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I. INTRODUCTION AND SUMMARY

- . A" INTRODUCTION

The purpose of this report is to present the field data obtained since the
January, 195k, survey (Engineering Department Memorandum on "Refinery Ground
_ Subsidence", dated May 6, 1954) and the current ground subsidence trend with
X relation to well water pumpage rates in the refinery and surrounding areas.

Data included in this study consists of published reports and unpublished field

data of the U. 8. Coast & Geodetic Survey, the U. S. Geological Survey, and the

Texas Board of Water Engineers as well as previous Engineering Department reports

and memoranda.

In addition, since the beginning of well water pumpége in 1933, the initia=
tion of refinery settlement surveys in 1945, and the subsequent installation of
Brazos River water facilities in 1948, considerable data relating to ground sub-
sidence including settlement readings at key bench marks, well water pumpage,
static levels in water wells, chloride content of water from wells, and river
water usage have been recorded in various forms. A tabulation of these,data,ﬁave
been included in this report for fubure reference in connection with refinery

settlement and water supply studies.

Also, the continuance of investigations on the geology and ground-water
resources in Galveston County by the U, 8. Geological Survey in cooperation with

the Texas Board of Water Engineers and releveling surveys by the U, 8. Coast &

Geodetic Survey on a periodical basis will aid greatly in predicting ground sub-
sidence trends and the future development of water supplies for industrial and
% municipal growth in this county,
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This report, which is composed of sections on ground subsldence, refinery
and surrounding area water pumpage, and literature abstracts concerning land-
surface subsidence at other locations, has been subdivided into the several im-
portant areas to assist the reader in locating the desired information. A large
number of tables, curves, maps, sketches and photographs are included throughout

the discussion and the literature abstracts.

B. SUMMARY

Based on all data dbtained since the transferring of base reference points
from USC&GS BM A-O at La Marque to L-305 at Virginia Point in December, 1952, it
appears that subsidence is continuing, although at a slower rate. As shown in
Table 1 (page 6), the key refinery bench marks have settled on an average of 0.23
feet since December, 1952, or approximately 5/8 of an inch per year through July,
1957. - This is considerably lower than the previous average settlement, which
occurred between the years 1940 and 1952, and amounted to about 3% inches per year.
However, preliminary information on the adjusted 1953-5k, USC&GS releveling indi-
cates that the base monument L-305 has settled approximately 0.17 feet since the
1951 TUSC&GS releveling in this area, Therefore, future studies may reveal an
increased subsidence rate in the refinery and surrounding area, following receipt

of the official corrected and adjusted 1953-54, USC&GS .data.

Presently the total subsidence in the refinery has reached a maximum of
L,67 feet at bench mark 17 and practically all bench marks located in the areas
of maximum settlement are now in excess of four feet as illustrated on sketch

No. 4olk-7 (page 7).

Water levels in the refinery water wells have recovered to a large degree as
& result of the reduced pumping rate, which averaged only 0.53 million gallons daily
during 1957. Although well water pumpage in the Texas City area has been reduced
by approximately 70 per cent since l9h5, it appears that even the present pumpage
is too great, particularly from the upper Beaumont clay. This coupled with a time

lag effect may have considerable bearing on the present subsidence trend.
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II, DISCUSSION

. A.  GROUND SUBSIDENCE

At the beginning of refinery construction in 1933, the Galveston County
Engineer established elevations of various primary bench marks. In 1938, the
County Engineer ran a gseries of levels for Carbide and checked the elevation of
I the bench mark at the northeast corner of the refinery property within 0.08 feet
of the original value which was considered satisfactory. Likewlse, the annual
- plant survey of the same year disclosed that all bench marks checked within them-
- selves. Annual plant surveys were conducted through 1940, but were then discon=
- tinued because of the press of war work and shortage of manpower. This factor

delayed discovery of subsidence and thus limited the amount of early datae

o . The date subsldence began is not definitely known, but can be assumed
A to have started between late 1938, the last date all monuments checked, and early

1940, when unexplainable minor discrepancies began to occur in the field engineer's

readings. Between 1940 and 1944 these discrepancies in elevations continued to

increase, all of which indicated ground subsidence.

begun on the possibility of procuring an outside source of water to supplement

,}T | In early 1944, before subsidence was definitely known, studies were

existing wells, since increased area pumpage had lowered the static pumping levels
to & point where the upper fine and low capacity sands were being depleted. - This
necessitated increasing the withdrawal from the lower level coarse sands which
contained water of higher chloride content and poorer quality. Completion of this
study culminated in the preparation of Engineering Dgpartment Report No. Eh(l),

in which it was recommended that procurement of outside water for induétfies in

this area be encouraged.

In May, l9h5, the field engineers ran a new series of levels from
U, 8. Coast & Geodetic Survey bench mark A-Q, located agpproximately two miles
west of the refinery on the G. H. & H. Raillroad water tower foundation in

La Marque, and established the fact that the No. 1 master bench mark at cracking

unit No. 1 had declined 0.70 feet. Applying this factor to thé remaining refinery
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bench marks resulted in & maximum settlement of 1.60 feet in the area of water

p wells Nos. 2 .and 3 and extended the area of subsidence considerably. A sia E
t multaneous check - made from USC&GS BM-K169 (Amoco BM-245) located southeast of

the refinery property on a railroad culvert revealed no settlemen“t° ‘Alsop to - aid

E in obtaining future data} a new bench mark was established on the casing, set

at two thousand feet of the abandoned Pan Americean Productlon ompany dry 011‘

' . N —

- well, located immediately south of the refinery (Amoco BMmQMM) As 8 further
check, the County Engineer was requested to meske a similar level run from

La Marque to the master bench mark,. and his results verified the previous readings
(Engineering Department Report No. 29(2))n -Therefore, based on these results all
i subsequent refinery surveys between May, 1945, and December, 1952, were made using

BM A-9 as a base reference point and the results are tabulated in Table 2.

I As subsidence of the land-surface became unmistakably established,
several theories were advanced as to the cause: (1) compression of clay type

i ' strata, which act as elastic media, due to dewatering of the clay resulting from

l a decreage in hydraulic pressure caused by excessive water withdrawal rates;

5 (2) compaction of instable strata caused by excessive loading from tanks and

1 ' equipment in the refinery area; and (3) squeezing out of the quick-sand layer in
the upper strata due to high soil loading and/or high tabie water flows. - Although ‘
it is possible that any one or all of these factors may contribute to land-surface 'f
subsidence all data collected thus far indicate that, subsidence is the result of ‘
excessive well water pumpage which has dewatered the underground structures at a v ﬂﬁ

rate much faster than the water in the sands and clays can be replenished. »Q

As mentioned previously above and in Engineering Department Repoft

No. h8(3) prior to.December, 1952, all refinery releveling surveys were based
on USC&GS BM A-9 at La Marque, since it was assumed that this bench mark was a

stable reference point outside the cones of severe subsidence. However, the
official corrected data received from USC&GS in November, 1952, on the 1951 re=
leveling of the Katy to Galveston portion of line No. 241 (Smithville to
Galveston, beés) showed that bench mark A-9 (November, 1951) was not stable-and
had settled a total of 1.076 feet, 0.859 feet of which occurred between the 1943
-and 1951 releveling of this line (see Figure 1) and 0.217 feet prior to 1943,

=

Sxo



-During 1953,'1954, and 1955, Carbide and Amoco alternated every six months in
. making subsidence survey checks from L-305 to a common tie point (Carbide bench

Smark N-3500 and W-1000), with each party completing the survey inside their

j July surveys by Amoco's field party. However, this was discontinued in 1956 and

two rates indicates there is a leveling-off in subsidence with the remaining

“ e -

e e
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A study of the data on the 1951 USCXGS releveling survey indicated that
USC&GS bench mark L-305 at Virginia Point, which had subsided 0.286 feet between

1943 and 1951 was the nearest relatively stable monument outside the area of severe

subsidence. Therefore, it was decided to use L=305, located approximately five
miles southeast of the refinery, as a base monument and encourage USC&GS to resurvey
this bench mark as often as possible in order to assure reasonsble validity as a

base point.

The base monument was transferred from A-9 to L-305 and the key refinery

bench marks corrected for the increased settlement of bench mark A-9, based on a
correlétion of the data obtained by the Carbide Surveys from Virginia Point in
June, 1952, and January, 1953, and the Amoco Surveys from A-Q and check points
inside the Carbide plant in October -and December, 1952, as shown in Table 2.

respective plant. The January surveys were made by Carbide's field party and the

all subsequent surveys have been made on a yearly basis by Amoco's field party.

~ - As shown in Table 1, a comparison of the December, 1952, and July, 1957,
surveys based on bench mark L-305 at Virginia Point indicates that subsidence is
0,06 feet per year at six of the key bench marks which now represent the area of
maximum subsidence. The other bench marks settled at an average of 0,03 to 0.05
féet annually and over in the Carbide plant the settlement rate averaged 0.06
feet per year. In summary, these key bench marks dropped an average of 00230 feet
since December, 1952, which gives an average settlement réte of 0.05 feet or'aboﬁt :
5/8 of one inch per year. .For the years 1940 to 1952 this average settlement

amounted to 0.308 feet or about 3% inches per year. :Thus a comparison of these

settlement being caused by a time lag effect following the reduction in pumpage
of large quantities of ground-water. However, it is possible that the sand and

clay beds have been dewatered or depressured to such an extent, that even a small

R AR T L -
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amount of water pumpage still has considerable effect on the rate of stabilization
of the sub-surface soils and the speed at which the sand and clay beds are re«

Charged.

‘The total subsidence in the refinery hag reached a maximum of 4,67 feet
at bench mark 17 located on the west side of tank No. 6‘in the vicinity of water
wells Nos. 2 and 3. . Also, as illustrated on sketch Nb,f49h4@7g showing the locas
tion and total subsidence of the key refinery bench marks, practically all points

in the areag of maximum settlement are now in excess of four feet.

Alfhough a comparlson of the December, 1952, and July, 19573 surveys
, indicated that subsidence 1s continuing at a slower rate in the areas of maximum
; settlement, wide fluctuations caused by plus readings folloﬁéd by increases in
Bubsidence rates have been reflected in the past intermediaté survey readings
| between 1953 and 1957, as shown in Teble 2, The readings teken for the July,
1954, . and January, 1955, surveys indlcated a marked increase in subsidence at all
,behch,marks during 1954, varying from a total of 0.15 feet at bench mark Y-457 to
‘8 maximum of 0.42 feet at bench mark 17, Whereas, the following survey readings

teken for the six month period ending in July, 1955, reflected an indicated rise
at all locatlons varying, frém a plus 0.10 feet at bench mark Y-457 to a maximum
of plus 0,19 at several bench marks. The data teken since this time in March
and‘July, 1956, showed very little change; however, the last survey during July,
1957, again indicated additional settlement with a maximum of 0.13 feet at one
point and 0,09 feet at several other locaticns. Nevertheless these last figures
stl1ll appear high when compared to the average settlement over the past 4.5 year
‘period.

T™is wide variation in observed settlement readings taken since using
L-305 as a base monument may be attributed to one or more of several factors,
namely:

1. That the base monument L~305 during certain pgriods was settling

relative to and at a fasgter rate than the surrounding bench marks.

2. During other periods the surrounding bench marks were settling

at a faster rate than the base monument.




R
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3. That these fluctuations may be the result of opposing forces
set up in the sand end clay beds during the process of re-establishing -
the stability of the underground structure.

L, Possibly & feulting condition exists between the base monument

and the surrounding bench marks.

5., 'There may have been some undetectable error in one of the recent

surveys, possibly in transferring bese monuments from A-9 to L-305.

The only apparent reason for the marked incresasse in observed settlement
during the year 195k except as mentioned above, was an increase of approximately
0.775 million gallons daily in the Texas City area shallow well pumpage from the
Beaumont clay formation. Approximately 0.21 mlllion gallons per day of this
increase was a result of operating the No;, 2 shallow well at the refinery in
order to lower the Brazos river water solids content for boiler feed water
purposes. However, the total well pumpage in the Texas City area decreased
approximately 1.2 million gallons per day during 195k,

During the latter part of 1953 and early 1954, a U. S. Coast & Geodetic
Survey party releveled the Bench marks along line No. 111 (Galveston via La Porte
to Houston) in the Texas City area including bench merk L-305 at Virginia Point
and several other points along USC&GS level lines Nos. 110 and 24kl. Line No. 111
which extends along the Houston ship channel was releveled in an attempt to deter-
thine the emount of subsidence which had taken place in that area since 1943.

The preliminery information received thus far on the adjusted 1953-54

USC&GS releveling survey of this area indicatesthat bench mark L-305 has settled
approximetely 0.17 feet since 1951, However, since no officiél corrected and
adjusted figures have been received to date from the U. 8. Coaust & Geodetic Survey,
the significance of these data cannot be properly evaulsted. As soon as the final
data are recelved, a study will be made to determine the validity of the base -
monument L-305, and extent of subsidence in the surrounding area with relation to
the refinery settlement. The results will be covered in a subsequent memorandum.
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