IN COOPERATION WITH
NEW HAMPSHIRE DEPARTMENT OF TRANSPORTATION

Use of a Ground-Penetrating Radar
System to Detect Pre- and Post-Flood
Scour at Selected Bridge Sites In
New Hampshire, 1996-98

Water-Resources Investigations Report 00-4035

U.S. Department of the Interior
U.S. Geological Survey



Cover photograph is showing the Peabody River in Gorham, N.H. Mount Washington and the
Presidential Range is in the background. (Photograph was taken by J.R. Olimpio, U.S. Geological
Survey)



U.S. Department of the Interior
U.S. Geological Survey

IN COOPERATION WITH
NEW HAMPSHIRE DEPARTMENT OF TRANSPORTATION

Use of a Ground-Penetrating Radar
System to Detect Pre- and Post-Flood
Scour at Selected Bridge Sites in
New Hampshire, 1996-98

By Joseph R. Olimpio

Water-Resources Investigations Report 00-4035

Pembroke, New Hampshire
2000



U.S. DEPARTMENT OF THE INTERIOR
BRUCE BABBITT, Secretary

U.S. GEOLOGICAL SURVEY
Charles G. Groat, Director

The use of firm, trade, and brand names in this report is for identification purposes only and does
not constitute endorsement by the U.S. Geological Survey.

For additional information write to: Copies of this report can be purchased
from:

District Chief U.S. Geological Survey

U.S. Geological Survey Information Services

New Hampshire/Vermont District Box 25286

361 Commerce Way Federal Center

Pembroke, NH 03275-3718 Denver, CO 80225

or through our website at
http://nh.water.usgs.gov



CONTENTS

F N o 1 = ol TSSOSO PP S PSSP PSSP PRI 1

E g1 (8ot [ o FER TSSOSO PSSO YRS VPP PP 1

PUIMDOSE @GN SCOPE ... et iteterte sttt ettt ettt sttt b e eese e e e e e e et eaeeaesaeehe e b e sbesE e s e e e e e e eseeaeeaeebeebesbeseeabe st seensansenseneaneas 2

DeSCription Of The SEUAY ATEA .....cuiieiieee ettt ettt e b e bbb e be s bese e e e e e e eaeeseeaesaesbesbesaeseesbeneas 4

USE O TEITIIS ...ttt b e b bt b e b e h s s R e e R E £ e b £ e e b e 8 eh e E e b AR e b e e e bt s R e st e e et b e e b et bt e enennenen 4

ACKNOWIEOGIMIENLS ...ttt a e ae b e b e bt s e et e £ese e e e m e e ae e Rt eR e ehe e Rt eaeebeebesbeseenbesbeseensane et eneenens 4

GrouNd-PENELIAtiNG RAAN .........ouiiiee ittt b e bttt ettt se e e e b et e e e aeeae e Rt e Rt ebesbesbesbesbeseeseeneanse e eneaneas 4

[0 0] o] 0= oL ORI 5

Data-COHECHION MEINOMS.........cueieeiiieeierteest ettt e b e s b e b se b se b se e b e st e b e se bt seebeneeseebenrene e 6

SCOUr EStIMELES @ BITAGE SITES.......eoueiueiieiie ittt sttt ettt st b et et e be s e e e e e et et eaeebe s bt saeebeebeseeeeenbense e e e eneeneeneaneas 6

LR LeTH TSRSl 2 Yo (o= TR USSR 7

Downstream Bridge-face CrOSS SECHION.......coui ittt et s b et st se e e e e e e e 10

Column-set Cross Section, Upstream t0 DOWNSITEAM..........coiriiiirieieieeeeeesese sttt s 10

ROULE L8 BIIAJE. ....veveteitieterie sttt ettt ettt st b e b se e e et e e e seeme e s e e et eaeeh e e b e eReeb e e beSE e a8 e a b e e e e e e eneeae e st abeebeeaeebenbesaeseentas 10

LR Lo U (SN T ST T (o= TSRS 14

Upstream Bridge-face CrOSS SECHION. ... ....i ittt b e bbb e e e et e e e e e e e ens 14

Downstream Bridge-face CrOSS SECHION........coui ittt b et st se e se e e e e e 16

ROULES 202 @NA O BIIAGE. ...ttt ettt bttt e et e et e ae e b e s bt sbesbe b se e e ene e e et ebeebesbeeneeneaneeneas 16

Interstate 89 SOULhBOUNT BIIAQE ......cueieieeiieeeeieetere ettt et s b e b e b e e e e e e e e e ene 19

Interstate 89 NOrthBOUNG BIiAQE ......cuoieieeiiieeeierere ettt s ae b b et e et e e e e e ne e ene 19

ROULES 3 8NGO 25 BIIAQE. ... eeueeeeeeuteeeeetieterit sttt st sttt st e et et eaesbesaesbesbesbese e bebeae e e eseeaeeaeebeebeabeebeabesbeseebensensaneaneas 22

LR Lo U E I T ST T o= TSRO RSTSR 22

Downstream Bridge-face CrOSS SECHION.......coui ittt sttt b e bbb e e e e e e ens 24

Right-Dank-pier CroSS SECHON.......cciiiiiiiie ettt sttt b e b e b e be st seese et e s e e e e eneenas 24

SUMMAY BN0 CONCIUSIONS ...ttt sttt et saesbesbesee st e bese e e eaeeae e et eaeehe s Rt eaeebeebeseesEenbese e e anseseaneeresbenaesaesbenbesnens 24

REFEIENCES CITEA ... vttt bbbt E et R e e E e e e b e e e b e e e e R e seeR e seeb e s R et e b e e e R e st ebeneebeneebennenennas 27
FIGURES

1. Map showing the location of ground-penetrating-radar data-collection sites at seven bridge sites
TN NEW HBIMPSNITE ...ttt ettt et he e a e Rt eb e e b e s e e e b e b e sb e s e e e e n e et e neese e st bese e s anseneeneaneas 3
2. Photograph of ground-penetrating radar data-colleCtion eqUIPMEN ............coeriiriririeeeeer e e 5

3-13. Figures showing ground-penetrating-radar profiles of the:
3. Downstream bridge-face cross sections for (A) 1996 pre-flood and (B) 1998 post-flood data collection,

from left to right bank, Route 9 over the Soucook River, Concord, N.H. ..o 11
4. Pier-set cross sectionsfor (A) 1996 pre-flood and (B) 1998 post-flood data collection, from upstream to

downstream, Route 9 over the Soucook River, Concord, N.H. .........ccoeireineinenecereeesee s 12
5. Upstream bridge-face cross sections for (A) 1996 pre-flood and (B) 1998 post-flood data collection,

from left to right bank, Route 18 over the Connecticut River, Littleton, N.H. ..., 13
6. Upstream bridge-face cross sections for (A) 1997 pre-flood and (B) 1998 post-flood data collection,

from pier to right bank, Route 13 over the Cold River, Sandwich, N.H.........ccocooiiinii e 15
7. Downstream bridge-face cross sections for (A) 1997 pre-flood and (B) 1998 post-flood data collection,

from pier to right bank, Route 13 over the Cold River, Sandwich, N.H.........ccocooiiiiiiii e 17
8. Upstream bridge-face cross sections for (A) 1996 pre-flood and (B) 1998 post-flood data collection,

from left to right bank, Routes 202 and 9 over the Contoocook River, Hopkinton, N.H. .........ccocooiiiiiininn. 18
9. Upstream bridge-face cross sections for (A) 1996 pre-flood and (B) 1998 post-flood data collection,

from left to right bank, Interstate 89 southbound over the Warner River, Warner, N.H. ........cccoooiiiiiiininns 20

Contents \%



10.

11

12.

13.

TABLES

Downstream bridge-face cross sections for (A) 1996 pre-flood and (B) 1998 post-flood data collection,
from left to right bank, Interstate 89 northbound over the Warner River, Warner, N.H........cccooevvevvievvcnnnne
Upstream bridge-face cross sections for (A) 1996 pre-flood and (B) 1998 post-flood data collection,

from left to right bank, Routes 3 and 25 over the Pemigewassett River, Ashland, N.H. ..o
Downstream bridge-face cross sections for (A) 1996 pre-flood and (B) 1998 post-flood data collection,
from left to right bank, Route 13 over the Souhegan River, Milford, N.H. .......ccocvivvivivviniesereeeeee e
Right-bank pier cross section for (A) 1996 pre-flood and (B) 1998 post-flood data collection,

from upstream to downstream, Route 13 over the Souhegan River, Milford, N.H.........ccccoovvvvvivnercicee

1. Selected descriptive characteristics of seven bridge sitesin New Hampshire..........ccoeeeieieneneneseeescrese e
2. Approximate ground-penetrating radar two-way travel times for selected materials.........coooevereinirinienencnenns
3. Flood-flow data at stream-gaging stations near seven bridgesin New Hampshire..........ccoevereieininieninicnenens
4. Ground-penetrating-radar scour data for seven bridgesin New Hampshire.........ccoo v,

CONVERSION FACTORS, ABBREVIATIONS, AND SEA LEVEL

Multiply By To obtain
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
cubic feet per second (ft3/s) 0.02832 cubic meter per second

Sea Level: In this report "sea level" refers to the National Geodetic Vertica Datum of 1929
(NGVD of 1929)—a geodetic datum derived from a general adjustment of thefirst-order level nets
of both the United States and Canada, formerly called Sea Level Datum of 1929.

ABBREVIATIONS USED IN THIS REPORT

MHz =  megahertz
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