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PAR? I -~ IRTRODUCTIOHN.

The work, throughout the eatire course of obser-
vations, wes done under the supervision of the City En-
gineer, lir. R+ V. Orbison, and the Civil Engineering De-
partment of Throop College of Technology. In December
the ¢ity instelled a "Standardi" Stage Recorder on the
drain between llarion and Sierra Bonite Avenues. A com-
mutator for the Gurley Current leter, which makes contact
every fifth revolution, made it possible to measure high

velocities if the occasion had occurred.

The scope of the work was greatly limited by the nat-
ure of the rainfall during the winter months. TWhile the
total reainfall was nearly up to the seasonal average, no
appreciasble run-off ocourred. HMost of the rains were of
low intensity and the heavy rains that did occur were pre-
ceded by dry periods and consequently most of the preci-
pitation was taken up by the ground. The maximum depth
of flow recorded in the drain was l.2 feet, and this wes
of short duration. Due to this lack of vun-off no vel-
ocity measurements were taken and the value of the coef-
ficient of roughness (m) in Kutter's formula could not
be found. Since no velocity measurements could be taken,
the velocity curves were caleculated from Rutter's formula

using 013 for (n) and .0159 for (s).

The subject matter is divided into the following
topics-~ intensity of rainfall, duration of intensitises,
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relation between rainfall and run-off, imperviousness of
the soil, lag in time between maximum intensity of rain-
fall and the peak of the flood in the drain, snd the re-
lation of the flood peaks in the branches to each other
and to the high water in the drain.

The drain proper follows the north city limits from
Marengo to Senta Rosa Avenues and then a southeasterly
course seross the city to the east city limits at San
Pasqual and Allen Aves. The mep on plate No. 2 shows the
location of the drain. Below San Pasqual Ave., & contin-
uation of the drain forms the county Rubio Storm Drain
No. 2. The tributary area extends in a strip thrn Alt-
adena and nearly to the foot of the mountains. The area
tributary to the drain above the float gage is 2491 acres,
nearly all of which is e¢ity or urban property. Below the
float gage the Rubio Storm Drain No. 1, with a drainage
area of 2136 acres, joins the ¢ity drain, making with an
additional portion of the city a total of 4904 acres trib-
utary to the lower part of the drain, The accompenying

map, plate No. 2, shows the drainage sreas,

The channel is made of fairly smooth conerete and it
is approximately trapezoidal in section, Cross sections
‘at various points on the drain are shown on Plete Ho 1,
The drain was designed for a rainfall of one and one-qusr-
ter in. per hr. and a run-off as given by MeMath's for-
mile Q = .8RVs/E , using «8 a2s a coefficient of imper-
viousness. The value of (n), assumed for design in

Eutter's formula was 013,



The genéral method of proceedure was to colleect
rainfall data from three gages in the drainsge ares,
while rainfall intensities were taken from the record-
ing, tipping-bucket gage on the rdcf of the City Hall.
With stage gages painted on the channel walls showing
the height of water below the outlets of the tributary
branches and with the recording float gage near the low-
er end, the relation between the heights of water in the
drain and intensities of rainfall was obtained. Since
the quantity of water flowing is a function of the gage
heights, the relation between rainfall intensities and
run-0ff was found. The discharge was obtained by
‘measuring the area of a cross seetion of the channel and
ealeulating the velocity thru the section and then sub-
gtituting these values in the formula Q = AV. After
the discharge was found and with thelamount of rainfall
on the drainage area known, the percentage of imper-

viousness of the soil was calculated.



Part II «- Rainfall.

The mountein range inm back of Pasadens intercepts
and chills the clouds thereby causing & greater precipi-
tation in their vieinity.

The record obtained by a single rain gege shows
only the precipitation on a few square in. of surface
and may not be representative of a considerable area. In
order to obtain with more certainty the aversge precipi-
tation over the drainage area, several gsges were used.
Two Us S. Weather Bureau Standard Rain Geges were used.
This type of gage is eight inches in dismeter and hes a
capacity for two inches of rainfall, and in connection
with the overflow the possible capscity is 20 in. of
rajnfall. The gage is made so that one inch of rain-

fall actually measures 10 inches on the messuring stiek.

Cne gege was located at Los Robles Ave. and Toodbury
Rd. near the beginning of the drain, another was located
at Throop College of Technologye. These two "Standard”
gages, together with the recording gege at the City Hall
and the govermment gage at the Ilit. Wilson Toll House,

govered the ares in a satisfectory manner.

The attached charts, Nos. 3 & 4, of comparative rain-
fall show that as & rule the gage at the Mt. Wilson Toll
House and the one &t ILos Robles Ave. and "oodbury Rd. re-

cord more rain than the other geges, located at the City



Ball and at Throop College. The variation is more pro-
nounced i the rainfall of Pasadena and Los Angeles be

gompared. The incresase in rainfall towards the mount-
ains is well shown ia the followihg table taken from the

government reports for the months of January and Febuary.

t. Wilson - Echo
Date Pasadena Toll House. Hountain,
Jan 2 <06 048 -
"3 037 - 075
R ¥ - 033 054 o4l
"o16 .20 .48 .35
® 17 02 «09 «06
"o18 « 33 - -
" 19 1.31 1.14 1,14
"o20 248 1.15 =88
Total 3409 .72 2.82
Peb .12 «13 W13 12
" 17 +90 «69 $70
" 18 007 o5l 19
" 19 26 +08 « 14
T 20 «60 <45 67
- | «78 «95 1.16
" 22 1.04 1.28 1.70
" 23 - «10 12
" 2B __89 .75 75
Total 4,67 4,79 5.61

The comparative rainfall charts and the curves,



plates Nos. 5 to 21 inclusive, showing the relation bet-
ween rainfall and discharge, show that there is a great
variation in rainfall over even the limited area tribu-
tary to the drain. In pleces, as at 7 AJd. on Jan. 20,
the stage recorder showed o sudden rise, while the re-
¢ording rain-gage 2t the City Hall showed a nearly un=-
iform intensity of precipitation. . This rise wag due to
a greater intensity farther north in the drainage area.
At another time, while the writer was working in the
drein at the float gage, a sudden rush of water came

down while there was no rain at the gage.

At periods the rainfall is fairly uniform over the
whole ares, this beling illustrated by the uniformity in
varistion, with a2 lag in time, between the rainfall and
discharge curves. Some examples of this variastion tak-
en from these curves sre -- Feb. 22, at 2 A.l., and at
b AJlej Jan. 18, at 2 P.M. and 11 P.M.3 Feb. 21, at 10
P.ly and Feb. 25, at 2 A.l.

Ho great intensities of rainfall ocecurred during the
geasony the greatest being .72 in. per hr. for five nin-
utes on Feb. 21, at 3 P.M. Another of the greatest ine
tensities wag st the rate of 36 in. per hr. for 10 min-
utes on Feb. 22, at 1:30 A.IL. These intensities are
very low when compared to rates of 1.2 ia. per hr, for

10 minutes which have been recorded in Passdena.

On the razinfall charts, one emall square indicates



that .01l in. of rain fell during the interval in time
since the previous squere. For example, on plate No.
16 begimning at 12 A during the first five minutes
1% was probably raining but the bucket did not £ill and
tip, while during the next 10 mihutes the bucket tipved
twice, indicating .02 in of rain, Only where the

‘squeres are continuvous can intensities be csleulated.

The rainfall csusing the meximum flow is the one
that has th@ greatest intensity, for & period of time
equal to the time necessary for the water to collect in
the drain. An aversge of 11l cases showed that the high

water in the drain sppeared 15 minutes after a period
‘of heavy rein. ' This would indicabte that 15 minutee was
the time of collection. From curves of intensities
and durations plotted for Pasadens by llessrs. Carson and
CBamberlain,.an intensity of 1.3 in. per hr. for 1O min-
utes would cause the meximum run-off to be expected from
ordinary storms. The writer is of the opinion that too
much attention has been peild to intensities of short

duration; these are only of velue in designing catch-

basins.



Part ITI -- Run-off.

Run-off depends on topography, character and im-
perviousness of soil, drainage area, and intensity of
rainfall. Due.to the steep slopes and pavéd streets,
the run-off in this district is "flashy™ in cheracter.

As steted before, there is a lsg of 15 minutes between
e periold of intense rainfall and the flood pesk in the
drain, end when the rain stops the flow rapidly dies out.

The float gage, or Standard Stage Recorder, made
by the Testern Instrument Co. of lLos Angeies, was in-
gtalled on 2 straight section with a uniform slope just
sbove the imtersection of the Rubio Storm Drain Fo. 1.
Two 4-in. pipes, one from the bottom of the invert and
the other from the toe of the wall, conneet the still-
well with the drain. The float moves in an 18 in.
tile chamber; water is admitted to the tile thru o
two in, valve. Since this valve waeg throttled, the
emall rapid fluetuations were not recorded. A gage
was painted on the side of the drain t0o check the chart
recding. The accompanying drawing, plate No. 22 shows

the dimensions and general arrangement of the float gage.

Stage gages were painted on the chamnel walls in
selected streight sections below branch outlets as
shown on the map. Gage Ho. 1l was located just above
Highlends 5%., gage Ho., 2 about 30 £t. below Highlands
S8te, gage Ho. 3 at Normandie St., gage Ho. 4 just below
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Maple S5t., while gsge No. 6, or the float gege, was lo-
cated between larion snd Sierrs Bonits Aves. Cross
seckions of the draln &t the gages are shown on plate
To. 1. In this way the run-off from sections of the
drainsge area could be locslized end studied in more
detail, Student sssistants were to obcerve these
geges, noting the time and stage at 10 minute intervals.
Sinee no flow of commequence occurred, no data was se-~

cured from these gages.

quite elaborate arrangements were made for measur-
ing velocity. Two methods were to have been used; by
flosts, surface and submerged; and the current meter
method. Weighted blocks were connected to surfoce
floats by an adjustable wire. The man starting the
floats could, by observing the depths from & gage, set
the submerged float at 2, «6, 0r «8 of the depth. A
tining set, used by the police departument and consisting
of a buzzer and push button at each end of 300 £t. of
wire, was to have been used in timing the floats, In
order to measure the high velocities expected, a com-
matator making conbtact every fifth revelution was used
on the current meter. The current meter rating curve
wags extended as a straight line, as shown in plste No.
25a To hold the meter in the high current a 30 lb.
lead weight was secured from lre J. C. Dort, the district
hydrographer. This weight used in conjunction with a

stay-line would, in the writer's opinion, work satis-
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fastorily. At no time was there enough depth to sub-

merge the meter.

The theoretical mean velocity wes calculated from
Kutter's formule using 013, a&s assumed in design, for

the coefficient of roughﬁesa (n). The formule is as

follows:s -
41.6 + 1.811 4 0.00281
¥V = R 8 Vrs
1+ (41l.6 + 9;99§§14f2.
8 vﬁ?‘

8 = slope = 0169

coeificient of roughness = ,018

=]
8t

s
a0

hydraulie radius for differeant depths.

The following teble gives the properties of the
drain at the float gage.

Hydraulic
Depth Area Radius Velocity Discharge
«B o34 «096 2,5 «85
o4 1.23 « 216 477 5.86
«6 2.5656 033 6.52 16.6
.8 4,15 432 8.3 34 .4
1.0 6.37 =548 977 62.2
2.0 18,00 1.31 17.46 312,
3.0 29.96 1.89 2836 670.
4.0 42.25 236 25.8 1090,
6.0 54.85 2.74 2843 1500,

6.0 67.80 307 30.2 - 2060,
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Hydraulie
Tepth Area Radius Velocity Discharge
7.0 82416 S ed Ok ek 2650

Curves of these properties are shown on Dliates Nos. 24,

25, and 26,

The curves of rainfall depth, end discharge during
the day, plates Ho. & to Ho. 21 inclusive, show clearly
how the wum-off varies with the reinfall. The discharze
Veurves are pldtted with cubic f£4t. per sec. as ordinates
snd time as abscissaj therefore the area under the
ourve, whén multiplied by the value of one square in.,
gives the total discharge in any given length of time.
{One square in. equals 240,000 cubic feet.} By taking
the rainfall for a length of time and the discharge for
an equal pericd beginning 16 minutes later, the percent-
sge of run-off and imperviousness of the soll was calcu-~

lated.

The following table shows some results taken from the

gurvesi-=-
SHORT PERIODS
Date Rainfall Duration Run-off %
Inches Minutes Inches
Jane. 19 « 08 125 . w250 17.5
Pebe 20 «18 150 « 0168 Yed
B 21 + 11 120 « 0203 9.4
" 22 013 856 + 0096 7ed

" 2b » 09 86 « 0073 8.2



Date Reinfall Run-off | %
Ianches Inches
Jan. 18 o282 « 0372 16.9
Jan. 18«20 1.96 <296 15.2
Feb. 18«22 2.87 « 267 11.8
" R4-256 W79 «057 7.25
Mar. 9 « 28 0258 9.14

In order to make & comparison, hoth rainfall and rug-
off are given in inches. The percentage run-off
thus found is quite small eand it was characteristie

0of all storme during the winter.



14

Part IV -~ Recommendations.

Before the next rainy season some means should be
provided for removing the mud that enters the float
chember of the stege recorder. The opening of the two

ineh valve is too small to be of any use.

The effeet of high velocities in the drsin on the
water level in the still-well should be studieds There
is danger of an eddy being formed at the slot in the
floor of the drsin. This could be remedied by meking

the slot narrower.

The rein geges should be so located that they cen
be resd each day &t € A, Readings teken gt other

times csnnot be compared with the government gsges.

One man should not attempt to measure velocities
with the curreant meter. A note-keeper should wateh
for any debris coming down the drein and waran the in-

strumeht operator in time to svoid demsging the meter.
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Part V -- Conclusions.

The writer regrets that due to the leck of run-off
not much information wes secured. Sinee 0o veloeity
measurcnents were teken the velue of (m) in Xutter's
formula could not be found and consequently the work of

Messrs. Carson and Chamberlain could not be checked.

In & law-suit szeinst the city it was contended
that the drain synchronized the flood peaks from the
tributary areas snd mede a larger flow in the drain.

" Due to the lack of run~off no déta with regard to this

could be secured.



LPete #/

.

W

®

w
|
|

’

Scale 1'=3'

CROSS SECTIONS OF THE DORAIN

- rx




BEIN0) 43LPIN

Aoopunog Sboureig

P 509 =i:=

WL WI0LS

P
N
Y
p
NN
~w
S
g
i
S
> 3
R
N
N
e
e_,

5y s§& =9
G Y AN NR =
777/, = o
/ﬁ &\ o \A\
Oy O\ W a W
(0N 9 ) N : 4
N N tg g % Local Triburary drea
6, § § ; g § Toral Triburary drea o
= s & SR O
& o | : ave. "%
R & s = 3 i ‘
~ - :g —_I' : ¢ } |
7777 NS
£ N- Los  Roble ~ \ /
“ [ it . e r RCRR .
1 :[j‘il‘f \ \
= []D :l v/l/ ] . § A3
l ) V7 " £/ y i /
. AL
B //’ 7 Vil A
i LR AT T
__’ . : .’,)‘ 7
ml = ey et s et
. ~,J,,—C—‘rr_4—7"‘fa§g/ = It =
6 (AVE S @l mraw ) RORT @GN p
e o K. N
| & (nv= (ivau
P e B s 5

8/p2§

2/

”n

=




Y

THROOP COLLEGE OF TECHNOLOGY

(O™ 73 1 4

| | |
y_ EEanae e : - S
1 . _ |
| ! : ! b ]
MW o , , S ﬂZ:.
e N WA A NN |
S ITITTTITE=o e IO L & o
i it BT e omwm 1
J_ e S N N N N 787 AN~ fwt
Ly A O B ZZ 2 I N
S G ZRb o 5 |
e e s THA B A £E J . St
| |
g e
B | |
it e s e e e
EEendS Rl AR Laas) Ly e , i
M NN\ R |
N L. zo-STIIIIIIIIIDE, &7
Q S
R ju3E |
i | | | | L | |
TR 2T 2 ST CPZE SN Y Y it |
< Y fmgpocp pre sy o7 LTI N 7 2 < T T o 3OS _ “ _
N 0k s R R | | |
- S RETO Bovter) f 2 2FE i b : S
. QM | “ ! .
i | | >
. % -
e e R e e T R S fp ity 5 =2 - H : _
| ﬁ | |



THROOP COLLEGE OF TECHNOLOGY

. piape =1
| |COMPARATIVE RAINFALL ON DRAINAGE GREFA .

G T = Throdp College | f
| | CH.— Crry | Hall | | |
| L RAW = Los Kobles + Woodbury FA. i |
J T H — M+ Wiison Tol/ Hovse R E .
. i is ’
g i el e
® N
. '\' o
%> E : ] :t T
| - R[] N ¥ |
B % gkl |
Fi BRI e e | | |
R IHHIE |
S S LN NN NN R |
N E S N siEad s | i
b E ]
‘ \
| |
2 Zoitizr g i 2 | |
- [ebruary e | :
‘ : N | f i
| | [ 3 | | ‘
LR e j IR SEL E b E L {
i [] \ F | |
| ! | J
| 1 i { f
frain A R
A

e e L

IBE AP 7 i
VLA

. |
! R i ;
| |
/g ] 20| |
| | |
[ ! |
- | ! t
| | f !
}
4 13 B SE g e L

e e e T B o




i | |

5 e ' e W
% o et :
3 : Y
\} ki 74 wo. |
| NN

T | | 3

A

THROOP COLLEGE OF TECHNOLOGY

.4.
3
-
h -
| A
| R
_\m\VSH\Q 4 Q\W iEieatineie
LR Dl &




THROOP COLLEGE Of TECHNOLOGY

Ie

%
N

Sl e L e W

R L o it

|

|

e \.m.\u

[
|
|
s S SS 0 T Dy xf.illl-r_ﬂll
|

Y SRS SRS DERSES SO S

|
| | | |
m ” w Pissaaas SroesTEsl &t w ! |
| | J/k\ F et |
| i | m _ | M
| | et s (e Ra) frtagads S8 13 FPEayy ey [aaepe pengs Loy ciuziust (aMuMTTINTy fe 6o gratroerieans
| | | | | R
W = 54 B | | . | >
| & | | | By |72 M 1
| l . A i , -
_ W _ “ *
| | _ h |
¢ ﬂ SRR T A U ! lgr ] .,T — e t t)ll* — —_ &!4_,!\ MI l%r
| | | | | | | |
| | | | | [ A ”
| m | | | | |
T b | H Am | ,_ 4
| | i : V I\
| & Boihsieian e 1 : s | N
| | | % | e ey
| | | | | 5
M | | | | X
| | vbryssig ,ﬂ 1 oY
| _ m _ m R
| | | ! N
| L »rplfi SR P - 5 + Smepls il ?T;l:wle, | i <5 b

!




THROOP COLLEGE OF TECHNOLOGY

P 2

o 1412977

E]
o

22,

C8 K S NMORIRDLL -

20




Flare 8

THROOP COLLEGE OfF TECHNULOULTY

_ i 52 L m | [ ,
| . LB | | "y | | S |
S ta&\\uj\ /" o/ 2 g . p ¥ o aed z | /1 z Ty
lxlrnfl e LN egageg=spagopemgenge=g=gopiepo gy SELSEESE SRS SRS S2RE S2SE RECASENN SRR o OpOooo jsgug E..E JEGIC ooy {
i | | | “. | | |
. ., , ., | | D
w t | | e bp H
. ” | | 252l A pRpeTe BISh: 2 | MR
| | | | * | N
St e e R 7L | | | g
M m_ | | _ |
: | _ “ ‘ A_
| M | | | | |
” - | ! _i i Bodila cudbans
B e MmN
B S
| N
Fetudis S=BRINERESSRL dakls el it asaad = e R S 1”7 /0 > 1 & i hosasasans L gt
H o i i ” :
| | i
| ) W
e = | : o
Bt _ / & >
| A BE R gl e N
i ./&u |
w_ | X
S § 1 2brpysiq | “log Y |
| | Y
w { ! .D |
| H
M
| | :
\L._f‘ astea o biEsea sE LG e Bl Ay o2 e 2L i <] = {5 Epeiiol 2

’
|




|
|
i
\
O
|®
t
s
o A
o
5
d
=
(=
(s
(&
]
O
0
o
s

junpupapspaps o) g eg=ps pupspupug ]

.

Flarée

A e Ao

ot

TECANOULOOTY !

e

I

THROOP COLCEGE" OF

[

[\
+4|2/972 |

=4

238 48

1

s e

1
{
|
|

R

STl e e el E iR el

| , m ,. m N,

| | | | | | |
e e | TR 1 :

| | | | |

| | | | m |
B e e iy : PR |
| | | _ . |

32 V6 &0

!

%, v

S NO

CS &K




aoth B

,,h\QQ*N‘

Shiieass: g ) g T DRI L2 T L

X
e ey

L S e R B i

PSR A

|
|
M
*
H
|

LIRSS SRS

IIrTuUunr GU kL wL Ui

Chba]
| | etreeaa|
Sac] TR B S el L ksl iR

S S
N~ 0g -
wg40d 44 7912

C.5.8 S.N9332"2.20




PEIIR U COLLEGE SOF - TEGCRNO QG Y

Ll el o/

Q.w\m\\w

Flare T/

£ |z | jerseprsy .N

i

gy

&£ @ Ll 2 1 #
F_L LI _l,u LI C_—L ) & o= | j=4 U
| o u
i ! | A, i
JE31i4 oS SRR R e BTSRRI S DN Bl L v Sieee Oy g e
, _ ,_ | H,
e | 5 | |
M | | /1ol A4r2 |
m | | | w
| o miniiednn Bl S Il SIS DR et e vl ol L
h m | | | _
i : | |
| | < | | e e e M IRING Il Sl FPWE s
| =t o |
: % i — _ — T e e
W | _ m | “
= I e e e
| | EEEGER S e e
| | | | iE | | el
| | | | |
L | | | = |
| M g4 fhee e
ﬂ | | ,_ M i
| | | | |
| ! | ! | ,V
3 w B S T\.\fu\uﬁ\Q ““““ 5
| | [ i | | |
, T TR IR A T T A B A B e * T Sy PRk - ETRR S i [ lqli\x.wyoll R 1_,
| | | | | | |
w | | | | | M
g o | | | | |
w _ _ .ﬁ, m |
| | |

N
N |

o |
4N |
|

X
oF & w
]’ m

S |



AT IIN VLA T

TTITMmMUuUr LU L LU UL

i

|

{

|

|

fras ]

|

|

|

|

|

SR T b S e ) SR e SE 0

I

] |
|

; |

; |

| ]

b |

1

| {

i |
|

| |

| |

WSk P DRSS S el =
i

|
{
{
|
|
|
4
1
|

R et ikl 1 ST

by R (1

~
~

b

|
[ Ty 2629

| | |
| | ﬁ
S PR ThE i S SR Ees e s P o2
|
| |
| “. \%&TQ&QQ oF
_, ,
| |
| |
|
i | |
i | i
ﬂ

/1 ey

|
|

|

206 w2d 4y 2gn>

|

1

e f ke ke e o



jER " ) dc o = | S— =8 : ,.Ar._ } | © S 0

e Sl

1B
MIEIRBE =D
3

THROOP COLLEGE OF TECHNOLOGY

.......




(SR SR A NER B A

IMUUE VLULLLULL U

|
{

e .:.1*\,|l\v‘l -

m | , ‘ | | ,
| 21/12/2 | | Wy | | | | |

M woop Al // o/ & |8 vay B 23 $# £ e v/
W. [ o | == | | =) IR=N = o ou .LE, 5§ oo LITHUOLIU | =y o 0 = § C: aTau | 6 i o | T
ﬂ , | ,, | _
| | | | | | |
—— At i 1 PSBERs 0 EAES SRS Rt K SRRV - e B s e o ppom e 2 Ve w
e = L Ty
m _ w 4 m | N ,
s W = ZEe yreH A+12 W | e
| | | | | | | | = |
| | H , “ , ,
i _ = b 1#-1-‘}11_,,,%1 SR 82 ST 4G i lﬁ,,r ﬂ
| | | | | | | | |
| | | | |
I ;. i W | | v - ,_
| f | | fa |

| U. , “ : : | W

B ﬂ 5 ESTEal CuRvEEe: B ! 7 R B | TS | |
m m | M ,_W A *
s ,_ | | | N |
pe | 1 g e | 73
| | gt | ‘ |
e | i | |
: SRt B P Al R TN NI S RS R S s Ay R Bl e S (P2 i B 3| TSRO i e et ST E B X5 R S RL T SR e

¥

S
g

'?25‘ s2d 4o 2gn>

i
i



Flate#/s

THROOP COLLEGE OF TECHNOLOGY-

T SRt s ST T m m SRSt
| | | | Wt | | L1122 |
M e/ | 4 o/ . L N ] 9 K7 > oy 4 [/  wooy
M c”.rlr:L CrL,JrL T == 5§ ;” : = 18§ ;
| | _ |
L _ L _ - Dot (IS R S s G2 o vl B S SR B 32 SR i‘\.i!t!,llu
: | | | | =i %y |
_ | h . M | N |
| | , | m | 2 .
,q | | | el Ao | 3 |
ﬂ | " w | X “
_ | | N | = |
, “ S EGIEEE L e e R S G S R el LR S R R, ¥ Bl il S0 el AR R |
| | | | £ | | |
| | | | | | |
| ] t SRR FERSE) { ! Ll.j
e g o |
| ity Rt | | “ | w
. bk y ! el e 3] nE SO R Ry STSieTr SIS V0 Tl B EN TR SRS Bt L% B el wheie 3 L ERTL, i
1 | | h ] 4 |
| | !
| | | | | | Y |
I R Ty edey | | (6 S
I} | { { | | |
_ m | v W , {
| | S e nsnet o nlot f (MR ] R R e nle R R Sebesie BB B S PR e Rl el
| | | i | il | | |
| | | | | | |
S -+ ——— . il =
| i e | {
| | | | } | |
| ,, ” ;. | N _
S i e B S Ly e O R DD men S, 8 (B, TR SR M APE B e DR = il S | e e ks
& | = | | 7 e
| | | | | Sl
k w oYy i 0PN 1
| | )
W " , | Y
. ~ , n Gy
herts KR S e e : | A5 Lt s qAodE
_ _, , M | ”
| } { | | =
[ | | ! | | g
m i | . i
! I | | |
| : 2 ._ | |



Lljge/e

L e T

THROOP COLLEGE OF TECHNOLOGY

m woon 'y it o & | @ £} colg f | £ i 2/
_ I | o o Uy U o | E_.LCE—I._C_..|C._H:|E S g = —— = _I._ _.L PO L5 % §
| | | | Bl | |
| | TR B R G e, ittt D R S St P |
| | | | I ul.ll\J.U
| | | ! | v h
“ M ,W W_ ‘ Ry
| | ! = |
,, | _ ,ﬂ . . Sk
| | M el Ao -3 |
| | | |
p L SEIBAER St ens (S oal 542 S0 Lind b s 182 IEAGIEC Ll ke il Gherisd & — 1
| | | | | | | |
....... " | i | £
| | | 1 |
| il AR TR TS AN | ey it A ARG R DLl R R LR et
| { | | | ! - W
| | | | 3
SR | | | | | i |
| w | _ G| 7bro | | 2 |
, i h i _ ,w “, _ W
m | _ W _ | | |
Bl e e e e ST e ety Pl 1 it b T et e Bl paziey
| _ ,_ | | ,
. “ | | | m r |
~ 455 m _ w , ! |
i [ — "
|

ebsbnyos1y




-
)
D
J |
D
A
ke
D
1)
s
T
&
)
D
)
o
=
®)
O
Qo
o)
@)
g
3 3
—




\ I B | “ , |
, LI/ £E/Z | Wy | ”,
4 m el ar £l &9 4 e 2Dl 2/ |
:M 3 ‘,w _ E, uyp o 85 CM (12 @) 7 o) [rCL 3 ¢ J!JJL‘I W ST D :
| | | | | | |
/a _ * W - |
| s i = i 7 SheT an 7y 5
i M. w _ Ay
ﬂ | | | | Lﬁ D |
N _ | | | X |
! i e K42 | ,ﬁ 5 s
» | | | _ ‘
| | | | | |
e — e i e e | |
w M ,,, | w “ m ,ﬁ
| | | | | | |
e o —1] | BEEEe |
{ i 1 T S B | | |
J _ | SEED Y PrRaee Tt o i S el So ] A
: | 1
4 s B e fel it iy 3 2 =t FLERL ] [
= | U 7S |
L | - d |
o _ v 4 W
e sl 2 & * £ g | o6 : ﬁ PRl L
0 | M |\.§ o H ,
w | | e T plguan CRELR b St SHE G R B e B s e R
J H'| i | : ,_ w _ | ”
% , | * ! ! ! |
%) 1 | { w | | l
D ” , , , m w |
) 52 | [anTe e SR IE] BTG T ! w i
% " » Ryt s e | | N
: | | | el e e
! .2 i 1 IL“ W 2AW NBTRNT 1 | 0 ) X ST A s
= | | | i AT =n
| | | ] | : | 3
& g # 26187510 M i _ oFy M
| | | W m o |
N | W 9% LI MESTIC T & e R Uk pst b haials LS s, e fei e  eahale ) |
RO e W _ " ieen |
| { ,_ | f i |
| U, ; | | | |
| 3 i 4 + 3 {
‘‘‘‘‘‘‘ Hn | | | | |
m | " { “ |
” W | “ | _
L | ‘ : | |
| B | | | | |
| [ { | k |
., |

NeRR32 Vo, 20

2 5a

(



2 %/q

Var /-
|
|
|

852 ,,;ﬁ-,,,,*T_mH M_ jerd
|

e o/

. ” ., : Y ,,

-+

» S _
* u N ‘
. iSS

1 t 1 ...A‘,.. |
| 11oH| K412 o |
| | ! 1
ﬁ | ” |
e e e el |
| | |
; | w
| | _ |
| b | | 2.5 |
, 9 3 , | _
| R ! : |
& | L |

[
S e Iflp_|| , e B e B s s e i o S T E S P
, U | | _ ,
| | | | | |
= . . ! | — : : e =]
{ | | e ) ! A
| | | s | o #
| | | s i S
{ N |
! o2 SR T B | > Sl et b Som G BLSAA b A L AN |
N I _ _ VR o s o o7 % _
{ _ | 4 |
. m _ M “ J |
_ | | |
q | ebrtyrsiq A, g oF} 3 ﬂ
f e
| |
| | M e W
R K v PEiRTE S = T S A R L T s I
w , M , |
| _ _, ,‘ | |
| | | | |
| | | | | | | |
| | | | |
| 5 ! ¥ | | 2 . _, “
[ | { | ! ,
| “ { ' w {
| . ~ A, .

< I

20

NP RF0L0



S

~—/8 " 7ile.

STANDARD STAGE RECORDER

locared atr Sierra Borni/ta Ave.




F COUMIN VLU

THROOP CLOLLEGE UF

20

D S NMOTITTOL



R EE
iiinntnr

- £l

dESITN £/0°
LT

oo

AND

THROOP COLLEGE OF TECHNOLOGY

"4 e FLOAT ‘GAbE

SRR g e

M Q& X & A0 AID L DN



1=

L

'

GEEds

4 il

T
ks

ARROUF COLLEGE OF 1 ECRINUILLJAS T -

i3es
Sak

L 3y o4 7

B
U B S

Sl -

>y

o T C NMOATRDIA



THROOP COLLEGE OF TECHNOLOGY

i
|
SRR RS ce R B Sm S e l_,, SESLNA—R BE SRSl i RSl E
I
|
l

Sk CEpn S it b Sl U S Bl

i : { i :
PROPER 77}_5 o THE | TNVFRT

AT THE i/ZOA 7 GAGE

!
|
S O VSR e g I L
Va/ac/)"/ /n Fri per Sec. n
<ala l
il e S 4 L f
Hydravlc Fadus
o A ol '

&

<

(\
4&,97‘/[ [1r2 77

2

] o Sl i i 2 S S e ,_Ll_“. S el rasr
2 in Sg. Ar
fr u//g__% /;L i
F

Cal s

? Cabre Fr ,afriSec.
10 =% Jo 410 50

1

70
4/ 64:0028) 4 181 |

0159 " 0i3 '
002817 .g13 VOPI R
kst ety

Eeraiahi
S

| {
1 |

o—oa Velocity calularea Frorm

>
{ '

fH D/sc/liarge e

a

11

|
R Y BT VBN A

& |
e Mg £ : ' - ERLER Iotedil S0 ; ey
é_,(.__*_ Hydra vlic /‘dé’/as. | ‘ ’
| | i
o Area. = ! E[ e LT ga !
| | | | }
foer ' p=als 2daiatls m piger ety P R i SR R SO e T






