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ABSTRACT

Subsidence is u change in elevation uf the lund surfoce—uyi-
ally invalving & large area and grading from zero ol ike periph-
ery to a maxtnium, measuied n inches or feet, in the cemtral
areq. Subsidences do not necessarily culminate in sinkholes, the
relationship beiween subsidence and yinkhole formation i5 still
being investigated,

WHY Survey resulls fand associated mups and data plots}
provide the first indication of involvement of the environment;
negatrive results document absence of involvement. Resuits pro-
vide input Info decisions 1o continue, fimit, alfocate or termi-
nare produciion prum an areq and to the efficacy of Solution
Mining Plan concepts, In the event of inguiry or litigetion by
repularary agencies or neighbors claiming damage, a set of daiu
with adeguuic background can provide necded docunmentation.

WHAT Subsidence date can be abrained by rechricians us-
ing access or non-access methods. Non-access methods are re-

served for Broken ground or other wreas where entry is prohib-
ited. Daite is ohtained by triongularion from safe sites or by
afrborne meihods. Al non-aceess methods are costly, Access
methods include trianpulation, stope distasce or tltmeter meu-
surements or precise level sirveys of it network of monumenis.
Precise level surveys have many merits—they have proven least
casily and must generally applicable.

HOW In the precise level method, periodic surveys are run in
redetermine ihe elevation of monuments locuted in and around
the brinefield. Change of elevation jor a given monumeni is in-
terpreted o be substdence. Invelving an area half the distance
ro the surrounding monumenis. Monuments and surveys are in-
expensive. 4 plot of seltbement ielevation} ve, time for eqch
munument makey the preseice or absence of settlement readily
visible. A contour map of settfement dota for o selected time
interval clearly indicates ared of involvenent.

INFTRODUCTION

Substdence is change of elevation observed at the
carth’s surface usually resulting from removal of subsur-
face support. Subsidence relared to solution mining is
thought to be caused by dissolving of salt—usually from
bedded deposits and especiaily by brine fields employing
classical methods where cavilies joined at the roof and
thus undermined large areas. This undermining in turn

required the roof rock layers to perform as rim-supported
plates—their response was to sag or downwarp as tensile
capability allowed. This downwarp, as transmitted to the
surface through the underlying section is expressed as
subsidence, ranging to zero af the periphery of the in-
volved area.

The correlation between subsidence and sinkhole for-
mation has not been esiablished. Subsidence is down-
warping of the earth’s surface in response to removal of
support, ustally non-destructive; a sinkhole is a localized
collapse of the surface, usually quite desteuctive, the cul-
mination of a sequence of events requirtng removal of
vonsiderable material,

Subsidence related o solution mining activities vsnally
terminates with operation of the cavity since cavity brine
saturales and further dissolving, the contributor to roof
undermining, terminates. This is in contrast to other ex-
tractive technologies (e.g., coal} where pillar deteriora-
tivn goes on, or even commences, long after operations
are discontinued.

WHY DETECT OR MEASURE SUBSIDENCE

Subsidence surveys of an area dedicated to solution
mining operations serve several purposes, as follows:

* They provide real (if delayed by the time fapse be-
tween cavity roof downwarp and surface involve-
ment) evidence of the results of Mining Plan, cavity
design and rock mechanics caleulations. Evidence of
presence or absence of subsidence provides an input
into production plans and cavity design concepts for
future operations.

* Results can be used as input inte decisions to cos-
tinue, limit, allocate or terminate production from
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the area involved. Subsequent surveys verify the offi-
cacy of these decisions by responding ta changes.

* [n the event of tnquiry or litigation by regulatory
ageneles or neightbors, subsidence surveys can delin-
eate areas of activity {or inaetivity), can delineate the
time of commencement (and termination) and can
establish the magnitude of displacements. If mea-
suremenis are taken by independent outside techni-
cians, only the interpretation of the data is open o
question, Background data is a valuable source of
defense from nuisance suits related to production
activities.

WHAT T0 DO TO DETECT AND MEASURE
SUBSIDENCE

Since subsidence is change in elevation of an area, de-
tection and measurement can be accomplished by any of
several techniques that will show these changes and aliow
summaries fo be prepared. Techniques now utilized serve
to identify areas of involvement and permit topographic
maps and sections to be constructed. Comparison of
these maps and sections can show change; downward
movement is inferpreted as sabsidence. Techniques for
ohtaining the necessary data can be classificd as access or
non-access methods. Non-access methods are reservoed
for areas where techanicians cannot occupy the survey
puints, usually for reasons of safefy. Broken ground is an
example. In this case monuments can be dropped on the
gire from the air or monuments selecied {rom a remote
vantage. Sorveys ave made by triangulation from good
ground or by aerial photo techniques. All are expensive
and reserved for special applications,

Aceess methods include slope-distance measurements,
tiltmeter measurements showing change in inclination of
casings installed for this purpose, and elevarion measure-
menis of & network of monuments designated or con-
structed for this purpose. Elevation measurements are
usuatly taken by the precise level lechnique, Periodic re-
surveys provide data indicating change of elevation and
the network systemt can be altered or extended as indica-
tions warrant. By virtue of this flexibility and minimum
cost of monuments and resurveys, the precise level
method has achieved the widesr degree of application and
cmployment; it will be discussed further. Other methods
are reserved for spectal applications where their merits
warrant,

HOW TO DETECT AND MEASURE
SUBSIDENCY 8Y THE PRECISE
LEVEL METHOD

The precise level method consists of a network of mon-
uments established aver the area of interest consisting of
designated points on competent structures ot monuments
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constructed for the purpose. Surveys arc run to determine
elevation of these monuments relative to 2 hase monu-
ment located sufficient distance away to be considered to
be {ree of influences from the source under stedy. Note
that clevations relative to sea level are not required nor
are they meaningful, Periodic resurveys are run from the
base monument to all or selected parts of the reference
point netwerk: it is change in elevation of an area repre-
serfed by the reference point that is an influence of sub-
sidence. The monument can only represent its area of tn-
fluence (usually one half the distanee to surrounding
monuments), and its rime value is relative to rhe last pre-
vious survey. Thus, each monument is a sample paint for
elevation and time in an area of study which includes
many points; it is the summarization of changes in gleva-
tions of these points that delincates arcas of interest,

MONUMENT LAYOUT-—GENERAL
CONCEPTS

Monumenis are faid out o acvommeodate the needs of
the surveyors—nsually a circle of 200 feet radius can be
encompassed from an mstromenr station. Surveys origi-
nate at a monument known as a Permanent Bench Mark,
tocated several depth-to-salt distances away on ground
considered to be free of salt cavity influences and con-
struered to be free of frost heave, cie. Precise level surveys
are run as & continuons chain of readings (hacksighrs and
foresights) from each instrument station in closed loops
usually 6000 feet in {ength, Thus a suitable monument
must be provided cvery 400 feet {diameter of the ciicle
discussed above) in this cireuit. Other monumenis are
designated to provide the needed density (“{abric’’) cov~
crage in the area of imerest. It is changes in elevation in
the arca covered by the monuments that report subsi-
dence. As a rule of thumb, one moenument is required per
acre; others may be added or deleted as interest varies,

Internal monuments are designated as Reference
Points. Refercnee Points serve as witnesses to changes in
their area of influence {ome half the distance to oeigh-
bors, as discussed above) and shouid he constructed in 4
manser to free them of frost heave and other such influ-
ences. Since unconsolidated overburden by definition
acts as a plastic layer to transmit change in sfate of the
upper bedrock surface without loss, monuments can be
constructed in surface layers at nominal cost with expec-
tation of valid indication of change in bedrock configura-
tion.

In monumenting for subsidence monitoring it is im-
portant w recognize that subsidence related to solution
mining is currently thought to result from removai of sup-
port of roof rocks by dissolving of the salt deposit which
then causes the roof rocks to sag. It is the vertical compe-
nent of rhis sag or downwarp expressed af the surface that
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is measured and reported as subsidence. The dissolving
mechanism which results in removal of salt is controlled
by many variabies, such as the type of injection, flow
paths between wells, the structure of the beds, impurity
layers and the roof rocks themselves. The impact of this
concept is that although well casings may be utilized as
subsidence monuments, they only serve to witness their
area of influence, and that they are not necessarily the
locus of subsidence. Other surface monumenis may be
located to complete the fabric overlying the area of ex-
traction; subsequent readings will verify these decisions.
Additional monumenis may be installed as indications
warrait,

MONUMENT DESIGN AND CONSTRUCTION

Summarizing general concepts of monument layout as
discussed above, monuments may be constructed in any
area of interest either by converting an existing well or
other suitable structure or constructing a shallow mono-
ment in the interval between, observing the need to pro-
vide suitably monnmented backsights and foresights for
the surveyor on 400-foot centers.

Monuments may be left projecting two or three feet for
ease of Jocation or may be completed flush with grade.
Generally it is better to install & flush monument than
spend money on defenses, only to subsequently damage
expensive mowing, grading or snowplow equipment and
create additional obstacles and hazards,

Another design concept is that while access conduits -

serve to protect the actual measuring point from external
furces such as frost heave, climatic effects or mechanical
damage, every ¢lfort should be made to preclude iniro-
duction of granular material in the annular space be-
tween conduit and mner rod, since a small amount of
granular maierial in this annulus is as good as cement,
and thus bonded, the protection function of the conduit
is lost. Similarly, the urge to pour a slab or coflar of ce-
ment around ¢he conduit is 10 be resisted, since this serves
to provide a rigid bonded area for frost or chimatic
changes to work on the conduit.

General concepts of reference point construction-—
both flush and projecting—are presented in the attached

“skewches. For estimating purposes, total costs shouid be
on the order of 344 to 330 cach, since standard pipe and
fittings arc utilized and instaliation by a soil boring crew
in average brine field terrain should accomplish the in-
staltation of § to 10 per day.

Each monument should be documented with a sketch
showing appearance and location dimensions, A5 X 77
card may be used for this purpose. Copies of these cards
may be made for field use. Elevations and datex may be
recorded on the back, along with a conversion factor for
monuments to be itilized as bench marks for construc-
tion activities. Only the front is copied for field use.
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SURVEY PROCEDITRES AND RECORD
KEEPING

Initial and repeat surveys may be contracted outside.
This is good practice because the outside surveyor is usu-
ally a registered professional, whose data are free from
the stigma of results generated “in house™. Similarly, he
has the personnel to do this work. Specialized equipment
for precise level work miight be bevond his custom, but a
level and rods might better be owned by the operating
company and reserved for this activity. The surveyor
makes his report on the form of an casily filed transmit-
tal. No effort at transferring to a master sheet is war-
ranted, since the transmittals may be copied i required
and a source of errors and ""busy-work” is climinated.

A typical report shect is reproduoced herewith.

DATA PRESENTATION

Two types of summaries have proved effective for data
presentation to accomplish the purpaeses outlined above,
They are the Time vs. Settlement Plot and the Contour
Map. Examples are reproduced herewith,

Time vs. Settlement Plot, A plot is made of survey
elevation dara on the appropriate time line of a separate
sheet for each monument. This sheukd be done immedi-
ately after the survey results are in, A smooth line is made
connecting the points on these plotws for severa! reasons:

* The monoments are no more than data points ran-
domly located on a surface being defined—i is
change in shape of this surface that is interpreted as
subsidence. A smooth line conveys the concept that
the monument represents its greq, not ifs site,

* ‘The time of the survey is selected at the convenience
of the operators and colnvidence with a change in
elevation of 2 monument is random. A smooth line
through data points will show the onset or absence of
subsidence-—whereas a ‘knee’” at a particular point
infers that the event took place at that specific time.

s The data points themselves are approximations of
true elevations, never exact and only as precise as
survey cost atlows. Considering that setilement
amounts fo many inches ov feet and that many vears
are involved, cost-benefit considerations should be
carefully elevated in designaring survey precision
Himits,

Setilement Conteur Map., Taking data (elevarion
change over a given time span;} from the Time vs. Settle-
ment Plot deseribed above and entering these at their re-
spective locations on a base map, linies (contours) can be
drawn through points of equal settltement. The basc map
does not need to be precise, An 8172 X 1] inch size will
serve, This there is no need for precise location of the wells
or monuments depicted. Settlemen: Contour Maps serve
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to delineate active and static areas and provide the basis
and input inte the decisions discussed in the opening sec-
tion above on “Why Detect or Measure Subsidence”. An
example of a contour map is included herewith.

SUMMARY—OTHER REFERENCES

This paper is a condensation of a report prepared in
1981 for the Solution Mining Research Institute with the
title **Surveys for Detection and Measurement of Subsi-
dence”. The reader is divected to this publication for en-
largement on the matters covered above, A concurrent
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SMRI pubiication, "A Manuai on Ground Surveys for

~ the Deiection and Measurement of Subsidence Related

to Solution Mining” by Kam W. Wong also wreats this
subject and expands on the matter of survey precision
and methods to improve accuracy.

The distinction between subsidence related to salt pro-
duction and that resulting from nther extractive technol-
ogles was discussed above. Procedures described herein
are directed to detection and measurement of subsidence
resulting from salt extraction to achieve the abjective
{"“Why" above) while maximizing cost-benefits.
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CONSTRUGTION DETAILS:

SHALLOW FIELD MONUMENT

Ié—a“ PIRE CAP

“"a&’& +4—2" PIPE
] (JARRING STAFF)
0| MO

ENTINE ASSEMBLY IS DRIVEN AS A UNIT. 1OFT,
SECTION OF 2" PIPE SERVES AS CONDUIT FOR
{' MPE MONUMENT.

2 COYPLING B BUSHING ALLOWS CLE ARANCE
FOR | PIPE AND SERVES TO DRIVE ASSEMBLY
OF 28 " PIPES,

gf?tn omvmag 2° CONDUIT IS JARRED aAGKh
¥

SRR, o S gl Yo LES
DRIVING BROP MOVEMENT OF 2" PiPE CONDUIT.
ASSEMBLY S o ZPPE
i HAMMER A
"  COVER
NOTE: ELEV 2NIR  FacsemBLY
TAKEN ON TOP 6"LONG
- OF I*PIPE CAP U, A
wﬁﬁgg [ PIPE CAP
[
! e ——— = ' e
" GOUPLING i i
{ f
I NOTE: NO CONC.REQ. f 1l 2FT
’ l AT GRADE | :
i GRD, \ {1
| | / \ I |
%ZW@%‘CE ;\Wﬁ% )S;;WW\;/{ AN/
3 NoTE:s ANNULUS 8 |1 )
T\ 2 pipe  MAINTAINED EMPTY, IO FT]
BUT MAY BE FILLED
i e Reasnes o [
[ 11 ' ; i
| NOTE: ALL DIMENSIONS |} !
Iy ARE APPROX. ; ! ISFT.
L '
| | 2
| | H
T 142" GOUPLING |
2Ix ' V4il
" COUPLING - }
(3Q00 LB.}
i" PIPE
INSTALLATION DETAIL INSTALLED DETAILL
L .OPEN OR
CAPPED

Figure 1.
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INSTALLED DETAIL:
FLUSH FIELD MONUMENT

2'PLAIN TYPE FILL BOX FOR HEAVY DUTY
INSTALLATIONS - CAST IRON BODY,
BRONZE COVER,

OHIO PATTERN WORKS FIG. 176 OR EQUAL.

NOTE: ELEV. TAKEN ON

PAVEMENT ﬁy TOP OF |" PIPE CAP

ANNULLS IS MAINTAINED EMPTY,
BUT MAY BE FILLED WiTH QIL
OR GREASE F REQUIRED,

& 17&. A plain type Rll box for heavy duty instal-
ons.

Rugged body . . . built to withstand heavy driveway
traffic.

COMSTRUCTION DEYALE

2" PIPE 10 FT.

NOTE: INSTALLATION OF FLUSH
FIELD MONUMENT
AGCOMPLISHED IN SAME

Bady—-tast won FASHION AS INSTALLATION
Cowe---bronzy OF SHALLOW FIELD % FT
MONUDMENT -

SIZES: 27, 2127, 3", 3%, 47, @

+——2" COUPLING

2 e 1
BUSHING
1" COUPLING
{3000 LB}
“ NOTE: ALL DIMENSIONS
+—1" PIPE ARE APPROX,

CPEN OR CAPPED
Figure 2.
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Figure 3. Tvpical survey party. Instrument man sets up instrument. reads intercepts of instrument wires through telescope focused
on rod. Rodman holds rod erect on monument or turning point, veriftes rod is vertical by chserving rod level. Field Recorder makes
" enirtes in book, calculates foresights and baeksights from three readings, verifies all are correet. Usually recorder is fietd engineer in
charge of party—his duties atso include route planning and selection of instrument sites sa that Toresights and backsights are approxi-
meately cquidistant and provide optimum view of all monuments available to instrument man at this location.
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Flgure 4. Redman, rod and suevey monument. Red is placed on inner pipe cap or crown, may
be rotated 5o numbered side faces instrument man at new station as instrument advances. Note
rod Jevel used to verify rod is vertical. Monument cover removed. Note that sumbering of
rod does not po Lo 2ero. Length of shee is ot eritical so long as same rod is zsed for transfersing
elevation of previous monument (backsight) and determining clevation of next monument
{(foresighu).



Detection and Measuremeant of Subsidence

“Tgure A.

y‘“. rE. R4S WELLIAN £ IS P B
4
MOSHER ASSOCIATES. INc.  MOHTH ¢ ¥EAR,
SONBULTING ENGINLINS d

THE RART sl SYWRIET
L4 N TET]
WERERVILLE MG RN shiaT
13- 30

{today's date)

Exaxple Cliant Co.
Anywhare

Transmitted herewith are results of precise level survey performed (insert dJares)
gver reference points 1isted based on your primary bench mark with assigned
elevation of 100.008. Closures have beer adjusted snd surveys balanced such
that we have confidence that elavations reported have been detzrmined within
G.D20 ft. Fleld notes and data reduction calculations may be tnspected in

gur offices in Field Book (insert number;.

Point Elevation Point ETevatfon Point Elevation Point Elevation

110.016
106.184
104,216
1712.437

Y 171

-+

.

47 108.401
38 115.21%
%9 109.121
100 88,396

This suryey was conducted by the (insert cyps; method. Thess slevations may
be conrverted to sea Tevel detum by adding the constant 475.38Z ft. The sbove

fleld bovks and survey reports will be retatined 1n our files marked “Company
Confidential® until released by you,

VYary truly youre,
MOSHEL ASSOCIATES, INC.

»y 4=;—J=udé£=.-4:.-5 <t :’5?:25=;££:~_

Wiliiam C. Noshst, P.E.,A.L.5.

O/ 1mb

- Sy T oo e B e Severay lrem & fome St Sgon bewvems By

- Erwnage oo S Prisas i Wt Lt o miews
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Sample sirvey report. Transmittal letter has these characreristics: (1) on letierhead of professional survevor, {2} opening

paragraph giving dates of survey and guality of closures. (3) tabulation of results in compact form o mimmize filing volume.
{4) closing statement giving location of primary dals and “company contidential” classification, (5) signature by Professional Engi-
neer or Registered Land Surveyor. The data are ploited on individual Time vy, Sctilement sheets and the letter is filed by the month

(b} nlotted. No master clevation data sheet need be maintained.
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PEFERELSE TONAT BSETTLEMENTG
CHE VEAR
war  Yioop mor

N e TN

Figmre?. Subsidence contour map. Data points for contours taken from segments of Time vs, Scttlement Pleis for individual monu-
~ ments for time interval to be depicied. Contour interval of 207 1000 ft. depicts areas of inlerest,
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Figure 8. Typica! monument, cover remaved, rod in place, Note
rad projects above protective sleeve when cover is removed, Rod
“shoe'* iy placed on crown-shaped cap which automatically pro-
vides a high point for repear surveys. “*Shoe” does not figore invo
elevation obtained for monument since it s a constant—added in
and subtracted out. Similarly, rods may be interchanged so long as
same rod is used for backsight and fovesight, Note absence of ce-
ment pad around protective sleeve, minimizing area presented for
frost “heave”,
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Figure 9. Momument or turning point. Note high spet on con-
duetor casing {8 o’clock position in this photo), Serves as o ref-
erenve point monument or turning point. Useally painted for
ready identification.

Figure 10. Wil casing monument. Rod welded to casing pro-
vides 2 “deep” monument (o depih of cement bond) for the
cast of a field weld, Rod is long enough to clear wellbead or
wellhead piping. Note upward slope eliminates need for deci-
sion or possible inaccuracy in selecting ineation on 2 rod set
level or near level,

133

Figure 11, Turning point. Spike or other temporary device
used to provide a stable site for rod while instrement makes
transition from one station to next—immeadiatelv temoved, not
reacepied. Layont of survey roule calling for turning poinis
usually indicates need for @ monument in this arca.

Figare 12. External Reference Point. Reference poinis in
huffer zone surrounding area of interest provide data to be used
in the event of inguiry as to the extent of aetivity related to min-
eral productivn. Points may also be established on route from
external Bench Mark thus formalizing tuming points,
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AR ACE MR RmERCE MRt VT RECOR
BEAD ON DRIVE PIPE
WEST SIDE
SEFELRNCE DWE. |

Figure 13. Monument [dentification Card. Provides a detait
sketch of each monument showing precise sive of data point,
Copies of cards may be made and utilized by sorveyor to assure
that each point is properly located. Elevations derived for this
poeint may be recorded on the reverse side.
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Figure 14, Flush reference point monument in pavement,
Flush fill cap {(upper photo) assembled and installed on protec-
tive casing set to fimish grade. Pavement reinstailed {lower
photo} resuits in monument which presents no obstacle fo traf.
fie, Slight slope for drainage should be away from installation.

:
:
:
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PLAGE FIBER OR BY.G.
CYLINDER TO FOMM ——
TOP OF MOKUMENT.

CONSTRUCTION PROGEDMRE

BIG HOLE TC DESIGN DEPTH.
PLACE CONCAETE IN GLEAN #OLE
METALL REINFORCNG ROD AND
TUBE TG DESIRED REIGHT ABCVE
FROUND. FINiSH BY FLAJING
BRONZE iS5G AND CROWNING TOR
OF CONCRETE AS SHOWN.

CONSTRUCTION DETAIL ¢
CONGRETE MONUMENT

BADNZE DUSC AET N GONG.

MAY BEf STAMPED wite
LOGATION Of MONLMENT NUMBER
TO SAT.

HEMHT RBOVE GROUND
TG SHT.

ISLY
LGS T HREE D
ERMTH

172" REINFORGING
ROD

PLACE SONG. N

| AUGERED ROLE
IH UNOCSTURBED
EARTH.

Figure 15.
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CONSTRUCTION DETAILS:

BUILDING OR STRUGTURE,

SOCKET & EXTENSION REF. POINT

' DIA. 5. 5. SOGNET WELDED 70
VERTICAL STRUCTURAL STEEL
MEMBER, ALTERMATWE-SET
LONGER SOUKET FLUSH IN
MASUNRY,

' GALVANIZED
PIFE CAP

LEGEND:
£ S= STAIN..ES5E STEEL

NOTE ELEWV TANEN ON REF. RiMG

-
FILVER JOLDER REFERENCE
RING TC EXT. ROD. MALHINE
DOUBLE BEVEL FOR POINT

{ coamacT. -

o

MPE mnsnn\

+ e o

i

;

BORE & THR -
SDCKET 1O
MATEH £XT ROD

S P L

el

SILVER SOLRER STOP
GOLLAR TO EXY, aoa} 1RUNI\IW@

12" TO 5457 BIA. 5.5 BAR STDOK

THREADA
_ -

' T " HANODLE
i

£ ra o LONG EXTEMSION ROD S

RECIEF -~ p—

Figure 16.
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SOURCE: LODEX BOOK CO., NORWDOD, MASS,
Ho, 3156, Ten Years by Months x J0O Bivisiaﬂs
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ARt Data Presentation--sheet recommended for Time vs. Settlement
Hrb - ereie plat of survey data from each reference paint. Elevation

21 T scale of paper is ta 0.1 ft. rather than inches as is customary
i1 n most graph papers--this permits survey data, reported in

decim)s af feet, to be plotted and read full scale, Each sub-

drEiit dvision represents 0.005 ft.--by careful platting 0.001 ft,

;] -] can be achieved. Note that points thus plotted, and a smooth

] T 1ine connecting the points, depicts the subsidence experience

PR for that point and the area 1t represents. The line may be

TERHET ex]tnpu‘tated forward and backward as the guality of the data

- 1 allows.
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Figure 17.  Dula Presentation—sheet recommended for Time ve. Settiement piot of survey data from cach reference point. Elevation
scale uf paper is in 0.1 fi. raiher than inches as iy customary in most graph papers—this permizs survey datd, reported in decimals of
feet, 1o be plotted and read full scale. Each subdivision represents 0,005 fr.—by careful plotting 0.001 {1, can be achieved, Note that
points thus plotred, and a smooth line connecting the points, depicts the subsidence experience for thui point and the area ii vepre-
sents. The ling may be extrapolated forward and backward as the quality of the data atlows.
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Figare 18, Ploi of surveys for one monument. Size reduced for inclusion in this report; sheel made by joining fwa sheets described
previcusty, Plot shows essentially *zero” settlement for the period F950-1980. also shows muethod of sccommadating abandonmentr
and relocation of monument. Symbols iden(ify surveyor. “Scatrer™ and average line show acceptable closure and trend of plots.
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