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DISCUSSION OF ERRORS IN A TRAVERSE SURVEY AND
THEIR LIMITATION.
Sig. Iiliassen.

. The inaccuracies accumulating in a survey conirol system
which consists of chained traverses may be divided into two
classes. _ '

(1) Linear measuring error due to faulty chaining.

(2) Angular measuring errors due {o;

a. Faulfy original azimuth
b. Accumulated azimuth errors araising {rom inac-
curately measured intersection angles.

The effect of accumalated errors due to faulty chaining
will, when the intersection angles are very obtuse (the traverse
line almost straight in divection) be practically wholly in the
direction of the fraverse, while the effect of accumniated ang-
ular errors will be transverse to the general direction of the
traverse.

"The survey control lines are run almost exclasively ina
north, south and an east, west direction, The east and west
ines are used for control of the topography while the north
and south lines ave tie lines mainly run for the control of the
azimuth direction of the east and west lines.

The topography adjoining and tied to the east and west
contro! lines is mapped almost immediately after the lines have
been run and no opportunity is had for adjusting errors
previously to the plotting of topography. It is of importance
therefore that both chaining eivors and azimulh errors of
the control lines are kept small in order to avoid serious
topographic inaccuracies at amy point.

In the general topographical survey of the Chihli plain,
the minimum required accuracy has for this reason been set
to be not less than 1:10,000.

" Due to the capricious way in which errors ofien accumulate
it is necessary in order to be sure of achieving this result to
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impose a “margin of safely’”” of say 1} on all field work, that
is, the contrel must be planned as if the reqmred accuracy
were 1:15,000. :

Expressed mathematically the limit for the linear closing
error K is:

= A/ diz J d2®

where dl and dz are the chaining error and azimuth error
respectively. ‘

The limiting value for E is reached when dl dz and

A/ A2 F dF :ﬁﬁlﬁiﬁ”or 0.0000667 (any unit length)

Calling di® -} dz?2 = 242
we get for the limiting values of dl and dz
E = &/ 2&8 = 00000667

or dz = dl = __QQO_‘_J_QE_QZ or 0.0472 m/km.

The angle subtending a transverse deviation of 0.0472 m per
kilometer is about 9.7 seconds of are.

Based upon the above accuracy limit and to a certain
exient upon the laws of propagation of errors specification for
field work can be made so that the resulting survey control
is likely to have an aceuracy of not less than 1:10,000.

It should be remembered that when running traverses,
the length of the tape used, the observed bearing and the
observed intersection angles, are all only partially known
quantities, The only known conditions are that the angle and

- s explement as measured between two alignments should
& close to 360°00°00”, and, (neglecting effects of spherical

excess and small discrepancies due to geoid irrvegularities and’
gravitational differences) that the angles in the polygon
formed by the alignments between two econtrolling azimuth
observation stations and the two bounding meridians meeting
at the pole, forming the angle of convergence, shall sum up
to 180° (n-2). (Very nearly when the length of the traverse
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does not exeeed 30 kms)
" To enable the engincers to judge whether or not their
work is within the required accuracy it is necessary to lay

L T

down as a first condition that double measurements or repeti-
tions of all fleld work are made especially when there are no
known conditions fo be fulfilled as for instance the closure of -
the angles in a triangle which may serve as -a guide to the

accuracy of the work. %
It is required: %
(1) To measure, at least twice, the length of all align-
ments. |
(2) To observe each controlling azimuilh several times
and at intervals not exceeding 30 kms, %
(3) To measure the angle and its explement between Hi
alignments. '
Errors In The Measnred Lengths of Alignments.
The alignments are measured by two chain parties
furnished with 50 meter standardized steel tapes, spring
balances and thermometers both fape parties working in the g

game direetion. The difference bhetween the two measure-
ments furnishes a method for determining the strength of
the measurement.

Though all of the tapes bhave been compared with the
same standard in the office, the standardization is hardly dene
accurately enough to justify the assumption that the two
measurements have been made under like condition as far
as the systematic errors are concerned. Setting this asidé ==
temporarily, the probable value of the result of two equally A
well made measurements, a, and, b, of the same alignment

having a difference, R, will in all cases be:

a-thb

M= )

= R
The mean error of one of the measurements ¢ — —%——

2
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" Only slight value can be attached. to the accuracy of
two such measurements. But when a number of alignments
have been measured twice, as for instance all the lines in @ -
day’s run, then much more reliable basis for arriving at
the probable strength of the measurements can be obtained.

- The resulting diserepaney between a number of double
measured alignments 1s the algebraic sum of the accidental
and systematic errors, which have aceumulated for each
individual messurement.

The acecidental errors are due solely {o inaccuracies in
the measuring itself, while systematic errors are due to errors
in the tapes, spring balance errors and to ground and
temperature conditions.

When using two parties for measuring, each using a
separate tape, -errors of the systematic kind accumulate
differently for each tape wlile errors of the accidental type
can be taken to accumulate as if the alignments should have
been measured twice by the same party with the same tape,

- To analyze the measurements it is therefore necessary to

=1

separate the systematic from the accidental errors. This is
done by tabulating all the discrepancies R1, R2, Rs, ete.
between the two measurements of each alignment and redue-
ing them to the kilometer unit length by dividing by the
length of the respective alignments expressed in kilometer.
The algebraic sum of the unit discrepancies is then divided
by the number of alignments under consideration. The mean
unit discrepancy thus obtained shall represent the systematie
discrepancy, rs per kilometer. r, is the sum of the systematic

"errors per kilometer for each tape measurement or equal to

(rsl' + rs 3). -%i- shall be taken to represent the mean

systematic error per kilometer for the two measurements.
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Since the discrepancies Ri, Rs, Bs, ete, have been
reduced to the kilometer unit length we may separate the ac-
cidental and systematic discrepancies by subtracting rs in
turn from the reduced Ri, Re, Rs, ete, giving the acecidental
residunal discrepancies di, ds, ds, ete., per kilometer.

The mean accidental diserepancy per kilometer, re, is
then expressed by

N gy + de tds e +4a,

Tq = ————

n
The mean accidental error of the mean of both measure-

Ya

2

ments per kilometer shall then be expressed as

The final mean error of the mean of a series of double
measurements will then be -
. . 3 '\/ E. ] K ] N . 2 I_{H
m 4 4

The limiting acecuracy of K has been selected as,
E, ¢ 0042K,

It is mecessary lo determime 1» from time to time for
a pair of tapes that are being used together. Its value should
be small for a pair of tapes that have recently been stand-
ardized. Unequal stretching of the tapes or injury to one
of them may in time cause a serions increase of v, If its
value exceeds 0.05 i per kilometer hoth tapes should be sent
back to the office for standardization wnless it has been fonnd
that the spring balances or the thermometers are much in
-error. _ '_

By keeping r. low more leeway may be had in ihe measur-
ing itself, F

The magnitude of the accidental errors which to a great
extent are a measure for the care with which the coolies
handle the measurements shall be computed approximately
for each measurement by ro= = (Ja—L2)—rs X and made sub-
~ jeet to the test.

It

HEE

ol



A A 2] K £

B L N N N

R i i  aa
. -

- ' ‘ ‘\/ H‘;;:z—_;_ = N/ 0.0472 T 2 '
. » (0
K s

"For any pair of tapes for which rs has been determined
a diagram may be constructed for use in the field from which
the limiting value of rae may be found at once. Such diagvam
4s shown on page 24 A measnrement which shows ver
too large must be repeated.

The value of computing re from fime fto time lies in
% that it is a record of the average accuracy and cave with

% which the coolies measure., If the ground and other exterior

o

' eonditions are about similar and ra shows a falling off in
_accuracy it would be well to supervise ihe chaining more

carefully.

‘A sample computation for re and rs has been made of a

W number of measurements, and shown in the table on page 24,
- AzimurE CONTROL.

| HES

-

While it is comparatively easy fo keep the linear measure~

ments within the stipulated aceuracy where the ground is

“as flat as on the plains of Chibli it 1s by no means as easy

ﬁ'_ to keep' the error arvising from defective direction of the lines

- ™ within the accuracy limif. Errors in the direction of a

fraverse arise from two sources: N

(1) Those due to the observation error of the astronomic-

ally determined azimuth of the first alignment.
(2) Those due to errors in the measurements of the
angleg between alignments,
All are angular eérrors and can be considered together
-~ a3 far as their effeet on the aceuracy of the iraverse is con-
= cerned. |

L  The final angular error Il which has acenmulated

through a series of measured intersection angles is ap-

proximately determined by a comparison with an asfronomical-

~ }v observed azimuth, after having corrected the direction for

“eonvergence. Those small discrepancies due to geoid and

gravitational differences must in our work mnecessarily be
‘meglected. | |
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EXAMINATION OF CHAINING TRRORS
Erom 3Cx 234909599 to 3CE 37+452.961
L . ) T =T 1(!:1'.—-—-'
T T TR P 2 e A Y
Tape No. 18| Tape No. 32 K h 8
71290962 | 1201.042 | ~ 0.080| - 0.062) - 00525 |.0.0028
996,463 996.460 |-+ 0.008| 4 0.008| -+ 0.0175 | 0.0003
1940.174 1940190 | - 0.016] - 0.003] .- 0.0015 | 0.0000
2402452 2402440 |+ 0012! 4. 0.005] 1 00145 | 00002
1484.417 1484433 |~ 0016) -~ 0.011] - 0.0015 | 0.0001
1377.639 | 1377.629 |+ 0.010| + 0.007| .-~ 0.0165 | 0.0003
. 2192330 | 2192410 | - 0080 - 0037 -~ 00275 | 0.0075
- 1858.722 1858.680 |-+ 0.042] + 0.022| 4 0.0315 | 0.0010
ah= 13543 K Sum = = 0076 0.0132
ry = Q&g@ = = 0095
o=V L x ooz = = 0028 m
_ v 0.0095% 02B5Y
E = 0—“‘_1“3“ 004 = =+ 00151 m per km.
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Except for the purpose of discovering gross errors

-either in the calenlations or in the field work a mere com-

parison between the calculated and the observed azimuth
affords little information as fo the effect of the angular errors

“on the accuracy of the traverse. It is entirely possible that

the astronomically observed azimuth and the calculated

azimuth at the end of a series of alignments may check to

the nearest second of arc and still at some intermediate point

between two azimuih control stations the traverse may have

a large transverse error due entirely to intersection angle

errors which further along in the traverse have been com-

peusative.  Another traverse tied to such point may show

a considerable ciosing error. When one considers the traverse

from the standpoint of haviﬁg to fulfil a certain stipulated

accuracy at all points aioﬁg its route, the possibility of the
angular errors having predominately the same sign becomes

an important [(actor when making specifications for the re-
guired accuracy of angular \measurements. It is quite fre-

quently the case that working conditions are such as to make-
the errors acenmulative for a considerable number of “sef

ups” in suecession. *

The only way, therefore, to guavd againgt an excessive
faulty direction of the traverse at any point is to make
the measuring of the interseciion angies and the observation
of the controlling astronomical azimuth subject to an accuracy,

hmt,

Where the direction of the tiraverse is practically straight
and the alignments of nearly egual lengths the framsverse:
linear errors caused by the angular errors (including the error
of the initial controlling azimuth) accumulate approximately,
according to the series:

F=nVi+(n-T)Vz & (n—23 Vi Fesrens + 2V @D+ Vn

where Vi, V2, V. ete, are the transverse errors caused
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by the angular errors ri, rz,rs, v ete. (Vi being the error .

due to the error of the initial astrm}omicaﬂy ohserved azimnth)
n, the number of sides in the traverse, and ¥ the total error.
‘ If the lines are not of the same lengths then the series
becomes:

N 3 -—ZMLElh + Z‘]I;ll ‘,- + ZTJ-(\II{_}‘ 13) -‘Tg + 'EEEEY. .

ST L-{lp 1ok seeres o 1(_1....2))
I(n—-l)

v (n--l) -+ Va

12 a3

(1- ol il ) Vi) . Va
wesnes & Ty ‘H'”"Z.L)
£ lt y .] 121}—?_: fa +2}:; t}—i ete. may without serious error be
reblaced by: -%1—’ ‘1:)1 ’ "'i'f' (?1 &R
BE=sp (a0 Ve ) T Vi,,”__'ﬁ’ﬁ")

Let Vi, '\-’3, Vs efe. take on an average maximum value
Vwoand T fo be the limiting accuracy of 1:15,000 equal to Ks
0.0472, and SL = K. and I, lg 12 ete. be = ky, ke, ks ete,

. Keq. m-y oD 2
K. 00472 =~ Vm {7 + =1 L T ““1\(”_1)"%,"
v 0.0472 n .
o= 'ﬁ'—. - 1 n2 !
A i i e Ay L |
. o K
Assu]_nlng‘ f()l' k]_, ]\'3, ]{3 ete, an average \,’ahle I\m == "
' AR 0.0472
V= ni{n+1i)
K

Expressed in seconds of arc by dividing by 0.00485% — -

Vm becomes :
T o % 0042 1945
Vr = 00045 (n £1) @t
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This means that in order to be entirely on the safe side
the 360° horizon closing error should be less than one second
for a 30 kms. fraverse with an average length of sides of about
1 kilometer. This is a condition impossible fo fulfil with the
instrumental equipment at our disposal, unless much time is
expended on the instrument work.

Applying the law of propagation of accidental errors
and modifying the result somewhat the following seems a rea
sonable deduction for arriving at what ome may call a
“working error hmit” within which the intersection angle -and
its explement should close to 360°00°00”,

. Keeping the same notation we get

By~ 0% . (n-1)®  (u-5°¢ ... 9% 1%
Vim ki * k= S TR +k(r—1) * k.
Let

k3, ke, F2 ete. take on an average value kn = Ifl‘”
then
E— YV v o (¢n+1) (n+1)
6(X)
n
or
- . 4 n3{32n+1) (n+1)
7 004722 = V7 GR?
v N6 6 K2 0.0472
| TN

Expressing Vm in seconds by dividing by 0.00485 X %—

we get
Ve = AR very nearly
nvnp4-1 :

‘Since both the angle and its explement are measured and

.an adjustment made for the 36(9 horizon closing error the

strength of the final adjusted angle will be =+ closinzg error,

We now get for the alldwable 3609 closing error of the

Eangle and its explement
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V. e Ve
u n n-+1 X By n+i1

If the average length of the alignments is about 1.2 kms.
and the azimuth . observations are taken 30 kms. apart n will
be 25. The limiting horizon closing error of-each intersection
angle and its explement then becomes: ' ’ -

34 % 50
o600 Ve = 3600 SV AN

- It is seen from the above equation that the accuracy lmit
should be more restricted when the average lengths of the

— 3600 - 87

alignments are short than when they are long. For alignments
less than one kilometer Vr should be kept below five seconds.
The effect of an error in the initial, astronomically
observed, azimuth is similar to the effect of an error in the
measurements of the interseetion angles exeept that it has a
relatively greater effect upon the displacement of the end
point of the fraverse than any of the other errors. The aecu-
racy of the astronomical azimuth otught therefore be stronger,
- if anyihing, than the intersection angle: measurements and
a mean error of more than + 7’2 is not to he permitted.
Lines as long as possible consistent with good vision should
always be aimed at. Chainage in the flat plains of Chibli,
especially when the precaution of temperature adjustments
and double tape measurements are taken, becomes entirely
subordinated to the conditions which favour strength of

direction. By this is meant that lines should not be shortened

in order to stremgthen the chainage accuracy. .
A statement was made “that a -mere comparison between
the observed and computed azimuths affords little information
as to the effect of angular errors on the aceuracy of the
iraverse.”” A question however arises. ‘When there is no
evidence of gross mistakes or blunders in the angle measure-
ments and the comparison shows a considerable discrepanecy
what adjustment shall be done, and what shall be considered
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the maximum discrepaney without having to make an adjust-
‘ment, and if there is no discrepancy or. it is very small shall
it be taken as a sign that the fraverse is free from angular

~errors or practically so?

Unless an examination of the field work itself has been
made these questions ecanpet be answered. An attempt must
be made to investigate the tendency of systematic accumulation
of the angular errors. The 360¢ horizon closing error of the
intersection angle and its explements form a possible élue to
such investigation.

For the sake of uniformity the sign of the angular error
e, is defermined from :

1 ((3600-A)-E) = = e
where A is the angle on the left side of the instrument man
facing in the direction of the traverse and E the explement on
the right side of the obhserver.

The computation for an examination of the elosing errors
is shown in the following table.

The angular errors and their effects are plotted np in two
mass curves as shown.

The value of such investigation lies in that it makes pos-
‘'sible a very likely location of the places where an acenmulation
of errors have occurred and enables the fieldmen to check the
work at these places instead of having to rerun the whole line.

A test line with the slope of 0.071 m. K (1:10000 accuracy)
18 drawn on the diagram through the starting point of the
broken line which indicate the accumulative effect of the angu-

A lar errors on the direction of the traverse.

The criterion for accuracy shall- now be that the brokem
line must everywhere lie below the test line.

{

If it crosses the fest 'line in places, then the angular
measurements shall be repeated where the angular errors cause
the broken line to have a steeper slope than the test hLine.

Such - diagrammatic examination of the fletd work shall be _
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kept up to date by the instrumentman so he does not have to
go back twenty or more kilometers to remeasure certain angles.
~ In spite of this precantion it may nevertheless happen that
a comparison between the observed and the caleulated azimuth
shows a considerable discrepancy. This may partly be due to
the errors of the first and the last azimuth observation having
opposite signs. Discrepancies due to this cause may perhaps be
as lai'ge_ as == 15”. Personal error, light and instrument condi-
tions may account for the rest of the discrepancy. |
In such cases of non-vontrolable excessive accumulation of
angular errors an adjustment of the ealculated azimuths shall be
made. The amount of the adjustment shall be the residual left
after the errors of the azimmth observations have been deduc-
ted from the total discrepancy between the coﬁlpqted and the
last observed azimuth. Calling the amount of the adjustment M,

we get: M=( ——%—gg seconds
where:
D = diserepancy, and SE is the mumerical sum of the
probable errors of the first and last azimuth observation.
To the second last line the azimuth adjustment shall be:

; (D— EE” ) 1 (n, is the number of ‘*set ups? between
- observation stations)

and to the t‘mrd lagt line
SE”Y 2
. . = E .
The diserepancy residual (D-— }».12) shall be considered
excessive and an adjustment made only if it exceeds in value
the number of “set ups” between the azimuth observation

stations or (D— -%—%)>n.

If the geographical co-ordinates have already been ecom-
puted then a re-computation must be made based on the ad-
X justed values of the computed azimuths. When adjusting the
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.azimuths it shall be done by considering both thé observed

‘azimuths as being correct and the adjustment be carried from

both ends of the traverse towsrds the middle.

The small residual error at the middle of the traverse
where the adjustments meet shall be negleeted. |
ERRORS DUE TO SRAVITATIONAL, AND GEOID CAUSES o
. When comparing the computed and the astronomical
azimuths it has been tacitly assumed that any change in the
direction of the plumb line between the two stations where
azimnths have been observed is a very small quantity, much
‘smaller than the instrumental errors. It seems impossible
judging from extreme variations in the direction of the plumb
line which have heen observed in otber parts of the world that
diserepancies due to this cause ean amount 1o more than 3
seconds in the prime vertical for stations 30 kms. apart here
in the province of Chihli. Probably it is less than 1 second. Up
to the present time no systematic observations of this kind
have ever been conducted in China. They require extreme refi-
nement in the execution of the astronomical observations and a
horizontal econtrol of a degree of accuracy several times that
with which the Commission conducts their surveys,

However, even as matters stand as regards knowledge of the
deviation of theline of gravity at various places in the Chihii
province we can feel certain that frequently and carefully taken
astronomical azimuth and the use of these azimuth wvalues for
adjusting the direction of the horizonial control lines will consi~
dering our methods make a much stronger survey accuracy than
if we were to follow the primary geodetic survey . methods,

. whereby a very accurate astronomically determined azimuth is

adopted for the initial lines or (side) and carried by means of
the measured angles through the whole system of {riangulation.
There remains to be considered one inconsistency.

Strietly speaking, it is the astronomical azimuth values
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~which are being used when computing the linear latitude énd‘

longitude differences between two stations. But when converting

the linear differences info circu]ér' measures the P and M fae~

- tors are introduced which involve the length of the earth’s radius
referred to the Clarke’s symmetrical spheroid with a compression

‘fOf -255— The resulting latitude ﬁnd longitude difference ean neither

be said to belong to the geoid mnor to the spheroid. But the
final map although derived through an inconsisient process
will be of strong accuracy as if is a ecompromise between the
real shape of the Chibhi plain and the theoretical one based on
- #he spheroid assumption.
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o

STATION A

NQ 3

1
[
2L 4076 | 24.00
| .
CROUND LEVEL /4. 06 Tp i GROUND LEVEL 15.50 76
9.0 | [ sowrFace sort & |
: I NO SAMPLE TAKEN
SANDY BLACK MUD PN ! ¢ 2, r6.00
30.00 | [
; b Ysavoy ceay wiTH SHELLS
FINE SANDY MULD &64.00
SANDY CLAY WITH SHELLS
84.00
90.00 EINE SAND WITH
SOME SHELLS
FINE SAND & SHELLS 107.00
SAND AND SHELLS
120.00 122.00
CLAY WITH SHELLS 2 SAND AND SOME SHELLS
Q
Ny 1 47.00
148.00 | @
i Q CLAY WITA GRAVEL &
FINE SAND S A LITTLE SHELLS
% R — ! sol oo
184.00 COARSE SAND & SHELLS WITH
SANDY CLAY WIrdl SHELLS . THIN LAYERS or CLAY 19,5 g0
198.00 _ M COARSE SAND
COARARSE SRND AND SHELLS ) . 210.00
WITH LiTTLE CLAY % k
z220.00 ' N .
LAY
23500
240,00 CREVSAVG & SWELZL A AesioeRs | FINE SAND
CORRSE SAND WI7H :
SHELLS AND BOULDERS
276.00 [ . 280.00
FINE SAND & MICA. { a4 W CEMENTED SANO
296.00 NS 296.00
GREY SANO iy k
325.00 I FINE SAND
GREY CEMENTED SANO 346.00
H i 350.00
369.00 ‘ t |
?
] \t
b
ST/FF GREY CLAY I
420.00 ) )
. 1 %
1Y
COARSE SAND : g%
45500 E N
464.00 FARLY HARD CONGLONE, ' “5
470.00 L8 2] 2:9° 1
| 1
£ ® R B2 K L ¥ A B A K R 7
\ .
x A,
L]

Loc OF ARTESIAN WELLS

B. M. C. WATERWORKS, TIENTSIN

SCALES

VERTICAL
HORIZONTAL

| IncH = 60 FEET
Not 7T0 SCALE

Station G

Ne7

»

Q.00

G 18.00 T i % 18.00 7% L 1400 T
T AN 37N N AR BT RN AN
AR, y [/4' aa r/p_q C
h h h b
b ROTARY TRABLE FTOL ROTARY TABLE 70P
0.00 _ROTARY TAJLE TOP ROTARY TRELE TOL2 g.90 500 SURFACE S0/t NC SAMPLE
SURFALE FOIL (WO SAMPLE) SURFAEE SOIL (NO SAMPLE) 20.00 20.00 -
gg'gg W SAND Y VELLOW WUO OF CAAY & FHELS 27,00 SANDY CLAY OR MUD 20"
. - . FINE SANDY CLAY OR WUL
IIE O APLOON, W/ITH SOME SHELLS
J” FINE BLACK SAND §0.00
FINE BLACK SAND 252 : FINE SANDY CLARY CLAY AMD SHELLS
80.00 AND SHELLS
80.00 81.00 SHELLS WITH A LITTLE SHELLS WiTh VERY
FINE '#MC;F SANG ANG FINE BLACK SAND & SHELLS 96.00 100.00 SANG LITTLE SAND
95.00 ‘:5"*" SHELL : FINE SAND W/TH
I ' LAYERS OF CLAY SANG
SANDY cL Ay £ SHELLS SANDY CLAY B SOME SHELLS 128.00
EY
12 3.00 \ 123.00 5
| B
f , . SANG 8 SHEL 7,
YELEOW SAND B SHELLS YELLOW SANO W/ TH STICKY CLAY : a N . v ta ”A’j :j ::; :”
: . WITH R LITTLE SHELL
WITH THIN LAYERS OF CLAY THN LAYERS OF CLAY £ SHELL ;5 ;‘-;
. 2 3
i 175.Q0 "
180.00 : VELLOW CLAY WiTH A iB9.00 ;
 reLlow cLay :;’;7_;{;,& s LTTLE SANG & SHELLS 192.00 ! q
195.00 ST 27 7 COARSE YELLOW SAND & SHELLS ‘_ N
204.00 COARSE YELLON SAND & SOME SHELL 203.00 GRAVEL 3 SHELLS . % SHELLS WITH LITILE,
a GRAVEL
SANEY CLAY £ SHELLS ¥ SANDY CLARAY B SHELLS
AL} 225.00
227.00 % 241.00
) FINE SAND
FINE SANDO > ~ EINE SAND
. - — S 254.00 NE SAND
255.00 TAND AND CRAVEL WETEH al\ . 3 Fgﬂﬂﬁ:{ GRAVEL THIN LAYER OF CXAY a1 00O 291.00
267.00 SOME THIN LATERS OF CLAY N Q L
L . sy !
COARSE SAND & A LITTLE SHELL :g \\; é SAND & SOME SHELLS FAIRLY COARSE SAND | . g SAND
_ |
292.00 © + 295.00 304,00 ' 5 % ‘\'g
1 ‘5 S
FINE SAND CEMENTED FINE SAND - ‘t’\s - CEMENTED SAND
FINE SANO X
? 328.00 :
H 330.00 ? 334.00 £ INE SAN o \L
33760 ZTEECIAT ST/EF_CLAY 336.00 o cLAy FINE  SAND
Y E CEMENTED SAND
: | ®3 .5 V.22 Am—
o X
0 & FINE SAND
FINE SAND FINEFE SAND t
: x SANG WITH SOME GCRLVEL
is CEMENTED SAND
cLA
43000 ARD SANG & TONE OR CENENTED FAND 428.90 T Y
4?2’.00 By 7.7, v K € N 7T N—— (paxosine STONC O CENENTED $AY0 433.00
SAND SAND
58.06
460.00 . 458
. HARD CEMENTED SAND
CEMENTED SAND ! 475.00
480.00 - S E
SHELLS & CRAVEL SAND WITH GRAVEL & SHELLS
503.00 a‘ 3 504.00 '
AN
& T R ZasLe ¢
sano IR S4AND U1 Levers REFERRED 7O KO7ARY [ABLE [9F
tn '@ .
542.50
¥ Y \ W
—t L\ NVES, REST LEVEL LT¢ REFERRED 70 WELL [7EAD
564.00 % 5\‘}‘ g e -
3 '~q ~
~e
CORWSE SANG & 4 LITTLE &i ?“
SHELLS &
)
620.00 -
STIFF CLAY N __.
6 LoD ; Yo
£32:89 == L 3 L
N ARD SAND STONE OR f J % 5
CEMENTED SAND - B

20.00

60.00

75.00
80.00

100.00Q

123.00

i91.00

241.00

270.00

3nz.o0

"’

LT =~

AEILE

L7 gy Sy

STRAINE R

al
-

[
»

”

[

/30

ROUNG LEVEL
LN T g 7 T

SAMPL )

CLAY AND SHELLS

FINE BLACK SAND

FINE SAND AND SHELLS
YELLOW SANG R _SOME SHELLS

YELLOW SAND WITH

THIN LAYERS OF CLAY

EINE SAND .

YELLOW (LAY

YELLOW CLAY

SAND WITH GCRAVEL AND
THIN LAYERS OF CLAY

FINE SAND

BLACK CLAY W/ITH SOMNE
CRAVE L

FINE SAND

SAND WiTH SHELLS & TH/N

LA VERS OF CLAY
D £

e i p————————————————t—

SHNG WIT/H SOME SHELLS

SANG WITH THIN LAYERS
OF CEMENTED SAND

LAY

SANG AND SAHELLS W/ITH
THIN LRAYERS OF CLAY

SANO
| .2 £/ 72 M) [ AL A—
SAND & SOME SHELLS

MARL CEMENTEL SANS
| SAND WITH SOME SHELLS

VER Y HARLD CEMENTED SAND

T ENE AN T

20.00
27.00

'76.QQ

90.00
97.00

155.00

185.00

22700
232.00

24.6.00

292.00

312.00

347.00

437.00

455.00
460.00

481.00

507.00

522.00

560.00Q

5§75.00
578.00

&06.00
616.00

€30.00

R ———————————rer————
SANE B SHELLS WITY THN CAYERT OF £L4Y 636.00

S44.00
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WATERWORKS DEPARTMENT—1929 REPORT
CHEMICAL ANALYSES — PER DR. A. LESPINASSE

Mixed Supply

Sample from No.2Well No.3 Well No.d Well Nob Well No.6 Well from Mains
Chemical Analysis in parts per
Million
Ammonia - Saline 0.12 0.20 0.10 0.15 0.15 0.175
Ammonia - Albuminoid 010 015 012 0.15 0.175 0.15
Nitrogen as Nitrites Nil. Nil. Nil. Nil. Nil. Nil.
” ,,'Nitrates . - » ’ ’ ’

Free Chlorine ” ” ” " . ”
Sodinm- Chloride 112,20 280,80 210.60 158,00 193,00 193,05
Carbonic Acid Gas (Dissolved) Traces  Traces Traces Traces Traces - Traces
Oxygen (Dissolved) 3.0 4,95 3.75 2.75 3.00 495
Oxygen required A/in Acid Med: 0.20 0.40 0.50 0.40 0.40 0.40
Oxygen required B/in Alkaline Med: 0.20 0.40 0.50 0.40 0.40 0.35
Residue at 10090, 664.00 856.00 748.00 696.00 692.00 764.00
Residue at Red Hot 600.00 78500 690.00 625.00 632.00 712.00
Hardness in Parts per 100,000 | ‘ . o

- Total (Hydrotimetrie Deg:) 20 36 27 - 20 15 26

Permanent (ilydrotimetre Deg:) 19 34.5 25 19 14 22.5
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~ FOREIGN NEWS
Study San Gabriel Flood Control — Survey of the
San (abriel CanYon watershed in southern California for-the
purpose of finding a series of dam sites to replace the con-

e T

" demned Forks site abandoned last fall as a location for the

proposed $25,000,000 San Gabriel flood-control dam is now 40%
completed. Twelve sites have been tentatively selected amd are
being inspected by three survey parties, The survey work,
which began Feb. 17 in accordance with orders issued by the
County Board of Supervisors, will be completed not later
than April 30. Following completion of the surveys and
drawing up of maps, an intensive study will be made of the
capacities of all availdble dam sites. Whether a single large
dam or a series of low dams will be built to replace the aban-
doned. 496-ft. dam at the condemned Forks site can be deter-
mined only affer an exhaustive study. _

Earth Dam on Island of Kauai Collapses before Com-

pletion -— The Alexander dam, a hydraulic fill structure being
built for the MeBryde Suger Co. on the Island of Kauai, on

ﬁ March 26 had reached a height of 95 ft., 30 ft. below the pro-

Mo r

posed crest level, when the sfructure collapsed and is repor-
ted a total loss. No flood followed the accident, becanse stored
water was retained by a separate structure on the upsiream
side. “ ‘

To Build Grain Elevator on Hudson Bay — Tenders
for a 2,500,000 bushel grain elevator at Fort churchill, the
terminus of the Hudson Bay Railway, have been calle® for by
the Department of Railways and Canals of the Canadian go-
vernment, the tenders to be submitted by May 13. It is planned

- by the department to have this elevator completed by Sept.'

13, 1931, in time for the handling of next year’s crop. As
from 600 to 800 ft. of deep water dock will have been eons—
tructed by that time, it will be possible to load ocean ships



A B ® K I

.

e S

at the elevator.
Centralia to Complete Muricipal Hydro-Eleetric Pro-

Jeet — As the final step toward the completion of its muni-
cipal hydro-electric power project cn the Misqually River, the
city of Centralia, Wash., has called for bids on the constru-
ction of a H5-mile transmission line, a concrete power house,
a substation, a forebay and a flume over Yelm Creek. Estima-’
ted cost of this construction is $400,000. The project will
ultimately produce 11,000 bp, and will tie up with: the muni-
cipally owned electric distribution system,
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