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CONVERSION FACTORS: U.S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

Multiply By To obtain

inch 25.4* millimeter
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MOVEMENT STUDY OF THE TRANS-ALASKA
PIPELINE AT SELECTED SITES

H.T. Ueda, D.E. Garfield and F.D. Haynes

INTRODUCTION
T o lirrnrit thet sideways5 motion, the ipie is nmounted

One of the unique problems encountered in Soi It ranI mosAVk onl (rossbeams installed Iritssen sierti

the construction of the T rans-Alaska Pipeline ( 1Supports ;rlar ed Ii the ground I he r rrrssbeanrs,

was he etree teperturediffrenial hatvarsi in length rtepiniting onl the sidewaNs miotio~n pre
wastheextemetemertur diferntil tatdir ed at edt h point I he pitll( is positiornedt ott (enter

could exist between the warm oil and the frigid onl the beamns to permlit nraximuro expe< ted hot told

ambient environment This differential causes and dynarnic movements
considerable expansion and contraction of the At points where the above-ground line drop% belorw

pipeline The construction tec hnique employed ground, a spe ial transition r ontiguration allow, up to

to Compensate for this act ion is described in the 18 inthes oF thermial growth rrt pipe (oming from the(
follwingexcept nd ~igur 1 hichare romground iii addition to expansion ot the pipe abose
folowig ecert ad IIg~e 1whih ae fomground f our bends Ii this i ut igu ration, rat her than

Data sheet no. 8. ligzag configuration (Alyeska two. permnit the additional thermal movement to or our

Pipeline Service Co. 1 97b). without plating unak(eptable stresses on the pipe

M.iisr groiuind sen turns of the trans-Alaska pipeline During the period June 1977 to September
ann, built ll a WrirueLI iigiag ( rniigUration to allow tor 1978, four measurement surveys were con-
espansiin ior i ontrar trio oii the pipe hes: aMie Of tern- dricted on the pipe and pipe-supporting cross-
reritr i hinges IThe desIign also allows for any Fro- beams at several sites along the Trans-Alaska

i inrsirF ht ant varthqrake Approrsimatelv 4FWi
roileiot hi Fliti mile line are buiilt abuse ground Most Pipeline. These measurements included the lat-
irt the- nrtiairdtr nmisriirl r rinsentionallt, eral and longitudinal displacement of the pipe

IFIll 48 111ii I t""l pipe abuse groundt mlas be sub- shoe on the Support platform, the tilt of the ver-
ti, niomiinr tirrieratrore (flarnges oit about 21 tiCrdl support members (VSMs), and the relative

nligriim I aiunrhit Fit ttiurorrriuris i n range f rrom elevation of the pipe support crossbeam s T he
aI nnrrus r'i ulgri-i F ibribit whirr inis of oil in

rurlw inter . t 14; digov rsF ahtintrit vwhen tille
1 

with lot at ion of the measuirement s made at each s;up-
oil at iOw iniaxsnii prurirlirig riteo t millirn barrils a port are shown in Figure 2
ilis i isirf thu tvirniperutura ngi the Trirtexpsandis twelve sitels wvere orig~inally selected to he Suir-
inritr than 3 - imihr in a slur al Uifsftorit rlrirsi veyrd theyj wsere (hosen to rep~resetnt a varied

twieri rs-i hor rmrrtlior rrgion se trirm %P(u t te set of Cotndit ions, that might caruse pipeV move'-

8i0 it rrn lerngti merit suL h as slope of the terra in. proximitv to 1

Ir llrrw trrr tin, ispiornrr rrr I iritrar tirri l(riii in pUMp) station itnd potential erarthquake iones
stilltd in srirrrnuir will r rintrirt in it nter uintil oil is Ultimately only seven sites proved to he a( ( essi-
pirrieil Fhroiugh it IFit Tiiliri, is biuilt in traptiridal hle for the four sUrveys, (ondtiled [Due to otfer
ir, tirin, whir h , irriert , hirgis Ii ;)ilti length tor sirti- Iinl Cf)(UtV ' ha icem twahr
wiss mrrsiirrirt In) ftil raterri. therroal grrrwth rde- toa lfiute sirlmn ete
rirs thet irir Frtwieri the finxedt anr hrrrs, r hanging anid pipeline securitv, all of the desired measure

the trmal tra/idrrr rIn r giertli S r rirve iflentS ( O1Ild nlot he made during ea h survev at
Thitisign prits a iiIUrrof '0 irn( his of iF rr h e'a( h of the seven sites O ne additional site sa

siobiu i ovsrniriir her arise oI hieat arnd r noas imnr added Ii Septvmtib 1 r 19q78 1~ ig uret, aniid 4ai-v
tit ill Iii is Irtirial irrvei-rt Iii INe roppirsite rdrir( show the lo( at ions and give our (lesgnation tor
tirir tror r orriri ftrir i r.aist. of F oilrd Anothrir 24 inr tII

is nit litiral rortirrn is irproided rir i Fit ivint oi in emi hi site Mvilepost (Nutl1) fiures are pripeline (is

irothitirikitat es f roim PLtItiti 'stditit 11t0
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Figure 7. Spec ia f beam supports used at Denai Fault sec-
tion of pipeline.

Figure B. Typical pipeline anchor.
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figure 9. Tvpical level rod station on top of support
sleeve.

Vertical support member tilt idly attached to the ends of each support (ross-
lilt or vertical deviation measurements were beam (I ig 9) 1 he two readings were averaged to

made on ea( h vertical support member (VSM) in obtain the crossbeam elevation At the Denali

dire tions perpendicular and parallel to the Fault site, the readings were taken from the top
pipeline These are indicated as C,C' and D,D' in surface at each end of the special beam sup-

Figure 2 The primed letters denote the measure- ports.
ment made on the VSM on the opposite side of The usual procedure was to start at one leg of
the crossbeam Initially a relatively simple de- an anchor or support, proceed down one side of

vice with a resolution of about 0.50 was em- the line of supports, reading the level of each
ployed to measure the tilt, but it proved to be in- VSM sleeve on that side, then return on the op-
adequate Later an electronic, digital-readout in- posite side following the same procedure, and
strument was designed with a resolution of 0.010 finally close the loop on the original station
and was used successfully. The heart of the Readings were made to the closest 0 ) ft

instrument was a Schaevitz Model LSOC servo None of the elevations were compared to a
inclinometer with a range of ±14.50. Positive fixed benchmark [levations for a given site
readings indicate an outward inclination when were compared to a reference support, usually
measuring in position D or D' or a downstream the last support next to an anchor at the end of
(relative to oil flow) inclination when measuring the site.
in position C or C'

Relative elevations of RESULTS AND DISCUSSION

pipe support crossbeams
Relative elevations were measured with a Pipeline movement

Wilde T-, self-leveling level. Readings were The maximum lateral and longitudinal move-

taken from the tops of the sleeves that were rig- ments measured were 13 7. in. and 2"/,. in respe(-



tively As expec ted, the motion at the an hors five sites (A, .(B, F and C) over the period Sep
was minimal, with a naximum longitudinal tember 1977 to September 1978 11his s sthe pe
movement of ", In nod during whit h the ele troni( level as used

The lateral, longitudinal and horizontal rota- Only five VSMs showed a (ha nge in tilt greater
tional movements ot the pipe are shown in Ap- than 0 5' 1 he greatest change dete ted wxas
pendix A (Fig Al through A7) The movements 1 090 perl)en( ular to the pipeline F our of the
indicated are for the period (une 1977 to Sep- five, In( luding the worst ( hange, were lot ated at
tember 1978 No movements can be shown for site C near .oldstrean (reek I he soil (ondi-
site H (Fig A8) since only one set of measure- tions plus the high water table at Site C have ip-
ments were made at this site The maximum lat- parently combined to I reate a rilativel unsta
eral displacement is noted for each site It repre- ble condition
sents the average of measurement B and B' Ex- Measured tilts and ( hanges in tilt are tabu-
cept at site A, the maximum displacements oc- lated in Table B2 The single set ot measure-
cur within the trapezoidal sections which were ments for site D and site t are also in( luded
built in for this purpose, The movements of all
supports for all the surveys are tabulated in Relative elevations
Table 11. The support identification numbers The elevation surveys were conducted to nlCa-
used] are those numbers which are stenciled on sure any changes in relative elevation of the
each (rossbeam pipeline support crossbeams 1 hese changes in

Most of the measurements indicate a pro- relative elevation would result from differential
gressively increasing or decreasing movement of vertical movement of the VSMs within a given
the pipeline There is little evidence of any cy- site. Due to operational problems, only tvxo
clic action although it could have occurred dur- sites, sites A and B, could be surveyed in Septem-
ing the period between our surveys. The initial ber 1977 In September 1978, eight sites,. intlud-
and early movements which occurred at the ing A and B, were surveyed In addition to (om-
start of oil flow were detected in our September paring the data from sites A and B for the one- ia
1977 survey. An increase in oil temperature cre- year period, the data from all of the sites were
ated by an increase in the flow to 1,200,000 bar- compared to as-built elevations which were
rels per day in March 1978 resulted in further taken from drawings obtained through the coop-
movement that was detected in the April 1978 eration of the Alyeska Pipeline Service Coin-
survey The final movement noticed in our Sep- pany.
tember 1978 survey was probably due to the Site A at the Denali Fault commands particu-
combination of warm oil and warm ambient lar interest due to the high potential there for
temperatures [he final displacements measured seismic activity. The pipeline at this location is
in September 1978 should be approximately the supported on special steel and concrete beams
maximum pipeline displacement expected for (Fig. 7) which are placed on a gravel berm built
the flow of 1,200,000 barrels/day. Further move- over the natural ground (Alveska Pipeline Ser-
ment can be expected when the projected flow vice Co. 1973)
of 2,000,000 barrels/day is attained. The one-year comparison shows very little rel-

Thus far the lateral motion of the pipeline ap- ative movement A maximum movement of 0 06
pears to be well within design limits. There were ft occurred at two supports at site A ]hey are
a few locations where the insulating cocoon support no. 13 and support no 11A1754, both
around the pipe was near or touching the VSM relative to support no 33A3409 located at the
However, none of these appeared to be creating south end of the section Two other supports
a serious problem at this time, such as excessive showed a movement of 0.05 ft and four showed
lateral loading of the VSM a movement of 004 ft. All movements were neg-

ative relative to support no 3 3A 1409. Within the
Vertical support member tilt accuracy of the survey, the remaining supports

In September 1978 a total of 312 VSMs at showed essentially no relative movement
eight sites were measured for tilt Of this total. Site B supports moved even less 1he greatest
09 had a tilt equal to or greater than 0 50, with 37 1hange detected was 0 04 ft at one support over
of these located at site C Twelve had a tilt the one-year period The remaining supports
greater than 1 t)0 with 10 of these also located at showed essentially no movement, at least rela-
site G tive to support no. 15A1049

lilt data were compared for 180 VSMs from By converting the elevations obtained from

9I
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the a,-built (rawi ngs to relative elevation,, i the c lose to the maxinum movements expe( ted for
same manner as in our analysis. a ( niparison an oil flow of 1,200.00) barrels'day
was made for the approximately two- to three- 1 he tilt ind elevation data have revealed that
year period pre(|eding September 1978 The ele- most of the verti(al support members observed
vation ditferem es for most of the survey appear are stable Site C near Coldstream Creek, with
to be reasonable Htowever there are some obvi- the highest number of VSM tilts over 10, un-
ous dis(repan(ies doubtedly possesses poor soil conditions This

At site A, data indicated an almost 2-ft eleva- and a high water table have apparently helped
tion change for support 62A178 relative to sup- produce the least stable site of those we sur-
port 3A3409 At sites 13, C, D, E, F and H, there is veyed i
at least one support at each site which appears The Denali Fault section of the pipeline ap-
to have changed elevation from 0 24 ft to 0 53 ft pears to be performing v ell No signiftic ant

At site G there is one support that showed a movement of the special supports or the pipe it-
0 59-ft movement and another with a 2,89-ft self are evident One conventional support
movement Possible explanations for the larger showed a nearly 2-ft vertical movement when
variations noted are. 1) some significant changes compared with the as-built elevation but our ob-
did occur in support movement and were recti- servations did not reveal any motion even ap-
fied, 2) the actual as-built elevations did not con- proaching this magnitude
form with the drawings, or 3) there was an error This study has been completed The data
in the readings If such large movement did take should prove useful for similar future investiga-
place it was certainly not evident in our observa- tions It is suggested that a measurement pro-
tions. gram be conducted at five-year intervals to de-

All level survey data are presented in Table tect any long term longitudinal and lateral
B3, Also noted are the estimated accuracies of movement of the pipe and vertical displacement
each survey. The reference support for each site of the VSMs at these sites
is indicated in Figures A1-A8. A separate study by Crory (pers. comm ) in-

cludes some of the same measurements made at
site A and site H in this report in addition to mea-

SUMMARY surements fron sites further north He has also
included temperature observations made on the

Measurements made over several selected pipe and in the foundation material
sites along the Trans-Alaska Pipeline indicate
that the pipe is moving well within design limits
and the pipe supports are showing a minimal LITERATURE CITED
amount of activity Since the flow of oil began in
late July 1977 through a period ending in Sep- Alaska Construction and Oil (117 1)) ( hronolog, oi plpeline
tember 1978, a gradual increase in movement in events Vol 20. no 8, Aug
the same direction has been measured. This cor- Aleska Pipeline Service Company (97 ) ]tans Alaska Pipe

responds to a gradual increase in flow to a maxi- lim Svsipm. 48 in oil pipeline tenali Iault interior SUpporls
on gravel berm Dwg No [) (X)-( 24 1, ,h(eet 1 of 1 (ht

mum of 1,200,0)00 barrels/day in March 1978 and Alyeska Pipeline Service Company (1'7,) [ata shet No' 8

a combination of flow and ambient tempera- 1.1ag (ontig4urdtlon. Itebruar, 1970.
tures accounting for the final increment of
movement. The measured movements should be

-i
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APPENDIX A: LATERAL, LONGITUDINAL AND HORIZONTAL
PIPE MOVEMENT IN EXAGGERATED SCALE
(June 1977 to September 1978)
Plan vte. (top) Arrow.s that show lateral m), ementare proportional to the inaxinum value of lateral
rno emert dot represents movement ot ', in or less arr ., that show longitudinal moverinett show
dire lion onlI Urved arrow shows horizontal rotation
I l- ahion (hart (hotton) ti orloiiontal s( ,le in 2t0tIt interval
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Figure A8. Site H.
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APPENDIX B: TABULATION OF MOVEMENT MEASUREMENTS

Table BI. Pipeline tongitudinai and lateral movement.

change in position since .lue 1977.

'i rst row: A, 'B xcept at anchors and special

Second r beam sulprts at site A.

AAdrin.)- A, 8'(in.)
Support no. Sept Mar Sept Sept Mar Sept

1 (977 1978 1978 1977 1978 1978

Site A

Anchor 1/1b 3/lb

31A3409 -1/8 -7/16 -15/16 -2 1/4
3,'S 3/4 13/16 2 5/16

7B141 -1/16 -11/16 -2 11/16 -5 11/16
3/8 13/16 2 5/8 5 5/8

82A46 3/8 3/4 -4 3/16 -7 15/16
-5/16 -7/16 4 7 7/8

5 -3/4 -1 5/8 -3 3/4 -9 7/16

f, -3/4 -1 5/8 -2 3/8 -6 1/2
7 0 -1/16 -3/4 -2 3/8
8 0 11/16 0 1
9 1/8 1 7/8 1 3/8 4 5/8
10 7/8 2 13/16* 3 1/8 7 1/16
11 1/2 1 4 7 3/8
12 3/8 1/4 2 5/8 5 1/2
I 3/8 5/8 1 5/6 2 13/16

14 0 1/4 1/8 1/8
15 -1/4 1/16 0 -1 3/8
16 -1/8 1/16 1/8 -1 1/2
17 o -5/16 -1/8 -1 7/16
18 -1/4 -3/4 0 0
19 -3/8 -7/8 3/4 2 5/16
20 -5/8 -1 !/8 t 3/4 12 1/4*
21 -1/2 -1 3/8 2 1/4 4 1/4
22 -3/4 -1 1/2 1 7/8 2 1/2
23 -/38 -15/16 1/2 1 3/16
24 -)/8 -1 1/16 -2 -6 1/2
25 1/s 3/8 -3 5/8 -9 7/8
26 1/4 5/16 -4 1/8 -11 5/8
27 0 -1/8 -3 3/8 -11
28 -1/4 -1/8 -2 7/8 -9
29 o 0 -7/8 -3 5/8
3o 7/8 2 3/8 1 3/8 1 3/4
i 718 2 1/16 3 1/8 5 3/4
12 I14 2 3 1/2 7 5/16
33 5/8 1 11/16 2 7/8 6 7/16

34 1 3/8 2 3/8 1 1/4 4 1/16
15 5/8 1 1/2 1/2 1 1/4
36 1/2 1 1/4 0 -7/8
37 -1/4 5/8 1/4 -7/16
c 'At78 0 1/8 -1/16 0

0 1/16 1/16 0
24,\920 -1/16 0 0 0

0 0 1/16 1/16
11A1754 1/16 0 1/8 1/16

1/16 0 0 0
Anchor 1/8 1/16

.. ........ . . . .. ..... ... .. .. . .. . . . i l l i .. . .. .. .. . - . . ..1_ ,



Table B1. (Cont'd).

.. . .A, '/A' (fin.) .. .. C , 6B in.)
Support rio. Sept Fiat Sept Sei't , Sct

1977 1978 1978 1977 1978 1978

Site 1B

22A90 -9/16 -3/10 -1 1/8 -7/1b "/8 -7/8
11/16 I 3/16 I 5/16 1/2 1/4 1

22A91 -7/8 -1 -1 5/8 -5/8 -1 -1 11.
15/16 1 3/8 1 13/11 5/8 1 1/4 1 r!) I

23A193 -3/4 -1 1/8 -1 7/8 -1/16 -/C 5/ 16
15/16 1 7/16 1 3/4 1/4 3/lb -1,.

23A195 -11/16 -1 3/16 -1 11/ 1 1 7/10 2 1 It 3
5/8 1 1 9/10 -I 7/16 -2 I/l1( -3 1Io

43A0389 -1 1/8 -1 11/16 -2 1/4* 4 1/8 5 3/4 8

1/16 9/16 C 1/8 -4 3 'f -5 1 C,/lb -S 1 1C ,
63B9 -7/8 -1 3/16 -2 1/16 6 n /I1 11 1 1 1(

1 1 1/2 2 -5 718 -S i's -i 1
71A0265 1/4 118 5/lb 6 / 11) 4 1 13 1

-1/8 -1/8 -1/4 -6 1/8 -9 1/1 -1 I
71B0889 5/16 3/8 1/4 3 1/16 8 C/1b 12 , , 

-3/16 -1/4 -1/4 -5 31' -8 1 1f, -I- I
73A\0448 1/16 0 -1/8 C/lb 7 - ' 1 11) - ' C,

0 1/8 1/8 -4 1/8 -7 /IC(, -I() IC
62B5 1/2 1 1 1/2 7/8 6 7/1t, I 11I,

-7/16 -1 1/16 -1 5/16 -. 1 -6,14 -- C 2
44A0460 7/16 1 1/16 1 5/16 l /1 1 4 3/1l 4 1,'Ii

-1/4 -13/16 -1 -1 1/8 -. /lb I f I
23A194 3/8 7/8 1 1/8 -1/4 7,8 )Is

-5/16 -11/16 -15/16 318 -3,.4 -1
15A1618 1/8 1/2 9/16 -1 1/4 -1 1, -C

-3/16 -9/16 -3/4 1 1/ . 1 3/8 1 1i/1I
25A93 7/16 3/4 1 -I1/lb -1 7/8 - i1

-9/16 -3/4 -1 1/8 15/I 1 7/8 "'10
25A142 5/16 3/4 1 -3/16 -9/1t -1 1/8

-5/16 -3/4 -1 3/16 7/8 I 3 P,

15A1649 1/16 3/16 3/16 0 0 0C
-1/8 -3/16 -1/4 0 0 IC1

Anchor 1/8 -3/16

Site C

21A115 -1/4 -1/2 -11/16 -C1/b -1/1 -18
3/8 3/8 3/4 1/8 1/8 5/16

25A149 -5/16 -5/8 -1 3/8 1/2 1 J/8

3/8 9/16 15/16 -3/8 -112 -1 1/If,
25A151 -1/2 -7/8 -1 3/16 1 3/10 2 5/8 3 5/1

1/2 7/8 11/16 -1 1/8 -2 11/16 -3 5/16
25A150 -3/8 -3/8 -5/8 15/16 3 5/16 3

3/8 5/16 1/4 -7/8 -3 5/1 -C
25A152 -5/16 -1/8 -9/16 1 2 1/2 2 /16

5/16 5/16 13/16 -15/16 -2 3/8 -2
44A0446 -3/16 -1/4 -3/4 -1/8 -1/8 -1

1/4 3/8 +15/16 1/4 9/16 I 3/16
62B3 -7/16 -13/16 -1 1/8 -I 3/8 -3 1/16 -4 11/16

1/2 3/4 1 7/16* 1 5/16 2 13/16 4 15/16

72B0130 -3/16 -1/4 -3/16 -1 7/8 -3 9/16 -7 9/1
3/16 3/16 1/4 2 1/8 3 13/16 7 13/16

74A0099 -1/4 -7/16 -5/8 -2 1/8 -4 7/16 -8 3/4
1/4 1/2 7/8 2 1/4 4 1/2 8 15/16*

7210132 1/16 7/16 13/16 -1 13/16 -4 5/8 -7 1/4
-3/16 -7/16 -1 1/16 2 4 3/4 7 5/16

16



Table B1. (Cont'd).

- ~2 iA (Iy ) _ ' kin-.
Support no. Sept Mar Sept Sept Mar Sept

1977 1978 1978 1977 1978 1978

55A57 1/8 -1/4 7/8 -1 1/16 3 -4 1/lb

-1/16 3/8 -1311b 1 1/8 -3 1/16 4 1/16

21AI13 1/8 1/8 5/16 1/I6 0 3/16

-1/16 -1/4 -3/8 0 -3/16 -1/4

11A129 1/8 1/4 5/8 3/16 1 1/8 1 1/16

-1116 -112 -13/16 -1/4 -1 5/16 -1 3/16
12A166 1/4 5/8 314 1/2 1 1/2 1 11/16

-3/16 -7/16 -11/16 -3/8 -1 3/8 -1 9/16

12AI68 -1/16 1/16 3/8 0 0 7/16
-1/8 0 -9/16 1/8 1/16 -9/16

Anchor 1/8 0

Site D

Anchor

14A701 1/8 0

3/16 -1/16
13AI739 -1/4 0

3/8 -1/16
13A187i
23,11170
24A757 -3/4 -5/16

15/16 5/16
24A726 -1 7/16 91/16

1 1/8 -11/2
24A798 - 31/16 3 116

S51/16 -3 3/16

35A3489 -2 15/16 6 31/4
1 3/4 -6 15/16

52BI26 3/16 11

-3/16 -10 1/16
61B81 3/8 12 15/16

-71/16 -13
73B0692 -3/16 13 518"

1/2 -13 1/4
52B-25 2 13/16 121/8

-2 11/16 -12 1/16
66A317 2 7/16 8 1/16

-2 1/8 -7 7/8
24A797 2 4 1/16

-1 15/16 -3 13/16
13A1872 1 11/16 9/16

-1 11/16 -3/8
15A1395 1 5/8 -7/8

-1 9/16 15/16
548196

Site K

16AI393 -1 1/16 2 9/1(,
1 112 -2 9/16

16AI396 -11/16 3 1/2
1 1/16 -3 7/16

25A861 -7/8 1 1/4
15/16 -1 1/16

52A209 -15116 -2 5/8
1 3/16 2 13/16
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Table B1. (Cout J).

_ A -: '. -it. S e 1S' ( 5 . 1

Suppo r t no. Sept M1a r Sept Sept .ir Sept

1977 1978 1978 1977 197,i 1978

768(1868

76B08t)7 1 16 -6 9110*
1/16 1 /2

74A0880 -1!4 - /
,1/16 4 1/2

73B0850 3/1 - /8
-3 /16 3 /-4

52,21. 3/16 -9/16
-1/8 4/16

14A2899 0 1 3/ /
1/8 -3/4

16,,\1394 1/16 15/16
3/10 -7/8

23A1238 -1/4 13/1 t
1/4 -14/16

25A862 -1/4 3 1/16

1/4 -3 3/Ih
-032346 1/4 4 15/1b

- 1/16 -5

42110937 1 11/l 1 3/16
-15/16 -5 1/4

35A2920 1 7/16 1 3/,
-1 1/8 - 1 1/ 16

23A1237 7/8 1 7/1(1
-1 -1 3/8

25A863 1/2 1/4
-5/16 -1/4

1 [.7.450 1/8 -112
0 1/8

IIA1452 5/16 -1

-3/16 1 1 1 "
23A 1240 1/16 -2 1/4

1/16 2 13/16
24B72 11/16 -3I I/P)

-11/16 3 3/16
241369 5/8 -2 7/16

-9/16 2 5/16
13A1 560 1/4 -5/16

-5/16 5/I6
Anchor 1/16

Site F

14A1574 -3/16 -1/2 -11/16 -1/16 -1/1 -]/16
1/16 3/8 5/16 1/16 1/16 1/16

16A1411 -5/16 -5/8 -7/8 1/8 0 1/16
5/16 1/2 7/8 0 t 1/16

24B71 -9/16 -7/8 -1 1/4 1/4 1/16 1/16

5/8 7/8 I 1/4 -3/16 -3/16 -1/3

21A696 -5/8 -1 -1 7/16 3/8 11/116 13/16
5/8 1 1 1/4 -5/16 -11/16 -7/8

21A694 -13/16 -1 1/4 -1 3/8 3/4 1 3/8 1 15/16
3/4 1 3/16 1 7/16 1/16 -112 -15/16

33B3585 -13/16 -1 1/2 -2 1/16* 1 3/4 2 3/4 3 15/16

15/16 1 9/16 2 -1 13/16 -2 7/8 -4

18



_l', c B1. (COT)t, d)•

Stppor L t p t 9 - ept 51t >AT- p t

1977 1978 1978 1077 8 197h

31M2860 -9/16 -1 1/8 -1 11 2 3/16 1 1/f If,

6 i 1 If, 1 7/16 - S/ 16 -1 1, 1) 1,

3KB0950 -5/I P, -7/ I -11/16 2 9/16 4 7/8 ,1

3/8 9/16 1316 -2 112 -4 :/, -8 1/4

S1A2858 9/16 1 1/8 1 /1 16 3,10 3 1 /16 1 3716

0 -1/2 -7/8 -2 1/8 -3 78 - /d

131391 5/3 1 1/8 1 112 1 7/16 2 1 ,' 9 16

-1/2 -1511(, -1 3/8 -1 7/8 -2 1/'i -3 1/2

'A 701 3/16 1 1/B 1 1/2 3/4 1 5/8 2

-5/8 -15/11 -1 1/4 -11/16 -1 7/16 -1 ;/8

21A69 1 7/16 11/16 1 1/16 5/16 3/3 3/?

-3/8 -9/16 -15/16 -5/16 -3/8 -318

21894 -1/4 518 13/16 3/16 1/8 1/8

-1/4 -1/2 -11/16 -5/8 -9/ 16 -5/8

16A1412 1/8 14 7/16 0 -1/16 -1/16

-3/16 -3/8 -9/16 3/16 1/16 1/8

IhA1409 0 0 0 0 0 0,
1/16 1/11 1/16 l/1t" 1/16 1/16

16A1 10 1/16 1/16 1/16 1/16 -1/16 -1/1f

0 0 -3/16 0 0 0

IIA1494 1/16 1/16 M/16 0 0 0

1/16 1/16 1/16 1/16 1/16 Ii16

Archor -5/f16 0

1141496 -1/16 -1/8 -3/16 1/8 3/16 l1/

1/8 1/4 5/16 -1/16 -1/8 -1/-4

21A695 -1/4 -9/16 -5/8 0 -1/4 -1/8

3/8 11/16 3/4 0 1/8 1/8

3342863 -3/lb -9716 -3/4 -1 7/8 -2 1/2 -3 1/8

7/16 13/16 1 1 15/16 2 1/2 2 15/16

53B221 1/2 3/16 9/16 -3 I/ 1B -5 3/8

-3/8 -1/16 -5/16 3 5 3/8

4181248 1 1/4 1 3/16 1 3/4 -3 5/16 -4 1/4 -5 3/4

-1 9/16 -1 1/16 -1 9/16 3 5/16 4 1/4 5 I3.I6'

1A2789 13/16 3/4 1 1/8 -1 15/16 -2 3/16 -3 1/2

-15/16 -7/8 -1 5/16 1 15/16 2 1/8 3 9/16

22A702 0 0 0 0 0 0

0 0 -1/16 0 0 0

lIAI493 13/16 3/4 1 1 1/8 1 1 3/8

-5/8 -5/8 -7/8 -1 -7/8 -1 5/16

11A1495 9/16 9/16 11/16 5/8 5/8 13/16

-7/16 -1/2 -11/16 -9/16 -5/8 -13/16

Site 1"

IA1389 -5/8 -15/16 -1 3/16 5/16 3/M 5/8

11/16 7/8 1 1/8 -5/16 -3/8 -9/11

13A1691 -5/8 -7/8 -1 5/16 1/8 0 118

15/16 1516 1 1/2 -1/8 1/16 -1/16

2A17 -13/16 -7/8 -1 9/16 -11/16 -1 3/8 -1 15/16

13/16 1 1/16 1 5/8 3/4 1 3/8 2

44A3992 -15/16 -1 3/16 -1 1/16 -2 15/16 -3 15/16 -5 3/16

1 1 1/4 1 13/16* 2 7/8 3 7/8 5 114

65B12 -3/8 -7/16 -7/16 -4 1/16 -5 3/4 -7 7/8

-5/16 7/16 3/8 4 1/16 5 11/16 -7 15/16*

65B11 7/16 1/2 13/16 -4 -, 13/16 -7 5/16

-9/16 -15/16 -1 3 13/16 5 1/16 7 3/8

19
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Table BI. (Cont'd).

' A Uin.)--, -(
Support no. St'pt Mbir Sept SIpt Mar S L

1977 1978 1978 1977 1978 1978

44A3980 1/2 9/1(, 13/16 -2 7/l -2 13/16 -4 1/ i
-5/8 -11/16 -15/16 2 3/h 2 7/1b 4

2A'02 0 -3/8 0 0 0 0
-1/16 0 -1/16 0 0

11A2014 3/16 3/16 3/8 1/0 1/8 3/il
-11/16 -11/16 -15/16 -1/4 -1/4 -1/2

Anchor -3/16 1/8

13A2016 -1/8 0 1/16 1/16 1/16 1/16
1/8 0 -1/16 -1/16 -1/16 0

2A201 1/16 1/8 0 11/16 7/8 1 7/16

0 0 0 -9/16 -3/4 -1 3/8
24A1268 3/16 -1/16 0 21 2 5/8 3 1/8

-1/8 -1/4 -1/4 -2 -2 5/8 -3 1/8
2A204 7/16 112 5/8 2 3/8 3 5/16 4 1/8

-3/8 -5/8 -5/8 -2 3/8 -3 3/8 -4 1/10
14A1760 3/8 7/16 1/2 1 3/8 1 3/4 2 3/16

-1/4 -5/16 -7/16 -1 3/8 -1 3/4 -2 1/8
24A1266 1/8 3/16 5/8 -1/16 1/16 -7/16

-1/16 -1/8 -7/16 1/16 1/16 1/2
43B3860 1/4 3/16 5/16 -1 5/16 -1 15/16 -3 1/2

-1/16 -1/3 -1/16 1 3/8 2 3 5/8
46A4088 3/16 5/16 11/16 -3/8 -3/4 -3 9/16

1 3/8 1 3/4 -7/8 3/8 3/4 4 1/2

52B123 1/16 1/8 9/16 -1 1/4 -1 1/4 -4 9/16
-1/8 -1/8 -15/16 1 1/4 1 1/4 4 9/16

44A3982 3/16 1/8 7/16 -1 3/4 -1 3/4 -4 5/16
1/16 1/16 -1/4 1 3/4 1 3/4 4 5/16

41B4111 5/16 1/2 13/16 -1 7/8 -2 3/8 -3 9/16
-9/16 -9/16 -1 3/16 1 5/8 2 3/16 3 1/4

2A19 3/16 1/16 3/16 -1/8 -1/8 -1/8
-3/16 -1/4 -1/4 1/16 0 0

13A2013 1/16 1/8 3/16 1 15/16 2 9/16 2 5/8
-3/16 -3/8 -5/16 -1 15/16 -2 5/8 -2 5/8

2A73 0 1/8 1/16 2 7/8 4 4 1/16
1/16 -1/16 -1/16 -2 3/4 -4 -3 15/16

2A75 5/8 7/8 1 1/8 1 13/16 2 7/16 2 3/4
-1/2 -13/16 -7/8 -1 13/16 -2 7/16 -2 3/4

2A18 1/2 11/16 7/8 1/4 7/16 11/16
-1/4 -3/8 -11/16 -3/16 -3/8 -3/4

23A1406 5/16 7/16 9/16 1/8 1/8 3/8
-3/16 -5/16 -7/16 0 -1/8 -1/8

16A1450 -1/8 0 1/16 1/8 1/8 3/16

1/16 -1/8 -1/8 1/16 1/8 1/8
13A2015 -1/16 -1/16 0 0

0 0 5/16 5/16
14A1908 3/16 1/16 -1/16 -1/16

-1/8 -1/16 3/8 3/8

14A1758 1/16 1/16 1/16 0
1/16 0 0 -1/16

Anchor 1/8

14A1906 -7/16 -11/16 -5/16 -1/4
7/16 11/16 3/8 3/16

14A1907 -11/16 -7/8 -13/16 -1 1/8
5/8 15/16 7/8 1 1/8
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Table BI. (Cont'd).

Support no. Sept tar Sept Svpt Sept
1977 1978 1978 1977 1978 1978

14A1905 -1/2 -13/16 -1 1/4 -1 7/16
7/16 1/2 1 5/16 1 5/8

2A20i -9/16 -3/4 1/8 114
3/8 9/16 -1/16 -3/

15A0190 -13/t6 -1 3/16 3 3/8 4 5/16
9/16 1 -3 5/16 -4 7/16

53B86 -1 1/16 -1 1/2 6 3/8 7 11/16
7/8 1 1/8 6 3/16 7 11/16

56A462 1 5/16 ) W33/b 6 5/16 8 1J/16*
-1 5/16 -1 3/4 -6 1/4 -8 11/16

63B91 1 7/16 1 7/8 4 3/16 -6 3/4
-1 1/4 -1 3/4 -4 3/16 6 3/4

53A411 1/16 1 5/8 2 1/2 4 3/8
-1 -1 1/2 -2 3/8 -4 5/16

64847 1 1/4 1 15/16* 1 11/16 2 3/4
-1 1/4 -1 5/8 -1 3/4 -2 13/16

23A1405 1 1/4 3/16
-1 3/16 -3/16

* Maximum displacement at each site.
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rable B2. VSM tilt and changes in tilt.

First row: measureniciit C, 1)

Second row: measurement C , )'

Positive reading: Outwaird inclination perpendicul ar to pipeili.

Downstream (relative to pipeline flow) inclination

parallel to pipeline (see Fig. 2).

PerpendicuIar to , ti e .Pa ra I51l_ 0 P___ ) _j....

Support Tilt (0) Tilt(°) Tilt Tilt (°) lilt (°) lilt

no._ t 77 Septi 78 Chane (0) Sept 77 Lt 8_ Can~eL(0)

Site A

33A3409 0.06 0.01 0.05 0.09 0 0.09
-0.23 -0.24 0.01 -0.02 -0.02 0

78141 -0.08 -0.05 0.03 -0.05 -0.10 0.05
-0.45 -4.2 0.03 -0.71 -0.68 0.03

81-46 0 0.04 0.04 0.12 0.16 0.04

0.03 -0.06 0.09 0.15 -0.06 0.21
62A178 0.75 0.75 0 0.12 0.30 0.18

0.55 0.41 0.14 0.18 0.28 0.10

24A920 0.15 0.24 0.09 -0.31 -0.31 0
-0.08 -0.06 0.02 0.09 0.05 0.04

I1A1754 0.20 0.28 0.08 -0.60 -0.73 0.13
-0.08 -0.08 0 0.43 0.43 0

Site B

22A90 -0.02 0.10 0.12 -0.02 0.07 0.09
0.06 0.03 0.03 -0.11 -0.12 0.01

22A91 -0.05 -0.04 0.10 -0.02 -0.12 0.10
0.06 0.24 0.18 -0.31 -0.19 0.12

23A193 0.04 0.16 0.12 0.03 0 0.03
-0.20 -0.01 0.01 -0.02 0.03 0.05

23A195 -0.05 0.02 0.07 0 0 0
-0.54 -0.49 0.05 0.06 0.14 0.08

43A0389 -0.11 -0.08 0.03 -0.02 0.03 0.05

0.06 0.18 0.12 -0.17 -0.04 0.13
63B9 0.03 0.05 0.02 -0.02 0 0.02

-0.37 -0.28 0.07 -0.34 -0.40 0.06
71A0265 0.04 0.18 0.14 -0.11 -0.10 0.01

-0.11 -0.06 0.05 -0.40 -0.46 0.06

71B0889 -0.31 -0.18 0.13 -0.31 -0.36 0.05
-0.40 -0.46 0.06 0.03 0.15 0.12

73A0448 0.38 0.40 0.02 0.09 0.16 0.07

-0.11 -0.02 0.09 -0.08 0 0.08
62B5 -0.43 -0.41 0.02 -0.37 -0.28 0.09

-0.34 -0.38 0.04 0.49 0.50 0.01
44A0460 -0. -0.16 0.05 -0.05 -0.02 0.03

-0.02 -0.04 0.02 -0.08 -0.13 0.05

23A194 0 -0.10 0.10 0.03 -0.13 0.16

-0.02 -0.01 0.01 0.18 0.20 0.02

15A1618 0.03 0.08 0.05 0.03 -0.20 0.23
0 -0.01 0.01 0.03 0.30 0

25A93 -0.11 -0.09 0.02 -0.11 -0.14 0.03

0 0.02 0.02 -0.20 -0.10 0.10

25A142 0.03 -0.09 0.12 0.03 0.33 0.30

0 -0.14 0.14 -0.14 -0.10 0.04
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Table 82. (Cont'd).

_Pe rendicular to pil i n .. rwal .to. pji ine.

Support Tilt (0) Tilt (°) Tilt Tilt (°) Tilt ( ') Tilt
no. Sept2_t_7 Sept 78 Conj2 (0)"  Sel 77 Sept _T7 Chn~e (o)

15A1649 0.03 0.55 0.52 0.03 0.18 0.1
0.12 0.33 0.21 -0.02 -0.20 0.18

Anchor

Site C

21A115 -0.28 -0.12 0.16 -0.23 -0.28 0.05

-0.11 -0.01 0.10 -0.45 -0.25 0.20

25A149 -0.02 0.15 0.17 -0.20 -0.02 0.18
0 0.19 0.19 -0.11 -0.12 0.01

25A151 0 -0.01 0.01 0.03 0.15 0.12

0.30 0.14 0.11 -0.14 -0.11 0.03

25A150 -0.23 -0.09 0.14 -0.23 -0.08 0.15

-0.05 -0.04 0.01 0 0.03 0.03

25AI52 -0.08 -0.02 0.06 -0.02 -0.06 0.04

-0.05 -0.10 0.05 -0.63 -0.47 0.16

44A0446 0.03 0.15 0.12 -0.31 -0.16 0.15
-0.20 -0.13 0.07 -0.11 -0.05 0.06

62133 0.15 0.22 0.07 -0.23 0.02 0.25

-0.14 -0.06 0.08 -0.02 0 0.02

72B0130 0.12 0.15 0.03 0 0.05 0.05

-0.23 -0. 18 0.05 -0.25 -0.25 0
74A0099 -0.05 0 0.05 0.03 0.05 0.02

-0.08 0 0.08 0 0.10 0.10

7280132 0.32 0.43 0.11 0.03 0.19 0.16

-0.14 -0.09 0.05 -0.37 -0.35 0.02

55A57 0.03 0.13 0.10 0.03 0.24 0.21

0.03 0.08 0.05 0.12 0.19 0.07

21A113 0.20 0.34 0.14 0.18 0.33 0.15

0.32 0.45 0.13 -0.11 -0.28 0.17

11A129 -0.02 0.05 0.07 0.03 -0.07 0.10

0.09 0.12 0.03 0.09 0.18 0.09

12A166 0.20 0.25 0.05 0.20 0.16 0.04

0.12 0.26 0.14 0.06 0.27 0.21

12A168 -0.02 -0.20 0 -0.08 -0.07 0.01

0.15 0.22 0.07 -0.11 0.06 0.17

Anchor

Site D

14A1701 0.11 0.12

0.02 -0.18

13A1739 -0.33 0.11

0.36 -0.24

13A1871 0.21 0.09

0.17 -0.14

23Ai170 0.22 0.28
0.36 0.09

24A757 -0.36 -0.29

0.06 -0.37
24A726 0.24 0.12

0.49 -0.55

24A798 0.53 0.03

0.05 0.03

35A3498 -0.21 -0.23

-0.07 0.35
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Table 82. (Cont'd'

Perpendicular to pipeline Parallel toppeline

Support Tilt () Tilt () Tiltit

no. S S Kp2t 77 8 17an_6L _t 77 Sept 78 Chne _)

52B126 -0.10 -0.22

0.05 0.16

61B81 0.25 -0.60

0.05 -0.14

73B0692 -0.07 -0.27

0.18 0

52B125 -0.06 -0.14

0.15 0.22

66A317 0.22 -0.11

0.22 0.34

24A797 0.17 -0.06

0.27 0.03

13A1872 -0.03 0.04

0.09 0.15

15A1395 -0.05 -0.02

-0.03 0.10

Site E

16k,1393 0.10 0.20

-0.18 -0.09

16A1396 0.12 0.30

-0.14 
-0.49

25A8,1 -0.13 -0.12

0.71 -0.18

52A209 0.14 0.08

-0.10 
-0.0

76B0868 -0.15 -0.35

-0.20 -0.35

7680867 0.07 -0.62

-0.22 
-0.08

74A0880 -0.78 -0.36

0.80 
0.15

73B0850 -0.12 -0.03

-0.27 -0.07

52A214 -0.05 0

0.18 -0.06

34A2899 0.14 0.11

0.01 -0.07

16A1394 0.12 -0.22
-0.05 -0.54

Anchor

23A1238 0.18 
-0. 34

-0.14 -0.20

25A862 -0.18 0

-0.04 -0.51

4382346 -0.03 0.02

0.20 
0141

4280937 -0.03 -0.10

0.06 -0.06

35A2920 0.40 
0.04

-0.08 
-0.51

23AI237 -0.06 -0. .l

0.06 
0.11

25A863 0.15 -0.15

-0.12 -0.26
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Table B2. (Cont'd).

Perpendicular to pipeline Parallel to pipeline

Support Tilt (0) Tilt (0) Tilt Tilt (0) Tilt (o) Tilt

no. Sept 77 Se Change (0) Sept S eJt 73 Change (0)

11A1450 0.41 0.57
-0.06 -0.56

1LA1452 -0.01 O. 17
0.11 -0.33

23AI240 -0.14 0.15

0.29 -0.05

24B72 0.11 -0.03
0.38 -1.0

24759 -0.08 0.08

0.05 0.27

13A1560 0.17 0.16
-0.01 -0.14

Anchor

Site F

14A1574 -0.45 -0.43 0.02 -0.57 -0.55 0.02

-0.31 -0.29 0.02 0.06 0.04 0.02

16A1411 -0.40 -0.39 0.01 0.03 0.05 0.02

0.38 0.42 0.04 -0.71 -0.70 0.01

24B71 -0.45 -0.51 0.06 -0.20 -0.16 0.04

-0.37 -0.39 0.02 -0.20 -0.17 0.03

21A696 -0.20 -0.18 0.02 -0.08 -0.19 0.11

-0.14 -0.13 0.01 0.03 0.05 0.02

21A694 0 -0.05 0.05 0.26 0.27 0.01
-0.11 -0.12 0.01 -0.02 -0.01 0.01

33B3585 0.23 0.29 0.06 0.15 0.16 0.01

0.15 0.22 0.07 -0.43 -0.46 0.03

3342860 -0.11 -0.12 0.01 -0.23 -0.09 0.14

-0.17 0.03 0.20 -0.02 -0.08 0.06

43BO950 -0.08 -0.12 0.04 0.26 0.34 0.08

-0.08 -0.09 0.01 -0.20 -0.34 0.14

33A2858 0.12 0.05 0.07 0 0 0
-0.17 -0.12 0.05 0.46 0.38 0.08

33B3591 0.23 0.23 0 0.09 0.15 0.06

0.09 0.05 0.04 -0.20 -0.24 0.04

22A701 0.26 0.27 0.01 0.09 0.01 0.08

-0.14 -0.12 0.02 0.03 -0.04 0.07

21A693 0.15 0.05 0.10 -0.17 -0.26 0.09

-0.08 -0.07 0.01 -0.14 -0.06 0.08
23B94 0.23 0.19 0.04 -0.17 -0.23 0.06

-0.25 -0.25 0 -0.28 -0.32 0.04

16A1412 0.09 0.19 0.10 -0.14 -0.14 0
0.12 0.12 0 0.03 -0.02 0.05

16A1409 0.37 0.52 0.15 0.23 0.22 0.01

0.18 0.39 0.21 -0.60 -0.68 0.08

16A1410 0.46 0.57 0.11 -0.31 -0.36 0.05

-0.40 -0.34 0.06 -0.20 -0.21 0.01

11A1494 0.32 0.40 0.08 -002 0.08 0.10

0.46 0.51 0.05 -0.08 0.16 0.24

Anchor
11A1496 0.06 0.24 0.18 0.12 0.23 0.U1

-0.17 -0.16 0.01 -0.14 -0.27 0.13

21A695 -0.02 0.05 0.07 0.03 0.05 0.02

0.20 0.29 0.09 -0.25 -0.40 0.15
33A2863 0.06 0.15 0.09 0.12 0.13 0.01

0.26 0.19 0.07 -0.17 -0.32 0.15
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Table B2. (Cont'd).

Perpendicular to i ,_ine Parallel to pipeline
Support Tilt (*) Tilt (0) Tilt Tilt (o) Tilt (o) Tilt

Sept 77 Sept 78 Changie () Sept 77 Spt 8 Change (0)

538221 -0.14 -0.27 0.13 0.29 0.20 0.09
0.03 0.13 0.10 -0.23 -0.20 0.03

4181248 -0.05 -0.24 0.19 0 -U..O 0.20
0.03 0.05 0.02 -0.17 -0.09 0.08

31A2789 -0.23 -0.25 0.02 -0.08 -0.07 0.01

-0.05 -0.07 0.02 -0.02 -0.04 0.02
22A702 0.26 0.35 0.09 -0.11 -0.05 0.06

0.35 0.34 0.01 -0.28 -0.45 0.17
11A1493 0.03 -0.03 0.06 0.03 0.04 0.01

0.20 0.16 0.04 -0.17 -0.24 0.07
1IA1495 -0.25 -0.24 0.01 -1.17 -1.24 0.07

0.03 0.06 0.03 -0.17 -0.20 0.03

Site G

!IA1389 -0.23 -0.35 0.12 -0.40 -0.66 0.26
-0.34 -0.30 0.04 0.12 0.14 0.02

13A1691 -0.25 -0.26 0.01 -0.28 -0.23 0.05
-0.23 -0.29 0.06 0.38 0.21 0.17

2A17 -0.20 -0.40 0.20 0.43 0.68 0.25
-0.25 -0.25 0 -0.48 -0.72 0.24

44A3992 -0.83 -0.78 0.05 0.41 0.48 0.07

0.58 0.48 0.10 -0.28 -0.36 0.08
65B12 -0.40 -0.34 0.06 -0.63 -0.47 0.16

-0.08 0 0.08 -0.77 -0.65 0.12
65811 -0.08 0.05 0.13 -0.45 -0.47 0.O2

-0.80 -0.69 0.11 -0.05 -0.37 0.32
44A3980 -0.17 -0.24 0.07 -0.20 0.33 0.53

-0.11 -0.08 0.03 0.06 0 0.06
2A202 0.15 0.14 0.01 -0.11 -0.13 0.02

0.55 0.76 0.21 0.12 0.13 0.01
13A2014 -0.43 -0.56 0.13 -1.46 -1.42 0.04

0.41 0.56 0.15 -0.51 -0.43 0.08
Anchor

13A2016 -0.65 -0.44 0.21 -1.26 -1.33 0.07

0.03 0.26 0.23 -0.05 0.06 0.11
2A201 -0.28 -0.26 0.02 -0.20 -0.09 0.11

0.12 0.14 0.02 -0.48 -0.46 0.02

24A1268 -0.23 -0.13 0.10 -0.28 -0.21 0.07
-1.54 -1.63 0.09 0.35 0.32 0.0j

2A204 0.03 0.04 0.01 0.12 0.71 0.59

0.66 0.25 0.41 -1.11 -1.13 0.02
14A1760 1.06 1.07 0.01 -1.06 -1.02 0.04

1.49 1.40 0.09 0.98 0.94 0.04
24A1266 -1.49 -1.49 0 0.20 0.31 0.11

-0.48 -0.77 0.29 -0.25 -0.28 0.03
4383860 -0.25 -0.21 0.04 0.49 0.54 0.05

-0.05 0.02 0.07 1.27 1.32 0.05
46A4088 0.72 0.80 0.08 -0.74 -0.63 0.11

0.38 0.39 0.01 -0.05 0 0.05
528123 0.20 0.22 0.02 0.66 3.77 0.11

0.49 0.49 0 -0.17 -0.19 0.02
44A3982 -0.05 0 0.05 -0.05 0.20 0.25

-0.20 -0.06 0.14 -0.31 -0.27 0.04
41B4111 -0.31 -0.17 0.14 -0.77 0.22 0.99

0.18 -0.91 1.09 -0.20 0.08 0.28
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Table B2. (Cont'd).

_Pr pndiculdart p eiline Parallel to ei ne

Support Tilt (0) Tilt (0) Tilt Tilt (0) Tilt (0) Tilt

n - Spt 77 Spt78 C1 ane (0) Sept 77 S(j1t_8 Chany e
0

2A19 0.12 0.26 0.14 -0.08 -0.03 0.05

0.03 -0.06 0.09 -0.05 -0.49 0.44
13A2013 -0.25 -0.56 0.31 0.55 0.79 0.24

0 0.25 0.25 -0.57 -0.44 0.13

2A73 -0.08 -0.06 0.02 0.26 0.43 0.17

0.61 1.00 0.39 -0.40 -0.33 0.07
2A75 -0.11 -0.10 0.01 0.43 0.43 0

-0.17 -0.12 0.05 -0.02 0.11 0.13
2A18 -0.31 -0.24 0.07 -0.34 -0.16 0.18

-0.37 -0.33 0.04 -0.08 0.09 0.17

23A1406 -0.06 0.05 0.11 -0.65 -0.69 0.04

-0.43 -0.41 0.02 -0.28 -0.15 0.13
16A1450 0.29 0.45 0.16 -1.06 -0.94 0.12

0.92 0.93 0.01 -0.97 -0.94 0.03

14A1908 0.20 0.58
-0.52 -0.61

13A2015 0.41 0.48

0.12 0
14AI758 1.36 0.40

0.03 -0.84
Anchor

14A1906 0.39 0.08
0.44 -0.44

14A1907 0.80 1.52
-0.20 0

14A1905 -0.33 -0.17

0.65 -0.11

2A203 0.31 -0.30
-0.07 -0.21

35A0190 -0.01 1.18
-0.70 0.05

53B85 -0.59 0.21

1.33 -1.61

56A462 -0.29 -0.06

0.75 -0.33

63B91 -0.28 0.16

-0.42 -0.10

53A4111 0.07 -0.25

0.40 0.23

64B47 0.13 0.49

-0.18 0.06

23A1405 0.12 0.10

0.03 0
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Table 83. Changes in relative elevation oLt pipeline supports (as-Ouilt dat:.

from Alveska Pipeline Service Co.).

Change ill r.lutivc

Support As-built Relativo tlevation (it) k evylL i (it)

no. C levat io As-hu iIt Sept Sept Sept 77 to A-bo ilt

St Q_ 1977 1978 Sort 78 to Sept 78

Site A Elevation relative to 31,\3409
Survey Accuracy 0.03 it

Anlchor

33A3409 2495.89 0 0.01 0 -0.01 0

7B141 2495.74 -0.15 -0.14 -0.16 -0.02 -o.01

82A46 2495.58 -0.31 -0.29 -0. tl -0.02 0

5 2495.35 -0.54 -0.bO -0. t)2 -0.02 -(0.08
6 -495.22 -0.67 -0.70 -0.71 -0.01 -o.04

7 2495.07 -0.82 -0.87 -0.89 -0.02 -0.07

8 2494.91 -0.98 -1.02 -1.04 -0.02 -0.06
9 2494.77 -1.12 -1.20 -1.28 -0.02 -0.17

10 2494.51 -1.74 -1.48 -1.51 -0.03 -0.23

11 2494.16 -1.73 -1.80 -1.84 -0.04 -0.12

12 2493.80 -2.09 -2.19 -0.05 -0.10

13 2493.44 -2.45 -2.52 -2.58 -0.06 -0. 11

14 2493.07 -81 -2.88 -2.91 -0.0 3 -0.09

15 2492.71 -3. 18 -3.24 -3.28 -0.04 -0.10

1b 2492.35 -3.54 -3.58 -1.60 -0.02 -0.06

17 2491.99 -3.90 -3.96 -3.97 -0.01 -0.07

18 2491.62 -4.27 -4.36 -4.30 0 -0.09

19 2491.27 -4.4)2 -4.72 -4.73 -0.01 -0.I1

20 2490.91 -4.98 -5.04 -5.06 -0.02 -0.08

21 2490.10 -5.79 -5.88 -5.90 -0.02 -0.11

22 2488.78 -7.11 -7.14 -7.15 -0.01 -0.04

23 2487.46 -8.43 -3.52 -8.54 -0.02 -0.1o

24 2486.07 -9.82 -9.96 -10.01 -0.05 -0. 1)

25 2484.45 -11.44 -11.52 -11.56 -0.04 -().12

26 2482.92 -12.97 -13.10 -13.11 -0.03 -0.00

27 2482.43 -13.46 -13.54 -13.56 -0.02 -0.10

28 2482.87 -13.02 -13.11 -13.14 -0.02 -0.12

29 2483.29 -12.60 -12.70 -12.72 -(1.02 -0.12

30 2483.74 -12.15 -12.2" -12.27 -0.02 -0.12

11 2484.20 -11.69 -11.77 -11.79 -0.02 -0.10

52 2484.64 -11.25 -11.36 -11.37 -0.)1 -0.12

33 2486.97 -8.92 -8.93 -8.95 -0.02 -0.03

34 2493.07 -2.82 -2.96 -2.98 -0.02 -0.10

35 2501.61 5.72 5.60 5.58 -0.02 -0.12

36 2510.15 14.26 14.04 14.02 -0.02 -0.24

37 2520.38 24.49 24.28 24.25 -0.03 -0.24

62A178 2531.62 35.73 37.75 37.72 -0.03 1.99

24A920 2543.29 47.40 47.45 47.41 -0.04 0.11

IIA1754 2549.98 54.09 5L,. 42 54.30 -0.06 0.27

Anchor 2552.03

Site BR Elevation relative to 15A1649W
Survey accuracy 0.02 ir (1977), 0.1)4 ft (1978)

22A90 1952.30 -11.35 -11.70 -11.69 0.01 -0.34

22A91 1052.70 -10.95 -10.88 -10.88 0 0.07

21A193 1953.09 -10.56 -11.22 -10.22 0 0.34

23A195 1953.47 -10.18 -10.10 -10.09 0.01 O.O

43A0389 1953.85 -9.80 -9.82 -9.81 0.1 -0.01

63R9 1954.24 -9.41 -9.48 -9.44 0.)4 -0.0)

71A0265 1954.64 -9.1) -9.05 -9.05 0 -0.04
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Table 83. (Cont'd).

Change in relative
Support As-built Relative elevation (ft) elevation (ft)

no. elevation As-built Sept Supt Sept 77 to As-built
(t). 1977 1978 Sept 7 to Sept _7

7180889 1955.03 -8.62 -3.67 -8.68 -0.01 -0.06
73A0448 1955.44 -8.21 -8.27 -8.27 0 -0.06
6285 1955.84 -7.81 -7.85 -7.85 0 -0.04
44A0460 1956.23 -7.42 -7.46 -7.46 0 -0.04
23A194 1957.21 -6.44 -6.48 -6.48 0 -0.04
15A1618 1958.77 -4.88 -4.87 -4.87 0 0.01
25A93 1960.40 -3.25 -3.26 -3.26 0 -0.01
2 A142 1962.02 -1.63 -1.63 -1.62 0.01 0.01
15A1649 1963.65 0 0 0 0 0
Anchor

Site C Elevation relative to 21AI15W
Survey accuracy 0.02 ft

21A115 1153.73 0 -0.04 -0.04
25\449 1159.63 5.90 5.90 0
25A151 U161,26 7.53 7.53 0
25A150 158.46 4.73 4.97 0.24 1

25A152 1155.74 2.01 2.01 0

44A0446 1152.22 -1.51 -1.51 0
62 1147.89 -5.84 -5.86 -0.02
7280130 1143.45 -10.28 -10.29 -0.01
74A0099 1141.49 -10.24 -9.91 0.33
7280132 1148.05 -5.68 -5.69 -0.01
55,.57 1152.49 -1.24 -1.26 -0.02
21,\13 1156.91 3.18 3.16 0.02
11A129 1161.36 7.63 7.59 0.04
12A166 1165.89 12.1b 12.14 0.02
12A168 1170.43 16.70 16.70 0
Anchor

Site E Elevation relative to 15A1395
Survey accuracy 0.06 At

15A1395 927.93 0 -0.01 -0.01
13A1872 916.83 -11.10 -11.12 -0.02
24A797 906.28 -21.65 -21.71 -0.06
66A317 896.28 -31.65 -31.68 -0.03
528125 886.83 -41.10 -41.13 -0.03
7380692 876.83 -51.10 -51.15 -0.05
61881 866.87 -61.06 -61.10 -0.04
52BI26 856.92 -71.01 -71.04 -1.03
35A'1489 847.43 -80.50 -80.56 -0.06
24A798 838.31 -89.62 -89.67 -0.05
24A726 829.51 -98.42 * -98.48 -0.06
24A757 820.24 -107.69 -107.75 -0.06
23A1170 814.71 -113.22 -113.28 -0,06
13A1871 809.79 -118.14 -118.17 -0.03
13M1719 801.67 -126.26 -125.96 -0.30
14A1701 797.62 -130.31 -130.33 -0.02
Anchor

Site E Elevation relative to 12A1560
Survey accuracy 0.002 ft

16A1393 466.69 10.28 10.51 -0.23
16A1396 466.84 10.13 10.00 0.13

29

-fi



Table B3. (Cont'd).

Change in relativv

Support As-built Relative elevation ift) elevation (it)

no. elevation As-built Sept Sept Sept 77 to A-built

( 1977 1978 S,.1t 7L __ t') SJlt 73

25A861 466.98 9.99 9.74 0.25

52A209 467.11 9.86 9.60 0.26

76B0868 467.25 9.72 9.69 0.03

76B0867 467.39 9.58 9.59 -0.01

74A0880 467.54 9.43 9.44 -0.01

713B0850 467.68 9.29 9.29 0

52A214 467.82 9.15 9.15 0

34A2899 467.95 9.02 9.02 0

16A1394 468.10 8.87 8.88 -0.01

Anchor
23A1238 468.38 8.59 8.59 0

25A862 468.53 8.44 8.45 -0.01

43B2346 468.82 8.15 8.15 0

42B0937 469.29 7.68 7.70 -0.02

35A2920 469.69 7.28 7.28 0

23A1237 470.13 6.84 6.84 0

25A863 470.56 6.41 6.39 0.02

IIA1450 471.00 5.97 5.97 0

1IA1452 471.43 5.54 5.55 -0.01

23A1240 472.58 4.39 4.40 -0.01

241172 474.46 2.51 2.51 0

24B69 476.37 0.60 0.58 0.02

13A1560 476.97 0 0 0

Anchor

Site F Elevation relative to 14A1574

Survey accuracy 0.01 ft

14A1574 519.13 0 0 0

16A1411 518.58 -0.55 -0.53 0.02

24B71 518.04 -1.09 -1.09 0

21A696 517.51 -1.62 -1.60 0.02

21A694 516.96 -2.17 -2.17 0

3313585 516.43 -2.70 -2.72 -0.02

33A2860 515.99 -3.(4 -3.18 -0.04

43130950 515.77 -3.36 -3.37 -0.01

33A2858 515.78 -3.35 -3.37 -0.02

33B3591 516.00 -3.13 -3.16 -0.03

22A701 516.34 -2.79 -2.88 -0.09

21A693 516.69 -2.44 -2.44 0

23B94 517.99 -1.14 -1.17 -0.03

16A1412 520.26 1.13 1.16 0.03

16A1409 522.53 3.40 3.26 -0.14

16A1410 524.81 5.68 5.67 -0.01

11A1494 527.08 7.95 7.93 -0.02

Anchor
11A1496 531.46 12.33 12.30 -0.03

21A695 533.72 14.59 14.56 -0.03

33A2863 537.37 18.24 18.21 -0.03

53B221 542.42 23.29 23.23 -0.06

41B1248 547.14 28.01 27.91 -0.10

31A2789 552.19 33.06 32.93 -0.03

22A702 557.23 38.10 38.05 -0.05

11A1493 562.27 43.14 43.08 -0.06

IIA1495 566.99 47.86 48.56 -0.30

ii



Table B3. (Cont'd).

Change in relative
Support As-built Relative elevation (ft) elevation (ft)

no. elevation As-built Sept Sept Sept 77 to As-built
(ft) .... . 1977 1978 -Skpt7 7 to S 1t78

Site G Elevation relative to I1A1389

Survey accuracy 0.02 it

11A1389 697.39 0 0.01
13A1691 697.09 -0.30 -0.30 0

2A17 696.79 -0.60 -0.51 0.09
44A399A 696.49 -0.90 -0.79 0.11
65B12 696.19 -1.20 -1.08 0.12
65511 695.88 -1.51 -1.58 -0.07
44A3980 695.59 -1.80 -1.79 0.01
2A202 695.29 -2.10 -2.08 0.02
13A2014 694.99 -2.40 -2.37 0.03
Anchor
13A2016 694.38 -3.01 -2.93 0.08
2A201 694.07 -3.32 -3. 26 0.06
24AI268 693.78 -3.61 -3.49 0.12
2A204 693.86 -3.53 -3.45 0.08
14A1760 693.94 -3.45 -3.38 0.07
24A126b 694.04 -3.35 -3.28 0.07
43BI860 694.12 - 3.27 -3.20 0.07
46A4088 n94.20 -3.19 -3.13 0.06
52B123 694.30 -3.09 -3.02 0.07
44A3982 694.38 -3.01 -2.94 0.07
41B4111 694.47 -2.92 -2.88 0.04
2A19 694.56 -2.83 -2.78 0.05
13A2013 694.65 -2.74 -2.67 0.07
2A73 694.74 -2.65 -2.56 0.09
2A75 694.83 -2.56 -2.49 0.07
2A18 694.93 -2.46 -3.05 -0.59
23A140o 688.84 -8.55 -8.50 0.05
16A1450 686.55 -10.84 -10.92 -0.08

Site G; Elevation relative to 13A2015
Survey accuracy 0.01 ft

13A2015 686.55 0 -0.01

14A1908 688.48 1.93 1.94 0.01
14A1758 695.61 9.06 9.08 0.02
Anchor
14A1906 695.85 9.30 9.34 0.04

14A1907 695.95 9.40 9.38 -0.02
14AI905 696.06 9.51 9.51 0
2A203 696.17 9.62 9.64 0.02
35A0190 696.27 9.72 9.73 0.01
53B86 696. 38 9.83 9.88 0.05
56A462 696.47 9.92 9.95 0. 03
63B91 696.25 9./0 6.81 -2.89
53A411 (,96.02 9.47 9.51 0.04
64B47 695.78 9.2*3 9.26 0.03

Site 1i F'levation relative to I 3A21 39
Survey accuracy 0.02 ft

Anchor
13A2139 914.11 0 -0.01 -0.01
IIA1824 912.74 -1.37 -1.35 0.02
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Table B3. (Cont'd). C

Change in relative

Support As-built Relative elevation (it) elevation (it)
no. elevation As 'uilt Sept Sept Sept 77 to As-built

_ (ft) ___ 1977 1978 Syp t_ 78_ to Sept _78

11A1823 911.36 -2.75 -2.74 0.01
2A124 909.94 -4.17 -4.17 0
35A4075 906.79 -7.32 -7.32 0
538252 901.85 -12.26 -12.22 0.04
54B191 897.18 -16.93 -16.90 0.03
34A4057 892.29 -21.82 -21.87 0.05
23A1341 881.53 -32.58 -32.05 0.53
11A1822 866.64 -47.47 -47.43 0.04
11A1821 852.36 -61.75 -61.74 0.01
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