increases interim
losses and finel constructlion costs. We feel that by careful
planning the campus storm drainage facilitiea can be improved
in an orderly program spread over a perlod of several years,
choosing the most necessary projects Tfor sach year's work.
This will produce a more orderly construction procedure, lower
costs, and less disruptlon of campus activities, as well as’
allowing more effielent budgeting. We therefore recommend that
you prepare a master dralnage plan for the entire campus area
this year, encompassing all future campus development, Ineclud-
ing an overall plan for drainsge distribution and disposal and
the general aspects of design of facilities to be modified or
aonstructed. The program of modification and new construction
should then be apread over a period of years, correlated with
the need for the facilities involved.

Raspactfullf

ie of Galifornia #92;2

BJLsez
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ZONE I -~ CHICKEN CREEK ARRA

RESUME OF PRELIMINARY OBSERVATIOND

Watershed and runoffl

The original Chickeén Creek watershed consisted of the twibutary
canyon area extending easterly to Grizzly Peak Boulevard and
bounded to the north and south by adjoining ridges, a total of
about seventy acres, as shown on the aocompanying sheet. The
area was covered with a dense growth of trees, brush and grass,
with no improvements. Runoff coefficients were low and the
peak accumulation time at Strawberry Creek was high, probably
in excess of two hours. Historlcally, the flow has been low

in Ohlcken Creek until recent years when the watershed area

has been developed.

The present Chicken Creek watershed consists of the original
watershed area plus a diversion from the Rad. Lab. area %o the
northeast of about eight acres, for a total of about eighty
acres. In addition, a large portion of the watershed area 1s
now developed, with buildings, paving and bhare earth covering
about thirty acres. Thils present watershed area ls also shown
on the accompanying sheet. Note that the Bldg. 77 fill area,
of about seven acres, was constructed this year and contributed
runoff to the system for the first time this winter.

Tn addition to the inecreased watershed area end development
effects, roads of high hydraulic sapacity and rapid flow now
intersect much of the watershed. This results in a very lairge
deecrease in accumulation time at the lower canyon for the upper
watershed, where large areas are lnvolved.

In summary, it 1s soon that the watershed of Chiclken Oreek has
gradually been changed as the upper arez has bheen devaeloped,
From an area of sevenby deres oovered with densc veogetation,

to an area of eighty aeres, twenty-scven acres (or one-third)
of which is now high runoff'-low geoumulation time area. Based
on our brief work to date, consisting mainly of vigual observe-
tions and "horseback" estimates, 1t 1s our best guess that the
following runoff conditions now exist for Chicken Creek:

The average runoffl soefficient for short-term, high intensity
storms has probably doubled and now is in the range of 75k
or greater.
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The meeumulation time at the lower Chicken Canyon has prob-
ably decrsased from over two hours to less than one~half
hour.

Prior to development the most critical storm was probably
one of two hour duration. By obaervation during the past
storm the aceumulation time at Strawberry (reek 1s now:
around one-half hour.

The intensity-length relationship of rainstorms in the
Ohicken Oreek watershed area is not known, as the hills
produce & "wringer" effect and probably alter the time-
intensity variation in comparlson to the overall Bay Area
relationships. . We guess that the estimated fourfald
decrease in aceumulation time would result in an Inerease
in peak runoff rate of rive to ten times the original value.

We foel that with the increase in watershed area, develop-
ments in the wabtershed, and decroasge in pceumulation time,
that peak fléws in the lower Chicken Canyon have probably
been increased by a factor of at least ten. ' _

Stream bed, bed-load and floatwload conditions

- Chicken Oreek lles almost wholely in the Orinda Formation, a

. geologie group of sediments of basically poor solls propertles,
reasponsible for muech of the landslides and other solls problems
in Contra Costa Oounty. In the site area these corisist of
clay-shales and slltstones of poor solls properties, with
1imited occurrences of sandstone and conglomerate of superior
characteristics. '

The Orinda Formation is Pliocene 1n age, and has been uplifted
and diastorted. Steep dips in the bedding are common, and rela-
tively steep hills have been formed of the Orinda sediments.

Tn these hills landslides are very CoOmmon, and consatitute one

of the principle geoclogle processes of ercsion. GConsequently
the hills are commonly covered with a mantle of landslide debris
of considerable extent from geologle processes, which is at its
Nepitical slope", and will immediately slide or "mwaud £low"™ upon
being undercut, saturated, etc. ' -

Ghicken canyon is comparatively steep, both in the side-slopes
and slong the bottom profile, with an overall gradient of about
20 percent along bthe creek bed from Strawberry (reek to North
Canyon Road, and sideslopes to aboub 1-1/2:1. Landslide
deposits cover a large portion of the slope areas, "toeing out"
inteo the ereek channel and being underout by erosion in the
sreck. During the recent storm it was estimated that over halfl
of the creek sidewall ares was unstable and moving into the
gtream bed. The cresk is now geen to be incised inte the land-
alide meterials and the undisturbed Orinda sediments, and erocsion
wag severe during the past storm.
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The landsglides and mud-flows coming into the creek from the
sidewalls thus provide a gource of si1lt, sand, gravel, cobbles
and boulders,. and of brush and tree limbs, which the stream
picks up at heavy flow and carries down the canyon. In addi-
tion, at peak runoff, "mud-balls" of landslide meterial,
retaining the original bedding and of up to twelve inch diamster,
some down as part of the bed-load. In general, the amounts of '
cobble-boulder sizes will be low ag a percentage of the total
mass eroded, due to the nature of the material awvailable; but
with many thousands of cubic yards of material removed the
quantity of very coarse material tranasported 1s still large.

The float-load congists mainly of smaller branches and brush,
with 1little heavy timber,due to the relatively emall numbers

of large trees found In the canyon. '

Observations during the storm of October 11 through 13, 1962

During the storm, and particularly during the two periods of
peak reinfall Intensity on Friday night and Saturday noon, the
following observations were made?l ‘

" The ereek showed only nominal flow during the three days
of rainfall excepting during the two periods of pealk
rainfall. At these two times the creek flow increased
rapidly after the high intensity rainfall began, apparently
"pealking™ in about one-half hour, and at maximum flow a depth
of over one foot of water was flowlng over the wall alongside

the Poultry Building.

The croek showed a very heavy bed load at pealt flow, with
rocks and mud-balls up to 12 inches Iin size washlng across
North Canyon. Road. We have estimated that a minimum of

5000 ey of material moved down the cresk and into Strawberry
Greek during the storm, and the actual flgure could saglily
be four times this amount. '

The float-load coming down the creek consisted mainly of
branches, twilgs, leaves and small logs, with little very
large material. This is due mainly to the small amount of
large debris in the creek area and the smallness of the
channel. '

Tnspeetion of  the creek from the Poultry Bullding up to North
Ganyon Road during the storm revealed that the creek was )
incising into the toes of many slides and mud flows. It was
estimated that over. half of the sidewalls were unstable and

moving intec the cresk.

It was found that during the storm, runoff from Areas B and C
ran down North Canyon Road by the Rad. Lab. South Gate, and
emptied over the shoulder of the road and into Chicken Canyon.
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During the peaks of the storm the road ran full, with rocks
of over eight inches in size moving down the road.

The fill area at Building 77 produced large quantities of
runoff during the storm, the culverts "“plugged", and the
water ran down the fill slopes, across North Canyon Road,
and down the slope to the poultry sheds below. The fill
eroded badly durlng the storm, and large guantitles of silt,
sand and rock were deposited in the area occupied by the -
poultry sheds, or washed down the creok.

General comments and conclusions

Based upon our obgservations during the storm and our cursory
investigation and analyses of the area and drainage phenomena
involved, we submit the following general comments and conclus-
ions regarding the Chicken Creek watershed area and the storm
flow phenomena pertaining: '

Chicken Creek has been changoed by the developments above
from a heavily brushed canyon with low peak runoff flows

and an essentially stable bed with 1lttle erosfol, to an
hydraulically overloaded water course, with severe erosion
and rosulting transport of bed and float-loads. Peak flowsg
have increased at loast ten-fold from the original stable
condition, and the canyon 1s incapable of transmitting this
water without severe erosion. This condition will worsen
with time, rather than improve, due to the progressive under-
cutting of the side-slopes. There is no natural "hard bottom"
over most of the length of Chiecken Crsek to limit englisement
and erosion.

The quantity of water carried by Chlcken Creek is not the
prime sourse of difficulty in Strawberry freek and the
Big Inch storm sewer below, but rather the bed and Tloat-
load brought down by the high runoff intensities, which
"plugs® the entrance to the Big Inch and is Injecting a
large load -of sediment into the gystem below.

The problem in Chicken Creek can be solved by either reducing
the flow therein to something in the order of 1ts original
flow sonditions, or by artifieclally stabilizing the ghannel
by the use of numerous grolns or gimilar measures. Due to
the fall 1n Chicken Creek {about 20% average} and the
instability of the side-5lopes, artificially stabllizing
Chicken Creek for its present runoff conditions would be
highly expensive, invdlving, we estimate, at least seventeen
major groins. We feel at this time that the best solution
for Chicken Creek is a combination of reducing the peak flow
therein by diversion of a large portion of the flow from the
developed areas above, combined with the artificial "maturing"
of . the stream hed for the reduced flows by the use of &
limited groin program of moderate cost.
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40NE I -~ CHICKEN CREEK AREA

EMERGENCY FLOOD CONTROL MEASURES

(See Resume of Preliminary Observations and accompanying plan)

Problem

Chicken Creek is now carrying many times the peak flow rate
which it experienced prior to development of this area. This
has produced the following problemg:

The exlsting culvert and inlet system at the Poultry
Bullding i1s totally incapable of carrying the peak
flow even when not clogged with bedload and debris,

The surface channel bj the Poultry Buillding is barely
capable’ of carrying the peak flow, and the Poultry
Building is in danger of flooding during these periods.

A large amount of bed and float-load comes down the
croek at peak flow. This plugs the culvert Immediately
and puts all flow over the wall alongside of the Poultry

Building.

The bed and float-load coming down the oreek is

introduced into Strawberry Creek at the "stilling basin®
at the entrance to the "Big Inch" pipe. All of this
material therefore either collects in the "stilling

basin" or goes down the pipe and into the lower Strawberry
Creek system. This material formed a large part of the
debris that plugged the "trash-rack" of the "stilling
‘basin® during the last storm and caused the sscond flooding

of' the Haag Recreation Center.

The potential quantity of bed and float-load in the canyon
in the form of slide materlal moving into the creek, and
avallable for erosion and injection into Strawberry Creek
and the "Big Inch" pipe, is in the range of 500,000 ey.

A heavy storm at this time could easily put 25,000 to
75,000 cy into the system. -

There is some hazard, if we have a severe winter, of a
lerge mud-flow coouring in Chiecken Canyon, dué to removal
of the toes of numerous mud-flows in the canyon aslopes,
which could structurally destroy the Poultry Building and
completely block the "Big Inch® pipe. The "odds" of this
happening are not great, but any additlonal ineisming of the
Chicken Creek bed increases the hazgrd of sush a major

satastrophe.
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Specific emergency remedlial measuresg

The basic remedy of the problem in the Chicken Creek area lles
in eithér reducing the peak flows in the creek to an acceptable
1imit, and/or in the stabilization of the creek bed for the
expected flows, together with the comstruction of an adequate
interception system in back of the Poultry Building, with :
dlsposal of the flow into the "Big Inch" pipe. Any effective
remodial work sufficient to permanently and adequptely resolve
the problems 1g of such large scope as to be beyond the range
of practicable remedial measures to be taken this fall. We
have, therefore, performed as thorough analysils of the problem
as time would permit, with the following resultss

Qur first approach was to attempt to divert the peak flows
from areas B and ¢ which are now entering Chlcken Canyon
along North Canyon Road at the South Gate to the Rad. Lab.
area, by diverting the flow down other roads and eventually
to Hearst or Gayley Avenues. After considerable field
work it was found that no appreciable portion of the flow
could be gotten by the low=polnt in North Canyon Road

at the South Gate of the Rad. Lab. area by any but large=
scale, permanent measures, except by dumplng into "Ton
Ineh" Creek, and this approach thus had to be abandoned.
This means that from the practical standpoint the flow in
Ghicken Canyon cannot be reduced this winter except by
diversion into "Ten Inch" Creek.

Reviewing the bed conditlons of "Ten Inch" Creek, 1t was
found that the creek bottom is in sound bedrock (probably
Oretgeeous) over ma t of its length, with one large slide
area in the upper portion of the creek. There 1s a new
2" ¢ RGP culvert dralning "Ten Inch" Creek directly into
the "Big Inch", but the inlet structure is Inadequate and
"plugs® immediately upon heavy flow in the Creck. "Tan
Tneh® Oreek empties into North Oanyon Reoad immediately
opnosite the Haas Recreation Center building, and ma jor
flows therein would be likely to break through a temporary
barrier at the shoulder of the road and flood the Haas
areg. "Ten Inch" CGresl can thus be usgd as a diversion
of flow in Chlcken Creek only as a last resort; say, 1f
the "Big Inch" culvert plugged or a mud-flow threatened

the Poultry Building.

With the above information in hand it ia obvious that we will
have t0o permit the full flow of areas A, B, G and D down.
Ghicken Creek this winter, with a possible diversion of

areas B and ¢ down "Ten Inch" Creek in a case of dire

emergency Only. '

A atudy of Ohickeﬁ Greek has revealed that at least
seventeen groins would be required to stabllize the
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channel for the existing flow conditions. In addition,
access to the provosed groin gites varies from poor to
extremely difficult, involving the cutting and filling
off access roads which in themselves would not be stable.
The complete stabllization of Chioken Creek this winter
i thus unfeasable, and only a limited program can be
practically accomplid ed this fall. We have selected
four groin sites as being both reasonably accessible

and effective, and are proposing that they bs contructed

immediately.

The inlet structure and culvert in Chicken € reek at the
Poultry Building are both completely inadequate Tor the
pregent flow conditions or for the future reduced llows
as planned by this office. In addition, the existing
culvert wags undercut and "eroded out™ during the last
atorm, and the bottom of the pipe is now gone in at least®
two places. As we believe that this entire unit must bve
replaced by new construction of totally different deslgn,
and as this construction may not be done this winter, we
feel that heavy flows by the Poultry Building must be
handled in a surface chammel (as in the last storm} and
have g0 recommended.

Basod upon the above conditions we feel that there is no cholce
but to attempt to "pide out"™ the winter with the existing flow
conditions in Chicken Creek, We are not happy at making this
decision, and it does involve a risk of seovere looding of lower
arcas, the injection of heavy bed and float=lcads into Strawberry
Oreek, and hazard to the Poultry Building, but we see no
practicable alternate. We have therefor set up a seriea of
recomnendations ¥ ich we feel constitute the minimunm emergency
messures which can and should be taken this winter, to "ride-out"
the winter gs best may be done, with the expectation of conatruct-
ing permanent facilities which will solve the problem next ysar.

On the above basis we lmve set up a series of twelve emergency
megsures to be taken in the Chicken (Creeck watershed area. Tle se
are shown in drawing and note form on the sketches and text
appended hereto, keyed to numbers shown on the plan. We hawe

made these recommendations gs explicit as time limitations will
gllow, and will supplement them with field control and supervision

of the work.

Genergl comments

The problem in Chicken (reek stems From progressive development

of the watershed area, aggravated by the diversion of flow from
additional areas into Chicken Creek by the censtruction of roads
without regard to their effests upon peak Intensity storm drainage.
The final golution must oentail the restoration of balence between
the peak runoff carried by Chicken Creek and its capaclty to
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transport the runolff without appreciable erogion. DPue to the.
g0ils conditi ons in Chicken Canyon thils must entall a reduction
in creek flow coupled with creek bed atghilizgtion measures.

For the permanent solution t is office visuallzes a large dia-
meter reilnforced concrete pipe being laid down "Ten Inch" Creek,
where the pipe can be 1laid in the stable bedrock bed of the
creek and thus be safe agalinst landsllde and/or undercutting.
This nipe would carry the flow from Areas B and ¢ in the Rad.
Lab. area, thus diverting this water from Chicken Oreek. Ths
pipe would have to have properly desigre d inlet structures
whieh eould 1inject the peak intensity runoff from Areas B and

0 into the pipe, without plugging by debris. This pipe would
be connected directly into the "Big Inch' pipe. The pipe should
nob be lald in Ohicken Crock, as the Instability of the ocfeek
bottom would almost assure disruption of the pipe during some -
asvers Puture storm, with attendant {looding, erosion, and

dissstrous resultas below.

For the permanent solutlon all inlet structures must be desigmd
to be adequate to inject the expected peak intensgl ty flows into
the plpes, and to be self-¢leaning with regard to large bed and
float-loads. Without these features a storm drainage system is
useless during heavy storms when 1t is most needed and when
heavy, expeaslve, damage Occurs. This office has suggested the
use of steeply sloping, self-cleaning, Ngrizzly" inlet units,

. with log-splral transitional pipe inlet sections, to accomplish
this purvose, and we envision the design of such unlts for the
"Ten Tnch" Groek, COhicken Creek, and all other canyons which
empty onto lower North Canyon Road. '
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ZONE I, EMERGENCY MEBASURES, CONT.

{5) Repair two exlsting masonry groins with baggad concrete

(6)

(7)

(9)

(10)

and/or mortared masonry, as directed in the field by
thils office.

Orosg=fall North (Canyon Road from Poultry Bullding parking
area to asouth side of road at ten (10) percent fall. Use

a new section 120 feet in length faired to exlsting road
grades. Create a swale of ten (10) feet bottom width in
line with the outfall from Chicken (Oreek by the Poultry
Bullding and the channel into 3trawberry Creek. Grade
subgrade to required line-ard-grade, place a minimum
thickness of six (6) inches of U.R.B. and twe {(2) inches

of P+M.S. PFalr bage courge and surfacing to existing road -
grades. BSee Supplemental Sketch, herewith.

Gross-fall the exigting dirt road to at least ten (10)
percent fall with a aswale width of ten (10) feeb, fairing
to the swale In North Janvon Road and to the channel helow.

. Excavate a channel down the side slope of Strawberry Creek,

of' ten foot hottom width, failred to the swale in the dirt
road above. Place srosion protection as shown on the

" SJupplemental Sketeh.

Ses thé Supplemental Sketeh, herewith.

Stoclpile sand bags at this location ao that in case of
extreme emergency conditions in Chicken Creek or at the
entrance to the Big Inch storm sewer the flow from Wavtershed
Area O can be diverted into Ten Inch Oreek by sand-baggling

acrosg thias road.

Stockpile sandbags at thils location so that in case of
extreme emergency condiltions in Ghilcken Creck or at the
entrance to the Big Inch storm sewer the flow from Watershed
Aroa B can be diverted into Ten Inech Oresk by sand-bagging

across thig intersgection.

Place a sand hag berm or other sound wall along the shoulder
off this road as far as may be required to mailntein s minimum
one (1) foot depth of flow along this road, without spllling
over the shoulder into Area A. This will require gand bag
heights from zeroc to about two feet. Place this containment
now and leave in-place until a permanent solution of the
area dreinage problem is obtained.
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ZONE I, EMBERGENGCY MBASURES, CONT.

(11)

Remove the existing compressor room at the end of the
Ppultry Building.

Construct "tralning walls" with sand bags from the hill
slope above the trash-rack at the culvert-inlet at the.
Poultry Building so as to provide a contalned flow
channel past the buillding and to the swale in North
Canyon Road. Provide g minimum channel width of five
(5) feet and a minimum depth of four (l} feet, with the
four feet mes asured to the top of the trasherack,; culvert
headwall or other nrotuberance intc the chamnel bottom.
Remove the trash-rack or other obstructions as required
to obtain this flow seetlon.

Extend the twonew culverts from. Building 77, which
extend down the slope of CGanyon Road and now '"dump" on
the slope or in front of the poultry shseds, northerly to
the north fork of Chicken Creek. Place a heavy rubble
apron for erosion protectlon at the outfall of the

gulverts.

Cut a crosg=swale Iin North Canyon Road above the North

-Fork of Chicken Creek go as to dump flood-flow of the

Rad. Lab. area, coming down the road by the South Gate
from Areas B and C,over the shoulder of the road and

into the ereek at this point, rather than lettlng the
high intensity storm flows over-f'low at the low-poilnt

in the road above the chlcken sheds. Restore the road
grade with base course and asphaltic surfacing eguivalent
to the existing section. Obtain a final cross flow
channel of at least one foot depth with respect to the
inside gutter. OJece Hmergency Remedlal Measure #6 for a

typical procedure.
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ZOKE II -- LOWER STRAWBERRY (REEK

RESUME "OF PRELIMINARY OBSERVATIONS

Watershed, storm flow and injected bed and float-load

‘Strawberry Creek has historically been the dralnage ocutlet for
the entire campus watershed area, extending roughly from Oxford
Street to Grizzly Peak Boulevard In the east-west direction, and
from Vine Street to Dwight Way 1n the north-gouth direction,
Prior to, say, 1945 the bulk of the area was undeveloped land.
heavily covered with trees, brush, grass and humus. Since that
time the area has gradually been developed, with the construc-
tion of buildings, paved areas, roads, ete., with the relative
amount of new development being particularly great in the Rad.
Lab. area. These progressive developments have increased the
runoff coefficlents and decreased the critical accumulation
times for the various hydrologic sectors of the watershed area
by large factors, thus increasing peak storm runoffs by very
considerable amounts. -

For purposes of overall hydrologic evaluation of the flow in
lower Strawberry Creek the campus area has been divided roughly
inte three areas, as followa:

Area A. Upper Strawberry Creek. Compriged of the watershed
area of upper Strawberry (Creek plus the southerly portion
of' the Had. Lab. area. '

Ares B. North Cempus. Comprised of the watershed ares of
the North Fork of Strawberry Creek, the campus area north
of Univergity Drive, and the bulk of the Rad. Lab. area.

Area (. South Cempus. Comprised of the campus area below
the inlet to the Big Inch storm sewer (Haas recreation ares
and below) and south of University Drive.

Area A conglsts of about 800 acres, nearly all of which was
undeveloped in 19&50 At this time roughly ten percent has been
developed, and numerous roads now criss-cross the area, provid-
"ing low sceumulation~time draingge to upper Strawberry Creek.

Al11 of Area A drains to the entrance to the Blg Inch storm sewsr,
above the Hams recreation area, esxceptlng for ocecasional diversions
at peak storm-flow, which flood down North Canyon Road. The Big
Inch pipse then dumps thig flow into lower Strawberry Creek at
Faculty Glade; and the occasional diversion down North Canyon

Road flows southerly along Rimway, thence to Panoramic, and thence
to Bancroft Way. As the flow time in the Blg Inch pipe is very
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gshort, and the pipe capacity is more than adequate to carry

all injected flow, the accurmulation time of the upper Straw-
berry Creek watershed at Faculty Glade is about equal to the
accumulation time at the entrance to the Blg Inch pipe.
Reference is made to our revnort on Zone I (Chicken Creek arsa)
and Zonea III and IV (Big Inch Storm Sewer and Uppsr Strawberry
Creek Area, forthecoming) for a dlscussion of the storm flow
into the Big Inch pipe. For this section of this report we
sumuerize by saying that a large pesk storm-flow enters the Big
Inch pipe from Arsa A, that the critical accumulation time 1s
about one-half hour, and that this full flood=flow enters lower
3trawberry Creek from the Blg Inch pipe at Faculty Glade.

Area B consists of about 200 acres, about one-third (the lower
one-third) of which was developsed in 1945, with the upper area
then osgentially raw land. At this time, due to extensive
development since lQhS, eapecially in the Rad. Lab. area, the
area is essentially fully developed wlth respect to storm drain-
sge. We "best-guess", without substantiating observations, that
the peak runoff coefficient of this area is over 75% and the
eritical accumulation time at the juncture of the north fork
with Strawberry Creek is in the range of onse-half hour. This
area puts a moderately heavy peak storm-flow into Strawberry
Creek at the bhottom of the campus, near Oxford Street, via the
North Fork of Strawberry Cresk.

‘Area C oconsists of about 200 acres, nearly all of which was
developed in 1945.  The runoff coefficient has probably increased
slightly since that time due to substltutlon of buildings and
paved areas for planted areas, and the average critical accumu-
lation time way have decresased somewhat, but runoff conditions
have probably not changed much during this period. Area C drains
into lower S3trawberry Creek via numerous Inlets from streets and
storm sewers all along the course of the Oreek. It contributes

a large amount of very short accumulation time peak storm-flow,
and we best pguess that the average accumulation time ls something
less than one-guarter hour. '

In swamary, 1t 1Is thus seen that lower Strawberry Creek receives
storm runcff Crom three sources, Area A, which dumps into the
creek at Faculty Glade from ths Big Ineh storm sewer, Area B,
which enters near the lower end of the creek and is not important
to the matters being conasidered, and Area C, which enters all
along the creek. The flow froum Areas A and C will produce poak
flows in lower Strawberry Creek at their shortest mutual accumu-
lation time, namely the one-half hour time of Area A. Storms

of shorter duration and thus higher intensity will put more
water into the creek from Area U, but the peak flow from Ares A
will not yet have reached the creek. Thus, 1t is expected that
maximum flood eonditions will ocour in lower Strawberry Creek
when the peak flows of Areas A and C merge, with a critical
aceunulation time and storm duration-Intensity of about one-half

hour.
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One of the important changes which has occurred in the regims
of lower Strawberry Oreek since 1945, has been in the character
of the bed and float-load injected into the creek. Area C has
been essentilally completely developed for many years, and vir-
tually no coarse materlal, either rock or vegetal material,
comes into the creek from Area C. Area B probably contributes
gome minor amount of gravel and plant refuse but, due to the
high degreo of development in the lower portion of the area,
and the intervening "drop out" areas between the upper unde-
veloped area and Strawberry Creek, very llttle coarse material
enters the creck from Ares B. Prior to 1945, when Area A was
practically undeveloped, and was essentially stable with respect
to erosion and stream transport, only moderate amounts of sand
and silt, and very little coarse material entered lower Straw-
berry Creek from Area A. At this time this conditlon has been
completely changed by the post 1945 developments in Area A. As
discussed hereafter in this section of the report, during the
past storm large quantities of gravel-cobble size material went
down the Big Inch storm sewer,and a considerable quantity of
boulder size material entered the stilling basin and the pipe.
As discussed hereafter, we estimate that between 2000 cy and
10,000 ¢y of coarse material entered the pipe during the last
storm. This material came from ercsion in the upper Strawberry
Creek watershed, caused by the recent developments in the ares,
as discussed in the sections of this report covering Zones I,
III and IV. Thus lower Strawberry Creek is now receiving large
quantities of coarse bed and float-load materials with appre-
ciable amounts of bed-load ranging from gravel to boulder size
and extremely large amounts of sand-silt material. In addition,
with measures currently taken to prevent the plugging of the
inlet of the Big Inch storm sewer, large amounts of leaves,
branches and small logs will be delivered to lower S3trawberry

(reek from Area A.

Considering the changes in storm-flow conditions in lower
Strawberry Creek between 1945 and now, and based on the fore-
going discussion, the following brief rosume 1s given of runorff
conditions affecting lower Strawberry Creek at this time as
compared to those obtaining in 1945. '

In 19&5 lower Strawberry Creek carried the runoff from 200
acres of improved ares (Area C) plus 800 acres of unimproved
area (Area A). The accumulation time of Area A was then at
least two hours at lower Strawberry Creek, and its contribu-
tion to peak, flood-flow in the creek was minor. At the
present time the creek still carries the flow from Area G,
glightly increased; but in addition, it carries the flow
from Area A, four times the acreage of Area G, with sbout
ten percent of thls area fully developed and an accumulation
time of about one=half hour. As a rough beat guess we
estimate that the maximum peak storm-flow in lower Straw-
berry Creek, at this time, at maximum intensity of a storm
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of one-=half hour duration, will be in the order of double
the maximum flow in 19&5. In this regard, 1t is pointed out
that the Big Inch inlet has "plugged" during the past three
ma jor f'loods, with Area A wabter diverted down the canyon

and over the city streets, and this flow has yet to be felt
in lower Strawberry Creek in recent years. As the Tlooding
of the areas 1n and below Strawberry Canyon can no longer

be tolerated, and as we are now acting to prevent plugging
off the inlet to the Big Inch storm sewer, this peak low
must now be expected 1in lower Strawberry Creesl.

Area C does not contribute any appreciable quantity of bed
or float-load to the cresk, as it is almost totally developed
and little erosion or pick-up of vegetal debris occurs.
Frior to 1ts present state of development Area A contributed
very little coarse bed-load material, and wirtually no large
float-load, as the area was reascnably stable wlth respect
to erosion. With the "trash rack" and "grizzly" system
previously existing at the entrance to the Big Inch storm
gewer no appreciable quantity of coarse material could have
been transmitted down the pipe. Thus, until this year,
little coarse debris has been Injected into the creesk. It
is probable that large amounts of sand and 8llt have come
down the creek from Area A but this is not 1lmportant to
present flood-flow consgiderations. At this time, and spe-
¢ifically during the past storm, large amounts of coarse
bed-load material, up to boulder size, are being injected
intc lower 3trawberry (reek from the Blg Inch Storm Sewer.
In addition, large quantities of leaves, branches and small
logs are to be expected from thig time forth.

Hydraulics and bed-load conditions

Lower Strawberry Creek is e winding, circuitous channel of
widely varying depth, width, shape and hydraullc capacity, with
1ts location, width and depth dictated by the encroaching struc-
tures and other improvements, and by desired landscape effects.
Its present configuration reflects a long period of development,
guided principally by area building locations and esthetic con-
sideratlions, with little consideration of the hydraulic capabil-
ities required of the channel by virtue of its belng the outlet
for all storm dralnage from the campus. As the peak flood-flows
in the channel lncrease, and ag the bed-load carried by the
channel increases in quantity and coarsensss, the hydraulioc
capabilities of the channel and its ability to transmit coarse
bed-load matsrial become increasingly and crltically important.
We have conducted a very rough and cursory sesvaluation of these
englneering aspects of the creek, keeping in mind the sesthetic
considerations involved and their very real importance to the
campus, and a brief outline of our conclusions is gilven as

follows:
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There is ample gradient in the creek to handle present and
short-term future demands for flow and bed-load transport
if the creck is ilmproved hydraulically by certain modifica-
tions. This will basically involve deepening the flow
channel, reducing the undesirable effects of some sharp
bends, and removing some channel obstructions.

Historically the creek has been much deeper than it now 1s
in many areas, the creek bottom having been raised by the
construction of groins across the bottom and by the Intro-
duction of sharp bends to avold improvements. 'This has
resulted In the filling of the creek bottom to the tops of
the groins, and in the formation of extensive bars and
aggradation of the channel in connection with the sharp
bends. This has reduced the maximum flow capaclty of the
channel at critical points to a fraction of the potential
flow cepacity, and has greatly reduced its bed-load trans-
port capabilities.

At certain bridge locations over the creek, and especially
the bridges at Stephens Union and the Power Plant, the
chamnnel height ia reduced by the structure to a matter of
inches. During heavy storms a transient-bottom condition
occurs, wherein the bottom scours out during heavy flows

to make a deeper channel, and f1lls-in immnediately as the
flow reduces. Without this transient-bottom effect the
hydraulic capacity of the channel at the. structure is only
a fraction of current peak flows. With a sand-silt bed
material this phenomena takesa care of heavy peak flows, and
while it is a somewhat precariocus drainage feature, it has
apparently worked to date. With the channel bed materlals
now changing to gravel-cobble-boulder sizea we do not fesl
that the channel bottom will continue to erode at high flow,
but rather that in the immediate future the small opening
will plug end force the stream over and/or around the strue-
ture. This will result in the bridge acting as a groin, the
channel will fill with sediment to the top of the bridge,
and the stream will then divert around the bridge and cut

a new channel to one side. In the case of the bridge at
Stephens Union we estimate that thils would result in the
deposition of about 1000 to 2000 cy of sediment 1n the
cresk above the bridge, and the cutting of a new chamnel
through Faculty Glade. . In the case of the bridge at the
Power Plant this would result in the rilling of the creek
channel Tor hundreds of feet upstream, and the diversion of
the cresl flow onto the campus area.

There gre numarous obstructions in the creel, such as trees,
utility lines, stumps, etc., which could act as the nucleus
of a jamb, bullt up bv branches, logs, brush, ete., belng
carried by the stream, which, with the accumulatiOn of
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bed-load behind the obstruction would dam the creek in a
metter of minutes. This would result in the flooding of
asdjoining improvements with nearly the full flow of the
creek, as well as the Ffilling of the ereek channsl for
hundreds of feet upstream. One such particularly bad
obstruction is located just below the new Students Unlon
Building, and a jemb at this point would immediately Ilood
this building. _ ' ‘

The exlsting sharp benda constitute an Invitation to the
ereek to £ill the existing channel and cut a new, hydrau-
lically more efficient channel. With the sharp increase in
coarseness of the bed material which is now teking place,
this phenomena becomes guite likely at several locations.

At some locations of potential channel shift no major damage
would ensue, particularly in the lower campus area, but at
several locatlons 1t could result in the undermining of
exisgting improvements and serious damage.

- In conclusion, we feel that the existing creek 1s not adequate
to ecarry either the peak storm flow or the accompanylng bed and
flogt-loads which will occur during the next heavy storm. In this
regard we point out that, due to the unintended diversion of flow
at the inlet to the Big Inch storm sewer, the creek has not.
carrised the pesk flows since prior to 1958. With Improvements
now being made in the inlet conditions to the storm sewer, in
the next heavy storm the creek will receive this full peak flow.
In addition, the creek will receive quantities and sizes of bed
and float-loads not experienced in the creek in recent years.

We feel that the creek can be made capable of carrylng these
flows and loads without destroying the esthetic value ol the
creek, and perhaps conslderably improving 1t, by the execution
of gelscted remedisl measures. Our recommendetions for immedi-

- abte, emergency remedial measures to accomplish this end, are
given later in this section of this report. These measures
basically involve the selective deepening of the channel, the
aslective removal of the worst obstructions, and the improvement
of certain of the worst hydraulically deflcient sectlons of the

creek.

Observations during the atorm of October 11 through 13

Puring the above storm, and on detailed examination of lower
Strawberry Creek.thereafter, the Tollowing observetions were

made :

Peak Tlow in the creek did not reach impresslve.proportions.
This is probably due to the two following factors:

While the overall four-day rainfall was a new record,
the poak-intensity storms which oceurred on Friday and
Saturday were not unusually severs.
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The runoff from Area A diverted down Strawbelry canyon
gt the beginning of peak flows during both heavy ralin-
fall periods, due to inadequacies at the inlet to the
Big Inch storm sewer, and thus peak flow rates did not
enter the creek from the storm sewer.

The second arch of the bridge at Stephens Union was open to
a depth of about three feet at the tail-end of the peak

. runoff on Friday. ‘It is now silted-up to wilthin a few inches
of the top of the.arch.

Grevel-cobble bars are now seen in the lower creek area,
which were not present prior to the storm. Boulders of up

to eight inch size, freshly placed, were found in the bars.
FErxamination of older atream deposits near- these bars, incised
during the storm, showed only finer materials.

The bed between the outlet of the Big Inch storm sewer and
the bridge at Stophens Union is now loaded with gravel and
cobbles to six inch size. Examination off older bars showed
only silt-sand-gravel materials. ‘ ‘

Maximum water height at Stephens Union was just below the
deck of the bridgs.

Inapection of flow into the City storm sewer at Oxford Street,
at the tail-end of the heavy storm on Saturday, showed ‘
gravel-cobble sizes moving Into the pipe.

We have estimated that at least 2000 cy and up to 10,000 cy
of gravel and coarser sized materials entered the Big Inch
atorm sewer during the past storm.

At the bridges at Stephens Union and the Power Plant the
stream channel has been f1lled to within inches of the top
of the flow section. Only & minor opening is left, too
small to have carried the Tlow during the storm by a large
factor.

The hydraulle capacity of lower Strawberry Cresk, overall,
was not texed by the storm.

Goeneral comments and conclusions

Based upon the cursory investigatidn and analyses discussed
above, we submit the following generel conclusions and comments
regarding the hydraulic conditions of lower Strawberry Creok!

The creek is not adequate to carry the peak flows from any

reasonably severe storm, with proper operation of the Big
Tneh storm sewer and injection of the flow into the creek,

which must now be expected.
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The cresl cannot adequately handle the coarse bed and float-
loads to be expected during future severe storms until such
time ms the upper watershed areas are stapilized.

Immediate measures musat be taken on an emergency basis to
improve the hydraulic capabilities of the creek or the
deposition of large quantities of bed-load materials, severe
erosion, and flooding in certain critical arems 1s to be
expected. This 1s to be expected this winter unless we have
another dry winter with no more severe gtorms.

The present hydraulic inadequacy of the creek 1s partly due
to the incressed peak flows and heavy bed and float=loads
brought about by the recent developments in the upper water-
shed areas. The inadequacy of the creek is also due to a
continual reduction Iin 1ts hydraulic cepacity by changes
made in the cereek over many past years, without regard to
their effects upon the function of the creek as ths only
outlet for campus storm dralnage.

The hydraullec capablility of the creek can be restored and
Improved sufficiently to handle present and short-term future
requirements, by taking carefully selected measures at
various locations along the creek. These measures can be
taken without impairing the esthetic walues of tThe creel,
and in the opinion of this office, may well improve the
function of the eresk as a relstively undisturbed "natural

area”.

As long as all campus storm dralnage is carried by the creek,
the exlsting cholce ig whether i1ts hydraulic capabilities
will be improved by planned measures or the creek will be
allowed to develop an adequate channel by natural hydraulic
phenomena. If the creek igs allowed to remain hydraulically
overloaded it will itselfl re-establish a atable regime by
natural methods, at conslderable damage to campus Ilmprove-
ments and to the existing "natural setting" of the creek.
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November 2, 1962

ZONE II -- LOWER STRAWBERRY CREEK

EMERGENCY FLOOD CONTROL MEASURES

{See Resume of Preliminary Observations for Zone II)
Problemn

Lower Strawberry Creek is now tobe subjected to greater peai
flood-flows, and bed and float-lcads of much greater quantity
and coarsensss, than it has experlenced since development of
the campus was begun. Thisg produces the following specific
problems: :

The danger of over-Tlow and flooding of low areas is now
greatly increased.

The potential for deposition of large quantities of bed-load
materials in areas where removal would be difficuit and
expensive . is now very great. Note that several thousand
cubic yards of material have been removed from the "stilling
basin" at the entrance to the Big Inch storm sewer, and from
the pipe itself, during the past few weeks, having been
deposited during the past storm. With the new inlet condl-
tions at the storm sewer, necessary to prevent flooding of
the Hass reereatlonal area again, all of this material would
have been dumped into the creek at Paculty Glade.

The denger of hydraulic “"accidents", involving blocking of
the channel, re=-channeling by the creek, etc., with severe
flooding and damage in the lower campus area, is greatly
inereased. Por example, plugging of the [low sectlon under
the bridge at Stephens Union would probably result in the
deposition of thousands of yards of bed-load in the creek
and the ilneisement of a new channel through Faculty Glade.
While we cannot predlot the occurrence of guch "accidents"
specifically, we Feel that if emergency measures are not
taken, and if we have further gevere storms this year, such
accidents are not only possible but probable.

The basic probleim, with respect to this winter and immediate
remedial meapures is thus to improve the hydraulic capabilities
of lower Strawberry Creek such that general {looding will be
prevented, large accumulations of bed-load material will be
avoided, and the hazard of really dangerous "hydraulic accldentg™
will be reduced to a minimum. A
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Specific emergency remedial measures

The basic, long-term solution to the problem of flood-flow in
lower Strawberry Creek involves the preparation of a master
storm drainage plan for the entire campus and the propsr
handling of storm runoff in the upper watershed area, coupled
with the stabilization of the watershed and the elimination of
coarse bed-load materisl from the creek; togsther with the
preparation of lower Strawberry Creek to carry the known quan-
tities of clean, peak Flood flows resulting theref'rom. A8 such
measures are nobt feamsible this winter, and as we have regom-
mended emergency measures 1ln the upper watershed area to pre-
vent the revetition of the flooding and damage which occurred
during the last storm, which will increase the "load" on lower
Strawberry Creek, measures must be taken immediately in the
creek to protect the lower campus aresf during thils winter, and
future winters, until the overall problem can be solved.

Recommendations for specific measures to be taken immediately
have therefore been prepared, with each recommendation having
been written and laid-out in the field at the specifie location.
We have recommended only such measures as we feel are absclutely
necessary, so that the minimum of changes will be made in the
oresk until a full sbudy of the problem can be completed. We
have ccnsidered the effect of each recommendation on the esthetlc
qualities of the oreek and surrounding area, and have set the
remedlal measures 8o as to minimize any possible disturbance of
the existing "natural area" conditions. The gpecific purposes
of thess recommended measures are given briefly ag follows:

To lower the creek bed sufficiently to provide adequate
oversll hydraulic capacity and to remove the dangerous
"tpansient bed" conditions at a number of locations.

To provide adequate capacity at such eriticel areass as the
new Students Union Building, where creek capacity is poor
and flooding would produce severe damags .

To remove points of potentiml "jamb-up" or other "hydraulic
sccident" to minimize the danger of "“aceidental® flooding
such as occurred ab the Heas recreational area during the
pest storm.

To provide a stream channel that will transport the expected
coarse bed-lond materials, without excessive "drop=-out" and -
later expensive removal from developed areas. ‘

On the bases dlscussed above we have prepared recomendations
for seventeen specific remedial measures to be taken in lower

- Strawberry Creek; and we most strongly recommend that these

. mensures be taken immediately. These recommendatlons are given
as brief descriptive statements, and the location of the proposed
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measursea are shown on an accompanying plan keyed to the number
assigned to each speocific item. The recommendations given are
very brief', and it 13 our intention to supervise the work as
performed =o as to assure that the work is done as intended.
The specific recommendatlons and accompanying plen are attached
hereto.

Goneral commsnts

Note that the removal of exlsting groins, as recommended, will
allow the creek bottom to lower by scour during the next heavy
storm, thus providing the deeper channel desired. This will
nroduce a neater excavation than could be done with equipment,
will avoid damage to trees and surrounding improvements, and
will save a large expenditure of monev, as degradlng the creelk
bed with equipment would be & very expensive operation. We have
provided some “catchment®” capacity in the lower creek aream to
intercept the coarger materials which are scoured from the creek
bottom as degradation occurs, to reduce the input of coarse
materials into the City svstem.

We have made arrangeuments to obtain the locations of utilifies
passing under the exlsting creek bed, and will watch the progreas
of degradation of the creek with regard to these utilities.

The maximum lowering of the creek bed and the location of such
lowering, to be accomplished by the. recommended measures, has
been set up and limited to minimize hazards toc adjoining improve-
menta and the stability of the creek embankments. We feel That
the measures recommended represent the beat overall choices for
accomplishing the required hydraulic improvements 1n the creek
with the minimum of change 1n the existing creek configuration.
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ZONE IT EMERGENCY REMEDIAL MEASURES

Remove all groins and other masonry for a distance of
200 feet upstream from sntrance to storm sewer. Remodel
or remove trash-rack as redquired to meet new gradlent.

Excavate existing sand-gravel-cobble-boulder bed to new
gradient (about three feet below existing grade) to reduce
input of this material into the storm sewer and make a
catchment for material coming in from above. Remove about
500 ¢.y. of materialn

Place bagged concrete to protect footing of northerly pler
of G.I. water line croasing creek.

Remove stump and brush.

Hemove groin and other masonry to a depth of slx feet below

the bottom of the bridge stringers.

Remove large stump.

Reduce height of groin at least four (lj) feet, or remove
in its entirety.

Remove entire groin.

Gompletely remove four amall groins.-

Remove éntire groin,

Remove oenter.six (6) feet of groin to full depth.
Remove pipes from channel under bridge.

Lowsr top of groin two (2) feet.

Lower top of groin two (2) Ceet.

Lower top of groin three (3) feet.

Remove entire groin.

Remove groin and other masonry. Hemove willow tree.
Remove accumulated debris. '

Remove root-bound earth point in channel.
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(2h)
(25)
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P Job Number 260

Remove willow tree, pipes and other debris.
Lower top of groin two (2} feet.
Remove entire groin.

Hemove all groins and other masonry,; and all large rocks,
from the flow channel up to the bridge-at Stevens Union.,

Remove Buckeye and willow trees in channel, and all wood
and other debria.

Remove concrete block and one joint of pipe at outfall of
concrete pipe drain into creelk.

Remove two Toyon trees in channel.
Trim tree in channel to clear channel.
Remove groin under bridgs.

Remove tree mcross channel.
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December 17, 1962

ZONE III “BIG INCH" STORM SEWER

RESUHE OF PRELIMINARY OBSERVATIONS

General Degoriptlen

The Big Inch storm sewer consists of & clrcular concrete pipe
gonduit about 3200 feet in length and varying from 5l to 78
inches in dlameter, together with a "trash rack", "settling
basin® and inlet strusture at the upper end. The inlet struc-
ture 1s located in Strawberry Oreek just east of the Haas
Reoreation Building, and the outlet 18 located In Strawberry
Creek at the northeasterly corner of Faculty Glade; the sewer
thus acting to intersept and divert Strawberry Creek between
these points. The location of the sewsr with respsct to the
campus is shown on the accompanying plan, titled "Zone III,
'Big Inch' Storm Sewer." The sewer 1s intended to intercept
gll flow in Strawberry Oreek, effecting a complete diveraion
of the oreek; and the canyon area below the inlet 1a now
ocoupied by the Haas Recreation Building and assoclated
Strawberry Canyon Recreation Center, Memorial Stadium and
further improvements below. This functlon was originally
performed by the "Little Inch" storm sewer, which was built

at the time Memorial Stadium was constructed, to permit the
sonstruction of the stadlum and other faclilities within the
creek chamnnel area. The inlet of the Little Inoh sewer 1s

now in the bottom of the existing "settling basin" and 1ts
outlet lies in Strawberry Cresk Just above the Faculty GClub.
The Bystem is 80 operated that the Little Inch sewer carries
the normal low-rate f'low, in order to provide a permanent flow
in the creek at Faculty Glade for esthetic remsons, and the
Big Inch sewer 1a operative and carriles flow only during heavy
storms end periods of peak runoff, a matter of a few days

per year. The sole function of the Big Inch storm sewer thus
is to carry the peak storm flow from Strawberry Creek betwesn
the inlet and outlet polnts, by intercepting all flow in
Strawberry Creel at the inlet point and injecting this flow
back into the oreek at the outlet, and 1t has no othsr purpose
and performs no other function in the campus drainage system.
Kote that the Littls Inch inlet plugs immediately during any
appreciable runoff; as it lies at the bottom of the "settling
basin®, and it is always inoperative during periods of peak

flow.

History

In reviewing the history of the diverslon of Strawberry Creek
by the construction of the Little Inch storm sewer in the
early 1920's, through the construction of the Big Inch storm
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sewer as & bypass t0 the Little Ineh, in 1951, we find a pat-
tern of Increasing peak runoff flows aa the watershed area’
has besn developed, but no indication of appreciable problems
with bed and float loads. This graduslly sccelerating devel-
opment of inoreasing runoff extends to the present time, when
overloading of the natural stream channels is producing a
severs problem of bed and float load as well as high runoff
intensities. From past history it appeara that the Little
Inch sewer was adequate to carry the storm flow until 1950,
and the Big Inch sewer apparsntly carried peak flows success-
fully until 1957, ineluding several intense storms belween
1951 and 1957. Note that during this period the entrance to
the Big Inch sewer was covered with two-inch gyelone fenclng,
and that the diversion and rlooding in 1957 is reported to
have been caused by the plugglng of this fencing with fine
float load materisls. It appears that bed and float londs
must have been negligible until 1957, as one-tenth of the
material seen in the past storm would have completely plugged
the inlet in minutes if it had been coversd with two-inch wire
mesh. Since the flood in 1957 no major peak runoffs have
oceurred until the fall of 19623 at which time both peak flows
diverted around the inlet to the sterm sewer and caused severe
flooding and damage below. The first of these two floods
took place on October 12, and occurred because the flow from
Ohicken Canyon was bypassed along the north slde of the inlet
to the sewer; end the total flood flow, which caused severe
flooding and damage, consisted almost solely of flow from
Chiocken Canyon; the flow in Strawberry Oreek being carried by
the sewer. During the sesond period of overflow, on October 13,

" the rlooding was caused by the complete bloeking of the "trash
raok" and aggradation of the creek bed at the upstream end of
the "settling basin", causing a diversion of flow of Strawberry
Oreek around the south side of the inlet strusture. Note that
the inlet %o the sewsr was completely plugged up to the top
of the structure at the tima of the diverslon, and 1f the float
and bed load caught by the "trash rack" had not been s0

_ retained it would, without question, have completely plugged
the inlet to the sewer and caused aa severe or worse flooding
and damage downstream as was caused by the diversion.

We thus have a history of increasing runoff and enlarged facil-
ities to the present time, when existing facilities, while
potentially adequate hydraulically, are obviously not functlon~
ing properly; and the last three storms have produced overflow
at the sewer inlet and severe Flooding and damage below. II
one more period of peak rainfall had occurred during the storm
of October 13 the inlet to the sewer would have plugged ocom-
pletely, immediately, and the full flow of Strawberry Oreek
would have been diverted down the campusz, with the moat severe
flooding and damege resulting below. A% nightfall on October 13,
only three feet of the inlet structure had been dug-out and was
exposed, and sevaeral hundred feest of the sewer was filled with
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cobbles, gravel and sand to within less than two feet of the
top of the pipe. '

We have thus drawn the followlng brief general conclusions
regarding the historical development of runoff Into the sewer
syatem: ' '

Runoff has increased by a large factor since the sarly
1920 's, probably by somewhere between two and four times.
The capacity of the sewer has also been Increased, prob-
ably by & lesser amount than the increasing runoff with
respect to pipe Ilow capaclity; but the abllity of the
gystem to inject the flow into the plpe 1ls obvioualy
greatly inadequate due to plugging of the inlat system.

It seems that prior to 1957 no appreciable coarse bed load
or any appreciable amount of float load arrived at the
sewer Inlet; as if it hed, pluggzling of the sewser inlet

and flooding of the lower sanyon would heve resulted. The
two=-inah mesh sereen at the inlet to the Blg Inch sewer
would have plugged almost instantly during the past storm,
and a crew of several men failed to keep the widely spaced
pipe grizzly clear during both storms. Thus the severe
bed and float load condition appears to be & new problem,
and is dus to the recent intensive dsevelopment of the
watsrshed area ambove the sewer, with resulting hydraulic
overloading of the natural stresam channels. The bed and
float load problems are now critical.

The importance of a malfunction of s storm sewer, with
resulting flooding below, is dependent upon the costs of
damage and cleanup; and if no appreciable losa 1s incurred
the malfunction is not important. The penally for mal-
function of the sewer has increassd with time as both the
numbar and value of improvements in the lower canyon area
have inoreased, and as the unit costs for cleanup, repair
and replacement have rigen sharply with increasing labor
costs.

Watershed, storm flow, and bed and float load conditions

Reference 18 made to the sectlions of this report covering

Zones I and IV for a detalled dlscussion of the watershsed area
of the Big Inch storm sewer. The area covered by Zone IV 1s
the watershed area of the sewer, and the area covered by Zone I
1s pressntly the most important single "short sccumulation time'
gource of runoff to the sewer. From these two sectlons of this
report the following brief resume of runoff conditions, pertl-
nent to thes sewer; has been taken:

The totel watershed area is approximately 800 acres, of
which about 100 acres are developed with buillding sltes,
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parking areas and roads, about 300 acres are contingent

and slope to existing roads or streams, thus producing
relatively fast runoff, and about L.00 acres are undeveloped
and remote from roads or well developed stream channels.

The average gradlient of the watershed area 1ls somewhat
grester than 17%, an unusually steep slope with respect to
runoff conditions, conaidering the large area lnvolved;
and this steep gradient will produce significant increases
in runoff coeffiecient and reductions in accumulation time,
in comparison to normally flatter areas.

Runoff coefficients and accumulations tlmes have been
roughly estimated, assuming a peak storm which gradually
builde up from an extended, low intensity rainstorm to a
peak Intensity of one-half hour duration. The values are -
given for amssumed classes of areas, as follows:

Building areas, parking lots, roads and road-slopes:

Runoff coefficient = 100%
Acoumuletion time = 1/2 hour

Wooded and brush covered areas adjaeent to roads and
woll-developed stream channels: '

Runoff coefficient = 70%
Accunulation time = I/2 hour -

Wooded and brush-covered areas removed from roads or
well-developed stream channels:

Runoff cosffieclant = B50% »
Acoumilation time = 1 hour

Accumulation times given are for the 1nlet to the sewer,
just above the Strawberry Cresk Recreatlion Center. Note
that the clayey residual =soils, easentially impermeable
bedrock, and steep slopes of the hills will produce ocom-
paratively high runoff cocefficlents after saturation by a
long storm: and that the steep slopes of roads and streams
will produce in-transit times between watershed arsas and
the entranse to the sewser of relatively small values. Note
that the acownulation times given have beert doubled over
purely surface veloclty values to. allow time for gurface
gaturation to oeccur.

Rainfell intensities have bsen roughly estimated, as follows:
1%*/hour

1-1/2"/hour
2=1/2%/hour

Pwo-hour Intenasity
One=-hour intenaity
One~half hour intensity

[T+ ]
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Considsering the "wringer effect" of the Berkeley Hills
system, the above values are probably somewhat low, on a
l0-year storm basia. : '

Based upon the sbove material and the more extensive back-
ground given for Zone IV, but still involving meager basic
data and many gross approximations, we have made the fol-
lowing rough estimetes of peak storm flow accumulatlion at
the inlet to the sewer. Note that three values are given,
our "best guess", and maximum and minimum values repre-
genting the widest "swing" we can envision by "fudging"

all factors and assumptions toward the higher and lower

flow figures. Note further that these flow figures are

for the present time, wlth the exlsting stage of development.

Eatimate peak runoff rate = 15300 of's
Estimate maximum swing = 1,300 ecfws
- HBatimate minimum swing = ?QO cf's

It 18 estimated, wvery roughly, that ﬁﬁe above flow figures
could double at full development as shown by existing
canpus planning. o

The bed and float loeds have besen evaluated in terms of the
past heavy storm during the week of October 11, 1962. Ref-
erence i3 made to the sectlon of this report covering

Zone IV, for a deseription of the bed and float load in the
watershed, and to "Observatlons during the storm of October
11 through 13", hereafter, Tfor the conditions observed atb
that time. In general, the bed load 1s derived from severe
encisement of the stream channels due to Ilncresasges in strsam
flow brought about by recent developments within the water-
shed, with resulting enlargement and degradation of the
shannels, aggravated by slide materials eontributed by
unstable slopes abutting the stream channels. This condi-
tion 13 worsened by the greater transport capabllity of ths
higher peak flows in the channels, resulting in the moving
of a much coarser and larger bed load than the channels
have previocusly carried. The float load gensrally results
from the contribution of down-wood from the watershed,
artificislly protected from fires and scavenging, aggravated
by the econtributions from caving banks and alide bodles
absorbed by the streams. The larger flow rates also trans-
mit greater guantitles and larger pieces of float load
materials. Summarizing with regard to this matter for pur-
poses of this seection of this report, we glve the following
brief outline of our opinions In this regard:

The bed load consistas of boulders, cobbles, gravel,
sand and suspended fines, up to one foot dimension.
The transported guantity is large during pesak runoff,
heving filled the canyon in back of the "trash rack",
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and the "setiling basin™ at the entrance to the sewer,

in less than an hour during the peak storm on October 173.
There is a large amount of very large-asizad material,

as well as flner sizes.

Float load, as seen during the past storms, conslsted.

of brush, branches and logs grading from fine debria

to material over one foot In diameter. Quantlitiles were
80 preat as to completely block the grate at the entrancs
to the sewer Iin a matter of minutes, and continual hand-
eclearing of this unit was performed during boeth storms,
with limited succesg. During the storm on October 13,
complete blocking of the "trash rack" and diversion of
the flow into the Recreation (enter area ocscurred in a
period of lesg than one<halfl hour.

From the above informetion we have drawn the following general
conclusions:

Storm flow into the sewer at this time will be about 1,100 efs
at peak Flow for a . "ten year" storm, with a potential

"awing" due to errors in the estimate of from 700. to 13300'
cfa. It is unlikely that all factors would be in error in
the saame -direction:at once, and we feel that a value
between 800 and 1,200 ofs is most likely.

Bed load conditlons are severe, and will worsen with time
in the immediave futurej however, with proper preventative
work in the next few years the bed load ean be reduced to
a nomingl problem.

Float load conditions are very severs, and will worsen ror
the Foreseeable Future. It 1s unlilkely that any sffeotive
measures which would greatly reduece the bedload willl be

- feasible from the architectural-esathetics-cost standpeint
in the immediate future, as this would entall the removal
of large quantities of exiating tree and brush cover, both
sathetically undesirable and extremely coatly. For the
foresesable future upstream Intsrception facilitles will
have to be employed to acresen out the bulk of the float
load, coupled with the construction of a non-alogging,
golf-csleaning inlet structure for the sewer, entallling
periodic removal of debris.

Hydraulics of thse sewer

The hydraulics of a storm sewer, such as the "Big Inch" are
estremely complex, and s detalled analysis thersof l1ls far
beyond the seops of our work; however, rough estimates of the
potential performance of such a system can bes made, and this
has been done. The hydraulic capacity of a system such as

the Big Inch is limited baslcally by two factora, (1) the inlet
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capaoity, or the abllity of the system to inject flow into the
pive, and (2) the hydraulic capacity of the pipe to carry this
flow; keeping in mind that if the inlet structure ls plugged
with debris and inoperable the capaclty of the aystem is zero,
no matter what its hydraulics wmay be. The inlet of the Bilg

Inch sewer consists of a somewhat encumbered rectangular open-
ing in the sloping sidewall of the "settling basin' and atripped
of itz cumbersome and hydraulically defeating “trash rack", 1s
approximately a rectangular orifice. We have estimated the
inlet sapacity of this unit, assuming a water level at the top
of the "settling basin", zero approach velocity, oriflce geometry,
and a free fall oubtlet heecauge of the steep slope of the initlal
gectlion of the pipe. We arrive at an inlet capacity of about
1100 efs, with a maximum value of 1,300 cofs if all factors are
"fudged" to meet optimistic limits, and a minimum value of 700
cf's with most conaservative assumptions. We feel that for the
existing inlet structure the filgure of 1,100 cfs 1s not at all
conservative, and, if anything, ls too high. Analysis of the
pipe itself would be most challenging, as the plpe varies widely
in both diameter and gradient, without hydraulically smooth tran-
gitions with respect to flow characteristics, but such an analy-
sis is completely beyond the acope of our work. Referring to
the table shown on the upper right-hand corner of the accompany-
ing plan, it 1s seen that pipe diameter variss from 78 to SE
inches, starting at 72 inches, reducing to Sl inches and ending
at 78 inches, and that the slope varies from 1-1/2 to 30%. It
is noted, however, that approximately the upper one-half of the
sewer length is at the flattest grade of 1-1/2%, and is 72 inchsgs
in dlameter, followed by much steeper sestions at 8-1/2, 15-1/2
and 30% gradients. We therefore feel that this upper sectlon
will sontrol with respect to pipe hydrauliecs and have roughly
estimated 1ts flow capacity, using the gradient below the lower
1ip of the inlet opening to allow for inlet losses. On this
basis we find the capacity of the pipe to be about 650 efs, with
a minimum of 500 efs and a maximum of 750 efs, taklng the wideat
concelvable range of assumptions.

On the basis of the above sstimates, we find that the capaclty

of the system is limited by the very flat upper half of the sewer
length, and that a surcharge head of about fifty feet would be
required to obtain a flow of 1,100 cfs, squal to the eatimated
peak runoff and the inlet capaeity. This 1s obviously not posa-
sible with the exlating system, and the capacity of the uppor,
flat, portion of the sewer, at about 650 ofe, thus constitutes
the hydraulic limit of the systen.

Obgervations during the storm of QOctober 11, through 13, 1962

A brrief resume is gilven hereafter of the most pertinent observa-
tions made during the subject storm, particularly during the two
periods of peak runoff on Friday night, October 12, and Satur-

day noon, October 13, and during a later complete inspection of
the sewer after the storm. . '
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'The inlet sygtem to the Big Inch sewer consists of a woodsn
upstream "trash rack®, followsed by a bowl-shaped "settling
basin', with a vertical pipe "trash rack" along the upstream
edge of the basin; and the inlet is located in the sidewall
of the basin at the downstream end, and is "protected” by a
pipe "trash rack." The upsatream wooden, "trash rack" is
about ons hundred feet upstream from the basin and consiagts
of widely spaced, sloping timbers blocking the oreesk in

the form of a trestle. The basin 1s a shallow concrete
bowl about one hundred feet long by seighty feet wlde, with
a maximum depth below the rim of about fifteen feet. There
1 a "trash rack", consisting of vertical bars at about

two foot spacing by four foot height along the upstream

end of the basin. The inlet consists of a roughly square
nine foot opening in- the wall of the bowl, fronted by a
vertical pipe "trash rack" of one and one-half foot nominal
opening, and covered by a "duok board" platform. The
entrance to the "Little Inch" storm sawer consists of a
vertical gate with wire mesh soreen located near the bottom
of the basin. Strawherry Oreek flows into the basin over
the upstream lip of the basin, and Chicken Creek empties
into Strawberry Creek just upstream of the basin and below
the wooden "trash rack."

Large quantities of both bed and float load entered tha
system during the storm., The bed load material graded from
suspended silt-clay through sand, gravel and cobbles to
boulders of one foot dimension. The Iloat load varled from
fine brush to large logs of over one foot diameter. The
accumualation of this material was very rapid and large quan-
tities of both bed and float load materials accumulated In
and upstream of the basin within minutes during the two.
peak storm flows. '

The action of the gystem is roughly as follows:

4ll coarse bed load materials Immediately drop-out in
the basin until a stesp gradient is established to the
inlet. At some gradient ascour in the basin becomes
aqual o input and all further material ls washed into
the inlet and down the sewer. This appeared to occur
at a depth of about five feet of bed load in the basin,
if the inlet 1s not blocked with debrisa.

As float load material eologs the "trash rack" at the
inlet bthe gradient across the basin decreases and the
bottom builds up in back of the slogged section until
sgqullibrium-scour is onece more developsd. Thls con-
tinues until the "trash rack" 1s completely clogged,
the bed load fills the basin, and the inlet 1s com-
pletely plugged.
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The "trash rack™ at the upper edge of the basin col-
leats float load material and graduelly plugs. As the
bars are vertical and footing is precarious, hand
eleaning during storms is virtually impossible and
nothing effeetive can be done to prevent this. As the
"trash rack"™ eclogs the bed load builds up behind the

- "grggh rack" until the atream channel upstream ig
Filled,and a new scour-squilibrium is reached with the
gtream bed now sloping to the top of the "trash rack"
and the bed and floast load going over the top and Into
the basin.

During the peak flow on the night of Frlday, October 12,
the following events were observed:

The culvert inlet in Ohicken Creek plugged almoat
immodiately; the flow bypassed the culvert, ran through
an opening in the fence by the Poultry Bullding (cut

the day before for this purpose), and across South
Canyon Road; the flow ran down a dirt road on the north
side of the bagin, thus bypassing the inlet to the sewsr,
and ran down the canyon, flooding Haas House and the
racreation area and finally diverting around Memorial
Stadium on Rimway and thence to Gayley Road.

The "trash rack® at the upper edge of the basin par-
tially plugged, and the canyon area upstream aggraded
conglderably; but the Strawberry Oreek flow all entered
thes sewer Iinlet.

The Ytrash rack™ at the iInlet plugged to a depth of
about three feet helow the top of the inlet; and the
basin filled with bed-load to thias level. The trash
rack would have plugged completely, the basin would
have filled with bed load materials, and the inlet to
the sewer would have been csompletely plugged, if a crew
of men had not been olearing and workin% the trash rack.
This olearing and working conslsted of Mpulling® coarse
float load material and sluicing the bed load between
the bars and into the pipe. No removal of bed load
material was possible.

If the flow from Chicken Creek had not been diverted
around the south side of the basin there is little
doubt that the inlet to the sewsr would have plugged
sompletely, diverting all flow into the canyon below,
with the same or worse flooding and damage as occurred
due to the diversion. The unintended diversion "aplit"
the pesk flow and may well have resulted in lesser
damage than would have taken place had it not oeccurred.

A
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After the peak flow subsided the "trash rack" was
cleared to a depth of about five feet, the sedlment

in the basin was sluiced into the pipe to form a gradi-
ent to the upatream rim of the basin, and the trash rack
on the rim of the basin was oleared of debris. The
culvert inlet in Chicken Cresk was cleared and the sedi-
ment laid down in the creek was sluiced through the

culvert to slear the channel.. Hmergency clearing
measures were completed about 1130 A.M. of SBaturday
morning.

During the peak flow gt about neon, Saturday, October 13,
the following events were obzarved:

The oculvert inlet at Chiecken Creek again plugged immedi-
ately and the runoff diverted across South (anyon Road;
but as the dirt road had been sloped into Strawberry
Oreek and send-bagged the flow went into the creek and
did not divert arocund the inlet to the gsewer as it had
on the previous evening. .

In spite of some abttempted eclearing the "trash rack"

at the upstream sdge of the “settliﬁg bagin® plugged
completely; the creek bottom filled with bed load %o
the top of the "trash rack"; and the flow then diverted
around the south side of the bagin, flooded the Haas
building and the Strawberry Canyon Resreation Area, and
continued down the canyon to Rimway and eventually to

Gayley Road.

" During the peak flow period & crew of men were attempt-
ing te elear the "trash ragk" at the inlet to the sewer,
by pulling the large float load materiasl and sluicing
the bed load through the baras. In spite of attempted
clegring the "trash rack® at the entrance to the sewer
plugged completely to above the top of the bars, with
flow entering the pipe only by flowing over ths lower
guard rail and through the grating on top of the unit.
The basin filled with sediment to the deck level of the
unit or somewhat higher. The smount of water entering
the sewer at this stage was relatively small due to the
diversion slong the south side of the basin; and if the
flow had not been so diverted to the smouth of the baszin
by plugging of the uppsr "trash rack" and aggrading of
the astream channel above, the full flood flow would
have completely plugged the Inlet structure and the
entire creek flow would then have floocded the lower
eanyon area. It is probable that once again the unin-
tended diversion very appreciably reduced the peak
flood conditions lower in the canyon in comparison to
thogse which would have occcurred had the inlet to the
sewer plugged acompletely and the entire [low been
divertsd down the eanyon.
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Clearing was continued after the peak flow gubglded,
consisting of pulling the float load debris from the
Htpaah racks" and slulcing the sediment into the basin
from sbove and from the basin into the sewer. No large
scale removal of sediment was possible. At nightfall
the south side of the basin had been securely sand-bagged
against further diverslon, about one-half of the upper
"tpagh rack" had been partislly cleared, and the inlet
to the sewer had been clearsd to a depth of about three
feet below the deck of the inlet structure. At thls
point the flow had reduced so much that further large-
scale movement of sediment from the basin into the sewer
would have completely plugged the sewer, and thls offilce
recommended that clearing of the “trash racks" be ceased.
Note that clearing of the "trash racks" releases the
fdammed up® bed load material into the basin or sewer,
as the case may be. This office gave the opinion that
further e¢leaning offorts were futile, and recommended
that a guard be posted to eut the fences by the Haas
House and assocliated recreation aream, to prevent "dam-
ming" and the danger of a severe flood from a quick
relesse of dammed water I1f the heavy rains continued.

We felt that Purther work at the "trash racks" and

inlet structure was Ineffestive, dangerous to persomnsl
and futlls.

No further large storms ocourred. If another severe
peak runoff, such as the previous two, had occurred,
the sewer inlet would have plugged immediately and all
flow would have been diverted down the canyon. The
flooding and damege occurring therefrom would have baen
mich worse than that produced by the two previous peak
runoffs, since the flow was "aplit" between the sewer
and the diversion during both perlods of flooding of
the lower canyon.

The most pertinent observations made during an inspection
of the "Bilg Inech" sewser from inlet to outlet, after the
storm, are glven briefly, as follows:

The pipe was "plugged" with a sand-silt-gravel-cobble
godiment for a distance of about 300 feet downstream of
. the inlet, up to leass than two feet of the top of the
plpe. From this distance the depth of sadiment gradu-
“ally decreased to & nominal depth at a distance of woell
over 500 feat from the inlet. This material apparently
represented a progreassive Tghoaling" in the pipe,
atarting with the development of a "downstream bar"
of coarse materials. It presumably formed during the
period of declining flow, and thus transport capability,
of the peak runoff on Ostober 13. Below about Statilon
20£00 the pips was esssentially clean.
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Some severe sroaion of the pipe was seen along the
bottom of the pivpe, at joints with irreguler fit. In
a few cases the reinforcing steel was exposed. The
orosion 18 minor af this time, but if the pipe con~
tinues to carry a heavy bed load, severe erosion of
the pipe invert is to be expected.

The sewer appearsed to be generally in good condilition,
and there was no evidence that depth of flow had evsr
been mich in excesa of one-half the plpe diameter
below Station 20£00.

The bed and float leoad which had come down the pipe
during the storm and heen injected into Strawberry
Creek at Faculty Glade had moved on down the creek and
had not acseumulated at the outlet. It appeared that
the bed load material had taken the place of flner
oresk bottom materiasl present prior to the storm, and
the ereek bed material appeared to be generally much
soarser than 1t was previously. '

The two diversions of flow during the two peak run-off
periods passed through the Strawberry Canyon Recreatlon
genter, flooding Hass House, the awimming pool, the tennis
courts, ete, The flow then diverted southerly along Rimway,
past (and through) International House, to Gayley Road
where the flow dispersed into the City street system. There
wa.s & large drop-out of sand-silt-clay sizes in the recre-
ation area, but the flow countained only suspendsd fines
beyond the tennis courts.

International House was flooded during both peak flow
periods, The flooding was caused by the filling of a
large and apparently essentially undrained depression on
the east side of International House between the bullding
and Rinway. It was apparent that a curb-board along the
westerly side of Rimway and at the edge of the depression,
had been removed recently; and the flow along Rimway thus
piteched off the street and Into the depression. The riasing
water level in this "hole" behind the building then brolke
through at lower window levels and flooded the building.
In regard to the flooding of Intermational House the fol-
lowing brief general comments are given:

At low Flows the waber passes down Rimway to Gayley
Road without topping the edge of the road; but at high
flows the high velocity of the water on the steep slope
of Rimway causes 1t to "shoot" over the shoulder at

the northeast corner of International House.

The waber whieh flooded International House came from
two sources, (1) the flow down Panoramic Way, whish
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drains an sxtensive area to the east, and (2) ths
diverslion down Strawberry Canyon from the "hydraulic
accidents™ at the entrance to the Big Inch storm asewer.
The proportion of flow derilved from each of the wo
sources cannot even be estimated; but it is our "best
gueas™ opinion that the flow from Panoramie Way was
aufficlient to have caused the flooding of the building
even 1f no diversion had taken place down Strawberry

Canyon.

If the wooden curb (which had beén in place previously)
had not been removed, the water would not have "“overshot"
the shoulder of Rimway and the bullding would not have
been flooded.

The solution to the problem of flooding of International
House (which has oceurred at least three times) is the
construption of a masonry ocurb wall along the shoulder
of Rimway. This off'ice c¢onsiders the existent aituation,
of an essentially undrained "hole" about thirty feet
deep, adjoining the bullding and lying adjacent to
Rimway, without even a standard oconcrete curb along the
street, to be in vioclation of both sommon senas and
reasonable enginsering practice.

0 _ ‘ :
The flow from éﬁg Inch and Bull Pen Oreeks plugged the cul-
vert inlets .and diverted onto North Qanyon Read and into
the recreation area. As the flow In both of these creeks
was relatively small it produced only a minor part of the
observed flooding; however the flow from Ten Inch Crssk was
sufficlent to wash gravel-aize sedliment across the road and
into the Haas House patio area. The recreation ares, and
egpecially Haas House and the adjolining swimming pool will
have to be protected from overflow of these creeks.

A landslide of moderate extent took place in the hillside to
the south of the Haas Housej; bloecking the dirt road and
erushing the fence which borders the recrsation area at this
point. This slide represents an overall instability of the
hill slope in this area, and can be expected to move again.

Genaeral comments and conclusions

Based upon the foregoing material and upon much background
information whiech it is not feaslbls to Include in this report,
the following general comments and conclusions are given

briefly, as follows:

All diversions around the sewer to date, and resulting lood-
ing in lower cenyon areas, has apparently been due to mal-
function of the Inlet system, and not to hydraulie¢ inadequacy
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of the sewer. Of the three floods since 1957 two have
resulted diresctly from plugging at the inlet from hed and
float load asccumulation, and one by accidental diversion.
around the inlet; and if the accldental dlversion had not
ocourred a.diversion by plugging of the inlet to the pilpe
would almost certainly have taken placs.

Bed and float load quantities are now very severe, and
exeeed the present oapabllity of the syatem to function
under these conditions. All bed and float load which reaches
the sewer 1Inlet must go on down the sewer. To intercept and
accumulate this material at the inlet, as has been done,
aimply assures plugglng of the inlet and flooding of the
lower canyon areas. The "trash rack” at the entrance to the
gewer i3 dangerous as well as useless. Whatever bed and
float load can be intercepted above the "trash rack™ at the
upstream edge of the basin 1s successfully held out of the
gystem, even though this catchment method necessitates
poriodie removal of entrapped material at great expense;
but once bed or float load materlal has entered the basin
it must go on down the sewer and be discharged into Straw-
berry Oreek at the outlet of the sewer. o

The hydraulic capacity of the sewer as set by inlet capacity
ig just about equal to present sxpected peak flows, but 1s
not adequate to expected peak flow with further development
in the watershed area above. The hydraulic capaoclty of the
sewer as limlted by flow in the upper (flat) half of the
plpe ias not adequate to presently expected peak flows; and
while it 18 suffleient to carry most of the flow, some
remaining peak runoff would be expected to pass down the
canyon. As the sewer inlet system has malfunctioned during
all recent heavy runoff periods, no in-situ test of the
hydraulic capacity of the sewer under current runoff con-
ditions has yet been seen.

The upper (flat) portion of the sewer will "plug” with bed
load materials at the "tail end" of a peak runoff period,
-a8 lowering quantities of flow reduce the transport cap-
ability of the pipe. Ws do not feel that this will be
serious, however, if artificial clearing of the basin at
the end of a storm does not inject large quantities of bed
load material at thls time. We belleve that the recent
plugging of the pipe, and very costly removal of the mater-
ial, was due largely to efforts to ¢lear the inlst of the
plpe after the peak runeff on Ontober 13; and whlle this
effort was abgsolutely necessary as a precautlon against
another pealk runoff period during that storm, we doubt
that thisg situstlon will be repeated.
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Thia office feels that recent events have sorg¢lusively
proven that the existing inlet system is grossly inadequate
to present conditiong, and that this inadequacy will worsen

" with time. We feel that the existing inlet system should be
replaced with a system which will solve the problem of
plugeging during peak flows, will Increase the hydraulic
‘oapacity of the flat section of the sewer by providing an
effeotive surcharge pressure, and will increase and hal-
ance the inlet capacity of the system with the flow:
sapacity of the pipe. Further comments In this regard are
given in "Emergency Remedial Measures", hereafter.
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December 17, 1962

ZONE III - "BIG INCH" STORM SHEWER

EMERGENCY REMEDIAL MEASURES

(Ses Resume of Preliminary Observations and acoompanying plan)

Problem

There are many deflciencies in the existing system which are
beyond golution on an emergency basls this winter. Recommenda-
tlons are given herein for remedial measures for items which we
feel can be dealt with at this time on an emergency basis and
which will be effective in improving the performance of the
system this winter and in reducing the hazard of further flood-
ing of the lower canyon area. A very brief outline of the
problems dealt with in our recommended emergency remedial
measures is glven as follows:

Provent plugging of the entrance to the Big Inch asewer. A“”TT;«

Assure thet all bed and float load materials which enter 7 i<~

S

the inlet basin go on down the sewer.

Prevent diversion of flow around the inlet to the sewer on' ;ﬂiw

@ither the north or south sides af the inlet basin.

Prevent plugging of the Little Inch sewer pipe, and thus pr s
foreing abandonment of the pipe.

Provide as large & catchment volume ebove the inlet baain, -

P

for bed load matsrials, as 1s feaslble within the crsek
geometry and cost conasiderations.

Inereass the hydraulic capscity of the asystem as much as

guick, inexpensive measures will allow.

Repair asnd remedy the damage and plugging resulting from
the past atorm to an extent consistent with performance of
the saystem and probable overall modifications to be made

next summer.

Minimize damage from flooding in the canyon below if © ‘5%;5»

another peak runof'f does by-pasa the sewen,

Specific emergsnoy ramedial measures

The remedisnl measures recommended hereafter ware actually begun
during the storm of Ostober 11 through 13, 1962; since they were.
most necessary and urgent to prevent further flooding in lowsr
Strawberry CGanyon. These measures weére thus worked out on the




LENMNERT AND ASSOCIATES :
SOILS ENGIMEERS -2= Job Number 260

spot with membsrs of the University staff, and many of the most
valuable suggestions were contributed by these people. Most of
the measures recommended below are already completed, and
checked and approved by this office, with the work being handled
by the Department of Grounds and Bulldings under the englneering
direction and supervision of the Offlce of Architects and
Engineers. This office has heen consulted during the course of
the work, and work now completed has been approved by this
office, In the recommsndations given hereafter work now com-
pleted is denoted by an asbterisk (#) following the item number.

In context with the section of this report entitled "Zone ITI,
'Big Inch' Storm Sewer, Resume of Preliminery Observations" we
make (or have made) the following specific recommendations, for
emergency remedial measures in the Zone III area. These recom-
mendations are described in the briefest terms to shorten the
length of this report, but have been worked out in detail in
the field, and inspected, by this office as done; or will be
when performed.  Our recommendations are thus given on an
item-by-item basis, as follows:

(1) Remove all of the front (easterly) bers from the
"trash rack" at the entrance to the sewer. Do not remove
the side bars, deck, or railing. (This has been done,
excepting that one bar on each slde of the opening is yet
to be removed.)

(2)# Remove the sediment "plug" in the sewer down to at
least the mid-height of the sewer.

(3)* Remove all sediment and debris from the basin, and
the ereek area upstream of the basln betwsen the basin and
the wooden "trestle" trash rack, to as great a depth as
embankment configuration will allow.

(L}#+ Oross-fall the dirt road on the north side of the
basin so that it slopes into the basin. PFill as required
to raise the road above the rim of the basin. (This has

been done, and the road paved.)

(5)# P11l along the south slde of the basin so as to
eross~-all the side area into the basin with a fall of at

least 10 percent.

(6):# Grade the dirt road south of the recreation area, so
as to fall to the basin from the "high point", eross-falling
the road into the hill so as to prevent the flow of storm
runoff into the recreation arsa.

(7)% Fill around the west end of the basin, and "tie"
the £1l1l for Items l, 5 and 6 together, so that the entire




LENNERT AND ASSOCIATES
SOILS ENGINEERS o Yo , Job Number 260

north-weat-south peripheral area around the basin zlopes
into the low gection of the basgin wall. Raise the west
side of the fill as high as feasible to "surcharge" the
inlet. (This has been done, and paved.) :

(8)% Repair the "wooden pole" trestle-trash rack above the
basin 1Y and as feaslble, especirlly including repair of
the northerly abutment, which has ylelded. If not feas-
ible to repalr this unit, remove same. (Unlt was repaired.)

(9)% Stockplle sandbags in the area for use in diverﬁing
flow along North Canyon Road in an emergency.

(10)# Regrade North Ganyon Road along Haas House and the
swinming pool area, 80 ag to pitch the road into the bank
and c¢ontaln flow along the road. Place a berm, wall, or
gandbags along the shoulder of the road as requlred to
prevent flow over the shoulder and Into the recreation
area. Teoke speclal note of the outflow points of Ten Inch
and Bull Pen COreeks.

(11) Close the gate at the entrance to the Little Inech
gtorm sewer at the start of rainstorms, to prevent the
plugging of the Little Inch plpe by the coarss bed leoad
materials. Sinee this condult 1s presumably in very poor
gondition at this time; if it is plugged with coarse debris
it might have to be abandoned. This would force reconstruc-
tion of the dralnage system 1n Memorial Stadium and "dry up"®
the portion of Strawberry Creek above the Big Inch sewser.

{12) Plase a curb-wall along Rimway at International House
to prevent "overshooting" of the shoulder of the road (or
urge the Owners to do so). (A conerete wall has been bullt
at this point, and appears to be adequate in design, except-
ing that we feel that 1t should be extended in length at
both endsa.) '

(1L3) Organize stand-by measures.for cutting the fences
across the canyon in the recreation area, to prevent
"damming" and later "flash flooding", in case the sewer

ggain malfunctionsa.

Gensral comuents

Jompliance with the above recommendations wlll, wse believe,
prevent further flcooding this winter unless a very severe storm
occurs. Thsse measurss do not, however, provide a permanent
golution to the storm drainege problems in Zone III. With the
pressnt value of Iimprovements in and below the lower canyon
area, and with the severe costs of c¢leanup and repalr work

g8 well as the severe liability exposure; as a flnal solution
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absolute assurance must be had that Strawberry Oreek will not
produce an uncontrolled diversion down the canyon again under
any reasonably conceivable circumstances.

We Feol that a permanent solution to the problems iIn Zone III
willl entail four major measures, as follows:

Build a new inlet structure to the sewer, moving the struc-
ture. upstream so a8 to obtain a more favorable location

for the inlet and to develop enough elevation to apply a
surcharge to the pipe, to increase the capaclty of the flat
portlion of the sewer. Provide positive protection of the
Inlet from bed and float load by a properly designed
grizzly system and the development of upstream retention.

Regrade North Canyon Road so as to provide protection from
overflow of Ten Inch and Bull Pen Canyons, and to provide
an emergency diversion shannel for the storm sewer.

Place new inlet struetures with adequate culverts in
Chicken, Ten Inch, and Bull Pen Qanyons, connecting the
sulverts directly to the storm sewer. Dealgn these systems
to take peal flow from thess canyons at full development of
the watershed araea.

Institute s serious, long-range program for control of bed
and float load in the watershed area.

" We Feel that the new Inlet astructure can take the form of a
"gell-cleaning" grizzly with & transition flow section into the
geweri or of a small dam with a retalned lake, inlet structure
and by-pags. Of the two cholces we [eel that the low dam would
provide the best solutlion, offering a good surcharge head for
the sewer, & hydraulically efficient inlet atructure, positive
control of bed and float load, and storage for "elipping the
peaks" of'f peak storm runoff, thus reducing the required sewer
capability. The emergency by-pass level could be raised so as
te divert down Worth Canyon Road, thus coffering positive pro-
tection to the facilities in the canyon. The canyon area Jjust
above Chicken (Janyon would be an ideal location for such a unit,
and due to the favorable geomstry and s0ils conditions the dam
could be made "hell for stout™ at very moderats cost, assuring
the safety of the facllity. Note that such dams are now being
planned and used In canyon areas all over the Bay Area, spe-
cifically in Richmond and in Belmont to name two areas of which
this office is aware. The lake could be used for resreational
purposaes at 1ittle to no extra cost.

We feel that the traffic load from devélopment of the uppar
hill area willl soon necessitate the improvement of North Canyon
- Road. At that time the road could be deasigned as an emergency
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by-pass to the storm sewer, for rare storm peak runoff, thus

malking the sewer adequate for final development in the watershed ‘

and saving many hundreds of thousands of dollars, and providing

positive proteation to the lower canyon area. If thls isg done
- the road might carry storm flow, say, once every ten years.

The development of North Ganyon Road as suggested above would
also offer complete protection against overflow of (hicken,

Ten Ineh and Bull Pen Creek, along the north side of the road;
and would allow. a much "tighter" design of the inlet structures
and culverts for these oreeks, with a very appreciable pavings
in construction cosats.

It 1s pointed out that storm drainage systems are designed for
peak flows, and only operate at full capaoclty every ten to fifty
years or so if properly designed. If a 8ystem is designed for a
"ten year storm", 1t will presumably overflow every ten years.
The size and ocost of a system varies radically depending upon
whether it is designed for a 10, 20, 30.or 50, ete., year storn.
If infrequent and moderats overflow -of the aystem can be toler-
ated the cost of the system 1s much less than if any overflow
will result in disastrous floodling and damage. Thus, in an
area where all valuable facilities are on high ground the storm
gewers are designed for lower peak flows, and infrequent area

- flooding i3 accepted; however, wheres many valuable facilities
are actually "down in holes" and subject to flooding, as at the
campus, this approach will result in disastrous flooding and
heavy dollar losses every ten years or so. We fsel that for

- the Strawberry Oanyon storm sewer diversion sysatem, realistic
considerations of a combination of construction cost and poten-
tial flood damaege will eventually dictate a modification of the
exlsting system to a realistic "ten year storm" basis for FPinal
development of the watershed, absolutely and clearly coupled
with a well designed, safe, infrequent peak diversion down
FNorth (Oanyon Road. ‘
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‘December 17, 1962

ZONE TV - UPPER STRAWBERRY CREEK WATERSHED

EMBERGENCY REMEDIAL MEASURES

No recommendations for emergency remedial measures are made for
Zone IV as we do not feel that "emergenay'" messures are justi-
fied at this time. This is not to imply that the Zone IV area
does not require extensive improvements with respect to storm
drainage at this time, ag it most certeinly does; but we do not
feel that any measures can be talken this winfter which would he
justified in consideration of the costs and risks involved.
Remedlirl neasures in ths Zone IV area must be based upon a
campus master dralnage plan and e¢losely correlated wlth the
upgrading of storm drainage capabilities in Zones II and IIT.

On a long~term basls we feel that storm drainage measures in

Zone IV will basieally involve the soclutlon of bed and float
prohlems, the artificiasl maturation of storm runoff channels

in corrselation with development of the watershed, the proper
distribution of runoff in the various availlable channels, and

the minimizing of peak runoff rates in the lower sampus area by
the wige use of all potential storage in the upper watershed and
the maximlzing of accumulatlon times with respect to the lower
campus area. Thls problem is so complex, and its proper solution
1s so important with respeet to final coata of storm dralinage
facilities for the scampus, that we do not wish to comment further
on this matter in this repaort, even though we have developed
many ldeas in the matter durlng the course of our work. The
final solution of storm drainage problems in and resulting from
Zone IV is intimately related to the final solutions for the
entire campus, and can only be based upon a thorough, inte-
grated solution to the storm drainage problems of ths entire

campus.
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ZONE IV - UPPER STRAWBERRY CREEK WATERSHED

RESUME OF PRELIMINARY OBSERVATIONS

General dsscription

The ocampus can be divided on a geographical-geological basls
into two separate areas of greatly differing characteristics:
one the flatter alluvial fan area in which most of the campus
development now lisasj and two, the steeper bedrock hillslope
aren wWhich 18 only recently undergoing intensive development.
The two areas are completely different in pground configuration
and slope, in subsoll sonditions, in the geclogical procesges
of thelr devalopment and their current position within these
sontinuing geologioc processes, in rainfall and storm runoff
conditions, and In their potentlial for development and thus
the way in whiech they are developed.

The lowsr campus area lies mainly in an alluvial fan, the sub-
g0il consists of clastic stream sediments grading from clayey
gsilts to cobbles and boulders, and the area 1s nearly tabular
with a gentle slope to the west. The upper campus area lies

in the much steepoer hill slopes rlsing above the alluvial fan,
the bedrock is shellow and ranges from the Franciscan Formation
of Jurassic age to the late Pliocene Orinda Formation. The con-.
tact beftween the two arsas lles roughly along the Hayward RIfC
Zone, which has "sheared off" the westerly slope of the hills,
‘the Rif't Zone passing through Memorial Stadiuwm and striling
roughly northwest-southeast. The "break" between the two areas
can bs ssen on a topographle map of the campus as a sudden
"apreading® of contour lines, indicating an abrupt change in
glope. For a more detalled diseussion of the geology and geo-
logic genaesis of the aree the reader is referred to a report

by this office entitled "Solls Design Report, University of
California Residence Hall NUmber Three, Berkeley, California",

dated July 21, 1961,

When considering storm dralnage on the campus it 1ls thus
necesdnry to think in terma of two very dissimllar arees; the
upper ares with local runoff and soil-stabllity problems
indigenous to the arsa, and the lower arss also having its own
local drainage aspsota plus the addltional problem of having to
carry the runoff from the area above. . The problems in the
upper area ars mainly local, involving erosion, landslides,
vary local "agpot flooding® and locallized diverslon; while in
the lower area local storm drainage problems have generally
been solved long ago, and the major problem liss in handling
the runoff from the upper area and prsvention of damage there-
from, eepecially where artificial developments or diversiona
in the uppsr area have changed the drainage patterns or
inoreased the flows to partiocular areas below.
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Because of the configuration of the hill aresa and due somewhat

to recent artifieclal diversion, the bulk of the upper campus

area drains into the Big Inch astorm sewer, and thus forms the
watershed for the sewer} the inlet to the sewer lying some five
hundred yards up Strawberry Canyon from (emsterly of} the

"break line® between the flatter and steepsr areas. The remainder
of the uppsr, stesper portion of the campus drains to the north
campus ares and to Blackberry Oanyon in a devious and complex
pattern that has been much altered by the development of build-
ing sites and roads in and to the "Rad Lab area" above.

The area that we have taken as Zons IV in this report comprises
the watershed area of Strawberry Creek as we bellieve it will be
at the time of final development of the campus. The existing
watershed 1s somewhat smaller than this, and less highly

_developed, but has been evaluated for present-tlme sstimates in
terms of percentages of final development. We feel that this
approach permits a better balanced evaluation of the waterahed
area of the Big Inch storm sswer, as 1t permlts the inclusion
of the final development condition in present evaluation of cur-
rent problems with the system. The Zone IV area is shown on
the accompanying plan entitled "Zone IV, Upper 3trawberry Greok
Arvea", herewith. Note that the storm runoff from the entire
zons, comprising approximately 1/3 of the total campus area,
accumulates at the entrance to ths Blg Inch storm sewer and 1s
thus diverted inteo Strawberry Cresk at Faculty (lade 1f the
storm sewer functlions properly.

Analvals of the watershed

The watershed area of upper Strawberry Oreek, as it enters the
Big Tnch storm sewer, is outlined on the acoompanying plan by
a heavy dashed line. This line representa the "break line"

" of the watershed, and enclosss the area draining into the creek.
Note that bthe bresk line is "controlled" to the northwest by
the "Rad Lab" area and the proposed new road conneeting North
Canyon Road with Grizely Peak Boulevard, as we have aaguned
that this road will divert peak flow (it will, whether intended
or not, if it is designed like existing roads). To the gouth
and sast the break lins 1s controlled by (laremont Rldge and
to the northeast by the Grilzzly Peak ridge system and Grizzly
Peak Boulevard. Te¢ the weat the control is provided by the
ecross-ridges which fall to Strawberry Creek and the location
of the inlet to the storm sewsr. The area thus encompassed by
the heavy dashed line, which forms the watershed to the inlet
to the storm sewer, consists of some 700 acres, varying from
paved parking and road arseas to forested areas densely covered

with trees, brush, grass and humus.

For evaluatlon of an ares wilth reapect to sterm runoff, the
following factors are the basic sonsiderations which pertain:

Size of area recelving roainfall.
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The slope of the arsa recelving rainfall, and the slope
and condition of the channel which carries the water to
the inlet point being considered. : ‘

The surface condition of the arsa; l.e.; paved, bulldings,
grasg, brush, timber, humus, ste.

The permeabllity of the soil.

The capacity of the orseks, roads, gulleys, etc., to trans-
port the runeff, and the resulting accumulation time to the
entrance to the sewer of the various areas.

Considering these factors for Zone IV the followlng comments and
dlscusgion ars given:

The watershed is normally broken down into sub-areas of
relatively similar properties,for analysis of runoff. Thils
has heen done on a very rough basis for this analysis.

The average slope of the total watershed is about 17%.
Looal hill slopes to creeks generally average stesper than
this, lying mainly between 30 to 60%.

Area surface sover variss from roof's and pavement to dense
timber and bruash with deep humus. This has been roughly
asccounted for in our. analysis.

The bedrock is essentislly impermeable, and all surface
soils are clayey and of low psrmeability.

Due to their steep slopes, the roads and mature creeks within
the site provide very high velocities and short in-transit
times for runoff water. The upper lmmature (grassy, brushy,
"glogged" ravines) creeks will provide much slower delivery
of runoff to the lower arsas, and higher channel atorage.
Phis has been roughly taken into account in our analysis.

The basic factors affecting peak storm runoff are thus generally
condueive to very high peal runoffs in this watershed. The only
major 1limiting (and thus helpful) condition, hes besn the heavy
ground cover and poor channel capacity, and this is rapidly
being schanged by development of the area and erosion of the
preasently immabture ravines into clean, high=-velocity crsek

© channsels.

In a storm runoff study the watershed is normally broken down
into sub-areas in whiech the variation in pertinent factora is
not large, end similaer areas ars then grouped for consideration
in the study. For our purposss of arriving at a rough "best
guess" evaluation of the zone, we have broken it down into
three bagic area types, as follows:
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Developed areas. Building areas, paved areas, roads and
adjoining bare cut slopes, essentially elear surfaces in
huilding areas, atc.

Cloae nondevelopsd areas. Wooded areas adjoining high-
cepacity creek channels or roads feeding direstly to
Strawberry Oresk; whose maximum in-transit flow time to the
entrance to the storm sewer 1s estimated at 1/l hour or less.

Remote nondeveloped areas. Wooded areas remote from high-
gapacity creek channela, whose maximum in-transit flow time
to the entrance to the storm sewer is estimated at 1/2 hour
or leas.

The developed areas at full campus development have besn approx-
imated from the "University of Californla at Berkeley, Long
Range Development Plan®, dated June 1962, as shown on the
accompanying drawing, and comprise about. 110 acres of the total
700 acres. These areas are drained by roads and/or steeply
sloping creeks, and we have assumed an average in-transit
velocity to the inlet to the atorm sewer of 10 feet per second,
giving a maximum Iin-transit accwmlation time of about /4
hour. Assuming a period of” 1/4 hour to achieve full ground

and channel storage, this givea an effective critical accumula-
tion time of 1/2 hour with respect to storm intensity. For the
1/2 hour accumulation time ag described above we have agaumed
an effective runoff coefficient of 1.0.

The non-developed portion of the watershed has been divided
into two separate arsas, to very roughly account for In-transit
travel time and short-term ground atorage effects, and the
breakdown has been arbitrarily set up as follows:

All areams on elther side of mature stream chammels, and
sloping steeply to the channelsg, to a distance on either
side of 300 feet from the center of the channel, have bsen
get up ag low transit-time and low ground~atorage areas,
resulting in a short acoumulation time and high runof’l
goaefficient.

All nondevelopsd areas mors than 300 feet from mature
stream channels have heen deemed to be "remote", with a
longer in-transit time and much greater ground storage,;
rasulting in a longer effective accumulation time and
lower effective runoff coefficient.

The "close! nondevelopsd watershed area as defined above has
bean found to consist of about 300 acrss, as shown on the
anocompanying drawing. These areas have rapld access to the
storm sewer inlet via roads and mature creeks, and we have
assumed an average in-transit velocity of 10 feet per second
and & maximum in-transit flow time of 1/l hour. Assumlng a
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period of 1/2 hour to develop full ground and channel storage,
thers results a eritical accumulation time of 3/l hour with
respect to storm intensaity, to develop full runoff. Taking
the 1/2 hour effective ascumulation time of the developed
aress ag approximately the oriticel time for peak flow for

the storm gewer (e gross approximation, of course} we have
agsumed an effective runoff coefficlent of 70% for this
ghorter accumulation time.

The "remote" nondeveloped watershed ares was found to he about
290 acres, as shown on the accompenying plan. These areas are
more than 300 feet, measured dowrnhill, from a road or mature
stream chenmel asapable of offering fast transit to the storm
gewer. We have assumed an average In-transit velocity to the
storm sewer of 5 faeet per sscond, giving a maximum in-translt
time of about 1/2 hour. Assuming a period of 1/2 hour to
achisve surface and bank storage, this gilvea a oritledl accumu-
lation time of 1 hour, with respect to storm intensity, for the
area to develop full runoff. For the assumed crlitiocal accumu-
lation time at the entrance to the storm sewer of 1/2 hour we
have assumed an effective runoff coeffieient of 0.50.

The wone has thus beern divided into three types of areas for
purposes of evaluating storm runoff conditions, as dosoribed
above. While the methods used are the roughest of gross
approximations, a study of greater refinement is far beyond
the scope of our work, and we feel that the results are reason-
ably corresct. The analysis shown has heen performed on the
basis of “full development" as shown on "University of Cali-
fornia at Berkeley, Long Range Development Plan", dated

June, 1962, PFor intermediats stages of development the rela-
tive amount of developed and close nondevelopsd areas can be
estimated, and the total acreage adjusted to equal 700 acres.

Runoff

The runoff from @ given storm drainage area varies wldely with
the intenslty and duration of precipitation, and with the
gequence.in which a series of peak rainfall intensities may
oseur during one storm. If a storm gradusally builds in Inten-
sity over, =ay, 2 hours ending with a severs 1/2 hour dslugse,
it will, in a watershed such as Zone IV, produce a peak rmnoff
of extreme magnitude. This 1s due to the overlapping of peak
runoffs from apreas of decreasing accumulation times, ending
with the final introdustion of a severe peak from the areas

of short mocumlation time which correspond to the last 1/2
hour pealk intensity of the storm, and producing a runoff
soefficlent of nearly unity for all ereas. At the other
axtrems, if a storm of 1/2 hour duration is not preceded by

a "gascading" buildup in intensity, the runoff coesfficient
will be unity only for the low ascumulation-time areas, and
all other sreas will show only Fractional runoff coefficients,
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regsulting in a greatly reduced peak runoff'. The intensity-
duration pattern of most real storms lles somewhere between
thede extremss.

Properly designed and effective storm dralnage systems are not
designed for daily flow, or by simller concepts, but are
designed for a peak storm runoff lasting only a fraction of an
hour, which will occur only once in 10, 20 or 30 years; as it
is these infrequent storms which cause severe [looding and
damage, and must be contalned. If overflow and flooding does
not result in serious loss the enginesr will deslgn for, say,
a 10 year storm, and let all storms of greater intensity (and
less often occurrence) rlood the area. Where such flooding
will result in great damage this approach 1s not deslrable,
and ons normally designs, say, the pipe system for a 20 year
storm and the street aystem to take all other peak flow to,
aay a 50 year atorm, wilthout serious damage. Where the street
gystem dumps the flow into expensive improvements with great
demage resulting, the engineer normally modifles thls aspect
of the street system or faces a severe economic problem in
designing the system. Very few storm drainage aystems are
designed to handle a 50 year storm in the pipe system; due to
the extrems cost of guch a aystem.

In conssquence of the above considerations the intensity-
duration pattern of precipitation within the watershed being con-
gidered is of great concern. Reinfall intensity-duration pat-
terms vary widely over the Bay Area, and from year to year,

and we have no raliable date for the Zone IV areaj however, the
following general observations are made for the area, and are
the basis of our "best guesses” regarding the ten year atorm
intensity-duration relationships which pertain.

The Berkeley Hills produce a "wringer" effect, and precipil-
tation on the hill slopes is greater than in the flat valley

ares below.

The 10, 20, BDf ate., year pesk storms are probably inten-
sified by the "wringer" effect, especially at lesser duration
values. Thus we would expect, say, double the intensity in
the hills for e 15 minute storm as compered to the flat

‘area below.

Burats of rainfall of high intensity and short duration
probably occceur more often in the hill areas than in the
flat arees below, and thus the shape of the intensity-
frequency curve is probably altered in the hill ares to
the extent of being generally higher and flatter than in

the lower areas.

For purpOsés of this report we have set up the following
intensity-duration relationships for the Zons IV area, as the
best cursory evaluation which we can make within the scope of

our works .
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Duration
Hours
1/2
1
2

Job Number 260

Intensity

Inches per hour.
2-1/2
1-1/2

>1

These values have been used for our runoff caleulations for

the watershed.

Using the watershed data given in the foregoling portion of this
report, and the above ralnfall intensity values, we arrive at
the following rough estimate of pealk flow at the inlet to the
Big Inch storm sewer, hased on a 10 year storm:

Dsveloped areas:

Ares = 110 acres

Intensity = 2-1/2 inches per hour

Runof'f goefficient = 1.0

Peak flow = 275 ofs

(lose nondeveloped areas:

Ares = 300 acres
Intensity = 2-1/2 inches per hour
Runoff coefficient = 0.70

Pesk flow = G525 gfsg

Remote nondsveloped areas:

Area = 290

Intensity = 2=1/2 inches per hour

Runoff gosfficient = 0.50

Peak flow = 360 ofs

Total peak flow = 1150 cf's

Note that we could amasume a "cascading™ storm intensity, use
runoff coefficlents of 1.0 for all areas, and use rainfall
intensities of 2-1/2, 2-1/2 and 1-1/2 inches per hour,
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respectively; and this would result in & peak tlow [igure of
1460 ofs. In the same way, many other combinationa of assump-
tiong are possible. "Fudging" all factors either in the
divection of producing greatest or least flow we feel that the
maximum probable range of error .of the peak runoff figure given
1s as followsg:

700 of's

Minlmm peak flow

®

Maximaim peak flow 1,500 cfs
We believe that an exhaustlve analysis of the watershed would
give a peak flow value betwesen the two figures given above,

. The above figure is for total development of the watershed, as
previously defined. For the presently exlsting esonditions we
estimate the peak Clow as mbout 900 cfs, with a poasible rangse
between 1,100 cfa and 700 ¢fs. Note that these values are some-
what less than those given in the sectlon of this report covering
Zone III; as these figures are based upon a later and more
extensive analysis and are thus somewhat "sharper®. HNote further
that the proposed final development as shown on the reference
plan is seen to affect the galculated peak runoff wvalue only
moderately; slnce the proposed final development adds only
moderately to the existing road system and developed areas,
which are largely graded and existing in semi-developad form
8t this time. Looking back in time to the period just after
World Wer II, when the area was largely undeveloped, 1f we
agsume an accumulation time of 2 hours and runoff coefficlent
of 0.5, we ealoulate a peak storm flow of about 350 efs. Tt
thus appears that the greater part of the inorease in peak
runoff has now ogcurred, if the proposed final development plan
ts followed. If the upper campus area were to be developed to
The degree that the lower area is now, the peak runoff value
would insreasse by a large factor, to say something in the range
of 1,700 efa.

It is pointed out that the above flow figures are for 10 year
ineidenos, i.e., they will be seen only onecé l1n ten years. In
addition, these flow rates will lest for only, say, 1/4 to 1/2
hour. Thus & system built to handle such flows will have great
over-capaclty in nine years out of ten. It la the loases during
the tenth year whiech force the design of a storm dralnage system
for such flow rates; loasases which are of recent recollection in
the case of the recent storm during Ootober 1962.

Bed and float load conditions

Flooding and damage in the Strawberry Creek area to date has
resulted more from the problem of severe bed and float loads
than from the peak runoff quantities. This has been and 1is
now true dus to certain conditions in the watershed, and a
regume of these conditions is given briefly as followa:
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The area "bedrock" econsists mainly of geologileally young
Orinda Pormation gediments of poor induration and mechan-

‘ical soils properties, lying nonconformably on Franclscan

Formation sediments of great age and induration, and
reasonably good properties. The Orinda sediments generally
show poor soils properties, erode sasily, and are unstable
and slide at slopes in the range of those found in this
watershed. Thus ineisement of stream channels ococurs easily
with inereasing stream flow; and such incisement often leads
to major landslides moving into the stream channel. This
results in the erosion of large quantities of material and
produces & large bed load. The creeks thus experience great
aiffioulties in some asreas in developing "mature" beds, that
is, channels whioch suffer no ne{ erosion and are stable under
peak flows; and in some areas erosion of largs quantities

of material will take place until artlficial intervention

" occurs (an example of this 18 the large slide in Chicken

Canyon just upstream of the Poultry Bullding and on the
westerly alde of the ecreek). ~

The recent development of the watershed area has resulted In
greatly increased peak runoff, incisement of previously
immature stream channels, and general overloading of the
existing drainage system. We thus now ses a drainage area
in which degradation of atream channels, progressive 1lnsta-
bility of embankments, and heavy erosion and large bed loads
are the rule. Chicken Canyon is a good example of this
situation.

In consequenca of the above situation the bed load, that 1s,
the boulder-cobble-gravel-gsand-sllt load carried by the _
drainage system, is very heavy. This will continue without
improvement, and, in fact, will worsen with time,until arti-
fioial stabilization of the oreek channels is effected.
Chioken Cresk is now a prime example of thls problem, due

to the recent diversion of high peak runoffs from the "Rad
Leb" area into the creek, but other presently lmmature
ganyons will slso undergo this phenomena a3 upper areas

are developsd.

Strawberry Creek is now relestively mature, and shows only
moderate erosion and degradation; the worst conditions of
encigsement and erosion being now confined to secondary
sanyons. As the development of the area increages, howsvsr,
Strawberry Oresk will also show progresslvely greater
instability; and this problem should be controlled bef ors
many years have passed, or a btruly serious condition could’

arige.

The float load (i.e., floating debrls, logs, branches, brush,
grass, ete.) probliem in Strawberry (Gresk is now gsevere, as
wlitness the difficultles encounterod from this source in
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the recent storm. The float load materials are derlved
almost solely from down-wood normal to the wabershed, plus
tresés, branches, and brush derived from the landallde debris
and caving embankments. Since the watershed is now arti-
ficially protected from forest fires, which would limit

the accumulation of these materials under “natural" condi-
tions, we ses no end to this problem ln the foressesable
future. It is expected that the problem will have to be
solved by the econstruetion of sultable control facllities
ahead of the inlst to the storm sewer, with yearly removal
of the ascumuleted debris. It is pointed out that the float
load 18 harmful only as it clogs the storm drainage asyatem
and prevents the proper function thereof; and much of the
pagt difficulties caused by excessive quantities of float
load materials ean be eliminated by proper design of the
storm drainsge system. If this is done, only the larger
floating debris need be iIntercepted, and thls can be done
with reasonable eoffort and expense.

As a result of the foregoing conditiona, large quantities of
bed and float load metsrials move down the oreek channel during
heavy runoff; and it was estimated that durlng the storm of
Ootober 11 through 13, 1962 many thousands of yards of bed load
material moved down the oreek and into the inlet system of the
storm sewsr during each of the two peak runoff perlods. During
the second peel runoff period the quantity of float load was
sufficient to completely "plug" the "trash rack" at the upper
edge of the inlet basin in a few minutes, gauning the sscond
flood diversion down Strawberry Canyon which ocourred during
that storm. The bed load during the second peak runoff period
Filled the oreek channel upstream of the settling basin, up to
the top of the "trash rack", shunting flow around the basin,

in a matter of a few minutes, and later filled the settling
basin to the top of the inlet structure. A matter of several
thousand yards of material was involved, being moved into the
area in, say, 1/l hour, and this quantity 1s additional to the
material which passed on down the sewer. At the "tall and" of
the second peal runoff period the sewer was nearly fllied

with bed load material to a distance of several hundred feat
helow the inlet to the sewer.

We have thum drawn the following conclusions in regard to bed
and flood load conditiona in the watershed:

At low runoff rates littls material moves; at intermediate
flow rates the bed load quantity begins to become appre-
sisble; and at high flow rates the bed load volums lies

in the range of many thousands of ocubilc yards per hour and
the float load rate in the range of many tons per hour.

The bed load problem will be remedled only by artificlal
atabilization of the atream channels.
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' The float load problem can be dealt with only in terms of

deaigning the storm runoff system so as to avoid serious
elfocts from the float load. No practical way of eliminat-
ing the float load on a permanent basis 1s apparent.

Observations during the storm of October 11 through 13, 1962

Refersnce l1s made to the sectlons of thla report covering

Zones T and III for the observations recorded therein. As this
material covers the bulk of the available informatlion, only a
Tfew additional comments will be made in this ssction of this
report, as followa:

During both peak periods the quantity of runoff did not seem
to be phenomenal; and thils comment was made by many observers.
This would indicate that the peak rTunoff seen did not repra-
sent the magnitude of a true "ten year storm".

Strawberry Creek itself showed llttle net snclisement and
degradation; however, 1t easily carried all bed load con-
tributed to it from tributary channels. B8evere erosion and
the production of large quantities of bed load material
appeared to be confined to secondary canyons such as Chicken
Jreekx. There was no evidence that Strawberry Cresit was
hydraulically overloadsd, and the depth of flow in the creek
did not reach unusual proportions. All serlous problems of
erosion and hydraullec capaclty appeared to be confined to
secondary canyons, only.

All three culverts in the North, Center and South Forks of
upper Strawberry Creek, where a dirt fire road crosses the
ereek branches, were found to be inadequate durlng the storm,
and did not remain open or carry the peak runoff. No serlious
problems resulted, but improvement of these facllitles will
be reguired at some future date.

General comments and conclusions

Based upon the forsgoing material, the following general con-
clusions are given in an attempt to very briefly summerize our
view of the existing runoff conditions pertainlng to the upper

Strawbesrry Oreek watershed:

The Zone IV watershed has flooded the lowser canyon area dur-
ing every heavy runoff since 1955. This 1s three times in
seven years. It seems obvious that all three of these peak
runoffs could not have been “ten year stormsa", and in fact
there 18 no assurance that any of these peal low perilods
had a "ten year storm" intensalty and runoff rate. It is
open to conjecture as to what the effects of a true “ten
vear storm" would be with existing watershed conditions,
conaidering what has happensd during the past three periods
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of heavy runoff. It is our opinlon that the two peak runoff
periods which occurred during the storm in October 1962 were
not of "ten year" intensity, even though the overall rainy
period set a record for preclpitation over a period of
geveral days and Iin fact, may not have been at all unusual
with respect to peak runoff. It seems most probabls that

we have yeot to see the effects of a true "ten year storm®

onn the Strawberry (reek watershed under existing csonditions.

Due to the "plugging" of the inlet to the storm sewer and
diversion of peak flow, peak quantities and sizes of bed load
materials have not yet been dumped into lower Strawberry Cresk

"at the storm sewsr ocutlet in Faculty Glade. In oonsequence

of thls, the effects of the current watershed bed load in
lower Strawberry Creek are yet to be seen. We speculate that
the large quantitles of coarse bed load materials will tend
to force lower Strawberry Creek to alter its existing regime.
This will probably entail the elimination of bhends by the
cutting of straighter channels, the erosion of "soft" banks
on the "throw" sides of the cereek, stc. A typical location
where an existing stream meander might well be eliminated

by this action 1s the sharp bend at Stephens Union Building

in Paculty Glade.

The effects of peak runoff from the watershed have not yet
been seen in lower Strawberry Oreek due to the inadvertent
diversions of the ereek, as discuased previously, and had
the peak flow of the last three major runoffs passed through
lower Strawberry Creek rather than belng diverted at the
inlet to the storm sewer, the resulting flooding and damage

" might well have been more severe and costly than that which

occurred by reason of the unintended diversion. We helieve
that if the peak runoff of a "ten year" storm were to be
dumped into lower Strawberry Creek at thls time, with exist-
lng watershed and creek oconditions, that the ersek would
overflow at certain points due to inadequate channel capacity,
a8 well as to the "shoaling" effects of the new coarse bed
load materials. This assumes that recommsnded emergency
remedial measures have been taken in Zone II;: and without
these measures the result of a true "ten year" storm would
probably be gulte spectacular.

Peplk runoff rates and bed and fleoet load slzes and quantitieas
have been inereasing continuously for many years, with par-
ticularly abrupt increases 1n, say, the past ten years. At
the same time the capacity of the disposal system $to handle
the flow and bed and float loads has not bsen incresssd at
all,; exeepting for construction of the "Big Inch" storm
gewar; and the hydreulle and transport capacity of many
portions of the disposal system, except the storm sewer,

have probably been reduced during this period, expeclally

in lower Strawberry (reck (Zone II).
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There has been a considerable diversion of highly developed
. watershed in the "Rad. Lab." area, from the Blackberry
Creek watershed to Strawberry Creek, and further such
diversion is expected as the upper area is progressively
developed. This has had the effect of "taking pressure off"
the Blackberry Creek area and worsening runoff conditions
in Strawberry Creek. A good example of this is ssen and
discussed in Zone I, Chicken Creesk, but this type of diver-

gion is not eonfined to Zons I.
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February 2, 1903

ZONE V - BOTANICAL GARDENS

The Botanlcal Gardens have been =zet up as & separate zone
because of the damage which occurred there during the storm

of October, 1962. This "zone" consists of the watershed area
of the middle fork of Strawberry Creoek, which flows through the
Botanical Gardens,wlthin the total Strawberry Creek watershed,
which is Zone IV; and this area 1s shown on the plan of Zone IV

glven previousliy in this report.

Referring to the above plan it Is seen that the watershed 1l1s
quite extensive, totaling some ninety acres, of which some forty
acres are of "Close Non-developed" classification, and fifty
acrcs are "Remote Non-developed" area. With calculations as
“explained for Zone IV, the estimated peak "ten year" storm flow
is 150 cfs.

The flow in the creek ambove the Gardens enters a culvert just
above the Japanese pool, and the culvert dlscharges back lnto
the cresk bed some distance below the pool.  The culvert is a
twenty-four inch diameter conerete pipe, and the entrance to

the eulvert islow in the sreek bed; thus the culvert is wvulner-
able to "plugging" at even moderate bed or float load conditions.

During the heavy storm in October 1962 the culvert plugged, the
stream diverted around the culvert and into the Japanese pool
area, and thence on down the creeit channel. The flood flow
carried a heavy load of boulders, cobbles, gravel and sand
through the pool area, destroyed much of the Japanese garden
and pool facilities, and filled the pool wlth sand, gravel and

boulders.

This office carefully cheaked the watershed and ereek area, and
arrived at the following findings with respect to watershed
conditions snd the cause of the damage to the Gardens:

The watershed has changed very little in recent years, and
there has been no appreciable change or lncrease in runoff,
float or bed load conditions in, say, the last twenty years.

A heavy flow of water passed down the creek during the flood
but the peak flow was probably not spectacular.

A very unusual quantity of bed and float load materials
passed down the ecreek, including large logs and boulders of
greater than one foot dimension.

A rock-masonry groln just upstream from the Gardens had
been badly end-cut; and a new eroslon channel and desp
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incisement of the creek bed was found extending upstream
from the Incisement at the groin for a distance of several
hundred feet. It appeared that this incisement of the creok
and 1ta embankments had resulted in the removal of a very
large gquantity of bed load materials, includlng much mater-
iala to large boulder size whilech had previously been trapped
in the creek bed by the groin. It appeared that nearly all
of this Incisement and transport had occurred during a very
short time at the peaks of the two heavy runoffs during the
storm of October, 1962. ‘

A wedge of dumped rock fill was found on the canyon slope
below the Seismology Station, apparently representlng excess
cut dumped onto the canyon slope during excavatlon of the
tunnei, A small part of this material was carried down the
creel and Iinto the Garden during the storm,but the amount
was minor; however, i1t is probable that as thls materlal
glldes down the canyon slope in the future it wlll become
bed load materisl in the middle fork of Strawberry Creek.

The only vislble sources of the bed load material were the
moderate quantitlies of rock dumped into the oreek from the
excavation for the Seiamology Statlon tunnel, and heavy
Iincisement of the creelt bed dug to end-cutting of the &ld
stone-masonry groln just upstream from the Gardens. From
examination of the area and the apparent amction of the
eresk,; and from exemination of the debrls deposited in the
Garden,; we Teel that the bulk of the transported materlal
came from end-cutting of the groin and resultling upstream
incisement of the bed and side slopes of the creek.

It is our opinlon that the bulk of the damage to the Garden
resulted from failure of the groln and resulting incisement
of the stream channsl ahove, which produced the unusual
quantity and large sizes of transported materlals. We
believe that 1f the groln had not falled, the culvert might
have plugged and & large flow of essentlelly clear water
would then have passed through the Gardens, but that very
little bed or float load would have cocme down the cresk,
and very llttle damage to the Garden would have resulted.
It must be remembered that whlles grolns in creeks will
ralse the creek bed, trap coarse bed load material, and
stabillze the bed at a higher level; fallure of the groln
during peak runoff will result In rapld incisement of the
“entrapped materlals, as well as of embankments thus rendered

" unatable, relessing the entrapped material downstream Iin
large quantitiss. We feel that this did happen at the
Botaniecal Gardsens and that this was the basle cause of most
of the observed damage. Note that where we have recently
removed or lowered groins in lowsr Strawberry Creek, to
Improve the channel hydraulics, that the areek bed
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immediately incised to the new stable bed configuration
during the first periods of moderate runoff, releaslng
large quantities of previously entrapped bed load materials.

In consequence of the above conslderations thls office has recom-
mendsd that the masonry groin be repalred and further strengthened
30 as to repair the dameged end, to maintain flow In the mid -
channel area, to prevent undercutting at the toe, and thus to

atop current incisement of the creek channel and prevent a

future repetition of the recent fallure. With this belng done,

1% is the opilnion of this office that, whille the culvert may

sgain plug and divert flow through the Garden, this flow wilil

be essentlally clear water and 1ittle demage will result.

For a permanent final solution to the problem we fesl that a new
hydraulically efficient culvert lnlet should be constructed; and
that a peak-flow diversion path should be provided around the
Gardens, possibly by modification of the exlisting road systenm,

50 as to handle the true peak storm flows which bbviously will .be
in excess of the culvert capaocity. '
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February 2, 1963

ZONE V = BOTANICAL GARDENS

The Botanical Gardens have been set up as a separate zone
because of the damage which occurred there during the storm

of October, 1962. This "zone" consists of the watershed area
of the middle fork of Strawberry Creek, which flows through the
Botanical Gardens,within the total Strawberry Oreek watershed,
which is Zone IV; and this area is shown on the plan of Zone IV

given previously in this report.

Referring to-the above plan 1t is seen that the watershed is
quite extensive, totaling some ninety acres, of which some forty
acres are of "(Jlose Non-developed" olassification, and fifty
acres are "Remote Non-developed" area. With calculations as
oxplained for Zone IV, the estimated peak "ten year" storm flow
is 150 cfs.

The flow in the creek above the Gardens enters a oculvert just
above the Japanese pool, and the culvert discharges back into
the creesk bed some distance below the pool. The culvert is a
twenty-four inch diameter concrete pipe, and the entrence to

the culvert 1ig low in the creek bed; thus the culvert is vulner-
able to "plugging" at even moderate bed or float load conditiona.

During the heavy storm in October 1962 the culvert plugged, the
stream diverted around the culvert and into the Japanese pool
area, and thence on down the creek channel. The flood flow
carried a heavy load of boulders, cobbles, gravel and sand
through the pool arem, destroyed much of the Japanese garden
and pool facilities, and filled the pool with sand, gravel and

bouldsrs. :

Thia office carefully checked the watershed and creek area, and
arrived at the following findings with reapect to watershed
condltions and the cause of the damage to the (Gardens:

The watershed has changsd very little 1n recent years, and
there has been no appreciable change or incrsase in runoff,
float or bed load conditions in, say, the last twenty years.

A heavy flow of water passed down the oreek durlng the flood
but the peak flow.was probably not spectacular. .

A very unusual quantity of bed and float load materials
passed down the ereek, including large logs and boulders of
greater than one foot dimension. ‘

A rock-masonry groin just upstream from the Gardens had.
been badly end-cut; and a new oerosion chanrel and deap
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incisement of the creek bed was found extending upstream
from the incisement at the groin for a distance of several
hundred feet. It appeared that thls ineisement of the creek
and 1ts embankments had resulted 1n the removal of a very
large quantity of bed load materlals, ineluding much mater-
ials to large boulder size which had previously been trapped
in the ereek bed by the groin. It appeared that nearly all
of this lnclsement and transport had occcurred during a very
short time at the peaks of the two heavy runoffs during the
storm of QOctober, 1962. '

A wedge of dumped rock f111l was found on the canyon slope
below the Seismology Station, apparently representing excess
cut dumped onto the canyon slope during excavation of the
tunnel. A asmall part of this materlal was carried down the
‘ereelk and into the Garden during the storm,but the amount
was minor; however, it is probable that as thls material
slides down the canyon slope in the future it will become
bed load material in the middle fork of Strawberry Creek.

The only vislble sources of the bed load material were the
moderate quantitieas of rock dumped into the oreek from the
excavation for the Seismology Station tunnel, and heavy
inecisement of the oreek bed dus to end-cutting of the 6Id
stone-masonry groln just upstream from the Gardens. From
examination of the area and the apparent action of the
creek, and from examination of the debris deposited in the
Garden, we feel that the bulk of the transported material
cams from end-cutting of the groln and resulting upstream
inclisement of the bsd and side slopes of the creek.

It is our opinlon that the bulk of the damage to the Garden
resulted from failure of the groin and resulting lnclsement
of the stream channel above, which produced thse unusual
gquantity and large sizes of transported materials. We
believe that if the groln had not falled, the culvert might
have plugged and a large flow of essentially clear water
would then have passed through the Gardens, but that very
little bed or float load would have come down the creek,
and very little damage to the Garden would have resulted.’
It must be remembered that while groins in creeks will
raise the ereek bed, trap coarse bed load material, and
stabillze the bed at a higher level; failure of the groin
during peak runoff will result 1n rapid inclsement of the
entrapped materials, as well as of embankments thus rendered
unstable, releasing the entrapped material downstream in
large quantities. We fesl that thls did happen at the
Botanlcal Gardsns and that this wag the basie cause of most
of the obasrved demage. Note that where we have recently
removed or lowered groins in lower Strawberry Cresk, to
improve the channel hydraulics, that the oreek bed
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immediately incised to the new stable bed configuratlon
during the first periods of moderate runoff, releasing
large quantitiss of previously entrapped bsd load materisls.

In congequence of the above consliderationg thils office has recom-
mended that the masonry groin be repaired and further strengthened
30 a8 to repair the damaged end, to maintein flow in the mid -
channel area, to prevent undercuttlng at the toe, and thus to

stop current incisement of the creek channel and prevent a

future repetition of the recent fallure. With this belng done,

it i1s the opinion of this office that, while the culvert may

agaln plug and divert flow through the Garden, this flow will

be essentlally clear water and llttle damage will result.

For a permanent final solution to the problem we feel that a new
hydraulieally efficient culvert inlst should be constructed; and
that a peak-flow diversion path should be provided around the
- Gardens, possibly by modification of the exlsting road system,

30 ag to handle the true peak storm flows which obviously will be
in excess of the culvert capasoity.
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February 22, 1903

ZONE VI - NORTH CAMPUS AND NORTH RADIATION LABORATORY AREA

As far as this office is aware there have been no aerious
flooding problems in the Zone VI area, nor along Blackberry
Creek, during this year, and we do not feel that any sgvere
"omergency” problems requiring immediate "emergency remedlal
measures" are present in this area, We have set up this zone,
and have investigated it, because 1t represents a natural unit
of the campus storm drainage regime and should be discussad In
order to provide a complete overall pleture, and because certain
potential problems and proposed construction this year require
that storm drainage studies and remedlal measures be acoomplished
before the winter of 1963-6l. In addition, we feel that certain
construction scheduled for this year should be desligned taking
mccount of the matters discussed hereafter. Our treatment of
Zone VI will, therefore, be somewhat cursory, and conf ined

- mainly to deseribing the zone, its baslec conditions, and cer-
tain drainage problems, without attempting to go into the details
of its hydrology or hydraulics ns we have for soms other zones
where we have felt that immedlate dangers and “"emergency" condi-
tions exlsted. '

The ares set up as Zone VI 1s that watershed area, which, with-
out artificlal divergions, would be tributary to Blackberry Creek
 (the north fork of lower Strawberry Creek wlthin the lower campus
area) at the polnt of outlet of the City storm sewer which Inter-
cepts the creek at Highland Court abovs. This accumulation point
lies within the campus, near North Gate, just south of Hearst
Avenue and just west of Euclid Avenue. This area 1s shown on
an accompanying plan entitled "Zone VI Watershed Area', and
upon "Storm Drainage Studies, General Site Plan', included with
this report. Note that the area abuts Zone IV (the watershed
ares of Strawberry Creek) to the south, and 1s controlled by the
watershed “break-1lines™ on all borders except the lower end,
where the boundary was arbitrarily taken at the point of resump-
tion of open flow in Blackberry Oreek. Note that at its sontact
with Zone IV the watershed area 1s shown bounded by a proposed
road, not yet constructed, for reasons discussed in more detall

hereaf ter.

The Zone VI area 1s only approximately.defined, due to a lack
of suitabls topographic data; and In addition, it has besen

severely altered by artificial diversion of runoff in both the
campus and -City areas. The area shown on the plan covers some
160 acres, approximately 90 acres lying within the campus and
70 sorss within the incorporated area of" the City of Berkeley.
It 18 pointed out that the above area 15 the watershed area of
the sccumulation point described, without cpnsidaration off
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present artificial diversions, and including & proposed future
diversion at & new road not yet conastructed. We co not know
the actusl watershed area closely, and the determination of

the true area, with present diversions, is far beyond the scope
of our current work. : ' :

Narrative comments, describing this area, some of 1ts more
important storm-runoff aspects, and matters pertaining thereto
which we feel are of Immedliate importance, are given on an
item-by-item basis, as followas ‘

Storm drainage

Uging the sssumptions and procedures as hiscussed for Zone IV,
we have estimated the peak runoff from thlas area, as followa:

Agsume that at this time half of the area is fully
developed and half i3 steep and has rapid access to
mature flow-chammels (developed and close-nondeveloped

areas, as per Zone IV).

Assume & maximum accumulation flow-time of 15 minutes,
and a ground saturstion-channel storage time of 15 min-
utes, giving a total effective accumulation time for
peak runoff of 1/2 hour. This figure is probably high,
and thus gives a lower runoff value. ,

Assume & peak storm intensity of 2-1/2 inches per hour
for a ten-year storm of 1/2 hour duration.

Assums & runoff coefficlent at 1/2 hour accumulation
time of 1.0 for the developed area, and 0.70 for the
"elose, nondeveloped" area. :

Peak runoff is thus caloulated as 340 cfs. Sinece the 1/2 hour
oritical storm intensity time is probably too low, this run-
off figure is also probably low. If the total ef Tective
sritical scoumuletion time 1s reduced to 15 minutes during

a "eascading" storm, then the 2-1/2 inches per hour rainfall
intensity would be a low assumption.

Estimating "original" storm runoff conditions in this water-
shed prior to development, in the game manner as dlscussed
in Zone IV, we arrivs at a peak, "ten year" storm flow rate
of 80 ofs at the outlet of the storm sewsr at North Gate,
and 60 ofs at the inlet to the sewer at Highland Court.
These Flow values are in the range of the capaclty of the
existing storm sewer system, showing the exisiling aystem to
be adequate for the nondeveloped condlitlon; while 1t is com-
pletely inadequate for the present level of developmsnt,
without the existing artificial diversions.
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Looking forward to the time when the Lawrence Hall of
Scisnce and the adjoining new road are conatructed, when
the area will be essentinlly totally developed, we arrive
at a peak runoff rate of J00 ¢fa, basged upon the assump-
tions given above. This figure, again, is probably the
minimum peak ten year flow estimate for full development

of the area.

Due to a "aplitting"™ of the runoff by dilversion along
Cyelotron Road and over the City streets, the peak runoff
does not now enter the system, and has not for many years.
We estimate that not more than half of the total peak runoff
now reaches the accumulation point at the outlet of ths City
sewer at North Gate, part belng diverted through the campus
.via the erosion gully just south of Stern Hall and Gayley
Road, and part over the City streets. ‘

The inlet to the storm sewer at Highland Court 1s above a
portion of the subject area,.and total flow of A0 afs would
thus not apply at this inlet. Weo estimate that an equiva-
lent flow at the Highland Court inlet, without artificial
diversion, would be about 250 ecfs. The existing gtorm sewer
from Highland Court to North Gate is obviocusly lnadequate
to carry anything like 250 cfs, with respect to elther pilpe.

or inlet capacity.

The City storm sewer from Highland Court to North Gate
consists of g reinforced concrete pipe of I8 inches
diameter. The inlet -is below existing creek bed, "buried
in & hole" from aggradation of the creek channel (probably
due to ponding in front of the inadequate inlet), with a
grossly improper "wooden grizzly". The stream channel
gshows recent incisement to depths of several feet, and a
large cobble-boulder bedload 1s seen in the creek. It is
our belisf that the exlating City sewer 1s now highly
vulnerable, and at some presentlyconeceivable psriod of heavy run-
of f 1t will completely plug and the flow will be ‘diverted
through the residential area below. The actlon would be
qulte similar to recent diversions at the Inlet to the Big

Inch storm sewer.

Existing diverajionas

4 considerable part of the northerly Rad. Lab. area runoff,
from areas which originally drained to Blackberry Cresek,

is now diverted to the northerly campus area during psriods
of peak runoff. An exceptlonally large diversion occurs down
Cyclotron Road, with the flow "jumping® the road above Stern
Hell and passing down a awale area just south of Stern Hall;
the flow having eut a large eroslon-gully at this polnt.
This is discussed 1n detail in our letter dated February 19,
1963 conderning the erosion-gully just south of Stern Hall,
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and referesnce is mede thereto for a more detailed diacua-
gion of this matter. This flow then continues down Gayley
Road to Cowell Hospital, where it "jumps the curb and
eventually drains to Strawberry Creek at or below Faculty
Glade; and 1t 1s this diverted flow which is largely
responsible for the recurring flooding of Cowell Hospital.

It appears that during periods of peak runoff an appreci-
able portion of the runoff from the "City" area of the zone
does not enter the sewer system, and instead flows down the
street system, eventually reaching the corner of Hearst
Avenue and Oxford Street.

We. thus do not know the total effective existling watershed
area tributary to the acoumulatlion pelnt deseribed, at peak
storm flow, excepting to state that it 1s obviously Tess
than the area shown, apparently by a conslderable percentage;
and a closer determination of this matter 1s far bsyond the
scope of our work at this time. The important point to our
present studies is that whatever the diversion of runoff
from Zone VI to the campus area below may be, 1t must be
returned to the Blackberry Creek system; for if this is nob
done the recéent flooding of Cowell Hogpital and erosion south
of' Stern Hsll will progresslvely worsen until the problem

is corrected. In addition, it must be assumed that the City
will eventuaslly return all runoff from the area to the storm
.gewer and thus into the lower creel system.

The diversion of pesk storm flow along Oyclotron Road can be
remedied by simply "pitching" the road at key points so as
to divert the flow down secondary canyons back to Blackberry
Greek. If this is not properly done, however, the erosion
produced in these newly hydraullcally overloaded sscondary
canyond will In itself become a serious problem; and in
addition, facilities lower in these canyons muat, of course
be protected. It may be found to.be more desirable to
redivert the flow in the Rad. Lab. areoa above the road; or
poasibly to "hold" the flow in the road and return it to
Blackberry Creek via Hearst Avenue. In the actuml aolu-
tion of the problem s combination of the above methods will
probably be used: diverting part of the flow at the Rad.
Lab. area above: diverting part of the flow into the secon-
dary canyons on the way down Cyclotron Road, controlling the
amounte of diversion in each canyon by proper slzing of the
inlets: "holding" part of the flow in Cyclotron Road and
outletting it onto Hearsat Avenue: and possibly even per-
mitting some emrefully limited diversion south of Stern Hall.
The most desirable and least expensive means of solution of
the problem must bhe carefully worked out in context with .
aren conditions, final development of the area above, and
potential improvement of Cyelotron Road.
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Proposed new.road

A new road is to be constructed between North Canyon Road,
Just south of Building 77, and Grlzzly Peak Boulevard,
pasging north and west of, and below, the proposed aite

for the Lawrsnce Hall of S3eclence. The road passes along
the southerly boundary of Zone VI at 1ta contact with

Zone IV, crosaes the Chicken Orsek watershed (Zone I), cut-
ting off ahout the upper L0% of this area, and Joins North
Canyon Road at a point such that flow 1n the new road can
be carrlied down North Canyon Road to Strawberry Creek. Ths
location of the road 1s shown approximately on the sccom-

panying plan.

Whether desired or not, this road will become a major factor
in the atorm runorff system in the upper campus-Had. Lab.
area. If properly designed this road can limit and/or par-
"tlally alleviate present and future storm flow problems in
Zone VI; and it can reduce peak runoff Iin Chicken Canyon
(Zone I) by about 0%, thus going a long way toward solving
the present very serious runcff-erosion problem In Chicken
Canyon. In addition, the road can supply a channel for peak
runof'f which will eliminate the need, in ths very near
future, for a storm sewer system to carry peak runoff from
the Had. Lab. arsa, costing hundreds of thousands of dollars.

If constructed without regard for its effects upon peak storm
flow, as other roads In the area appear to have been, the
new road could worsen the already critical storm flow condl-
tions In Chicken Canyon, and greatly increase peak runoff

. problems in Zons VI. In addition, & low-polnt in the new
road whlch allowed the "dumping" of peak flows, would pro-
duce floodling problems in the highly developed Rad. Lab. .
grea, due to peak runof'f from the watershed above, somewhat
slmilar to the problems now found in the lower campus due
to development of the Rad. Lab. arsa. Snecilfioally, a low-
point in the road at upper Blackberry Canyon would probably
"dump" & large part of the runoff from the Lawrence Hall of
Sclence site, and the new road, 1lnto the area around the
Bsvatron, below, which liesa 1n Blackberry Canyon and below
the proposed Lawrence Hall of Sclence slte. The cost of a
culvert-inlet system which would actually handle this flow
and protect the Bevatron area during even a "20 year" storm,
would bs in the "$100,000 range"; and the dumplng of thia
flow into Blackberry Creek would probably force the con-
struction of a new storm sewser through the Clity area below,
at a costln the range of several hundred thousand dollars.

Chicken Canyon 1s a good example of unintended diversion
by a road syatem, with the bulk of the current excessive
pealk flow In Chicken Canyon coming from diversion of flow
from historically non-tributary areas by exiating roads in
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the Rad. Lab. area, the water "dumping® into Chicken Canyon
due to a wholly unnecessary 'sag" in North Canyon Road at
Chicken Canyon. With some forethought the road could Just
ag oaslly have besn graded so as to carry the peak runoff
to Strawberry Creek, eliminating the current very serious
problem in Chicken Canyon.

It ig pointed out that a storm sewer deslgned for, say, a
"30 year" storm, operates at capacity for only a fraction

of an hour, once every thirty years; and represents & gross
waste of capital at all other times. Thus, storm sewers are
normally designed for, say, a 3, 5 or 10 year storm; and all
greater flows are taken in the street aystem. However, this
can only be done when severe flooding and costly damage will
not result. ' :

The new road thus represents an opportunity to not only
partially or wholly solve many existing or future storm
drainage problems; but 1talso offers a chance to save many
hundreds of thousands of dollars which will otherwise have
to be spent on mammoth storm sewer gsystems. This can be
done by putting the peak, say, "3 year" flow into the secon-
dary canyons, taking all greater flowa down the rosd, and
thus avoiding the construction of any new storm sewsersa at
21l or reducing the size of the required sewer system by a
large frection.

We cannot oversmphasize our recommsndation thet the new road
be designed Iin context with a mester drainage program for
the entire campus, and that it be designed ma a unit of the
storm drainage system. - We categorically state that the
design of the road to handle peak atorm-flows will not ralse
the cost of the road by over 10%, at most, and possibly not
at all; that the road can be deslgnsed to handle thess Tlows;
and that the transmission of psak Tlows down the road at
infrequent intervals {once a year or lesas) will not damage
the road if 1t 1s properly designed and constructed.

City storm gewer

3ince part of the length of Blackberry (reek lies within

the City of Berkeley, with mosat of this length now filled
and bypasged by the existing, linadequate storm sewer between
Highland Court and North Gate, and since the most serious
potentiagl for flooding and very costly damage lies Iin the
residential area bslow the inlet to the existing storm sewer
at Highland Court, the solution of storm drainage problems
in Zons VI must involve asome degres of coopsration with the
Clty of Berkeley. Since the City 1s apparently preparing .
plans for alteration of the exlating storm sewer, a prompt
communication with the City might be desirable.
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Zone VI thus repraesente & natural watershed area, the runoff

from which has been greatly altered by the "improvements" in the
watershed, with a large net diversion out of the flow channsl
below. On the basis of the foregoing calculatlions and the fact
that the Clty storm sewer 1ls apparently still handling runoff

to the inlet, we "best guess" that this diveraion is probably
about equal in amount to the inereased peak runoff caused by .
dovelopment of the area, and flooding below has thus been avolded
We fesl that If this runoff were returned to its historic channel
‘at this time, without proper preparation below, severe flooding
in the rvesidentlal ares in the canyon below the Highland Court
inlst would result in the next normally heavy rainfsll, without
a "ten year storm" being required. ‘At thils time the only
gerious harm" occurring to the campus by diversion of peak
storm runoff from Zone VI, ia the erosion just south of Stern
Hall and the flooding at Cowell Hospltal. Our comments regarding
the erosion gully at Stern Hall are glven In our letter of
February 19, 1963, and will not be,repeated herein. Our comments
and récomméndations:regarding -the flooding at Cowell Hospital are
glven in the mection of this report coverilng Zone VII, General
Campus.

Tt seems obvious that the exlsting diverslons of flow from

Zone VI to the north campus area must be eliminated, and the
runoff returned to 1ts historic channsl in Blackberry Creek;
‘mp this 1s the only economical means of remedylng the problems
now belng caused by this diversion, and the only golution whiah
is hydraulicaelly acceptable with respect to handling peak flows
in Strawberry Creek and other campus areas. - .

It 18 even more obvious that no rediversion of flow 1into Black-
berry Creek ocan be contemplated without first determining the
effects of such an inorease in flow upon the Blackberry Creek
area, and taking all measures neceasary to properly handle this
flow before the redlverasion is made. Fallure to do this would
virtually &ssure severe flooding and costly damage in the City
area bslow, with attendant problems of liability for contribut-
ing to the cause or causesa'of such flooding and damage. ‘

The development of the proposed Lawrentce Hall of Soclence, and of
the proposed new road from the Rad. Lab. Corporation Yard, past
the Lawrence Hall of Sclence silte, to Grizzly Peak Boulevard,
will add a lerge increment of peal storm runoff to the exlsting
situation in Zone VI. If this 1s put into the Blackberry Creek
system under existing sonditions, 1t will probably cause dis-
astrous flooding and damage in the Clty area described above
and/or greatly worsen the erosion south of Stern Hall and the
flooding of Cowsll Hospltal. ' Thls offlce has verbally glven
most strong recommendations that the new Troad be designed as
an "intercsptor", to divert and trensport all runoff from the
area south of ths road to the Strawberry Oreek system. Nots
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that in setting up the areas of Zonss IV and VI we have assumed
that this would be done, and have set the zone bhoundaries at

this proposed road. At the present tims the Zone VI watershed
break-line actumlly lies south of the line shown, 1lnside Zone IV,
adding a small area of nondeveloped area to Zone VI at the expenss
of Zone IV. When this area 1s developed 1in the near future, the
disposition of storm runoff from the area south of the new road
will be & matter of serious concern In both the Rad Lab. area and
in the Blackberry Creek area below.

In summation of our report covering Zone VI, we submit the fol-
lowing resume in the form of comments and recommendatlions:

The Blackberry Creek area has not shown severe flooding in
recont years because of artificial diversions of peak storm
runoff in the Rad. Lab. area, sven though development of the
watershed has progressed from zerc to nearly full develop-
ment in the past, say, twenty years.

The only severe problems resulting from runoff from Zone VI

~at this time ars the sroslon south of Stern Hall -and the
flooding at Cowell Hospital. Neither of these problems are
30 zevers as to warrant large scale "emergency remedial
measuresa"; but they must be remedied befors the winter of
1963 or truly severs flooding and cosbtly damage can easily
result.

The runoff from the original watershed area of Blackberry
Creek must now be redlverted to the c¢reek, and the existing
diversions therefrom eliminated. Before this 1s done the
capaclity of the Blackberry Creek system must be lnereased

30 that 1t can handle the increased peak flow quantities;
and this will involve a. thorough engineering study and the
preparation of proper designs for both control of . the runoff
pattern and transmission of the peak flow so obtalned and
controlled. This wlll possibly require a large increase in
the capaclty of the Oity sewsr betwsen Highiend Court and
North Gate, as well as design and conatruction of a suitable
Inlet gystem.

The new road from RNorth Canyon Road to Grizzly Peak Boule-
vard muat be designed to intercept and earry all flow from
the area to the south, ineluding the Lawrence Hall of
3clence site, southerly to Strawberry Creek; or if this 1s
not done,; then both the Blackberry Oreek system and the
developed Rad. Lab. area bslow the road, must be preparsd
to carry this new component of peak storm runoff. The new
road should not be designed and built until this matter is
resolved. IT This road 1s built with disregard for its
effects upon storm runoff in the area, as some other roads
in the area apparently have been, a severe storm runoff
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problem will be created whioh will be very serious in both
requlred remedial constructlion and the cost of resulting.

flood damage:; and later remedy of the problem wlll probably
involve extensive reworklng of the new road or a very _ |
expensive ztorm sewsr system. : ‘

The new road from the south alde of Buillding 77, 1n the Rad.
Lab. area, to Grizzly Peak Boulevard, represents a chance

to begin to develop rational control of storm rvunoff In the
entire upper campus area. DBy proper design 1t will resolve
& good part of the exiating problem in Chicken Canyon and
areas southerly therefrom; 1t will help in the Zone VI area;
and it will protect the highly developsd Rad. Lab. area
below, which will be in danger of flooding by flow from
upstream watershed areas, just as the lower campus now is
from Strawberry Creek. This use of the new road for handl-
ing of peak storm flows can be aoccompllshed at little to no
extra coast in consbtruction of the road; all that 1s required
is Intelligent design of the road for storm drainage condi-
tions and purposes. We cannot overemphaslze the absolute
necessity of grasping this opportunity to accomplish a very
valuable positive effect on campus storm dralnage conditions
at virtually no cost; and that thls new road must not be
allowad to produce another unintended, uncontrolled,
diversion of storm runoff.

To conclude,  while we have not recommended any "emergency
remedial measures" for Zone VI, we do moat strongly recommsnd
that the basic problems described hereln be resolved before the
winter of 1963=gu« Thia will have to be done as part of a master
drainege plan for the entire campus, 4in cooperation with the City
of Berkeley with reaspect to the City storm sewer between Highland
Court and North Gate; and ths new road to be constructed along
the southerly side of Zone VI must be 1Included in storm runoff
plans for the area. .
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ZONE VIT - GENERAL CAMPUS

This "zone" has been set up to provide a sub-section of this
report wherein certain items could be covered which did not
logically fit into the other hydrologically defined zones.
As each of the matters covered in thls report 1s essentlally
a seperate item, they have been divided into separate asub-
reports and transmitted as completed durlng the course of
our work.

The items covered under Zone VII of our report are as follows:
A. (ayley Road Area
B. Local Flooding of Builldings
C. Cowell Hospital
D. Berkeley City Storm Sewer
Reference 1s made to the "General Site Plan", accompanying
this report, for location information pertinent to the ltems

listed above. The sub-reports covering these ltems are given
hereaf ter.
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VII=-A. Geyley Road Area

Gayley Road, and the natural watershed above and to the east,
forms a specisl area within ths overall storm drainege regime
at the campus due bHo its loecation with respest to the upper
watershed areas. The area considered has e shape roughly
approximating & trunceted iscsceles triangle, with the base
formed by Gayley Road hetween Hearst Avenue and Bencrof't Way,
with the northerly side bheing formed by the ridge on which
Oyolotron Road is located, above Hearst Avenue, and with the
south side formed by the ridge which falls from the (yclotron
to Memoriasl Btadium. The truncated top of the triangle
originally lay at the juncture of the two ridges described
above; but the drainage ares ig now distorted and obseured by
developments Iin the Red. Lab. area, as described hersafter.
Phis area is shown on the "General Site Plan®, accompanying
this report.

The above area 13 set apart Iin that it csonsists of the southerly
face of the north-south trending ridge which separatés the
Strawberry Creek and Blackberry Cresk waborsheds. Storm drain-
age from this ridge fells elther esassterly to Strawberry Ureock
or weaterly to Blackberry Oreek, and only the waber which
impinges directly upon the southsrly "noge” of the ridge
naturally flows through this area. The swales found in Ghis
area are normally broad, shellow and immeture, bottomed in

soft solls and gress covered, as there has never been an
appreciable flow of natural runoff to develop deep, mature
canyons. The s0il cover is thick in this area, and deep
erosion occurs readily upon even moderate concentrations of
runoff.

The entire area covers only some sixzty acres of partially
developed land, with runoff "split" into three poorly defined
swale areass) and thus under normal conditions thls area, and
Gayley Roed which intercepts runoff from the arse, would not
be gsubjected to high flow retes from indigenous rainlall.
Since there is no upper arsa naturally tributery to this areea,
extreneous flow will nob naturelly pass through this area,
cansing flooding and erosion problems. '

' Gayley Road showsg & gently undulating grade between Chamning
Way and Hearst Avenus, rising from Ghanning Wey to Bancroft
Way, and then rising irregularly to a high point at the north-
erly side of Memoriml Stadiwn. The street then falls to a low
ares between Cowell Hospital and Lewis Hall, and thence rises
to a high point at Hearst Avenue. The main surface outlets
from the low ares (not considering sborm sewer fnlots which
plug and are inoperative during peak'runoff) are the ambulance
entrance driveway to Gowell Hospital to the south and
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Univergity Drive to the north. OFf these two potential flood-
flow oublets, the ambulance entrance to Cowell Hoagpital 1s
lowest, lying in an original swele arca, and takes the bulk

of the peak flood flow reaehing this part of Gayley Avenus.
A1l streets falling weaterly from Gayley Road will potentially
carry runoff, but maximum peak flows ectually aoncentrate in
those outlets which combine low elevation and location below
the peak flow runoff channels from the upper watershed aresas.

The Gayley Road area thus consists in the natural condition
of avery restricted watershed area, with the drainage inter-
septed and diverted at Gayley Road. It is unigue in that
without artificiml diversion the area would be essentially
fres of any ssrlous problems of flooding or erogion, since
all heavy runoff from the mejer uppser campus watersheds would
pass north of Hearst Avenue or south of HMemorial Stadium.

In actuality, severs eroslon and floodlng has oceurred within
thig area, due to artificial diversions of runoff both into
and out of the ares, as dlsecussed hereafter.

An artificial diversion of runoff has occurred in the Had. Lab.
area, and it appears thet runoff from & large part of the
Bevatron-Oyslotron area 1s now diverted inteo the triangls.

Tt further appears that a large part of the peak flow from
this diversion pagses down the ridge and aswales aroa occupied
by Cyoclotron Road, enters the swale just south of Stern Hall,
flowing thense to Gaylsy Road, and thenoe to the gmbulance
antrance driveway at Oowell Hoapital. Other diversions of
lesser magnitude appeer to take place down the swales above
Xlesberger Fisld during perlods of peak runoff. This input
of. extreneous runoff apparently derives from a relatively
large developed acrenge in the Rad. Lab. area, 1ls of large
magnitude at periods of peak runoff, has cut a deep erosion
gully south of 8tern Hall, and forms a large part of the total
flow ecuasing flooding at Oowell Hospital. The pealk runoflfl
from this area, cocurring during short-duration storms of
high intensity, is probably several times as large as the
punoff From the natural wabtershed. Reference 1s made Lo a
letter From this offlce dated February 19, 1963, sovering
this diversion as it affects the erusion-gully soubth of 8Stern
Hell, and the detailed somments given in this letter ars not
repeated herein. Note however, that present diverslons Irom
the Had. Lab. arse into the swales helow the Bevatron and
Gyclotron and the intervenlng area, flow to Gayley Road and
thence to bthe Uowell Hospital ambulance driveway; and these
flows pass by the Greek Theatrs, Bowles Hall and KleabeTger
Pield, as well as Stern Hall.

Tt is pointed out that, due to the grades of the intersssction
of North Canyon Road and the road sround Memorial Stadium,
the flow down North Janyon Road diverts soubherly around
Memorial Stadium and does not reach Gayley Road within the
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"Gayley Road Area®; and that Hearst Avenue forms a cubtoff at
the northerly side of the area. We thus find, that all
extraneous runoff now reaching this area comes from diversions
in the Rad. Lab. area, as described above. It must also be
pointed out, howsver, that all new peak flow from the Rad. Lab.
aroa is not an "artificial diversion" In the pure senss, since
g part of the southweaterly silde of this ares originally lay

1in the natural watershed of Gayley Road. This area has heen
changed, however, from undeveloped grass-land to full develop-
ment, thus increasing peak flows by g large factor, and it is
our belief that this "originally tributary" erea constltutes
only a small part of that area from whieh runoff is now
diverted to Gayley Road, as described.

In gensral conclusion in this matter, we glve the followlng
resume of the pertinent faectors pertaining:

The "Guyley Road Area" has been transformed from one
naturally free of appreciable runoff problems to one with
gsevere problems of runoffl and erosion, by diversion of
peak flows from the highly developed Rad. Lab. area above.

The severe eroslion at Stern Hall is due solely to the
diversion of flow from the Rad. Lab. area, and to the
concentration of thils flow in the swale south of Stern
Hall by grading in the Gyclotron Road area. :

Removal of this exceass peak flow by re=diversion to Black-
berry Creek, including diversion of the fully developed
areas originally a part of the natural Gayley Road water-
ghed, would solve the problem of srosion at Stern Hall,

and of minor flooding in the Greek Theatre-Bowles Hall area.
In addition, the problem of flooding at Cowell Hospltal
would be greatly reduced.

The problem of flooding at Cowell Hoaspital can be solved
asauredly and permanently only by reconstruction of the
interseotion at the ambulance entrance driveway. Thla 1is
discussed in detail in the portion of this section of
this report entitled "Cowell Hospital'.

It is our thinking at this time that a finel solution to
the Strawberry Oreek runoff problem will Involve the use ,
of North (anyon Road north of Memoriaml Stadlunm, Gayley Road,
and the upper end of Universlity Drive, as an emergency,
peak flow, bypass to the Big Inch storm sewsr. This would
require minor re-grading of North CGampus Road, Gaylesy Road
and the upper end of University Drive; and this re-grading
would also solve the problem of flooding at Qowell Hoapital
due to Flow down the embulance entrange driveway. This
matter iz discussed briefly in the letter of transmittal -
and summary of this raeport.
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The bullk of the extransous fleod flow appears to pass down
the swale south of Stern Hmll; but during the heavy rains
of October 1962, large flows were seen coming down North
Ganyon Road north of Memorial Stadium. It would thus
appear that at peak runoff appreciable diversions from the
Rad. Lab. Oyclotron ares come down the swales above
Kleeberger Fleld.

The "Gayley Road Area" should be fresd of all extranoous
runof ", excepting for the carefully englneered use of the
road as an emergency flow bypass, ap discussed above, as
the arsa cannot sultably transmit any appreciabls quan-
tities of extransous runoff without severe erosion and
flooding, as has already cceurred. This will apparently
ental) the re-diversion of a conslderable gquantity of
peak flow from the Bevatron-Qyclotron area, sither down
Oyslotron Road to Blackberry Ureek or inbto a major new
storm sewer sysbem.

The above material covers our preliminary evaluation of the
gsubjeot area. Reference is also made to our letter of
February 19, 1963, and to Zone VI and the letter of summary
and trensmittal of this report. We have not resommended
"omaergency remedial measures" for this area as we have not
felt that the existent problems were aufficlently dangerous
and gevers .to warrant such measures within our interpretation
of the purpose and scope of our pressnt work. The question
of whether "emergenoy" measures should be taken to prevent
the flow of runoff down the ambulance entrance driveway at
Oowell Hospital, and toprevent further enlargement of the
srogion-gully at Stern Hall, will depend in large part upon
the timing of complebion of measures necessary o tho perma-
naent overall solution to the eampus storm drainags problems.
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VII-B. Loocal Flooding

Numerous bulldings within the campus are subjected to local
flooding during even moderate ralnstorms, due to the conf'igu-
ration of the area around the buildings, with no sonnection
to the overall storm drainage problems of the campus. While
not a part of the overall storm runoff problem, we feel that
the damage and inconvenience resulting from this situation
warrants a brief discusslon in thls report.

Since the campus area slopes westerly at an appreciable gradient,
it has apparently been customary to make a ecut to the east and
a f111 to the west at many bullding sites, in order to obtain a
flat bullding ares. In many cases the cut areas to the east
have been "blocked off"™ by the building, forming a catohment
area, with little or no effective drainage. The typlecal aitu-
ation can be seen at the upper (easterly) sides of Sterm Hall,
I nternational House, Cowell Hoapital, Haviland Hall, otc.,
where the drainage into these relatively large depresssd areas
1s blocked by the buillding. Of these examples, International
House and Cowell Hospital probably show the worst situation,
whils Haviland Hall is more typieal of lower campus altes with
a much less serious problem. At International House and Jowell
Hospltal the basie problem of near-site geometry 1s greatly
worsensd by the encroachment of large guantlties of "forelgn"
flood flow during peak runoff, whille the problem at Haviland
Hall results almost solely from undesirable local geometry,
with only minor amounts of extraneous runoff from the rear,
uphilll area.

Haviland Hall has thus been taken as an example of the problem
under consideratlion, and the situation at this building site
ig desoribed briefly, as followsa: :

The long axis of the building is oriented in the north-
south direction, extending for about 175 feet roughly
parallel to the area contours.

The easterly side of the bullding area lles 1n cut, with a
low cut embankment of about 10 foot maximum height lying
sasterly of the building. This area 1s oscupled by an
asphalt-surfaced driveway of about twanty foot wildth, which
rises toward North Gate to the north and to a parking area

to the scuth.

The low=point in the driveway ocours at the northerly door-
way to the building. The driveway atb the north snd of the
buillding is about two inches above the footjasmb of the
doorway, and at the south end 1is about level with this
jamb. The driveway is thus essentially level and at
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bullding entrance grade for the 175 foot length of the
building. The southerly entrance to the building is
esgentially level with respect to the driveway grade.

There is m drainage inlet at the northeasferly building
corner and ancother at the southeasterly corner, consistling
of small grate-inlets, which apparently have "plugged"
slmost lmmediately durlng recent severe ralnstorms.

The alternate flow paths for surface dralnage sccumnlating
in the pocket easterly of the bullding, other than the

two small grate-inlets, 1s around the southeast corner of
the bullding or into the two main doorways and thus into
the building. Steps lead downward from the main lobby
rfloor elevation, providing & natural flow path Into the
lower floor of the building. ‘

This bullding was nearly flooded during the small storm
in January, 1963, with water up to the footjamb at the
entrance, and has reputedly been flooded many times in the
past. This flooding 1s due solely to the lack of sultable
storm drainage capacity in the driveway area at the east-
erly side of the bullding, as there is plenty of "ral1l"
avallable locally, and a minor change in driveway eleva-
tions during initial construction would have avolded

this problem.

The situation at Haviland Hall 1s typleal of many on the campus.
We have discussed it as an example of the general condltion,
rather than for the specific problem at thls site, and we -
offer the following general comments which we feel apply to

the general aspects of this problem, as follows:

Low areas which can impound runoff behind & bullding, and
are drained only by a sewer-type outlet, are potential
causes of flooding of the building. Where the low area
is subject to flooding by large quantlties of extraneous
. flood water (sueh as at International House or Cowsll
Hospital) the hazard is severe. The recent flooding of
Internationsl House, twice this fall, is a good example
of this problem. Where only limited amounts of sxtranesous
flood water can encroach (such as at Haviland Hall) the
magnituds of the problem 1s reduced, but flooding from
locel rainfall can still be inconvenient and costly.

With the amount of natural ground slope avallable in the
campus such loeal flooding is in nearly all cases com-
pletely unrecessary, and results only from lack of pro-
vigions for storm water disposal by the proper gshaping
of the surrounding area. In most cases little ar no
extra initial oconstrustion cost would have been involved,
and the change in sonflguration of the surrounding area
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from that now producing flocoding problems would bs so minor
as to be indistingulishable mrchitecturally or eathetically.

Floor dralns, grate inlets and other sewer-type means of
draining such embaymenta usually do not "work" when they
are most neededj i.s., during a period of heavy rainfall
and high runoff rate, unless they are carefully and
intelligently designed for this condition. Moat such
inlets are conceived of as gimply “wash-water" drains,

and are totally inadequate to carry the runoff from heavy
rainfall from even a small area. In additlon, since heavy
rainfall and runoff normally produces transport of large
quantities of accumulated trash and debrias, only & specisally
designed inlet system will resist plugging and almost
immediate stoppege. .No. inlet capable of handling the
potential trash-debris load has been seen on the campus

in assoclation with a building-embayment area.

The most certain and inexpensive means of preventlng the
problems described 1s to provide a surface flow channel
which will carry the heavy runoff from the infrequent severe
storms. Such flow channels can consist of roads, driveways,
sidewalks, wallkways, planted areas, ete., the only require-
ment being that flow area and gradient be provided suf~
f30ient to handle peak runoff flow for a perled of a few
minutes, once a year or so. Such usage will not harm a
road, driveway, sidewallk or patio area 1in any way, and

will not harm pathways or planted arsas if they are devel-
oped with a reasonable amount of foresight. Lawn areas

can bake such flow condltions with no detrimental effects
whatgoever. As an example, at Haviland Hall, if the drive-
way on the sasterly side of the bullding were to boe glven a
crosg-fall to the east of about six inches, with the flow
then carried southerly in the side-swale thus developed at
sbout one percent fall to the stesply sloping walkway to
the southwest, the problem of flooding at Haviland Hall
would be solved. This could have been done in the original
construction at no extra cost or change in archltsctural
appearance, and 1t could be done now for, say, about $1500,
ineluding regrading and tho replacement of the existing
deteriorated driveway with a new, high quellty base course-
surfacing section.

There are many building areas on the campus gsuffering from various
aspects of the problem doseribed above; and while an analyses of
these areas 18 not within the secope of our work, we fesl, o©n the
bhasls of our brief review of the problem, that most or all of
these conditions could be cured at small to moderate cost. While
these areas are not hydraullcally a part of the basle campus

astorm drainage picture, they are a ssrious problem and deserve
squal attention with ths more spectacular aspects of the overall
problem of campug storm drainage.
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VII-C. Cowell Hospital

Flooding has reputedly oceurred repeatedly at Cowell Hospltal
in recent years, dus to the flow of storm runoff down the
ambulance entrance driveway and into the "bowl" at the easterly
side of the hospital. As discussed in sub-secftlon VII-A of
this report, a large part of the peak flow causing this flood-
ing comes From the Rad. Lab. area abeve, reaching Gayley Road
via several routes, and flowing thence to the ambulance
entrance driveway to the hospital.

The courtyard and driveway area east of the hospital lies in

& "bowl", enclosed to the east by a steep slope falling from
Gayley Road and to the west by the hospital buildings. To

the north the ambulance entrance driveway falls steeply to the
courtvard area, and to the south any potential peak flow outlet
is encumbered by s maze of improvements. The "bowl" thus
formed apparently is, however, sufficlently well drailned by
surface outlets to the south and/or sewer inlets in the court-
vard, such that the area floods only during perliods of heavy
runoff, when the input flow rate exceeds the outlet capaclty
of the area, causing water to pond in the courtyard and flood
the building.

We thus feel that the following somewhat preliminary conclusions
can be drawn regarding the flooding at Cowell Hospital:

If flood flow was not entering the "bowl" via Gayley Road
and the ambulance entrance driveway outlet capacity would
.apparently excsed input capacity and no flooding would be
osourring.

Without the extraneous flow from the Rad. Lab. area it is
quite 1likely that the available outlet oapaclty from the
"howl" would be adequate to handle peak input flow; and
thus while the overall geometry ls not desirable, severe
flooding would probably not result without this extras
"roreign" runoff. :

It thus appears that the recently observed flooding can
probably be sliminated by removing the “"foreign" peak

flood flow from Gayley Road, and can assuredly be .eliminated
by ending the diversion of flow down the ambulance entrance
driveway from Gayley Road. In any case, both the ancroach-
ment of "forelgn" runoff onto Gayley Road and the unfor-
tunate geometry at the ambulance entrance driveway should

he eliminated in final campus storm dreinage plans, as

both sonditions are undesirable and unnecessary.

It has been the feeling. of this office that the flooding at
Cfowell Hospital is & matter of relatively long standing, and
ig of limited severity comparable to that seen st other campus
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loecations, and thus did not warrant "emergency" measures this
vear. This gseemed to be particularly true aince certain

overall measures planned for 1963 will eliminate this problem.
If these overall measures, as briefly discussed elsewhere Iin
this report, are not to be taken this year, then “emergency
remedial messures” should be taken to prevent further flooding
at (owell Hoapltal. 8Since we do not know what final course

of actlon will be taken, our recommendations for such Temergoncy
remedinl measures" are given as follows:

Remove a twenty foot section of curb and associated earth
berm from the westerly side of the ambulance driveway
directly acrosa from the opening onto Gayley Road.

Place a hot plant mix berm acrosgs the driveway from the
southerly side of the driveway "return" to Gayley Road,
to the asoutherly side of the above opening in the curb.
Make this berm of such vertical height that a minimum
flow depbth in ths resulting flat "vee'" flow sectlon above
(northerly of) thia berm is at least elght inches deep.

"Pair' the above geometry in the field so as to obtain the
best possible "high velocity" flow path for the input flow
from Gayley Road across the driveway to the opening in the
curb. In doing this it will probably be hest to "eurve"

the berm and flow path downhill somewhat so as to "fit"

the Pall of the driveway, depending upon the actual sleva-
tiona of the area as "shot"™ when "blue topping" for the work.

farefully clean and prime the existing driveway surface 80
a8 to obtain the best possible bond between the old and
new asphalt, thus minimizing the danger of separation at
peak [low.

The above procedure will "dwnp” this I'low onto the slope
above Girton Hell, & small, wooden, structure Just south
of the hospltal. We doubt that this bullding would be
structurally damaged by such a dlversion, but soms erosion
of the slope must be expscted. This would howevel, pre-
sumably be acceptable in lisu of further flooding at the

hospliteal.

The diverted flow will then reach upper GCollege Avenuc,
and elther "jump" the south side of College Avenue and
entor Strawberry Creek and/or flow by diffuse routes to

the lower campus area.

Place a large sign reading "aLLOW-BUMP", at the ambulance
entrance driveway, to warn drivers of the bump in the

driveway.
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The above "emergency remedial measure” is far from a "good
solution", due to the possible inadequacy of this measure to
divert all flow at the driveway, to the certain erosion of
the slope below the driveway, and to the uncertain path once
the flow reaches College Avenue. A far better golution would
be obtained by the regrading of the intersectlon of Gayley
Road, South Drive, lower North Canyon Road and the ambulancs
entrance driveway, as dlscussed elsewhere in this report;

as this procedure would assuredly reroute all flow at the
intersection down South Drive to Strawherry Creeck at the
Faculty Glade. We would prefer to see execution of the latter,
permanent solution, rather than the "emergency remedlal '
measure", but 1f the permanent solution 1s not completed
before the winter of 1963, then the emergency measure should

be teken.
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VII-D, Clty Btorm Sswer

On October 20, 1962 the prineipal of this office inspected the
City storm. sewer which Intercepts storm drainage from the
campus at Oxford Street, by traversing the sewer, and sections
_of open creek channel, from Oxford Street to San PFablo Avenue.
The inspectlon was terminated under San Pablo Avenue because
the sewer becsme a “"sombined" sewer at thls point, the air

wae very foul, it appeared that the sewer terminated in a
submerged tidal outlet, and 1t pppeared to be very dangsrous

to sontinmue further without greater knowledge of what lay
ahesd. The purpbse of this Ilnspsction was to determine the
effects of the.heavy .flow and bed and float loads which entered
the sewer from the campus on Ootober 11-13, 1962, and to obtain
the data necessary to evaluation of the effects of forthecomling
"emergency romedial measures" on the campus upon the Gity
gystem below.' '

The overall layout and facllities of the sewer were found to
be as followa: ' '

From Oxford Street to Just below Sacramento Btreet the
gewer consists of round or arch sections of varying age,
type and materials. The older portions were the old
fashloned "horseshoe" shaped section, and newsr portions
were round concrete pipe or C.M.P. gemi-arches. The
squivalent-round slze varled, but was generally in the
range of six feet.

From just west of Sacramento Street to about one block
east of San Pablo Avenue the sewer alternated betweon
slosed conduit and open channel. The scondult sectiona
were similar to those above; and the open sectlons were
generally ‘raw", unilmproved creek shannel, irregular,
meandering and hydrauliocally deficient. : ,

One blook east of San Pablo Avenus the sewer changed from
open channel %o sloged condult, and 1t appearesd that this
condult sxtended to a "tidal outlet" in the Bay. This
section began as an old fashioned "horseshose'" arch, and
then changed to an old "egg shaped® brick sectionj such
as was used many years ago for sanitery or combinsd sewers.
The "horseshoe" sectlon of the sewer was the hydraullc
equivalent of say a five Foot round pipe, while the "egg"
gection was hydraulically inferior to thia section. The
entrance to the condult was a plain flat opening, hydrau-
11cally inefficlent and opening onto an open ghannel of
poor hydraulic properties. '

The structural-stablility condlitions of the system were found
to be as follows: -
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The section betwsen Oxford and Sacramento Streets was
reasonably sound ezcepting for large holes In the base of
gome of the old “horseshoe" seotions. Thede holes con-
sisted of areas where the masonry of the floor (and
sometimes of the lower wall) was completely missing, where
the bottom had scoured, leaving holes of up to thres foot
depth and twenty foot length and extending as muoh as
three fest outalde of the sewer wall. In some of these
areas the sewer appeared to be nearing a condition where
struetural collepse would be imminent. The newer sections
seemed to bse in good condition, with no signs of overt '
gtructural distress. Hroslon of the invert was generally
moderate to severe in the older sectlons of the plpe, and
moderate to negligible in the new sectlionsa.

The open shannel sections consisted generally of unimproved
ereek channel, with a highly variable ssction, a meandering
courses, and with much obstruction from abutting Ilmprove-
ments, plant growth and accunulated debris. 3ide-slope
instability was not gevere, but incisement of the stream
bed and alope erosion was seen in some places. Partial
blockage by logs, old masonry, debrls, etc., was sesn in
‘ gome areng. '

The intermittent closed conduilt sectlons showed no ovsrt
structural distress or severe eroglon, but some minor
undercutting and distress was noted at inlet-exit points
where speclal problems occurred.

The closed condult leading to the Bay was generally sound
gtruoturally, with only moderate deterioration in some
areas, but was very old and appeared to be of pre-World
War II constructlon. MNoderate to appreclable erosion was
gaeh In the invert section.

Bocause of the generally good gradient obtalning from Oxford
Street to the Bay, averaging roughly 1.8 percent, the hydraullcs
scapaclty of the system 1s probably somewhat greater than would
be normal for such an installation, considering the very poor
hydraulic conditions in meny areas, sspecielly tho open=channel
sections and the lowest seotion of conduit. The overall
hydraulic aspects of the sewer, as lnferred from our observa-
tions, are briefly reviewed as follows:

The inlet at Oxford Street i1s hydrauliecally Inefficient at
peak flows, and probably does not match the pipe capacity.
The inlet capacity could be improved by removal of the
hydraulically undesirable existing wooden "grizzly", and
the execution of certain other measures, but we do not

- feel that it is safe to take these steps untll the peak
flow rate, bed and float load problems are better undexr-
stood, as discussed heresfter.
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The conduit from Oxford to Sacramento Btreets 1s apparently
reasonably efficient hydraullcally, excepting for local
nead losses due to structural deteriloration and changes
in section. The gradient of this sectlon of the sewer
averages some 2.1 percent; and for an equivalent six foot
dlgmeter round section we "best guess" its peak flow
aapaclty to be roughly 650 cfs. This is less than the
estimated peak "ten year" runoff from the campus, not
counting the flow into the pipe from the Clty area below
0xford Street. Note that during the storm in October 1962,
this sewer failed to "take" the peak flow, and Strawberry
reek flooded over Oxford Street and thus bypassed into
the 0lty street system. Note that thls ocourred even
though the inlet to the Big Inch storm sewer had mal-
funotioned and divorted much of the Zone IV peak flow
from the immedlate creek system. Thus unless some bloek-
age ocourred at the inlet, and we are not aware of thils
happening if it did, 1t 1s at least indlcated that the
City sewer proved inadequate durlng this storm. Since the
sewer Ilnlet is hydraullcally deficlent an indisputable
deductlion as to the plpe performance cannot be madet but
woe feel that the flooding onto Oxford Street 1s significant.

From the outlet of the condult west of Saeramento Streetb
to the inlet to the final sectlon of conduit sast of Ban
Pablo Avenue the average flow gradient 1s some 1.8 percent,
appreciasbly less than for the section bebwesen Oxford and
gacramento Streets. While an estimate of the flow capaclty
of thls section of the system with 1ts alternate open and
closed sections, transitions, meanders, etc., is far beyond
the scope of our work, we draw the obvious sconclusion that
1t ‘18 considerably 1less than that of the upper gectlon,

and thus inadequate for present peal flows. In additien,

a large acreage of (ity area drains to the asystem between
oxford and Sacramento Streets, increasing the peak flows

‘at thls polnt.

The average gradient from the inlet of the final sectlon
of sewer csonduit just east of San Pablo Avenue to the Bay
ig something lass than 1.3 percent, flatter tThan the two
sections above, and the inlet is hydraulleally inefficient.
Tn addition, -it was noted that ths sewer showed & relatively
flat gradient from the inlet to San Pablo Avenue, and then
dropped guite steeply, thus glving an even flatter gradient
in the upper section of the pipse. Theses gonditions will
have the effeot of reducing peak flow capacity bya large
factor, and combined with smaller equivalent size and lesser
gradient, make the basis hydraulle capabilities of this
section of the sewer much poorer than the upper sectlon of

- eonduit. In addition, the 0lty ares dralning to the sewer
at this point has now increased to a large acreage of
completely developed watershed, and the overall peak {low




LENNERT AND ASSOCHIATES
SOILS ENGINECRS =l Job Number 260

capaclty of ‘this sectlon of the syatem is thus obviously
inadaquate to carry the peak runoff from the area served.

It 1is pointed out that the sewer malfunctioned at or below
the inlet east of 8an Pablo Avenue during the storm of
October 1962, and a large surrounding area was flooded

and appreciable damage oceurred. Thls inadeguacy of the
lowest section of the sewer, and resultling flooding and
damage, could be due solely to the hydraulie defloilency

of this seotion of the aystem, without artificial stoppage
or other hydraulic "seeident"; however, we do not have any
positive proof of the true cause of the overflow and flood-
ing whieh did occur.

We have thus oome to the preliminary conclusion that the Clty
gystem is currently hydraulically overlosded during periods
of peal runoff; and that when the system reaches oapacity all
‘additional runoff simply follows alternate surface routes in
‘1ieu of flowing through the sewer system. It appears that
this "natural redistribution" of flow takes place by the fol-
lowing mechanisms:

Diversion of flow down the City streets at the Oxford
gtreet inlet when the upper pipe sectlon reaches capacity.

Diversion of sewer flow to surface flow at the various
open channel sections below Sacramento Street.

Inadequacy of the curb inlets to the sewer to handle peak
runoff, together with surcharging of the pipe at peak
runoff, results in 1limiting the input of flow from the
¢lty area into the sewer during peak runoff perilods, thus
diverting this flow down the City streets.

Diversion of channel flow to surface flow at the inlet to
the last section of eonduit juzt east of San Pablo Avenue,
when this seetion of the sewer reaches capacity.

Such "natural redistribution® of flow obviously took place
during the storm of October 1962, and has apparently been doing
so during all severe storms In at least the past five or ten-
vears. The determingtion of whether or not .such diversions

are acceptable, and if 50 In what areas and to what axtent, is
beyond the scope of our present work. -

We conclude that the ity storm sewer system below Oxford Street
.1a now inadequate to carry peak flows within the system, requir-

ing "natural redistribution" to surface flow during peak runoff.

The manner and extent to which peak runoff from -the campus ‘

interacts with and affscts the City aystem and sontributes or

does not contribute to flooding and damage 13 not clear atv

this time; but our best present opinions, used ag a gnide Iin
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setting up the "emergency remedial measures" on the campus,
are given in the conclusions at the end of this report.

One of the lmportant aspects of the City storm sewer from the
standpolnt of storm drainage on the campus is whether the Gity
sewer system caen handle the bed and float load injected at
Oxford Strest without "shoaling", excessive invert erosion,
stoppage or other undesirable result. During our visual
inspection of the system the following sconditions pertinent

to this consideration were noted:

The condult From Oxford to Sacramento Strests was easen-
tially clean, with only sparse large rocis, representing
dropout during falling flow rate, being seen in the pipe
down to Sacramento Streest.

4 few hundred feet above the outlet of the pipe {starting
st about Secremento Street) a deposit of sand, gravel and
cobbles was encountered, grading in depth from nothing at
gbout Sacramento Street to about half the pipe diameter

6t the outlet. This depoait was continuous with the bed
of the section of open creek channel below the end of the
pipe, and appeared to represgent progressive shoaling in
the pipe as the creek hed aggraded from dropout of coarse
bedload materials. We suspect that thls shoaling is a
"tpansient! condition, representing dropout during the
"talling of f" of peak flow, and will probably move on down
the system and not be present during a period of peak flow.
In addition, if this materlal 1ls not replaced by a new
supply of soarse bedload material coming down the system
during future peak flows the material will probably be
removed naturally and not replaced. :

The open channel sections below Sacreamento 3treet locally
showed both aggradation and inclsement, depending upon
sonditions at a given location. We fesl that on balance
the situation was one of net aggradation from deposition
of coarse bedload materialsj however, woe also fesl that
this may well be a "transient" condition, as degoribed
above, which will not seriously hinder future peoak flows
and will be naturally remedied if the injection of coarse
bedload materials from sbove 1s terminated.

The conduit sections beslow Sacramento Street were generally
nearly clean, showing coarse deposits in the invert only
where "tled" to shoaling of an adjoining open channel
section.

The sonduit from the inlét east of San Pablo Avenue was
olean, and showedno signs of any appreciable deposition to
the point expleored. From the condult geometry it appeared
that any material entering the pipe would pass on through,
unlese there were an artificiaml blockegs of the pipe or
other "hydraulic accident”.
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Based upon the above information and inspection, the following
very preliminary "beat guess" opinions are given regarding the
bed and float load situation in the 0ity system:

It appears that a considerable quantity of bed and float
load materials passed down the system during the storm In
October 1962. Thess materials probably contained a
relatively small percentage of cobble-boulder sizes, and
were mainly in the gravel and smaller size range.

The only dropout and shoaling from these materlals appeared
to ocour in the open channel sgectlons, where poor hydraulic
condltions produce "back-up" of Tlow, greater flow area and
raduced velooclties, and hencs lessened transport power.
This dropout and shoaling appears to be "transient" at

this time, but could bs the cause of overt stoppage of

the gystem if conditions worsen, similar to the phenomena
discussed with regard to Strawberry Creelk at Stephens Union
in %one IT. If bedload sizes and quantities are kept at
the October 1962 level in comparison to peak flow rates

and thus transport powsr of the flow, the system appears

to be relatively safe from disastrous results from this
sauge at this time. It does appear, however, that the
injection of large quantities of cobble-boulder gizes

might produce serious shoaling in the system, sspeclally

in the open creek sectiona. :

The only appreciable source of coarse bedload materials
appears to lie in the campus, as all other tributary areas
are highly developed and no other source of auch materlals
was seen. A few new f111ls elong open creek sections were
eroded appreciably, and coarse rubblsh and debrils 1s
oevidently dumped into the creek, but these sources are .

probably minor.

A large tributary area drains to the pipe below Oxford
Street, greatly increasing flow and thus transport power,
without adding bed or float load. It thus seems most likely
that any reasonable bed or float loads injected into the
system at Oxford Street will be sarrisd out to the Bay,
excepting for gross hydraulic deflelencles in the system

or for "dropout! during "talling off" of peak flows.

We thus draw the "best guess® conclusions that injected bed and
float lomds from the campus were probably not seriously harmful
during the storm of October 1962, and will not be this year If
held to comparative load-transport relationships. It would not
be wise, howevér, to injeot larger or soarser loads into the
gystem without much further study. Our recommendetlona for
remedial measures in Zons II were made with serious attentlon to
this conslderation; and we required the excavation of a "eoarse
bedload cabehment basin" above Oxford Street, and left the exlst-
ing hydraulically undesirable "trash rack” in place at the inlet,

for this reason.

r
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On the basis of the foregoing information, we thus draw the
following very preliminary, "best guess" conclusions regarding
the conditions and capabilities of the City storm sewer system
vetweon the campus and the Bay, and the most important aspeacts
of this system 1n relation to the campus storm drainage reglme
existent at this tims.

The Gity storm sewer 1a apparently inadequate to carry a
“five year" peak flow from the campus area, not considering
the large tributary City area below, if all campus stormn
drainage facilities function properly. Resultlng overload-
ing of the City sewser has apparently been lessened to date
by the hydraullc deflciencies within the campus, which

have acted to "elip the peaks™ off flood flows entering the
City system from the campus. Thls includes the present
Inlet deficiencles at both the Big Inch storm sewer and the
inlet to the City sewer at Oxford Street. As remedial worl
is performed on the campus, solving campus drainage problems
and "expediting" the flow of peak runoff- retes to the City
aystem, the "pressure” on the Clty system will inerease.

Sinece neither the gross area in the “Cilty" watershed of

the sewer nor the basic runoff conditions within have
changed aporeciably for many years, the bulk of change In
storm runoff conditions will be the result of development
of the campus area and the improvement of the storm drain-
age faclilities within the campus, and the more effficient
injection of City area peak runcff into the syatem by the
various secondary storm sewer "improvements" which the City
construets and connects to the system from tlme to time.

' 8ince we know that the inlet to the CIty system at Oxford
treet has failed to carry poak storm runoff on several
ocooasions during the past flve to ten years, with fiow by-
passing to the City street system, we can poncelude that the
injection of campus runoff into the pipe has besen limited by
jnlet and/or pipe capacity, and will continue to be so limited
as long as we do not appreciably change the peak flow inlet
conditions. Thus any present exceas peak flow will divert
to the City street system at Oxford Strset as long es we do
not change the exlsting inlet conditions, as will future
increases in pealk campus runoff due to further development
of the upper campus area or to improvements in the campus
storm drainage system. We can thus be reagsonably aasured
that future campus runoff will not be more harmfful to the
lower sewer system than i1t has been for five or ten years,
bt that local flooding in the Clty street system will worsen
mg the peak campus runoff rate lncreases. We do not now know
of any severe flooding problems or damage due to this local
flooding of the street system at and below Oxford Street,
end we may be guite safe in this regard at this time. If
local flooding 1s found now toO be, or in the future beaomes,
& serious problem, consideration would have to be glven to
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inereasing the flow in the conduit by improvement of the
inlet system, to lessen the shars of peak runoff rate belng
bypassed to the street system. By the samse basic logic,

the City might be well advised to seriously welgh the
effects on the system before they conneot any new "storm
dreinage improvements" into the aexisting sewer complex, or
otherwise lncrease the peak flow rate load on the system.
This matter can be Iintelligently resolved only after much
more extensive studies are completed than have been posslble
under the scope of our present work.

Wo Feel that the City storm sewer system has been "getting
by" with only the relatively limited flooding demage and
other troubles experlenced to date I1n much the same fashlon
geen on the campusa; namely that there are numerous limited
diversions which "slip the peaks'" off pesak runoff rates
during severe storms, with some local flooding and damage,
but thereby avoiding much worse, cumulative flooding lower
in the aystem. In the City syatem we belleve that a com-

- bination of diversions on the campus, dlversion at Oxford
Street, limited diverslons and flooding all along the open
channel sections, and inadequaoy of the abtreet lnlets to
tiandle peak flow in the City area, thus diverting f'low toward
the Bay along the street system, has kept the situation from
becoming eritlcally dangerous to date. The point of worst
flooding and damage.to date has apparently been at the
inlet just sast of San Pablo Avenus, where gross hydraulie
inadequacy of the last section of the system causes over-
flow onto the City streets and appreciable flooding and
damage. . ' A

With the good westerly gradients obtaining i1t may be com-
pletely acoceptable to allow diversion down the Clty strests
at peak runoff perlods. If no severe flooding or damage
results -there 1s nothing wrong with this condition. We do
not know what conditions pertaln at this time regarding
surface flow betwesn the campus snd the Bay. -

Tt is not clear at thils time whether the "peak" flow rate
from the campus colncides with the peak [low rate from the
ity area below. If the effective scoumuilation times for
various points along the storm sewer are greatly different
for the City arem and the campus, then the peak rate runoff
from the campus will not be directly additive to the City
peak snd the effects of campus dralnage upon flooding in
the City area may be minor. AU this time we do not have an
answer to this important question; however, 1t may be con-
fidently oconcluded that any remedial méasures on the campus
will have the overall effect of reducing the effective

- ascumulation times to points below, and willl worsen the

present situation, whatever 1t may be.
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" As discussed more extensively above, it appears that the
present injection of bed and float load materlals into
the system has not been seriously harmful. "Emergency
vemedlal measures" taken ln lower Strawberry Creek have
besn set up so as to 1imit the future injection of coarse
material into the sewer to the same or lessser load-transport
relationship as existed during the storm of October 1962,

To prender a brief general conclusion, we feel that ocondiltlons
are such that increases in peak campus runoff rate have long
since ceased to cause an increasse in the peak runoff rate in
_the lower City sewer system, and that such inereases now appear
as added surface flow in the street system at and below Oxford
Street. We know that the City sewer asystem 1s not adequately
handling the peak runoff rate in the system; but we do not
kxnow of any serious problems due to surface flow in the strest
system due to diversien of peak flow from the campus. We thus
coneluds that we are reasonsbly sale at this time, &s far as
the effects of peak campus runoff on the Clty system 1s con-
cerned, aa long as we do not greatly aslter the "balance" between
flow injected into the sewer system and that diverting Lo sur-
face flow. .In any event, even If we are not so "safe" at this
time, we certainly do not want to woraen the already severe ‘
flooding problems known to exist in the lower sewer system by
injecting surface flow whigh 1s not now known ©o be -doing any
appreciable harm. - From the standpolnt of bed and float load,
we Tesl that the indiceations are that any reasonable quantity
of fine materiasl will not be seriously detrimental at this
time; and as long as the coarse fraction ig limited in load-
transport relationship to that which was injected during the
atorm of October 1962, or less, 1t appears that no seriously
harmful effects will result below.

The above conclusions have been carefully considered in our
recommendations for "emergency remedial measures" on the

campugs. We have kept the inlet conditlons at the entrance to
the (ity sewer at Oxford Street eassentially unchanged at peak
flow, leaving the wooden "grizzly" in place; and we have provided
s catchment area for soarse bed load materials above thils inlst,
removing the groins in lower Strawberry Creck in stages 90 as
to 1imit the injection of coarase bed load materlals into ths
catehment area.  As far up the system as the 1lnlet vo the Blg
Ineh storm sewer, we have been cautious in ralsing inlset and
pipe capacities, in conslderation of potentlel downstream
offects of resulting increased peak runoff rates; and evan
though these precautions were designed mainly to protect lower
Strawbarry Oreek, they do alse help to protect the (Glty system

balow.

Conslidering the long-term aépects of the campus storm drainage
rogime and i1ts effect upon the Oity area and sewer syatem
below, we feel that a perlod of severe and cosatly o¢verloading
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and flooding is approaching; and at this time the first serlous
effeots are becoming apparent. We feel that within the next
few years the problem will have to be seriously studled, and
permanent, long-term solutions set up, or really spsctacular
and costly flooding and damage 18 going to occur during a

peal intensity storm. It appears that the Universlty's portion
of such studies should be doneas part of an overall, ocampus
master drainage plan, discussed elsewhere in this report; and
that the findings from this stady should bs used as a basis

of informing and cooperating with the CGity in working out a
final, area-wide approach which willl resolve the exlsting
problems and prevent the occurrence of further dif'fioculties

in the future.
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November §, 1962

Mr. George H. Kimball

Principal Engineer

Office of Architects and Engineers
University of Californias at Berkeley
Berkeloay h, California

Re: Storn dralnage investigations and emergenej
remedial measures at the Berkeley Campus.

Dear Sir:

Transmitted herewith is a portion of the results of our
investigations, observations and recommendations regarding

. 8torm drainage conditions and emergency remedlal measures for
the Berkeley Campus. For purpoges of this work we have divided

the campua into the following zones:

Zone T Chicken (rocek aren

Zone II1 Lower Strawberry Crsek

Zone I1II "Big Inch®™ storm sewer

Zone IV  Upper Strawberry Creek area

Yone V Bdtanical‘Gardens

Zone VI North Radlation Laboratéry area and North Campus

Zone VII General campus

These studles cover a very cursory evaluation of runoff and
storm=flow econditions, obgervatlong during the last storm,; and
recommendations for emergency remediasl measures. FEach zone has
been evaluated and 18 reported as a unlt, to simplify the work
and reports, and to allow the most eritical zones to be eval-
uated and reported as rapidly as possible.

our reports on Zones I and II are transmitted herewith. They
gover the two most critical areas, flood-wise, and contalin our
recomendations for emergency remedial measures. The sections
on Zones III and IV will be issued this weel, and the other
zones will be reported as soon as possible.
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In order to make some of our conclusions more understandable,
we point out the following physical factors applying to the
campus drainage problems. These brief atatements ocovor matters
of complex technology and are thus somewhat oversimplified, but
we believe that they are essentially correct and very pertinent
to the wmatters at hand:

A storm sewer system is limited in capaclty by pipe diameter

- and fall, and by the capacity of the inlet systems to admit
water to the plpe., With The gradients obtaining on the
Gampus, inlet capacity will control 1n most cases. In addi-
tion, adequate inlet capacity must be maintained by gelfl-
¢leaning during heavy runoff, when heavy bed and float-loads
occur, as manual cleaning during heavy storm-flow gimply
does not work.

Most atorm drainage systems of feaslble cost employ both
‘atorm-sewer capaclty for moderate flow, and the use of flow
- down streets and open creeks during peak flows .of short
duration. If the entire area layout is properly designed
this can be done with 11ittle or no inconvenience, at a great
gavings in cost of the storm dralnage system. If the entire
area layout 1s not set up with this consideration in mind
severe rlooding at critical points, often with heavy damage
and cost, will usually result.

The existing peak-intensity runoff pattern on the campus
bears lLittle resemblance to the low-flow patterm, due to the
inadequacy of the sewer-culvert-inlet systems and the immedi-
ate plugging of most inlet units. The peak-flow drainage
pattern is dependent upon street and ground configuration
not set with storm-flow in mind. Hence, the peak-flow
drainage pattern on the campus does not follow a ratlional-
design pattern, but 1s determined by chance of original
topography and artificisl improvements. Thus while the low-
intensity flow pattern, as set by the storm gewer-culvert-
inlet system, protects the campus improvements at low flows;
at peak intensity flows the flooding of key areas such as
the Haas Recreation Center, Cowell Hospital, International
Housse, end probably the new Students Union Building in the
future, is virtually assured by the exlsting peak intensity
runoff system which involves streets, creeks, and sheet-flow
rather than the "storm drainage system".

Whenever runoff coefficients are increased and accumulation
times decreased, such as 1n the development of an area and
by the ingtallation of storm drainage systems, the peak
Tunoff rates which must be handled in systems lower down
the drainage pattern are increased by startling factors.
Thus, whenever one improves the storm drainage capaclty of
en area, he must take into account the effect that this will
have in exceeding the capaclty of the system below. ©On the
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campus, the flow eapacity of Lower 3trawberry Creek, and
possible of the Clty system below, 1s apparently close to
being exceeded by current peak runoff rates, and thus any
improvement in the storm drainage system in the upper areas
should be done in such a manner as to minimize the increase
in peak flow in the system below. This can best be done by
the meintenance of the original dendrltic drainage system,
the maximum use of the original creek systems, and the
minimal uge of new pipe systems. The unwise installation
of rapid runoff facilities in the upper campus area could
easlly result in the necessity of huilding a completoely new
storm drainage system below, at a cost of many miliions of
dellars.

In order that the seriousness, scope, and degree of urgency
with which these recommendations have been made shall not be
misunderstood, this office gives the following opinions and
comments: : '

Unless the recommended emergency remedial measures are fol-
lowed immediately the re-ccecurrence of flooding and damage
as bad Or worse than that experienced in the last storm
must be expected this winter. Thils 1s not a chance or
gamble, but a virtual certainty, if heavy rains occur.

Unless permanent remedial measures, which will be briefly
outlined in our final report, are taken next year, floodlng
and damage will become progresslvely worse each year until
sultable measures are talken.

The campus area is now at a point of development where a
master drainage plan must be prepared or heavy costs in
storm damage and avoidable duplication and/or reconstruction
of new work now being designed and built will be incurred.
For example, the flood damage and cleanup coats incurrecd

due to the past storm would have bsen almost completely
eliminated if the emergency remedial measures recommended
herein had boen talen this past summer. Some of the exist-
ing roads and streets will have to he re-graded to eliminate
existing flooding problems, and could have been properly
graded as-built if an overall campus drainage plan had been
pvailable. The new improvements now being designed should
be evaluated with regard to their effects upon the campus
storm-drainage system and their danger of being looded;

and this can only be done with a master dralnage plan cover-
ing present and all future development.
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This report covers only a small fraction of the information
obtained in this work, as a complete review of the subject
matter would easily run to several hundred pages. We will be
happy to discuss this matter with you and to pursue verbally
any aspects or detalls not covered in this report, as you
may request.

BJLiscz
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December 26, 1962

Mr. George H. Kimball, Prinecipal Engineer .
0ffice of Architects and Engineers , tgzlff“
University of California (= N
Berkeley i, Californis

Re: Emergency storm dralnage measures in
lower Strawberry (reek.

Dear Sir:

On this date Mr. Lowell Dukleth and the undersigned Ilnapected
the lower Strawberry Creek area to review the performance and
results of emergency storm drainage measures as recommended
Ffor Zone IT in our report dated November 9, 1962. The execu-
tion of the recommended remedial measures to date 1s gsuitable
tc and approved by this office, and the effects of these
measures, as seen in the recent llght rainstorms, 1is most

gratifying.

During the course of the remedlal work, and of subsequent
degradation of the stream bed during the recent minolr" rain-
storma, the creek bottom elevation has been lowered by one or
two feet, and more groins and other obstructions have been
revealed. This has necessitated & somewhat more extensive removal
of obstructing items than was delineated in our original recom-
nendations. In addition, the change in stream bed conditlions
revealed by the recent minor runoff and sonaequent erosion,
makes certain further work necessary. We therefore make the
following recommendations for immedlate emergency remedial
measures, supplemental to our recommendations of November 9,
1962 and keyed to the plan and -numbering aystem used Iin that
report, as follows:

Ttem 11. Original recommendation. Remove pipea [rom
channel under bridgs. This has not yet been done and
ghould be done immediately.

12.1 Oroin at Item 12 in original recommendations should
be observed as the stream bed degrades and loweread. in
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gucecessive 2=foot inerements as required to conform to
new creok bottom configuration.

12.2 Erosion of the south bank of the ecreek near the new
Students (enter, severe in the past, 18 now worsening. This
erosion will destroy the small trees and bushes along this
bank 1f not remedied. We recommend the removal of the old,
large Willow tree and associated brush and root clusters

on the north side of the cresk about 25 feet east of Item 12
of the originsl recommendations, to widen the creek to the
north and retard erosion of the south bank. Brush and root-
bound socil should be removed so as to provide a bottom chan-
nel width of' at least 10 feat.

13.1 Remove root-bound soil point on the north side of the
ereek at the location of Item 13 of the original recommenda-
tions, in order to widem the channel and reduce erosion of
the south bank. ‘

£

' /
19.1 Remove the entire groin referred to in Item L5 of the
original recommendations.

20.1 Remove large pieaes‘of‘rubble and rock from the stream
channel at the losation of Item 20 of the origlnal recom-
mendations.

We belisve that execution of the above recommendations should
complete the emergency remedial measures in Zone II.

BdL:icz
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Pebruary 19, 1963

Office of Architects and Engineers
University of (Qalifornie at Berkeley
Barkeley h, Galifornia

Attn: Mr. Lowsell Dukleth
Ret IErosion between Stern Hall and the Greek Theatre

Gantlemsns

This letter ia written Iin confirmatlion of opinlons given by
the Principal of this offiece on this date in telephone conver-
sation with Mr. Dulklsth regarding the sxisting large erosion-
gully just south of Stern Hall.

The physical aspects of this problem, as we see them, are as
follows:

The subjeost erosion-gully lies in e general drainage area
with a shape roughly approximsting a truncated isoscales
triengle, the base belng formed by Gayley Road between
Hearat Avenue and Bancrof't Way, with the north slde running
down ths ridge on which Oyeclobron Road is located, above
Hearst Avenue, and with the south slde formed by the ridgs
falling to Memorisl Stadium. This ares is shown on the
rough sketch map attached, along wlth ¢ertain other perti-
nent features, as follows:

The above area is outlinéd in a brown pencil line.
Oyelotron Road is colored red.

The boundary of Zone VI is shaded in blua, Zone IV in
green, and Zone 1II in brown.

Blackberry and Stfawberry greeks are shown asg blus lines.
The eroslion-gully 1s shown by a red mark.

Nots the location of the area with respect to the Rad. Lab.
aren,; and espeaially to (yelotron Road. ,
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This "drainage area' has been drawn because it has certain
somnon charscteristics, described as follows:

The area Lies on the westerly facing '"nose" of the
overall ridge which separates 3trawberry and Blackberry
Oreeka. The bulk of tho ridge drains either to the
south or north, to Strawberry and Blackberry Greeks,
reapectively, and the only drainage which naturally
fells to thias area 1s that of the area itself. The

area thus has no tributary watershed except its own
area, excepting for artificial diversions brought

about by Improvements In the Rad. Lab. area above.

The area 1s essentially unimproved and of small extent,
and thus will show low bo negligible peak storm runoff
flows, excepting for artificial diverasilona Into the
area.

A1l swales in the area are lmmature and the soil zone
is thicks thus any high runoff flows in these swales
will cauvge severe erosion. ‘ '

The construction of the Rad. Lab. area above, and especlally
Oyclotron Road, has caused a large diversion of runoff from
zZone VI (see our preliminary report on storm drainage con-

ditions at the campus) into this area, the diversion amount-
ing to ten's of aocres of completely developed Rad. Lab. area

above.

The bulk of the excess storm drainage comes down Cyclotron
Road 1in a devious pattern, "jumps" the road above Stern
Holl and the Greek Theatrs, and flows down the swale just
gouth of Stern Hall.

Peslk storm flows in thls water course have been very large,
the recent small storm causing severe erosion in the swale

aArea.

The swale is eroding badly, with an erosion-gully having
started some years ago. This erosion gully is now at the
Point of development where it erodes very rapidly, and the
'ssarp™ of the gully now moves uphill by, say, five to ten
feet during each normal, not peak, rainstorm.

Erosion-gullys such as this ons move very rapidly once they
reach a certain point of development, sometimes cutting
back as much as fifty feet or more in a severe stomm. This

gully 1s approaching this stage of developmant.

The ercsion seen ia due solely to diversion of "foreign"
runof'f from the Rad. Lab. area above. Without this diversion
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the gully would not have formed and no ercsion would now
be taking place. Note that except for this diversion,

the runoff conditions in these swales are essentially
unchanged from say, 50 years ago, and the swales did not
erode at all, and were stable, prior to construction in
the upper campus area. Without this artificiel change
each of' the small swales drains only a small arsa, lncap-
abla of producing sufficient flow to cause severe erosion.

In our preliminary work on the campus storm drainage problems,.
overall, we have nol considered the above erosion to bs an
"emergeney" situation, and have made no recommendations for

"emergeney remedial measures" therefor, for the following reasons:

The subject erosion is not now causing any costly damage,
and in comparison to other areas where really dangerous con-
ditlons were found, 1t ls not presently a matter of great

goncern.

The problem will be completely solved upon return of the

upper campus runoff to the orliginal runoff pattern, where
1t belongs. At that tims the erosion-gully ean be filled
in and. planted, and the matter forgotten.

Remedy of the observed erosion, other thari removal of the
artifieial diversion of runoff, would be extremely ecostly,
involving buillding a culvert from Stern Hall to the Big
Ineh storm sewer. Since this facillty would be unnseeded
and useless after solution of thse problem in the Rad. Lab.
area; we cammot concur with the congtruction of sush a unit.

It 18 our opinion that the solution of this problem does not lis
in eonstrueting a new, expensive, storm drainage facility in

the Btern Hall-~Greel Theatre-Bowles Hall area, but in sorrecting
the delfective runoff condition produced by construction in the
Rad. Lab. erea, and most especlally COyclotron Road.

We deo not believe that the runoff coming down CGyclotron Road
should be diverted back Into Blaeckberry (Oresk at thls time, as
an "emergency measure', because of the dangerous effects that
thias might produce in the lower Blackberry Oreek area. Note
that the "north campus" area has not flooded badly in recent
vears, and this s almost undoubtedly due in large part toc the
diversion discussed above. To suddenly put thils runoff back into
Blaekberry dreelk would, 1n our oplnion, be very risky. Ons has
but to look at the depressed, lnadseguate entrance to the Oity
storm sower Iintercepting Blackberry Creek, at the recent inclse-
ment of several feset and the large cobbles and bouldsras in the
creek bed, and at the residence resting in the canyon just below
the Inlet like & cork in a bottle, to fesl qulte cautious sbout
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changing the runoff of Blackberry Oreek without adequate gitudy.
We believe that the runoff should be returned to Blackberry
(reelk before the winter of 1963, but only after adequate studies
are made, proper warning is given to the City, and the results
of this metion have been evaluated. This is discusaed in more

~detall under Zone VI of our preliminary report on sampus storm
drainage problems.

To conclude, we do not feel that "emergency remedial mea sures '
are indicated for the subject erosion-gully and thus we have
not and do not recommend that emergency measures be taken at
this time.

With respect to present surface conditions, and aoction which
might be properly taken at this time to lessen the nuilsance
created by the gully, we make the following suggoestions and
commentst '

If the gully 1s now s hazard to pedestrians we have sug-
gosted that 1t be "barrlcaded" with a guard rail, and that
the adjoining trall be closed. :

Diversion of the flow from the gully by ditehing could be
aascomplished by "bull dozing" a rather deep temporary drain-
age dltch along the dirt romd above the area, 80 as to take
the water around the (reek Theatre and to the parking lot
between Bowles Hall and the Greek Theatre. This would
require guite an extensive ditch, deep and hazardous to
pedestrians, and the diteh would erode badly during all
appreciable rainatorms. As the Greek Theatre has been built
into a sort of "depression" the diversion of the water to
the Theatre ares would probably cause severs flooding of

the Theatre. We do not recommend such diversion, but have
deseribed the conditions pertaining to gilve a more complete
pleturs. ‘

Erosion in the gully could bs greatly reduced or halted by
the placement of sand-bag "wing damg" of two or thres bag
height across the slope above the gully, thus diverting the
flow to = small swale some 50 to 100 feet south of the exist-
ing gully. This swale 1s similar to the original condition
of the one in which the gully has been eroded. The existing
diteh and flow channel along the pathway should be blocked
with sand bags as part of this work. Such action would ‘
“halt further heasvy erosion in the existing gulley, and
initiate gullying in the swale to the gouth; but since such
srosion-gullys develop slowly at first, 1t would "buy" &
year or two of time in which to solve the basic problen.

In conclusion, this office recommends that if you fesl that the
gully 1s o nulsance and that some measures must be taken at
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thls time, that you places barricades around ths gully, and
divert the flow te the swale to the south with sand-bag
"wing-dams" as desceribed above. You should not f£i1l11l the gully
now as planting for erosion-proteation would not "take hold"
in time to prevent severs erosion of the new rill during
further possible rainstorms this winter. On the long-term
bagis we recommend that the problem be solved by restoration
of tha original runoff conditions within the "triangle", and
not by conatruction of a large expensive culvert aystem, which
might not "work" during a severe storm when 1t was really
neseded, anyway. :

We will be happy to lay out the suggested sand bag "wing-dems"
in the fleld 1f you so request.

() I FE
RB!iS"SPed Jivil Enginser S
Stabe of Californis #9232 ‘-

BlLicz
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March 25, 1963

Office of Archltects and Engineers
Unlversity of California at Berkeley
Berkeley 4, Oalifornia

Attny Mr. Lowell Dukleth

Re: Ohicken Canyon rock groln system.

Gentlemens

On thies date Messrs. Dukleth and Parish, of the Unlversity
Staff, and the undersigned inspected the lower rock grolin

area in Chicken (anyon. This letter will confirm the opinlons
and recommendations glven by the undersigned at thls meetlng:

The slope of the new rubble groin should be flattened and
the toe extended by the addition of more rubblé in the

"~ lower portion of the groin. The area below the groin

" ghould be "armor coated" with one layer of larger rip-rap
pleaces for a distance of five feet out from the new
toe-of~alope.

It is not necessary for you to concrete-slurry the face

of this groin at this time. Thils involves some risk of
eroslon; but we feel that the hazard is small and ths cost
of' placing this concrete at this time would be prohibitive.
Some time this summer, during the course of overall
remedial work in the Canyon and after the ares in back of
the berm has been filled and stabllized, the face of the
groin should be conoreted for permanent protectlon; and
thias can be done at that time at much leas cost than now.

It was recommended that the groln immedlately below the
one describsed above bs axtended to the west to protect 1t
from impending end-cutting, and that an exlisting "hole"
in the groln be filled in with coarse rubbls.

The exlsting old groin above the newest gréin should be
protected from further erocsion at 1ts toe by the dumplng
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of rubble in the existing hole, and placing one layer of
large pleces of rubble as ercsion protection for a dis-
tance of five feet beyond thse toe of the groin.

It was recommended that two more groins be bullt above

the higheat exlsting groin in the lower creek area, using
rubble from campus demolition as 1t becomes avellable.

Phe locatlonz of these grolns were discussed and "apotted"
in the field, and Mr. Dukleth 1s to flag these locatlons.
The flow-channel of the creek is to be shifted easaterly,
away from the slide in the wesaterly slope, by putting

the low-point flow channel in the grolns to the eaat of
the exlsting creek chamnel. The groins are to extend to
the westerly slope to prevent end-cutting.

This office recommended that coarse rock, rubble and/or
pleces of asphaltic concrete obtalned in your general

work in the campus be dumped into the stream channel just
above the highest groin in the lowser section of the crsek.
This will provide coarse bed material necessary to form

an eroslon-resistant creek bed. As the sllde materlal
belng eroded contalns 1little coarse, hard rock this source
of eroslon-reslstant material will hasten the formetlon of
a atable stream bed; and in sddition, thils procedure will
avold the.necessity of hauling this material to the "dump",
at a congidsrable aavings to the Universlity.

We approve your dumping excess socll from campus excave-
tions above the existing higheat groin, to fill-in the -
creek channel to the new groin helght. As soon as the
creek chammel 1s ralsed to the intended top of the new
groln, a rosk fasing should be placed on the £111 slope

to form the new groin, as described above. (oarass material
1s preferable for thils dumped soil, but ordinary "dirt" is
aaceptable for filling bshind the groins. The exposed
#dirt" surface should be oovered with weste rubble as much
as supply and practiecabllity will permit. In taking thls
action we are taking some risk of losing this materlasl to
srosion; howsver, it is the oplnion of thls offloe that
no coarse material will move down the creek, as 1t will
be stopped behind the groins and act to "harden" the bed,
and transported fines reaching the road below will pass

on down the system as many thousands of yards of sllde
material have alrsady done this winter. Thls action
therefore saves the Unlverslty the coest of haullng this
excess soll to the "dump", and hastens the fllling

behind the groins and resulting stabllizatlon of the

gallde to the wesat. :

It was noted that the large slide which forma the westerly
side of the lower creel channel 1s still actlive and "squeezing
the channel. The filling of the "hole" in back of the newssat

it
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groin by the recent small rain 1s indicative .of, the amount

of slide debris moving in the oreek. The performencse of the
groins now built has been very gratifylng to date, and the
ralse in channel grade now achleved 1s beginning to stabilize
the slide by surcharging the tos of the slope. The contin-
ulng construction of grolins with campus-derived rubble, and
the Filling in baok of these groins with campus-derived

waste soil, will be both beneficial to the program of astabll-
" izing the slide and stream channel, and save money on normal
campus costs as well. .

BJlLtoz
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