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PREFACE 

A new s h ort-range. gravimeter cali bration line was es tablis h ed in 1985 i n  th e 
Mid eas tern Uni ted States . Data f rom th e Blue Ri d ge Gravi meter Cali brati on Bas e 
Line ( BRGCBL) h ave been entered i nto th e National Geod eti c Survey gravi ty d ata 
base. and as more meas urements are mad e on th i s  line gravi ty values f or th e 
s tations will be upd ated . 

For th e mos t current d ata contact: 

Nati onal Geod eti c Informati on Center ( N/ CG174 ) 
Nati onal Oceani c and Atmos ph eri c Ad mi ni strati on 
Rockville. MD 20852 

( teleph one: 301 44 3-86 31) 
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BLUE RIDGE G RAVIMETER CALIBRATION 
BASE LINE, ESTABLISHED 1985 

Claude W. Wessells 
National G eodetic Surv ey 

Ch arting & G eodetic Serv ices 
National Ocean Serv ice, NOAA 

Rockv ille, MD 20852 

ABSTRACT. As with almost all scientif ic instrumentati on, some 
method of calibration is necessary to ach iev e optimum results 
i n  a giv en inv estigati on. Th e same holds true for gravimeters. 
Th e Blue Ridge G rav imeter Calibration Base Line provides th e 
user with an ov erall 310-mgal gravity range (10-mgal interv als) 
f or calibration of grav imeters reading to ±0.01 mgal and a 10-
mgal range (l-mgal interv al) f or th e more sensi tiv e 
grav imeters, reading to ±0.001 mgal. This line will enable th e 
user to determine scale constants f or each i nterv al as well as 
circular error contributions f or their grav i meters. In 
addition to grav ity v alues and station descriptions f or length 
of th e line, observational and adjustment procedures are 
i ncluded in this report. 

INTRODUCTION 

Over the y ears a number of grav i ty observation programs h av e  been undertak en 
between the Wash ington, D C  , area and the Blue Ridge Mountains of Virginia f or 
the purpose of establish ing a grav imetri c calibration base range. As early as 
1955, th e G eodesy Division of th e U.S. Coast and G eodetic Surv ey (USC&GS), now th e 
Nati onal G eodetic Surv ey (NG S) with in the National Ocean Serv ice, National Oceanic 
and Atmosph eric Admini stration (NOAA), h ad established a grav ity line beginning at 
the pendulum site in the Commerce Building i n  Wash ington, DC, and ending at th e 
monumented USC&G S  v ertical bench mark, T 95, at Luray , VA. Th e stations of th is 
line consi sted of sev en USC&G S v ertical bench marks, two U.S. G eological Surv ey 
(USG S) bench marks, and three USC&G S grav i ty base station bench marks. In 1970, 
th e Def ense Mapping Agency (DMA) establish ed a test range consi sting of elev en 
stati ons between Herndon, VA, and th e Blue Ridge Mountains i n  th e Sh enandoah 
National Park , VA (DMA 1970). This range h ad a grav ity dif f erence of 326 mgal and 
an elev ation dif f erence of 1039 m. 

In the late 1970's, th e U.S. Grav i ty Base Coordinating Committee was created i n  
response to recommendations o f  the NG S and DMA to coordinate all Federal 
acti v i ti es dealing with absolute grav i metry and grav ity calibrati on base li nes. 
In 1979, th e commi ttee, compri sed of representativ es f rom th e D��, USG S, and NOAA, 
s et f orth criteri a f or th e establi sh ment of sev eral short-range calibrati on li nes. 
Each agency agreed to establi sh a sh ort-range calibrati on li ne i n  a predesignated 
area of the United States. NOAA assumed responsi bility f or establishing one i n  
the eastern regi on. 
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In 1 98 2 ,  using criteria adopted by the u.s. Gravity Base Coordinating 
Committee , NGS completed �easurements along the Blue Ridge Gravimeter Calibration 
Base Line. The �ite now provides a standard , high-accuracy, Ehort-range 
gravimeter calibration line in the eastern United States. This line may be used 
by government agencies as well as the private sector for the determination of 
gravimeter performance. 

The new line is referenced to the absolute gravity station, WASHINGTON AA, 
located at the National Bureau of Standards, in Gaithersburg, �ID (Zumberge 

et al. 1 98 2). The measurements consisted of 7 7 0 observations (30 loops) on 4 2  
monumented stations, yielding a n  rms error of 0.0 1 7  mgsl. 

This report briefly describes the station selection process, the observations , 
and the data reduction and adjustment procedures. Appendix A lists the stations , 
their gravity values, and expected accuracies. Appendix B gives their geographic 
positions , elevations, and descriptions, while Appendix C shows the station 
locations plotted on USGS topographic sheets. 

DESCRIPTION 

The Blue Ridge Gravimeter Calibration Base Line consists of 41 stations located 
between Reston, VA, and the Virginia portion of the Blue Ridge Mountains. It has 
a maximum gravity difference of 310 mgal, a maximum elevation difference of 
1 0 26 m, and a maximum latitude difference of 22 minutes of arc. The line begins 

at WASHINGTON R, a station of the International Gravity Standardization Network 
(Morelli 197 1 )  located at Dulles International Airport, and continues westerly 

along highway U.S. 2 1 1  to Skyline Drive, then southerly to station SKYLAND B, 
located in the Skyland recreational area of Shenandoah National Park in the Blue 
Ridge Mountains (fig. 1 ). 

STATION SELECTION 

Two criteria were established in selecting stations for the Blue Ridge 
Gravimeter Calibration Base Line: 

1 .  Stations should be easily accessible from existing roads for reobservations 

without being affected by local traffic. Further , travel time to each station 
should be kept to a minimum to allow completion of an observational loop 
within 10 to 1 2  hours. 

2. Successive stations need to possess a gravity difference of approximately 
1 0  mgal. 

Based on the second criterion , 30 new stations were established between 

WASHINGTON R and SKYLAND B. In addition, to allow for the circular error 
determination of the more sensitive LaCoste & Romberg Model D gravimeter, nine 
additional stations were established between two adjacent stations from the new 

set of thirty. This provided approximately a I-mgal gravity difference between a 
pair of stations in the 1 0-mgal range. 
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Figure l.--Hatched line indicates route of the Blue Ridge Gravimeter 

Calibration Base Line, extending from Dulles International Airport 

in northern Virginia to Skyland in the Shenandoah National Park. 

3 



MONUMENTATION 

The 39 new strttions of the Blue Ridge Gravimeter Calibration Line were 
permanently monumented by a mark-setting team of the NGS Operations Branch. 
Staticn pads were constructed according to specifications established by the U.S. 
Gravity Base Coordinating Committee. The concrete pads have a dimension of 0 .5 m 
(see fig. 2) and were emplaced in bedrock wherever possible, with two or three 
rebars securing the pad to the bedrock. When only soil was available, a O.S-meter 
hole was prepared first, into which rebars were driven until resistance was felt. 
The bottom of the hole was then filled with sand (about 10 cm). On top of the 
sand a O.S-meter-high pad was constructed. The portion of the pad above ground is 
about 10 cm. The NGS mark-setting team docuwented the description of each new 
bench mark in accordance with specifications published in Input Formats 
and Specifications of the National Geodetic Survey Data Base, volume III: Gravity 
control data (Dewhurst 1985). Appendix B contains the 39 station descriptions. 

HORIZONTAL AND VERTICAL CONTROL 

All stations were plotted on 7-1/2 minute USGS topographic quadrangles, and 
the geographic position and the elevation of each were scaled. The only 
exceptions to this procedure were WASHINGTON AA, WASHINGTON R, and SKYLA�� B, 
which were obtained frem existing documentation. The listed positions and 
elevations of those scaled stations are only temporary. NGS will carry out 
horizontal and vertical control measurements to at least second-order accuracy for 
these stations at a later date. 

SURVEY PROCEDURE S  

Using criterion 1 under Station Selection, highway U.S. 211 was selected for the 
general loc2tion of the calibration line. All available gravity values in the 
vicinity of this line were plotted on 7-1/2 minute USGS topographic quadrangles, 
which provided a guide in estimating the location of the 10 -mga1 incremental 
gravity values along the proposed route of the calibration line. 

Two LaCoste & Romberg model G gravimeters were u�ed on each day of the survey. 
The crew began the field observations by using the known gravity value at 
WASHINGTON R, and continued along the line at approximately 10-mga1 increments. 
To establish a new station, observations were made by using one gravimeter at a 
point along the road where the estimated gravity difference froTI the previous 
station was 10 mga1 based on the gravity maps. The observation point then was 
moved along the road until a 10-mga1 difference from the previous station was 
actually obtained. Then the second meter was read as a check. The meter readings 
necessary to obtain the desired 10 -mga1 values were precomputed from the internal 
calibration factor of each gravimeter, taking also into account the E arth tide 
values at the time of the measurements. Once the proper point was located, it was 
monumented. After completion of the station selection process, all subsequent 
loops were observed in either ladder sequences or modified ladder sequences and 
with few exceptions were closed within 1 day. 

4 



"a" dimension at least 30 cm 

--'r-
a 

! 

at least 3 rebars 

Installation into bedrock 

r- .sm -l 
'''''''�1 1'- -
" - I 
" -
1_, b ..... -,- � , , , , , 

" . - . /- ;0' -" � . :..0:: ":-;;':"'.:.r.:�H:-.""?"', ."":': .-: ..... """ .�"..: -; �: +r�-J 

", ( 1- ... '....:;.: :..: . ....;.:....;.:--T., +-: 0_' _.:_ • .;.f'_.::.... • • ...:.:_� '++...;z;.....::....:.....:..;;..:.....;.......:....:..s 

"a" dimension 10 cm 
"b" dimension 0.5 m 

sand 

at least 2 rebars driven to resistance 

Installation into soil 

Figure 2.--Typical installation for gravity bench marks. 
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DATA REDrCTION A�� ADJUSTMENT 

Datum for the calibration lir.e is absolute statien \.,'ASHINGTOt\ AA (Zumberff' et 
al. 1982), w ith a gr a vit y value of 980,103.259 mgal. The primary base station was 
�ASHINGTOt\ R; the secondary base station was SKYLAh� B. 

Table 1 lists the gravimeters used, their scale factors, and the source of 
gravity factor determinations. Meters G III and G 6 were used only for base ties 
between WASHINGTON R and �ASHINGTO� AA. 

Table l.--Gravimeters used for establishment of the 

Blue Ridge Gravimeter Calibration Base Line 

Gravimeter Scale factor *Source 

L & R  G 81 

L & R  G 157 

L & R  D 17 

L&R D 43 

L & R  G 6 

L & R  G III 

*MCCL 

BRCL 

NGSGN 

1. 000372 MCCL 1978 

1.000193 MCCL 1978 

1. 3665 Factory 1978 

1.238864 MCCL 1980 

1. 002058 BRCL 1964 

0.994584 NGSGN 1975 

- Mid-Continental Calibration Line 

- Blue Ridge Calibration Line, 1964 
- National Geodetic Survey gravity network 

All data reductions ard adjustments were performed according to standard NGS 

procedures (Chin 1980). The adjustment program used the 486 term model of 
Cartwright and Tayler (1971), as corrected by Cartwright and Edden (1973), for the 
computation of lunar-solar gravitational attraction. Linear drift corrections 
were applied to all observations based on loop closures, and least squares network 
adjustments were performed until convergence was achieved. 

From the adjustment of 770 observations, the rIDS error of a single observation 
was 0.017 mgal. The mean standard error of the gravity value at a given station 
was 0.007 mgal, which allows a first-order, class I designation for the stations 
of the calibration base line (FGCC 1984), provided later results verify station 
stability. The maximum standard error for a station was 0.010 mgal. 
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Table 1 A. --Gravity values for Blue Ridge Gravimeter Calibration Base Line 

Station *Adj. Gravity Std. Error **Interval 

WASHINGTON AA 980 103.259 0.000 
WASHINGTON R 980 078.428 0.010 -24.831 
BRCL 010 980 068.418 0.008 -10.010 
BRCL 020 980 058.397 0.008 -10.021 
BRCL 030 980 048.411 0.007 -9.986 
BRCL 040 980 038.427 0.007 -9.984 
BRCL 050 980 028.418 0.007 -10.009 
BRCL 060 980 018.422 0.007 -9.996 
BRCL 070 980 008.472 0.007 -9.950 
BRCL 080 979 998.424 0.007 -10.048 
BRCL 090 979 988.415 0.007 -10.009 
BRCL 100 979 978.392 0.007 -10.023 
BRCL 110 979 968.389 0.007 -10.003 
BRCL 120 979 958.387 0.007 -10.002 
BRCL 130 979 948.380 0.007 -10.007 
BRCL 140 979 938.336 0.007 -10.044 
BRCL 150 979 928.321 0.007 -10.015 
BRCL 160 979 918.321 0.008 -10.000 
BRCL 170 979 908.333 0.007 -9.988 
BRCL 180 979 898.319 0.007 -10.014 
BRCL 190 979 888.293 0.007 -10.026 
BRCL 191 979 887.284 0.007 -1.009 
BRCL 192 979 886.263 0.007 -1.021 
BRCL 193 979 885.255 0.007 -1.008 
BRCL 194 979 884.262 0.007 -0.993 
BRCL 195 979 883.272 0.008 -0.990 
BRCL 196 979 882.211 0.008 - 1  .061 
BRCL 197 979 881.226 0.008 -0.985 
BRCL 198 979 880.197 0.008 -1.029 
BRCL 199 979 879.156 0.007 -1.041 
BRCL 200 979 878.142 0.007 -1.014 
BRCL 210 979 868.300 0.006 -9.842 
BRCL 220 979 858.309 0.007 -9.991 
BRCL 230 979 848.381 0.008 -9.928 

BRCL 240 979 838 298 0.007 -10.083 
BRCL 250 979 828.323 0.007 -9.975 
BRCL 260 979 818.308 0.007 -10.015 

BRCL 270 979 808.295 0.007 -10.013 

BRCL 280 979 798.281 0.007 -10.014 
BRCL 290 979 788.295 0.007 -9.986 
BRCL 300 979 778.263 0.007 -10.032 
SKY LAND B 979 767.954 0.007 -10.309 

*Adjusted gravity value current to August 1 , 1985. 

**Interval with respect to preceding station. 
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�PPENDIX R.--BLUE RIDGE GRAVIMETER CALIBRATION BASE LINE 
STATION DESCRIPTIONS 
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AC RN: • •••• ••• ••••••• EENC H M ARK C ESCR IP TI C N •••• ••••••••• •• 

O�SIG NATION--HRCL 10 STAT[--VA COUN1Y--PRINCE wI L LIAM 

QUAO--N 380 77412 QSN-- lIN(-- ARt:A--I:!LUt: RIDGE GR�VITY ColliB. 

LOC�TION-- 2.6 KM (l.6) MIl (NE 

MONUMENT BY--'1CS 

SPECIFIC SETTING--CONCHETE POST 

STAMP ING--GRAVITY BRC L 10 1<J82 

OF GROVETON 

YR-1982 CP--VON MARK lYPE--GRA'V. STA DISK 

MOhUM(NTATION COO(--C 

OTHER CON1ROL --G 

LATIT UDE : 38'<J12N L ONGITUDE : 0773124W 
•••••••• •••••••• OR IG I N AL DESCRIPTION •• •••••••••••••• 

0. 4 KM (G.25 MI) (AST ALONG U.S. HIGf;IIAY 2'3 AND 211 FROM TH[ JUNCTION 

IIITH STAtE HI GHWAY 234. 26.7 MET[RS (8 7 . 5  Fl) WEST CF A tWIN TRU"KED 

DOGIIOOD TREE. 22.2 "'ETERS <73.0 FT) SOUTH OF HL EPHCN E NUMAER 7, 10.8 
�ETERS (.35.6 FTl SOUTf, OF TH t.. APPROnMAT� CLNTlR OF U.S. t-<IGHI/':'Y 2'3 
�ND 211. A D ISK St:Y INTO TH[ TOP OF A CONCRET E  POst PROJECTING 6 

CENTIMETERS. BE LOw HIGHWAY. 1.01 "'[TERS NORTHEAST FROM A IIITNESS 

POST. 

ACRN= •••••• ••••••••• I:!ENCH MARK DESCRIPT ION ••••••••••••••• 

STATL--VA COUN TY--PR INCt: WilLIAM ULSI;NATION--HRCL 20 

�UA D--N 3807 7412 QS N-- LINE-- AREA--I:!LU( RID G E G RA'VITY CA L lB. 

LOCATION-- 3.2 KM (2 M1I E"E 

MONU�ENT dY--SGS 
SPECIFIC S[TTING--CONCR[TE POST 

ST':'MPING--GR;.vITY BRC L 20 1982 

LATIT UDE : 38'848N LONGI TUOE 

OF G_INESVI L LE 

Y R--1982 CP--VCN 

: 07 7343010 

"'ARK lVPE--GRA'V STA DISK 

MONUMENTl.TION CODE--C 
OTHER CONTROl-- G 

• ••••••••••••••• ORIGINAL O[SCRIPlI0� •• ••• e •••••••••• 

0. 2 KM (u.1 M I) WICST ALONG U.S. HJ G � WA Y 29 AND 211 FROM THE JUNCTION 

,nTH COU N TY HIG HWAY 705, 1 4.17 METERS (�6.5 FT) SOUtH OF CENTERlHI[ OF 

::olSTHOU��L) LAN[ OF HIGHWAY 2'J AND 211, 13.72 M(T£RS (�5.0 FT) (",ST­

NORTHEAST OF POwER POLE NUI1BER 43 -1"-2. 7.01 I1ETERS (23.0 FT) EAST 

FROM A VIRGINIA DEPARTI1ENT O F HIGHW_YS MARKER. _ 01SK SE T I�TO TH E 

TOP OF A CON C RICT E POST PROJECTI NG b CENT I�ETERS. EELOW HIGHWAY. 
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� CR r� = • • • • • • • • • • • • • • • bENCH MA�K ClS CRIP TIC� • • • • • • • • • • •• • • • 

D[SI��A TIO�--RRCl 30 �TATE--YA COUN1Y--fAUQlfR 

QUA D--N380n'l13 QS N-- lINE-- ARt:A--BlUE RIDGE GRAVITY CALIb. 

lOCATION-- 2.1 KM 11.7 ,q, E NE Of Nllo BAl T IMQR [ 
110l;UP'I[NT BY--�GS YR--l�e2 ( P - -V C� 'ARK lYPE--GRAV STA DI�K 

S�LCIFIC S ET TING--CON CRt:T[ POST 

S TA'PING--GRAIiITY B R C L  30 1'182 

LATIT UDE = 38'16'18N LONGI TUDE 

"ON U"E�TATION COD[--( 

OTHER CONT RO L --G 

• • • • • ••• • • •••••• O RIGINAL OESCRIPTIO� •••••••••••••••• 

A T  THE SOUTHE AST COR NER Of THE .JUtlClI C,. Of U.S. HIG�WAY5 15. 2'1. 211 
AND S TAT:. H I G H�A Y 215. 12.5� "[TiRS ' ''1.1 fT' 50UTH (f THE C ENTERLINE 

OF THE EASTBO UND LANE Of THE U.S. HIGH�AYS. 12.'1" M[T[RS '''0.8 FT, 

lAST Of THE C � NTERL l NE Of HIGHWAY 215 ANC �.05 filTERS no.o FH WEST 
OF PO wE R POLE NUMBER C 155. A DISK SET INTO ThE TOF OF A COtlCR ETE 

POST PR O ... ECTING £: CEUI "ETERS. ARCH HIG H_AY. 3.1'1 METERS 

w,-ST-SOUTHWlS T FROM A WITNESS POST. 

A CR N= • ••• • • •• • • ••••• bE N C H  M A RK uLSCR IP TION • • •••••• ••••• •• 

OESIGNAT IO N--c:RCL '10 

QUAD- -N360n"�1 QSN--

�T�T[--VA CCUNTY--fAUQUIER 

LINE-- AREA--BlUE R ID�E GRAYIT, CALIS. 

LOCATLO I N THE CITY OR TOliN OF-- IIARR�NTON 

� ON J M L NT � Y- -NGS YR--1982 CP--YON MARK TYPE-- GRAV STA DISK 

SPECIf I C  SET TI�G-- CONC R(TE POST 

STAP'lPING--GRAVITY BRCL '10 1'182 

L�TITuOr = �842�'IN LO N(,I T UD E = 071'1812� 

"ONU"E,.T A T I ON COO[--C 

OTHER CON TROL--G 

• • • • • • • • • •• • • • • • ORI GIN AL DLSCklPllON •• • •• • • • • • • • •• • •  

0.5 II" cn • .3 MI) Lt.ST ON U.S. HI&HIIAJ 211 BUSINES S FROM TH[ .J UN CTIO� 

IoIITH U.S. HIGH"�YS 15, 11, AND 2." (Jr, TH( S OUT� SIor OF IIARR[NTO�I 

JU�I::;" HIlH SCHOOL GRCUN[S, 1"''1� MlT(RS '''9.0 fl) lAS T fR OM THE [AST 
lJuc CF Tf-l IoIALK TO A BASERAlL DIAM(IIC, 1 1.":5 '(l(IIS '�1.5 Fl) N OR TH 

lJF THE [AST A�D WEST FE NCE, 2.59 I\�Tt.RS (c.5 fl) SOUTH FROM TH[ SOUTH 

�:l ... � OF ";.IIKI�'; LOT. A OISI< S[T INTO TH� TOP Of A CONCkEl[ POST 

PR OJ[CTII.G b CENTIME TE RS. ABOv[ HIG.,WAY. 
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A C K r. = • til til til • •  til til • • • • • •• b l t. (t- "A j.( I(.. 
DESIGNATION--(RCL 50 

YUAD--N�8C17".H QS N-- LINE--

ulSCkl�T10N • •••••• • • • ••• •• 

�lAT[--VA COUN1¥--fAuQU IER 

AREA--flLUE �IDG[ GR AVIT l C'L1Il. 

LOCATION-- S.f, IO� (3.5 MIl WEST OF W A RRE NTO N 

'10'JU"!;:"T n¥--�uS YR--l'182 CP--VDN �ARK T¥PE--GRAV ST� DISK 
IIOIIU�[ liT AT I e,/ coor -- ( 

CT�lR CONTROl--G 

SrEClFIC SElllNG--CONCRlTE POST 

5TA"IPING--GRA�I1Y BR(l 50 19b2 

LMTI T U JE = 3b"212� LO N ul TUD E = 01151��W 

ACRN= 

••••• ••• ••••• ••• ORIGIN AL O ESC R I P TIO N •••••••••••••••• 

5. 0 "' " (�.1 Mil Wl.STERLY ol.lONG U.S. HGHWl.Y 211 FROM THE JUNCTION wITH 

U.S. HIGh,AY 29, 25.6 IIlfERS (S'I.O IT) SOUTH OF THE JUNCTION OF Tt-.E 

[ASTBOUNC LANE A"O A FIELD HCAD. 1I.�1 �ET ERS (15.0 FT) [AST OF THE 

EAST GATc POST. JUST NORTH OF A FEN(, LINE. A DISK SET INTO THE TOP 

OF A CONCRETE POS T PR OJE CTING b CE�T I"E TERS . BELO� H IG HWA Y . O.�b 

FE[T W�ST-SO UTHWEST FROII A wiTNESS P OST. 

111 .. ...... 111 . ... . . . BENCH II ARK C E SCR I PT ION • •••••••••••• •• 

DESI�NAT10N--�RCL 60 STATl.--VA CCUNTY-- CULPlPER 

(lUAD- -N380nIl311 QS/oI-- LIN[. -- AREA--BLUE RID GE GRAVITy CALIS. 

lOCATION-- 8.0 1'.11 (5.0 MI) [ A ST 

MONUMENT BY--I,GS 

SPECIFIC S E T T I " G--CO N (RE T (  POST 

STA"I:>ING--GRAvITY BRCl bU 1982 

OF H1SSVILL( 

Yk--1SE2 CP--VON 

L�TI T U JE = 38"054N LONGIT U O L  = 0775424 • 

.IARK 1YPE--GRA� ST' 01511 

"ONUME�TATIGN (OOE--( 

OT�lR (ONTRGl--G 

• ••••• •• • •• • • •• •  OR IG INA L O l SCRI P T I O � ••••• ••• • • •••••• 

G." ",1" le .25 III) . [ST ON U. S . HI(h�n 211 fROM A BRIDG E OVER THE 

RAPP"HAN�.[)(K RlvLR, 10.97 MET[I<S Ob .O FT) NeRTH FRG,", THE C[�TERLJ"L 
J< THE OI,STBOUND lANE OF HIG H � A Y 211, 2 .1 3 II�TlRS (7.0 FTI EAST­

SOUTI"[�ST Of f. CEDAR TREL, 1.43 I":T'.RS c�.7 FT) SOUTH OF t. WI RE fE,",CE. 

A DISK SfT INTU THE Tep OF A CO�CRll[ POST PRO�l(TI�G b ClNTIP'I[T[RS. 

ABOVE HIChWAY. 1.04 �ET(R5 �OUTt--SLLTt-w(Sl fRCM A WITII[55 P OST. 
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A(R� .. :: • •••••••• •••••• t[N[� M��K LlSCklPl10h •••• ••••••••••• 

il [S I '" NAT 1 (\ h- - l RC L 10 STtT£--VA C OU N T Y - -C U L P E P E R  

�UAO--N'}8G17"�� QSN-- LlN[-- ARL�--HLUl RIDGE G RA VITY C A LIH. 

Lac A T ION - - 5. i, K M (J. 5 M 1) E A S T 

��Nu�ENT bT--�GS 
SPEClrlC S(TTI�G--COt.lCH[TE POST 

S TAM? I .. C, - - GR I. � I T Y tj R � L 7 a 19 b 2 

LATIT UDE = � B4C� ON L Ot.lGITUDE 

OF A�ISSVllL[ 

Yk--15E2 CF--VO� �ARK 

= 0 775�!l�1I 

tYPE--GRAV STA DISK 

MOhlM[�TA1ICN COO£ -- C 

OTHER CONTROL--G 

• •• ••••••••••••• O RIGINA L Dl SCR IPTION •••••••• ••• ••••• 

1.2 KM (0.75 MI) w E ST A LONG U.S. HIGh�AY 2 11 fRO� T H E � U h C T I ON w I T H  

STATE ROAD 229. 2�.16 "[ TE RS (16.0 fT, EA S T Cf A T W I N -T R eNK Ee � 5  C M  I N  

OI A"�TLR HICK OR Y N UT T RLE. 1".15 METlRS (�ti.4 FT' W E ST OF T H E  W EST END 
OF A HIGt111AY GUARDRAIL, 11.1 M[TERS (,}ti.� FT) NO RT H OF T H E  CE NT E R - L I N[ 

O� TH E W_STBOUND L�N� Of HI G HWA Y 211. A DISK SET I N TO T H E  T O P O F  A 
CONCkET[ POST PRO�[ C TI NG b C [NT I METE RS. BElOII H I G�W A Y. 0 . 7 4  " E T E R S  

SOUTH-SOLTHII[ST F ROM A IIllNESS peST. 

A CRN= ••••• •••••••••• BENC H " A R K O ES CR IP TI ON ••••••••••••••• 

OESIGNA TION--A R CL 80 ST A T[ - - AI C O U N T Y -C U L P E P E R  
QUAD--N38017��� QSN-- LIN[-- A R[ A - -BL U [  R I OtE G R A V I T Y  CAL IB . 

LaC .. T I O N -- 3. � KM (2.2 PlIJ EAST 

'W"U�U4T BY--NGS 

SP�CIFIC SETTING-- COt.lCRi.H POST 

5TA�P ING--GRAV IT T BRCl 80 1982 

Of H ISSV IlLE 

YR-l '382 CP--VDN 

LA TITUDE = Jb�02�N L ONGI TUD E  = 077511f� 

" A R K  T Y PE - - GRA V S T A  DISK 

" O N U "EtH ATION CO D[ -- C  

OTHER CONTROl--G 

• •••••• • •••••••• ORIGINAL Cl5CRIPTJO� ••••• ••••••••• •• 

ABOUT o.� 11M (O.� III) EAST ALONG u.s. HIGHW�Y 211 FRO" TH E �UHCTION 

WITH C O U f<n ROt.J b21. :3�.5:3 II[TERS (110.0 Fl) WlST OF T H E APPROKIIIATE 

C£tH(RLlr.( OF A DRIVEIIAY. Ib.�6 HTlR5 (��.o Fl) wEST FROII ThE EAST 

[�D OF A GUARDRAIL. 12.8to METERS 14;;.2 Fl) NOR t H Of T H E  IIESTEOUND LANE 

OF H I GHW;Y 211. ,. D I SK  S[T INT O T H E  T OP OF , CO�CR£T[ POST PROJrcTING 

6 C E NTI��tERS. A BO U T LEVEL wi TH HIG�IIAY. 
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ACR N = ••• • • • ••• • ••• •• ti(NCH "'AR� D[SCRIPTION • • • • • • • • • • • • • • • 

J�SI�NATION--MRCL 90 

QUAO--3N3807A 12 QS N--1 

STAT�--V� COUNTY--R APPAHAHHOCI( 

II N( - ­ AR[A--BLU[ RIOG[ GRAVITY CALIB. 

LOClTION-- 1.6 1(1'1 (J.O "Ill S( 
�ONU�LNT 8y--"GS 

SPECIFIC S ETTING--CONCRETE POST 

S Tl"l� ING--GR A" lTY BRC L 90 1962 

Of Blh v[NUE 

YR--l�b2 CP--VON 

LATITUDE : 38�218N LONGITUD E : 07e02�8� 

�A�I( TYP(--GRA V. STl CISK 

flO NUflE lH l TION CO DE -- C 
O THER CON TR OL-- G 

• • • • • • • • • • • • • • • •  ORIGI NAL C(SCRIPTIO N • • • • • • • • • •• • • • • •  

ABOUT 0.3 KM (0.2 "I' WEST ALONG U.S. HIGHWAY 211 F R O" TH[ WEST 

INTERSECTION OF THE JUNCTION WITH STATE RCAD 6 7 8 ,  (THIS IS 618 SOUTH' 
28.19 METERS ( 92 .5 FTl SOUTHWEST FR O'" A "AILeOI( "ARKED ". CAll IN. BOI( 

Q5, 1--.6! "[lERS (�8.0 FT, WEST CF TH( CUH(RLIN[ OF A CROSSOVER, 

13.30 "E TERS (�3.� PTI NORTH OF ThE [A STBOUNO LANE, 12.1«; "EHRS 140.0 

FT' SOUTt OF THL WESTtlOUND LANE . A (ISK St.T IIIITO T H( TOP OF A 

C O NCRETE POST PROJECTING 6 CE NTI"ET[RS. B[LOW HIGHWAY . 

ACRN: •• • • • • • • • • • • • • • B(NC � MARK CE SCRIPTICN • • • • • •••••••• •• 

U LSI G N AT I 0 N- - d R C L 100 STAT£--VA COUN T Y--RAPPAHANHOCK 
QUAD --N3B018121 QS N-- L l N[-- ARLA--BLUE RIDGE GRAVITY CALIB. 
LOCATION-- 4.0 1(" (2.5 "II WNW Of BEN VLN U( 

�ONU"E N T  B Y--hC:S YR-1982 CP--VDN 

SPECIFIC SETTING --CONCRETE POST 

STAPIPING--GRA"ITY BRCL 10 0  1982 

L ATITUOE = 38 �32� N  LONGITUD ( = 0780 6�8W 

"ARK TYP[--GRAV STA DISK 

"ONU"[HTATION COO(--C 

OTHER CONTROL--G 

••• • • •• • • • • •• • • •  ORIGINAL D E SCRIPTIO N • • • • • • • • • • • • • • • •  

AT TH( JUNCTI ON OF U.S. HIG HW AY S 211 A"O 52211. 49.07 "(HRS (l61.0 FTI 

(AST OF HiE INTER S[(TION OF THE hO .. IGI1I1'YS. I/(STBOU N D  LANE, 15.70 

PlLT(RS (51.5 FTI NORTh OF THL CEhT£RLINL OF TH( �ES TBOUND LA N E OF 

HIGHWAY 211, 7. 9 2 "(TERS (26.0 FJ) E AST or THE WEST CORNER POST OF l 

FE NCE . /l DI SK S£T INTO THE TOP OF • C ONCII(l[ PO ST P ROJ ( C TING 6 

C(NTI"[TlRS. BE LOw H IG HWAY. 0.46 "IT[R5 �ORT HW [ ST FRO" A WITNESS 

PO ST. 
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ACRN= • •••••••••••••• 

Oi:SI;'NAT!OH--eRCl 110 

QUAO--N38018124 QS N - ­

LOCA TION-- 2.6 ,O� (l.6 MIl S. 

"tHlU" EN T !n- -NGS 

cENCH MAk� ([SCRIP TION •••• ••••••••••• 

STtT[--yA CCU N T Y - - R A P P A�A N N O CK 

LIN( -- 'R E A - - SLUL R I D G E  G R AVITY CAL IS. 

SPECIFIC SETTI�G--CONCf«l[ POST 
STA"PING--GRAVITY BRCL 11 0 19�2 

LATITU DE : 384142N LONGITUDE 

o I II A SH I H G TON 

YR--)9S2 CP--YDN 

: 0181006 .. 

MA R K  TYPE--GRAV 'STA DI SK 

MONuME�TATION COD(--( 
OTHER CONTROL--G 

•••••••• •••••••• ORIGI N4L DlSCRIPTION •• ••• •••••• ••• •• 

1. 8 IO� (1.1 M Il SOUTHWEST AL ONG U.S. I1 IG �WA Y 211 fRtM T HE "U� C T l O N  

III T H  CO UNTY R O A D  626, 2 9 .81 METERS (SB.D FT ) NCRT HE ' ST O F  TH E 
HO R T H W C:ST [NO O F  A B R IO\JE AB UTM [ N T, 10.88 ME Tt. RS (3�.7 F1) N O RTHI/ E ST 

OF TH E C E NT[RlIN E OF HI G HW A Y  211, 5.19 PIETERS (19.0 fT) SOUTI1WEST OF 

T HE N OR T H E A ST GA TEPOST OF A fIE LD R O:'O . � DISK S E T  IN T O  T H E  TOP O F  A 

C O N CkET E POST P R O� E C TING 6 C E N T I�E T l RS. ABOUT LEVEL W IT H  H IG H W A Y. 

1 . 6 2  M ET E R S N O R T H.EST F R OM A WIT�(SS FCST. 

A CRN : ••••• ••• ••• • • •• B E N C H M AkK 

DESI:>NATlON--eRCl 120 

QUAD--N380181 �4 QSH-- lIN E - -

OESCR IPTI O N  • ••• ••• • • • •• • • •  

STATL--VA C O UN T Y - - R 'PP A H A N N O CK 

A R E A - - BlUE R ID G E  GR'VIT Y CAlIB. 

lOCATION-- 1.1 KM (0.1 MI ) W E ST 

PlO� U " E HT 8 Y- -NGS 

SP E CIFI C SETT ING- - C O N CR(TE P O S T  

ST AMPIN G--GR AVIT Y B R C L  120 1982 

OF SPEIIRYV ILL( 

YR-1982 CP--VON 

LATITUDE : 38!924N LONGITUDE : 01€141�� 

PlARK TYPE--GRAV STA DISK 
M O NUME NTATION C OO E - - C 

O T H ER CON T R OL - -G 

••• • • • • • ••••• ••• OR I GIN'l OESCRIPTIO� ••••• ••••••••••• 

1.0 K" (0.65 MI) I/EST ALONG U.S. HI�H�AY 211 FROM TH� .JUNCTION OF U.S. 

HIGHII,H 522S IN SPER R YV IllE , 12.34 METERS (40.5 FT) WES T OF A SP[[D 

LIMIT S IGN, 8 .69 M[lE R S  (28.5 FTl N C RTH OF THE C UH[ RL III[ OF H IG HWAY 

2 1 1, 5.3! M[TE R S  (11.� FT) SO UT H �[ST CF UTILITY POLE 23. A [ ISK 5[T 

INTO THE TOP OF A C O NCRiolE P OST fROJECTING f C U ,T I P'E TER 5 . 'BOUT 
L E V E L  W ITH HIGHIIAY. 1 • .)4 METERS WEST-SO U T HI/[ST F R O M A WITN ESS P OST. 
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A CR�= ••••• ••• ••••••• 

J[SI:;NA TIOfof--hRCL 130 

QUAO- -N3807Rl:31 QS N--

bENCH HAld( 

Ll NE--

OESCR1PT10� •••• ••• • • • ••••• 

STAT [--V� COUN TY--RAPPAHANNOCK 

AREA--BLU[ R]OGE GRAV]T Y CAL lB. 

LOCATION-- 2.( KPI (1.�� HII weST Of SH�RY\'lLL[ 

HOHUPI[NT bY-..,I\GS YR--l" b2 CP--VCN "r.�K lYP[--GRAII'STA C]SK 

SPECIFIC SET TING-- CONC�[T[ PGST HO�U"[NTATION COO[--( 

STAH"ING--GRr.vIlY BRC L DO 1<;182 OTHER CONTROL-- G 

LAT I TUDE = 3 6 3<;10 0N LONGITuD[ = 07fl�2� • 

•••••••• •••••••• ORI�lNAL C[�C RIP'lO� ••••• •••••• ••• •• 

2.b KH (l.b5 "11 IIEST ALONG U.S. H ] GHWAY 2]1 FRO" THE JUt>C TlON W11H 

52 2S. 16.�6 HETERS (5�.O FH EAST FRO'" THE NOR TH CORN[R OF A WOOO[N 

BR]O G[, 1".02 H[T;:RS (�b.O Fl) NORTHEAST FRO" A POII�R POLE W IT H 
TRANSFOR"ER, 12.19 "[ T[RS (" 0.0 FT) S(UTH(AST OF TH[ CENTERL]N( OF 

HIGHIIAY ,11. ] 0.&1-"[1[RS D�.O fl) �O UTH\HSl CF A U CPI IN OIA"ETER 

PIP [ CU L vt.R T • 

ACRN: ••••• • • • • • • • • •• aENC H HARK 

0�SIG NA110N--FRCL 1�0 
QUAD--N38 078131 QSN-- LlN[--

OESCR]PT]ON •••• ••••••••••• 

�T.T[--II. C OUN TY-- R'FPAHANNOCK 

AREA--BLUE R]DGE GR'VlT Y CALlB. 

LOCATIO N-- ".� KPI (2.75 HI) W EST 

HONU" [N T BY--NGS 
OF SP[RRYV ]LLE 

SPECI FIC SETTING-- CON C RE T E  POST 

STAPIP ING--GRAVITY BRC L 1"0 1982 

TR--1982 CP--VDN "ARK lTP E--GRAV ST A 01 SK 

"OhUHE"TAT]ON C OO(--C 
OTHER CON TROL--G 

Lt.TITUDE : 383912N LON GITUDE : 0781bltW 
••• •• • •• ••• • • •• •  ORIG]N AL D[ �CRIFTIO� ••••• •••• • •••••• 

". " K" (2.75 "I) WEST ALONG U.S. HIGHWAY 211 FROPI TH[ JUNCTION WITH 

U.S. HIGkllAY 5 22S. 0.2 KH (0.1 HI) E.5T Of ThE SH EN ' NDOA� NA T]CNAL 

PARK EOu �DARY S IG .. .  29 .':>7 "(lERS (91.0 Fl) ( A S 1  (f ' CULVERT, 19.81 
PlLTERS (6�.0 FT) NORTI'II[ST OF A OUOPlUH SAf E SPEED 30 "PH) SIG'<, 

11.,,3 "[ TERS 07.':> FT) NORTH OF TH( CENHRLlhE Of H IGHII.Y 211. A DISK 

SE T INTO TH[ TOP OF A CONCRET[ POST PROJ[CllNG 6 C ENTI"LT[R S. ABOV E 

HIGH WAY. 0."6 H[TERS SOUTH-�OUT�II[ST FROH A W]TN[�S POST. 
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&0("= ••••••••••••••• bENC H IIARK UlSCRIPTICh •••• ••••••••• •• 
OESIGNATION--flRCL 150 �lAT[--Y. CCUN1Y--RAPPA�ANNOCK 

wUAO--N38u781.H QSN-- LlNl-- AR�A--RlUE RIOGE GRAVITY CAL lB. 

LCCAT ION-- 5. � I(I� C3.3 III I WEST OF SP(RRYVILU 

'10'W"I;:"T bY--!>GS YR--IQ82 CP--VON 
SpECIFIC SETTING--CONCR[T E PO ST 
STAIIPING--GR A¥ITY BRC L 150 191'2 

LMTITUOE � 38�93bN LON GI TU D E � D7�110(W 

IIA�K TY PE--GRAY ST. DI SK 
1I0NUIIEhTAT ION COO(--C 

O T�ER CON TROL--G 

••••• ••••••••••• OR IGINAL OESCRIPTIOh ••••••••••••• •• , 
5. 7 KII (3.55 1111 WEST ALONG U.S. HIGHW AY 211 FROII THE �U NCTION WITH 

U.S. H I GHO/AY 522S, 0. 2 KM (0.1 1111 EAST OF A TURNOUT, 0.2 KII (0.1 1111 

wEST FRO. A CIIAXIIIUII �AFE SPEED �D �FHI SI'N, 29.87 II E T[kS (S8.D FTI 

O/EST OF ' C U L V ( II T, 7.(:2 I'I£H.RS (n. D fTI NORTH OF THE C[NTERLINE OF 

HIGH"n 211, 1.b B  II(TERS (5.5 FTI N OR TH OF T HE APPRCltlllATE CENT[R OF A 
DI TCH THAT RUNS ALO NG THE HI�HWAY. A DISK S�T INTO THE TOP OF A 

CONCR ETE POST PRO�ECTING 6 CE N T Il1lTERS. ABOYl �IG�WAY . 0.73 " E TERS 

SOUTH-SOlTHWEST fRO" A W ITNESS POST. 

ACR�= ••••• •••• 9 ••••• b[t.lCH IIARK DESCRIPTION ••••••••••••••• 
STATE--VA COUN TY--RAPPA HANNOCK OESluNATION--HRCL IbD 

QUAO--N380781!1 aSN-- LIN E  -- ARlA--BLUE RIO(E 'RAVITY CALIB . 

LOCAl 10N-- 5 . '> I(I� 13.7 III) WNW 

1I0lju"EHT flY--IIGS 

SPECIFIC S ETTING--CONCR£TE POST 
STA'IPING--GRAVITY BCL IbD 1982 

LATITuDE = 38�'>5�N LONGITUDE 

OF SPERR Y V ILLE 

Y R--1982 CP--VON 

= D7t172�" 

IIARK TYPE--GRAY STA OISI< 
IIONUIIEHTATION COO E --C 

OTHER CON T ROL--G 

••••• ••• •••••••• ORIGINAL OESCRIP TIOh ••••• ••••••••••• 
7.2 1<11 (�.5 1111 W EST ALONG U.S. HIGHWAY 211 FROII THL �UNCTIO N  WITH 

U.S. HI GH WA Y 522S, AB OUT .2.0 lI[lERS C13!l.0 FTI NOR TH O F A .6 CII IN 

DIAIIETER PIPE CULVERT, 30.33 (9 9 . �  FlI SOU TH OF THE SOuTt1 E ND OF A 

GUARDRAIL, 5.9 � METER5 (19 1.5 fT) wlST FROII TH[ (ENt[R OF THE DO UBLE 

LINt. OF H)bHWAY 211. A DISK SE T INTC TH E  TOP OF • CONCR ETE POST 

PRO�ECTING b CENTJ"[T[R S. ABO UT L EHL WITH HIG HWAY. 5 . 2 9 I1ETERS 
SOUTH-SOuTHWEST fROII A WITNESS POST. 
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A�kN= • •••••••••••••• �[N(H "ARK 

DESlu�ATlON--�RCL 170 

QUAD--N:580781�1 QS�-­ LI NE--

DESCRIPTIOh ••••••••••••••• 
STATl--VA COUNTY --RAPPA�ANNOCK 

AREA--8LU[ RIoeE GRAVITY CA LIB. 

LOCAT IO�-- b.1 K� 0.8 "II) W�W Of SHRRH ILLf 

�ONJ�E�T aY--�GS 

SP[:IFIC SETTING--CONCR E TE POST 

STA"'PING--GR�vITY BRC L 170 1982 

LtTITUOE = :5 8 � OOO N LONG I luD E 

YR--1982 CP--VCN T Y P E --

"ONU"E"TATION CODf--C 

O THER CONT ROL -- G 

• ••••••••••••••• Q RI bl N A L OLSCRIPlIOh •••••••••••••••• 
1. 5 K"I ''1.7 "l) WEST(R LY ALO�G U.S. HGHIIAY 211 FRO� THf JU N CTIO N III TH 

u. S. HI G H II � Y 522 S. o. 1 K" (0.05 II 11 SOU T H O F A S I G N S H ° II I N G 'S K Y LIN E 

DRIvE 2 "'IUS , .  If'.9 "ETlRS (62 .0 fl) SDUTt1 tf THE 1ST .,.RNUG ARROW 

ON THE EAST SIDE Of HE HIGH"n thO stUT H Of T�E ABCVE �[NlION [O SIGN. 

5 • .:5.:5 "t:T�RS '17.5 fTJ [AST fRO � TH� C[NTE R OF THE DeUBLE LINE OF 

HI G HIIU 211. 5. 1 8  ( 1 7.0 fT) NORTh OF THE S(CONO WARNING ARROII ON TH( 

EAST SIO[ OF THE HIGHIIAY AND SI.:.t� OF TH� SIG N. A OISI( SET I NTO T H E  

T O P  O F  • CO�CR[TE P OST PR OJE CTI NG � C [ NT I"[ T[RS . ABOUT L(V[L WITH 

HIGHWAY. D.85 "[T(RS SOUTH-SOUTH.[�l FRO" A W ITN[S5 POST. 

ACRN= ••••••••••••••• b E NCH "ARK D ESC RI PTION • •••••••••••••• 
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A P P END I X  C . - - R E N C H  MARK LOCAT I O N S  OF B L U E  R I DCE GRAV IMETER 

C A L I R RAT I ON RA S E  L I N E  

S e e f igure 1 ,  p a g e  3 ,  f o r  en t ir e  r ou t e  o f  t r avel o f  t h e  B l u e  Ridge Gravime t e r  
Ca l ib r a t ion R a s e  L ine . 
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F igure l C . --Loc a t ion (Du l l e s  I n t e rnat ion a l  Airpor t )  o f  
grav i ty bench mark WASHINGTON R ,  B lue 

Ridge Gravime t e r  Ca l ib r a t ion Base L ine . 
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F igure 2C . --Loc a t ion o f  grav i t y  bench mark BRCL 1 0  Blue Ridge Gravime t e r  Cal ibrat ion B a s e  L ine . 
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Figu r e  3C . --Lo c a t i on o f  grav i t y  bench mark BRCL 2 0 , 
Blue R i d ge Grav ime t e r  C a l ib r a t i on B a s e  L ine . 
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F igure 4C . --L o c a t ion o f  g r av i ty bench mark BRCL 3 0 , 
B lue Ridge Grav ime t e r  C a l ib r a t ion B a s e  L ine . 
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Fi gur e S C.--Locati on of gr av i ty bench mark BRCL 4 0 , 
Bl ue Rid ge Gr avi meter Cal i br ati on Bas e Li ne . 
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F igure 6C . --Locat ion o f  gravity bench mark BRCL 50 , 
Blue Ridge Gravime ter Calibrat ion Base L ine . 
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F igure 7C . --Loc at ion of gravity b enc h mark BRCL 6 0 ,  
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F i gure 8C . --Loca t ions of gravity bench ma rks BRCL 7 0  
and BRCL 80, B lue R idge Gravime t e r  Ca l ibra t ion 
Ba s e  L ine . 
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Fi gure 9C.--Loc at i on of gravi ty benc h mark BRCL 90, 
Blue Rid ge G ravi meter Cali brat i on Base Line. 
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Figure 1 0C . --Loca t ion of gravity bench mark BRCL 1 00 , 
B lue Ridge Grav ime t e r  Ca l ibra t ion Bas e  L ine . 
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F igure l I C . --Loca t ion of grav i t y  bench mark BRCL 1 10 ,  
B lue R idge Gravim e t e r  Ca l ibra t ion Ba s e  L ine . 
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Figure 1 2 C . --Loca t ion of gravit y  bench ma rk BRCL 1 2 0 ,  
Blue Ridge Gravime t e r  Ca l ibra t ion Ba s e  L ine . 
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Figure 1 3 C . --Loca tions of gravit y  bench ma rks BRCL 1 3 0 ,  
BRCL 1 4 0 ,  BRCL 1 5 0 , and BRCL 1 60 ,  B lue Ridge 
Gravim e t e r  Ca libra tion Base Line . 
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Figure 1 4C . --Locat ions o f  gravity bench ma rks BRCL 
1 60 through BRCL 2 8 0 ,  B lu e  Ridge 
Gravimeter Ca libration Ba s e  Line . 
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Figure 1 5 C . --Loca tion of g ravity bench ma rk BRCL 2 9 0 ,  
B lu e  Ridge Gravim e t e r  Ca libra t ion Ba s e  Line . 
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Figure 1 6C . --Loca tion of gravity bench ma rk BRCL 300 , 
Blue Ridge Gravime t e r  Ca libra tion Ba s e  Line . 
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F igure 1 7C . --Loca t ion of gravity bench mark SKYLAND B ,  
Blue R idge Gravime t e r  Ca l ib ra t ion Bas e  L ine . 
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