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LIST OF REFERENCES FOR SWISS BEAR. INC. 
EPA ID NUMBER - NCD075550517 

1 . The City of New Bern, NC, Street Map 

2 . The City of New Bern , NC, Zoning Map 

3 . NC. Potential Hazardous Waste Site Preliminary Assessment Form 
20 70-12 , 1985 . 

4 . 

5 . 

6. 

7 . 

8. 

9. 

1 0 . 

11. 

Spangenberg , Rachel (Greenhorne & O' Mara, Inc . ) 1991 . Telecon with 
Nanc y Bottorf, Department of Park s and Recreation , RE: History of the 
p roject site and its present condition. March 29 . 

Spangenberg , Rachel (Greenhorne & O'Mara, Inc.) 1991 . Telecon with 
Nanc y Bottorf, Department of Parks and Recreation , RE: History of the 
p ro ject site and its present condition . March 27. 

U.S . Environmental Protection Agency , Permit application f or EPA 
Ident if i c ation No . NCD 075550517 , November 1 4, 1980. 

Lawson, Keith (Division of 
Hudspeth (Texaco, USA) , RE : 
and Williamston , NC) from 
September 17. 

Health Services) . 1982. Letter to W. H. 
Removal of two Texaco terminals (New Bern 

the list of hazardous waste generators . 

Strickland , O.W. (Division of Health Services). 1984 . Letter to W.H . 
Hudspeth (Texaco , USA), RE : Formal termination of permit and interim 
status for hazardous waste treatment, storage or disposal facility. 
March 13 . 

Greenhorne & O' Mara, Inc., 1990. 
Swiss Bear , Inc. site . 

Field Notes , RE : Site visit at the 

United States Department of Agriculture. Soil Su rvey o f Craven 
County . Soil Conservation Service . March 1989. 

Spangenberg , Rachel , (Greenhorne & O' Mara, Inc.) 
Aldridge Renn (N.C. Department o f Environment , 
Resources, Division of Environmental Management) , 
of the Neuse River. April 9 . 

1991 . Tele c on wi th 
Health, and Natural 
RE : Classification 

12 . Nort h Carolina Geological Survey . 1985. Geologic Map o f No rth 
Carolina, North Carolina Department o f Conservation and Community 
Development , Division of Land Resources ; Raleigh, N.C. and Prel iminary 
Expana t ory Text for the 1985 Geolo gical Map of North Carolina (1988). 

1 3 . U.S. Geological Survey. Well Reco r d s and Other Basic Groundwa te r Dat a . 
Craven County . North Caro lina . Ground Water Circular No. 14 . N.C. 
Department of Water and Air Resources. 1970 . 
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14. U.S. Department of Agriculture, Soil Conservation Service, Technical 
Guide Section II-A-2, Hydric Soils. Crayen County. North Carolina, 
March 1990. 

15. Moorhead, Kevin (NCDNR). 1988. Letter to Pat DeRosa (NCDHR), RE: 
List of hydric soils in North Carolina. June 21. 

16. U.S. Department of Commerce, National Climatic Center, Climatic Atlas 
of the United States, Ashville, NC, 1979. 

17. U.S. Government 
United States. 
'Washington, D.C. 

Printing Office. Rainfall Frequency Atlas of the 
Technical Paper No. 40, U.S. Department of COmmerce, 

1963. 

18. Satilla Planning; Land Use Plan Update. New Bern. North Carolina, May 
1987. Certified by the Coastal Resources Commission, June 1987. 

19. North Carolina State Government, Research and Planning Services. 1984. 
Statistical Abstract, Fifth Edition, North Carolina Office of State 

. Budget and Management: Raleigh, N.C. 

20. Spangenberg, Rachel (Greenhorne & O'Mara, Inc.) 1991. Telecon with 
Craven County 'Water and Sewer, RE: 'Water supply for area surrounding 
site. April 1. 

21. Spangenberg, Rachel (Greenhorne & O'Mara, Inc.) 1991. Telecon with 
Bridgeton 'Water and Sewer Agency, RE: 'Water SUpply for Town of 
Bridgeton. April 10. 

~2. DeRosa, Pat (NCDHR). 1989. Memorandum to Superfund Branch Staff, RE: 
Critical Habitats of Federally listed endangered species in North 
Carolina. May 18. 

23. U.S. Department of the Interior, Fish and 'Wildlife Service, National 
'Wetlands Inventory, New Bern, NC, March 1981. 

24. Budavari, Susan, et al. The Merck Index. Eleventh Edition, Merck & 
Co., Inc. New Jersey, 1989. 

25. Sax, Irving N., and Richard J. Lewis, Sr. Hawley•s·condensed Chemical 
Dictionary. Eleventh Edition, Van Nostrand Reinhold Company, New York, 
1987. 

26. USGS 7.5' Quadrangle Maps, New Bern, NC, 1950 (photorevised 1983); 
Upper Broad Creek, NC, 1950 (photorevised 1983); Askin, NC, 1978 
(photorevised 1983); Jasper, NC, 1978 (photorevised 1983); 
Pollocksville, NC, 1950 (photorevised 1983) 

27. U.S. Environmental Protection Agency, Uncontrolled Hazardous 'Waste Site 
Ranking System, A Users Manual, (H'W-10), 1984. Federal Register, Vol. 
47, No. 137: July 16, 1982. 
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28. U.S. Department of Interior, u.s. Geological Survey, Map of 
Mean Annual Runoff for the Northeastern. Southeastern. and 
Mid-Atlantic United States, Water Years 1951-80, Water-
Resources Investigations Report 84-4094 

29. u.s. Department of Interior, u.s. Geological Survey, Drainaqe 
Areas.of Selected Sites on Streams in North Carolina, Open­
File Report 83-211. 

30. Allen, Harvey. 1991. Stream Flow calculation. July 2. 

31. Allen, Harvey. 1991. Wetlands calculation. July 2. 
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Texaco, tpc. should 1-t changed to Swiss Bear, Inc. (and City of Nev Bern) 
site. ( · (-

a EPA 
POTENTIAL HAZARDOUS WASTE SITE 

PRELIM£NARY ASSESSMENT 

I. IDE'. TIFICATION 
~, S .. "~ ~;SITE NUMBER 

~c 0075550517 PART 1 ·SITE INFORMATION AND ASSESSMENT 

II. SITE NAME AND LOCATION 
02 STREET. RO\!TE 00::. OR SPECIFIC ll"'CATIO"' OENT"F€"' 

Texaco, Inc. 200-208 East Front St~ee: 
03CIH 

New Bern 
04 STATE ~0~ ZIP CO'";;£ 1'06 COUNT' 

NC 28506 Craven r
07COUN~l:o~ ~~G 

CODE tJIS~ 

25 01 
"~ COOROINATES LATITUDE I 

35° 06'18" N ---- --·-
10 DIRECTIONS TO SITE IS<•·1""o ''"'" .• .,.,,put:»< rwdl 

Located at 200-208 East Frore Street :na3.r Union Point along the Neuse :;..:.ver. 

Ill. RESPONSIBLE PARTIES 

01fu~X~)X(Present Owner) 
Slviss Bear, Inc.(and City of Ne\·: Be:-:-.' 

03CITY 

Ne\,' Bern 
,., .. . . .... 

07 <J>"t:ffi\tur f.. :..- .-:r-.-v • ......... \ • ao:> U"llt! L J 

Texaco, Inc. 
09 CIT'I' 

Bellaire 

13 TYPE OF OWNE AS HIP IC""' •·•· 
}(A PRIVATE C B. FEDERAL: 

0 F. OTHER 

, 4 C._.._.., E. I=\ OPERATOR ~OTIFIC.&.. TIO~ 0~ Fh .. E ~:,.,.:• .... ,,.,.,,;>., 

P.O. Box 597 (320 Middle Street) 
04 STATEI05 ZIP coo:: 

NC I 28560 
08 STREET r&tv•u. ~ ••s~•"''·•'J 

P.O. Box 430 

10 STATE,I11 Zll' CO::>E 

TXI 77401 

:J C STATE CO COUNTY C :: MUNICIPAL 

= G UNKNOWN 

"'-1. RCRA3001 DATE RECEIVED 11, 14, 80 C e U~C;)-.~0LLEDWASTESITE•:!~:~103c! DATERECEI\IEO. 1 
.,.....c.'\ M=:t"'~"" c&. YE~ t..~e,-_ ca .. YrA.R 

IV. CHARACTERIZATION OF POTENTIAL HAZARD 

0 C. NONE 

C YES 

~0 

= A. EPA :. :; EFA CO~TRACTOR i::: C STATE = D c--::R CON7RACTOR = E LOC.e.;. HE..O.... 7l-t OFFICIAL C F OTHER 

CONTRACTOR •.:._v=:(S) 

02 SITE STATUS IC''<<' ono, 

G A ACTIVE ~·INACTIVE [j C. UNKNOWN 

o• DESCRIPTION OF' SUBSTANCES POSSIBLY PRESENT. KNOWN. OR I.UEGC:: ~ ·~ - " ., 

Leaded tank sludges p::>tentially bur:.e:S on-site, as this was co::no::1ly ::::::-acticed by 
the petroleum industry prior to 198C. 

0!> DESCR:PTION OF POTENTIAl HI.ZARD TO ENVIRON~ENT AN010R POPUL-O -oo. 

Potential burial of leaded sludges c~ facility site. Site is slated ~o become an 
extension of an adjacent partk (l"ni.:~ Point Park). It is believed t:.at any buried 
wastes could proPJse a health tlrrea::. ::.o park users. 

V. PRIORITY ASSESSMENT 

01 PFuOH.tTY FOR INSPECTtON !C••:• o"'• ,~._,.D.·"'•cfiU"'"II c1'!KIH cOI'f'll'irr• l'v; .,,.;:• "''~'oO""•r.a''" 3 O.scrc-r011 o'~l:l'~' COt't41tt01": ,-.c ~~>c:~_,., 

[;A. HIGH '-XR MEDIUM = C L:)ll'l Li 0 NONE 
(lnJP•'IIQni•Ou,•iJP'O·~~··r· /- ........ (lnJP•CIIOit~l41 t~·.:...-=-DI'I,_...,.tl..lblfNI•J ,lliolurtft••eefiOt'lft··~ '~~,......~JJI.t()ft~ 

VI. INFORMATION AVAILABLE FROM 

01 CO'lTACT 03 TELEPHONE NU ... 9ER 

MarVin Davis Swi~~ Bear, Inc. 1919 638-5781 
06 ORGANIZA TI0,._----.,-1'0 7-T-:E-l-E ~:-.. -0-'-E-,.,.-:;-u-:;~"": t::,_--f-0-!_0_A T-E-

S&HWHgmt. 9191733-2:78 lt18t85 
~TH OAY "[AR 

fWERS<lNHt:.~'U'~SIBLE fOR lS:;lS5~ENT 

Lee Crosby I D. Mark Durway ~c o::.?.. 
EPA fOP.V 2070· I 217·1111 

MD Reference 3 
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POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICA liON 

SEPA Cll SlA ll~O~ SITE NU.,S£ R PRELIMINARY ASSESSMENT tlC D0755505J7 
PART 2 ·WASTE INFORMATION 

II. WASTE STATES, QUANTITIES, AND CHARACTERISTICS 

01 PHYSICAL Sl"TES tC•oc• o•l'llflt>Dirl 02 W"STE OU"NTITY "T SITE C3 WASTE CH .. RACTERISTII:'~ . .:,oo•otr•IIIPP'rl 
,,., • .,~ •• , c-· ••s·• ova-tilt ... 

)(A TOXIC .~ E SOLUBLE I HI[,HL y VOL.tliLE 
L!" SOLIO i ' E SLURRY ....,1,,., t• ... a•:•ntst"'r: 

L: B POWDER. FI~ES ><:! LIOUIO TO·~s _llnknown_. , ·_. B CORR.JSI\IE ~ F INFECTIOUS ~I J [.Xr>L051VE 
. -c RADIClCT:\ E ~: G FLAMMABLE 1 ~ K R( "CliVE ><!:- SLUDGE G GAS 

Y,_p PE RS•SH ,... X1-< IGN•1 ABLE , . L INCOMP" TIBL£ curu: 'ARDS --·- M NOT APPLICABLE 
0 OTHER ----

tS:'•C'dyJ ~0 or DRUMS--------

Ill. WASTE TYPE 

CATEGOR' SUBST "NCE N"ME 0 1 GROSS "MOUNT 02 UNIT or I.'EASURE O~C.:'VMENTS 

SLU SLUDGE llnknn't.m 

OLW OILY WASTE Unknown 
SOL SOLVENTS -
PSD PESTICIDES 

occ OTHER ORG:.NIC CHEMICALS 

IOC INORG.O.'IIIC CHEMICALS 

ACD ACIDS 

Bt.S BASES 

MES HEAVY METALS Unknown 
IV. HAZARDOUS SUBSTANCES :Su Ao;o•O•• to• '"O" •·•o••···~ c"o: CAS ""mb•'" . 
01 CATEGORY 02 SUBSTA'<CE NAME 03 CAS "iJMBE F; O• STOR.lGE D•SPCS-'<. Uolt•OO 0~ CCNCENTRATIO"< ~f VEA.S~I=\£ o:: 

C0•-4:E,.._ :c..a. !tO"'-

DOOl EP lgni table -- accumulated in I Unknown 
D008 Lead 7439921 tanks, which \.·ere II 

K049 Slop oil solids - ? -- cleaned e\•ery 3-5 II 

KOSO Heat exchbnger sludge-': -- years; potent:..al " 
KOSl API separator sludze -? on-SJ.te a1spc~al II --
K052 Leaded tank bottoms-? 

pn.or to l.~bu 
II 

V. FEEDSTOCKS ~~·••:;•-•·• •o· c•s"""'''''· 
CA~EGOR< (11 HEDSTOCI': NAME 02 cAS •;ui.'BER CATEGORY 01 f£EOSTQCI\ "~VE C;' CAS '<:NSEC: 

FD~ K/A FDS 

FOS FDS 

FDS FDS 

FD:; FOS 

VI. SOURCES OF INFORMATION '''"'""'""""'•·•""" •v ., ••• ,.., u••r-e•""' '""""" 

1. RCRA Part A, 11-14-80. 
2. \.J .o. Hardin-@ Texaco, Inc., Bellaire, TX, telephone conversation, 1-17-85 
3. Charles Shelton @ Texaco, Inc., " II II 1-18-85 , 
4. Hartin Davis, executive director of St..•iss Bear, Inc. , telephone conversation 1-22-~ 5 

EP.O.f0RM2070 12 (7-81) 
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TO: 

FROM: 

DATE: 

SUBJ: 

Reference 4 

GREENHORNE & O'MARA. INC. 

Memorandum 

File 

Rachel Spangenberg ~~ 
March 29, 1991 

Telephone conversation with Nancy Bottorf, Director of the 
Department of Parks and Recreation, New Bern, North Carolina (919) 
636-4060. 

Ms. Bottorf informed me that the storage tanks used by Texaco on the 
site were removed and taken by barge up the Neuse River to North Craven 
Street where a fertilizer company, Royster Co., uses them to store 
fertilizer (possibly liquid nitrogen). She also said that Texaco is 
believed to have stopped operations at this site in the late 1960s or early 
1970s. The Swiss Bear, Inc. site is presently called Duffy Park, its an 
extension of Union Point Park, but was dedicated as Duffy Park in memory of 
an active community member. 
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TO: 

FROM: 

DATE: 

SUBJ: 

Reference 5 

GREENHORNE & O'MARA. INC. 

Memorandum 

File . y 
Rachel Spangenberg ~ 
March 27, 1991 

Telephone conversation with Nancy Bottorf, Director of the 
Department of Parks and Recreation, New Bern, North Carolina 
(919) 636-4060. 

Ms. Bottorf informed me that the LVCF grant was given in 1985. The 
Texaco parcel was given to New Bern from Texaco (approximately one acre), 
this is where the tanks were located. The other two parcels, that make up 
Duffy Park, were owned by Swiss Bear, Inc. who sold the land to the city 
(basically at the cost of taxes only). Ms. Bottorf is unat.Tare of any 
sludge being buried on the site. She ·assumes that when the tanks were 
cleaned that the sludge was taken to a dump area. The City knew at the 
time the tanks were removed that the site would be a park. The cement pads 
were "clean as a whistle." The park is now owned by New Bern and operated 
by the Parks and Recreation Dept. Grading of the site was done after grant 
was received in 1985. Not certain where the tanks were taken once they 
were removed (she will call me with that information). An environmental 
report was done for the park (she is sending me a copy of that report). 
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,.. .. GENERAL INFORMATION ~--
- (;()nsoli~tn! f'.trmits Program 

11l~~a, IJ..• ._r..-... -1 f,...,._,.,.N,.••" ,._,,.. ... et~"• I 

AI.. 11'<5 RUCTIO 

If a preprin~ed la~l has ~n pr:;.-i~&d. r.f ..... 
EPA I.D. #NCD075550517~ 
TEXACO USA A DIVISION OF 
TEXACO INC. 

L it in the de$ignat&d ~. Rrview t.•.e infor.­
ation C8rdully; if any of. it i:s inc:;·~ct. O"C 

through it and en~r the corrKt eata in t' 
appropriate fill-in at&8 below. Alsc, if any 
the preprinted data is abJent ftt:1 1~11 to r 
left of rne '"~' s:p~ listt rne informni. 
rhet mould eppNr}. plea2 provi~ it in t· 
proper fill-in arn(:J below. If ~~..e ta::.et 
r:ompleta and correct. you ne-e-d n~ eom;:;!e 
Items I, Ill, V, and VI (e:xupt VI-E wn.;., 
mvs: ~ compltm ~rdle:nJ. c.:..-;:;:ete 1 

items if no label has ~n pro....ice-::. Refer 
the instructions for detailed item dMa 
tions and for the 1~1 authorizr.i:;ns unc 
which this datll is coli~. 

P. 0. BOX 4582 : : -: .... 

ATLANTA, GEORGIA 303QL - .... " .. 
•• ... I • _1 • : 200 208 E. FRONT STRE~T 

NEW BERN, N.C. 28560 

INSTRUCTIONS: Complete A through J ttl determine whether you need to submit any permit app!it4tion forms ttl the EPA. If you ar.:rvu "ye1" to any 
questions, you must submit this form and the supplemental form listed in the parenthesis folic .... ing the question. Mark "X" in the box in the thi~ :olumn 
if the supplemental form is anached. If you anSVt"er "no" ttl each question, you need not submit any of these forms. You may enr....er "no• if yot.:~ a.=tivity 
i1 EXcluded from permit requirementt; ~e Section C of the instructions.~ eiso, Section 0 of t":e inrtru=tions for definitions of bold-f~d turns. 

SP'ECII"IC QUESTIONS 

A. h this facility a publicty owr...d tl"$4tm&nt works 
in a dis::.!1ar;e to wrt&l'l of tht U.S.? 

SP'ECI I"IC QU ESTIOI'IS 

B. Does or will this f&ei!ity (~ithu txilting or Pf'C'P~} 
include e co~td anim&l !Mding ~on or 
aquatic anirr~ production !~ility whic:l1 results ill a 
~--..e to wwt~.WS crl ~U.S.? (FORM 281 

Do you or will you injK'I 111 tnis facility ir>dustrial or 
municipal effluent l::.elcw the I~ stnrtum con­
taining, within ooe quar:er mile of the well bore, 
uneergrour>d wu~ of drir.idng water? (FORM 41 

H. Do you or will you inj~ r. this facility fluids for s;>&­

cial pro-:e.= s:.Jc:."' u mining of sulfur by the Fl"t$Ch 
proces, sotutior. mining of mi:-:e~ls, in situ combu.­
tion of foni! fLJtl, or reQ:)wry of ~:he-rrr.al !ner~7 
!FORM 41 

Reference E 
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n2..NI!:W I'"ACII..ITY (Complrtr item ~!01. 
'li" FOR NEW f'ACII..: 
,....,:-:-....,...,.-.,.,..,--,r-r-""=""'""="""' I' R 0 VI Dr; TH £ ::::" 

I 
, .. ,_ .,. " ,. 

B. Rt:VISED APPL.ICATION (piau an .. X"bdowC11dc:omplrttl:eM ]a!>OIIt) 

01. I'"ACII..ITY HAS INTERIM STATUS 

Wwo. ~ .... (~r ••. mo.,&d.a'tJO' 
TION BEGAN OR 
EXPECTED TO BE ,- ,- r.,- ~· 

Oz.. f'ACII..ITY HAS A RCRA P'ERMIT 
n 
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·:· 

<'l<•""!U··•--c 
A. PRU.:ESS CODE- Enter the code from the list of prC>Cel codes t>el~w -:hat be-1t descril::r!s eacJ'l proc= to be used at tl'le facility, Ten lines a~ providec 

entering codes. If more lines are nee:::!ed, ~r.ter t.">e code(s} in the s;;.a::e provided. If a pro=s will be used t.">at is not included in the list of coc~ bel::w. 
ce-s.=i~ the pr~ss (including its design c~iry} in the space provided on the for:n (Item lll·CJ. 

B. PROCESS DESIGN CAPACITY- For ea:.'l code entered in column A enter t.'le C3pacity of the p~. • 
1. AMOUNT- Enter the amount. 
2. UNIT OF MEASURE- For each amo .... nt entered in column 8 (1 ), enter the code from t."le list of unit measure rocles below t."''at descriOO, the unit~ 

='"'e3sure us.ed. Only the units of measu"t that are listed below ~!'>ould be used. • 

PRO. APPROPRIATE UNITS OF - PAC. A??ROPRIATE UNITS C 
CESS MEASURE FOR PROCESS CESS MEASURE FOR PROCEE 

PROCESS CODE DESIGN CAPACITY PROCESS CODE DESIGN CAPACITY 

.. _ ..... 
•• t -­............. 
:· ~ ... · 

~.._:l AeLICATIOH. • 
O.;::CAN DUPOSAL C.. 

L.:.1 
SURFACEIM~UNDMENT 

U\;!T OF MEASURE 

sri 
502. 
SOl 

so .a 
·.J 

p~ 
plo 

OJ' I 
Q&2 

:=> 
·cs:s 

CAI..l.ONS OR I..ITERS 
C"ALl.ONS OR I..ITERS 
CUBIC YAROS OR 
CUBIC METERS 
CALL.ONS OR I..ITERS 

CAI..L.OI'fS OR LITERS 
ACRE-FEET {thr vo/umr that 
w~uld·cov~r ont ac~ to o 
erpth ot on~ toot) oR 
HEC:-r:ARE-METER 
ACRES OR HECTARES 
CA1.1.0NS PER DAY OR 
LJ.TERS PER PAY 
CAL.I..ONS OR I..ITCRS 

UNIT OF 
MEASURE 

CODE UNIT OF MEASURE 

T~ent: 
TANK 

SURf'ACEIMPOUNOMENT 

INCINERATOR 

OTHER (U.r for ;>h'{r'.cal, chemical, 
thenncl or biolofica. trra:ment 
prcx:e'u' not e>cc~.orrinr in tcnlu, 
rurf:;.:e impO'-'·,~-nentJ or incintr­
otora. Dcocri!>t thr pr-xrase• ill 
V':t 1poce ;>ro~~d; l:rm 111-C.} 

TOt 

T02 

TO:S 

CALLONS PI!:R DAY OR 
LITERS PER DAY 
GALJ..ONS PER DAY OR 
I..IT'CRS PCR PAY 
TC:-<S PER !-tOUR OR 
MCTRIC TONS PER He\.:· 
GALLONS PER HOUR c= 
LITCRS I'ER !-tOUR 

GAI..I..DHS PER CAY OR 
WTCRS PER DAY 

UNIT OF 
MEASURE 

CODE UNIT OF MEASURE 

UNI 
ME..:. 

cc 
C-'LLONS. , •• , , , • , , , , , •. ~ •• G I..ITERS PER CAY ••• , ••••• , • •, V A C R E•f'E ET, ••••• , , ••••••••• 

HECTARE-METER •• ,,.,,,., •• 
ACRES •• , , ••••• , ••• , •••••• 
HECTARES, •••• ,;.,., ••••• 

LI":'ERS , •• , , , · •• , • , , , •• , ••• 1.. TONS ,.ER HOUR , , , , , , , ••••• , D 
CUBIC YAROS ••••••• ,. • •••• , Y METRIC TONS PER HOUR •• , •,,, • W 
CUBIC METERS • , , , •• , ••••• , • C CALLONS PER HOUR • , • , , ••••• 1!: 
CALLOHS PER DAY , ••• , ••• , , • U LITERS PI!:R HOUR •• , , •• , , ••••• H 

E..X~\.\?LE FOR COMPLETING ITEM Ill (shown in line numben X·1 Vld X·2 below}: A facility has two store~ tanks, one tank a.n hold 200 oallons ar>. 
o:~ .::an hold 400 93llons. The facility also has an incinerator that can burn up to 20 gallons per hour. • 

DUP .~\ \\\\ \~\\~\ \\\\\\\\ ~\_\ \ . , 
B. J>ROCESS DESIGN CAPACITY 

%..UNIT 
B·A.PR~~--------------------------~------~ 
- CESS 

t;.;:; CODE 
z;l(from lut 
::i ==. "b-<H>~} 

1. AMOUNT 
01'" MEA 

SURE 
(IP't:if-y} {rnter 

cod•J -· . • •• . f1!-
X-: S 0 2 600 G 

x-i rio 3 20 E 
I 

~ 
I 

'10 1 2000 G 

- ,/o - ') 2000 G 

- ! I 
I 

c:: A. PRQ-FOR w CESS OFFICIAL CD 
USE w~ CODE 

(from lilt 
ONLY :::J abo~~e} 

.JZ 

B. PROCESS DESIGN CAPACITY 

1, AMOUJCT 

. • .. . .. • .. 
5 

6 

7 

8 

9 
I . I . 



?ETROLEUM PRODUCTS k~D TRANSPORTATION TERMINAL. 

I 
I 

XIII. CERTIFICATIO~l (SHinmvc::iom) 

I ~-:.'fy under penalty of l6w th6t I h~ personally ex6mined and am familiar with the information submitted In this ~pliC3tion 8f)d 4/. 
8:-:~"Jments and that, b8~ on my inquiry of those pers::Jns immedlately ~omible for obtaining the information contained in the 
e.=-::-.';"=:J;ion, I believe that the information is ttve, occura~ end complete. I am s~rs r/'.3t there are $1'gn/flcent penalties for wbmittitY. 
~~ ·.::::;o i.'lformation, induding the possibility of fi~ and_ imprisonment. · . . . · . . . ..• . -

C. OATC SIC.,..CO "· "'"'->•<I: A Of" r' IC IAL TIT LC (r)f.t 0' e_nlt!J. 
C. A. REISDORF, viC~ !"'RESIDENT 

::-•.·v;:•.;TS FOR OFFICIAL lJSE OrJLY 



til'lutd from tht front • 

. PROCESSES (continrud} ;.;"_ 
SP'ACE f"OR AC'OITIONAL. P'ROCESS COOES OF. 
rC:L.~·OE OES..oGN CAPACITY. 

• f"OR EACH P'ROCESS ENTEIU:o '- "< 

I 
I 
I 
I 
I 
DESC~TIONOFH~ARDOUSWASTES . 
PA H~ZARDOi.J w TE NUMBE - Enter the four-oo;•tnum:::>er TfOfT1 ;:;;::;;, 5'-'::>par. D for eac..'l listeo r.~roous v.as:e you will handle. If you . 

.. ;:n:::e !'la:arc!ous wes~es which are not listed in 40 CFR, Subpart D, enter tht four-<ii;;:t numbeds/ from 40 CFR, St.:!::l;=.art C that describes the ~ara~ris­
t;:-s and/or the toxic ~ntaminantJ of th~ haz:a;ojous wastes. 

I STHwlA TED ANNUAL QUANTITY - For each I~ v.~ entere-d in column A er.imate the quantity of that waste that will be handled on an annual 
~sis. For each cl'lan!oo..~isti<: or toxie eont3mir.ant entered in column A enirr.ate the to-:31 ann~,.:<~! quantity of all the non-listed war~(s} that will be hand:ed . 

... ~i;:h p...~e::s that c...,aracteristic or ~ntaminant.. · 

~~~;a~ MEASURE - For eacll (iuantity ent~ in column a en::er the unit of l':'~aw~ code. Units of m~ure whi_c:h must be used and the .appropria~ 

E>.JGLISH UNIT OF MEASURE cop;_ t.'ET·':tC UNIT o;= ~.1 EASURE CODE 
POUNDS-•• ,,,,, •••••••• , •••••• •. •. 1' KILOGRAMS., • ••• ,, • , •••••••••• , , , K 

I 
TONS. , • , • , , , , •• , ••• , • , , • , , , • , , , , T • METRIC TONS, , , • , , , , ••• , •• , •• , , , , , M 

!c:cil::y reco:-d.s use any other unit of me!lsure for quantity, the units of rr.=-ure mus-: ~ eon-..e~ into one of t.'-:.e required uniu of m~sure talc in; imo 
~::.,:..>:-.~~I-.e a;:>;:.roprio~e density or ~ific graviry of the .... ~. 

I RO:::C:SSES 
PROCeSS CODES: . 
F::-! I~ h=aTdous ~: For each li:st&d hazardous war.a en:~ in column A sele-ct the c:ods(sJ from the Jist of~ codes contained in ltBm Ill 
to ir.ci:ste hew the waste will be stored, tre:;r.ed, ~nd/rx dispos.l'd of at the facility. 
F~ nor.~irtMf httartk>us W!:m~S: For each char.IC'teristie rx toxic contamiM.,t ent~ in column A. sele-ct the r:ode(s} from the list of ~codes 

I .:c~'::9onf'd in Item Ill to indicate all the pt'OCeSSaS that will be used to nore, treat, and/or dispose of all the nol'\-listf'd h!l:ardovs·wastes tha1 pos:s.ess 
t!':;r: r.haracreristic or toxic contaminant. 
N~: Four ~;:.aces are provided for enteri09 PI"'Oee'U codes. If more are om&d: (1) cntt!r the first thr~ as desc.ribeO a!::>ove; 121 Enter Mooo• in the 
e>;m:me rig !'It box of Item IV-0(1); and 131 Enter in the sp&ee ~on page 4, t!-.e line number and the additional coee(s}. 

1--··.·FnOCESS DESCRIPTION: If a code is not list"e'd for a proc:eu thst will be used, c!=i~ the proces:s In the space provided on the form. 

HAZARDOUS WASTES DESCRIBED BY MORE THAN ONE EPA HAZARDOUS WASTE NUMBER - Hezardcx.os WHtes that can be described by 
·; t~:l one EPA Haz.ardous Waste Numbef" shall be described on the form as foil~: 

I
. ~:~: one of the EPA Ha2:l!rdous Walle Numbers and enter it In column A. On t.~e same line complete columns B.C. and D by estimating the tot.al annual 

c:uentity cf =ae wane and d~ibing ell the p~s to be ~to trffi, nore, and/or dispose of the WMte. 
lr. column A of the next line enter the other EPA Haz:ardous Was-..e Number that can be u~ to ~ibe the waste. In column 0121 on tha'tline entef" 
-i!"l:!~o.C~ with abo-..e" and make no other entries on tha11ine. : . 

:l. P.e~t nep 2 fo~ each other EPA Haz.ardous Waste Nuznbe.r that can be used to descri~ the hazardous wsste. 

1\,?LE FOR COMPLETING ITEM IV (shown in lin~ num~n X·T, X·2, X-3, 11nd X-4 ~lew}- A f&cility will treat and dispose of an estimated 900 pounds 
cz: ::i chrcme shavings from leather tanning and finishing opemion. In addition, the facility will treat and dispoie of th~ non-listed WtlrtH. Two WMtts 

=.:lr: .:::-.:~ only 3 nd there will be an ntimated 200 pounds per year of e&eh waste. The ~er waste Is corrosi-..e and i9nitable and there will be an es1imeted 
~ .=-"':mes ~r year of that waste Trnt:nent will be in en incinemor end dispasal will bt in a landfill . . -
I 

. 
;..E?A ~.UNIT D. PROCESSES I 

tiAZAflD. B. ESTIMATED ANNUAL r" MEA 

• '!ASTENO QUANTITY OF" WASTE 5UR£ 1. f'ROCES5 COOES 2. P'~OC!:55 DE5CFtiPTIOH 
(~ntcr {'"'''' (If a ct><U II not '"""'d 111 D(ll} I'• •.:cr cod~} C:odl} 

!.do 5 
I I ., I I I I I I 

4 900 . p T03D80 . . 
oJo T I 0 I 3 'D I 8 I 0 

I I I I 

0 2 400 p 
i 

. 
I 

D:olo'JI p T
1

0
1

31D
1

8
1

0 
I 

I 
T I 

100 __ u .. . --. -·-- - ·-· ... . -- --·· .. - - -·- -I 

I . 
; 

; 



·-- ,.. __ .. -...... ·- ·-·.-
~'=".., p~gr 2. · 

·&.!! t'IV" ""'' "''' P'fl' b<fo" complodng :f,_rou \ ~ <h•n 25 _,.., to"" , . Fonn APP'"''\\\\ \\ 
F :t!c 'J; ~~M·~~ ~~T Tn:~ ~. .o~ ~·; .. ··L" ~.~1J .. o ~ P .. ~ 
'"~ESC Rl PTI ON 0 F HA ZA RDO US WASTES ( conNnu ,a I ~'O':C..O:: =~"''"'·~· ?-<. • "'"'!'~ =' '-'l'io'N'.:i;'-i'.l:i" ,~ .. -:. ""' I A. EPA ·. c.utHT D. PROCESSES 
· u HAZARD. B. ESTIMATED ANNUAL o:~:t· 
~ Z c) rNAST£ NO QU AN;r.lTY QF WASTE (tnt•r 1. PROCE:SS CODES 1. ,.ROCESS OUCR IP'TIOH 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~ z {tn t•r eot:U} ( ... I • r:ocU} («ntn} (If" r:od.l u not tnt• red in D( l }} 

__It . ,. 
~ .. - .. 17 • u 17 • ,. f :' . " 

I T ' ] D lo 0 , ..-cr-tcw 40000 p SOl 5 (') 2 TANK "RO'T'TOM~ 
I : .. I I I T 

2 to 0 c 8 ,~- j ·, :1 (. . "': .- .... p SOl ls (') 2 TANK BOTTOMS . . ~ I o\ • • • ·. \ 

r T • ... 
j 

I I I --. 
4 

I· I I I 
I I 

5 
I - . .. . 

I I I 6 I 
I 

I I I 
I I I I 

7 ! 

I I I I 
I I I 

I 
I 

8 
1 I ·I 

I • 
I 

-9 

I 
• I I •• I 10 

111 I 
I 1 TT T . 

I 21 I I 
I I • . I I 

i 

I I 
T I I IT 

13 ' ' ; 

I. I 
T I IT . 

14 I 
I I 

• T 

I 
I 

15 
......_ 

I I I 
I I I I 

16 

I I I 
I • I • 

17 I 
1 s 1 I 

I ' I i 
I I 

I 

l 
I T I ' I I I 

"19 

·I 
I I I I • T -~ 

20 

21 1 I I 
I I I I . I l -r I 

I 

I I 
l I I I • I 

22 

I I 
I I I I . 

I 
I 

23 

I I I 
I I I • I IT 

24 

I I I 
l J r I I I ..,-_.) 

I 

~.; I i I I I 
I I I I I T I -.... ..... - ·-·--- -. ----- -- --- ----- ---~---



I 

I 
I 
I 
I 
I 
I 

-

. ~AClliiTDRA~mG 
: e-..ir.ir>s !;;;:ilities must include in th~ space provided on pa;~ 5 a scai~ :::~awing of the facilitv r~~ insc-... :':le>ns Iormor~ a~ -:ail}. · 

.i'HOTOGRAPHS)W~""ft-?£:1\§~~~~-~-
.. i-~x!s"<in; facil_ities must include ~holographs (aerial or groun=·-:evel)_that clearly d~lin~ate all ~xisting stru.·~ures~ existing storage, 
•;:: .:':"l~~t <!nd d•s;:>osal areas; and s•tes of future storage. treatment or d•soosal areas (sf!f! ms:.-'.X:Ions for mor: detatl) . 

• i. F..;..:Ji..i.7Y GEOGRAPHIC LOCATION~~~=~ . .-·~ ....... -~;~:;......_..,_....::::.:..... . . :_;~~.$.' ~- _:..-...-:- . . . · 

!i 1. ::- ACiL!TY O'n"!'iER ,.._";!,.~~--~--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

1~: A. I! :~e ~a::il.ity owner is also the facility operator as line-d in Sea;on VIII on Form 1, "Ger.erallnf:.=.ation", place ar. "X" in tl'le box: to the left and 
ski:> to Section IX below. 

B. l! t!-.~ facility owner is not the facility operator as listed in Section VIII on Form 1, complete the '~:::wing items: 

1. NAME OF FACILITY'S Lf:CAL OWNER %. P'HON£ NO. (arra codz & no.} 

.... 
3. STI'f££T OR P'.O. BOlt •• CITY OR TOWN 5.ST. 

" '~ti(;&,;- ·-~· . "'... ~~. • . ··- ... 

... ~:-tify ur.c'~r penalty of law that I have personally exa.-:1ined anc am familiar with the infor.r.a:ion submirre-:: in this and all attached 
c:u.~!!r:s. e:nd that based on my inquiry of those individuals immediately responsible for otr:;:i."'ing the information, I believe that rhe 

l mi:-:::: .·.-;.~ormation is true, accurate, and complete. I am awa.--P that there are significant pend/ties for subr::lrting false information, 
/ud:'n; ::·;e ;>ossibility of fine and imprisonment. 

VICE 
PRESIDENT 

C. OAT£ SICNI:D 

NOV 1 4 1980 

l
~r.if.•· ;...-.=·f!r penalty of law that I have pen~mally examined and am familiar with the information submirr~ in this and all arrached 
~um=:n:s. and that based on my inquiry of tho~ individuals immediately responsible for ob!aining the information, I believe that tfle 

. ::.7: ::-:~=·;~"!formation is true, accurate. and complete. I am a~~ that there are significant p.enaltiet for submitting false information, 
~=iud.'.-:; :..-re possibility of fine and imprisonment. 

1 . ..:.. ... E ·:-:-,r or ryp'J 

•• !._. ?.E!SDORF I VICE 
8. SICNA~kt ./""" / .._ 

~ / -:X'--. -~ 
C. DATE SICI'ItD 

NOV 1 4 192~ 
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- :.: ..-. _ 1 \1 E n March 2 3 , 19 81 

E c!'·'";,:-·:..~~IO.Vh1!L ;;~ •:. 
.~ ·' /:;..~ ~!: I LJ-o I I: :.; : 

•. • ~ !" 
- -·- : . . 'i 

;J.- .i: -;..,:;~,.:: i,~ ·,··:;·:; .. I 

EF'A Region I\rr. L.J 1£. _;tlif:J·i~0!"1 
RCRA Activitief;··.·.·.. ··.,.-
t-t R M 1;... Li ! l,.l ;~. ' , . : •. : ·"" J r. • . Ta .J. l% ·. ~ , .~. · 1 

3~5 Courtland St~J~t ,·_;i! 

Atlanta, Georgia 30365 

~ear.Mr. Tallini: 

ENV-RCRA 

TEXACO ISC. 

P. 0. BOX ~582 
ATLA.~TA. GEORGIA 3030: 

404·321-441 r 

This is with reference to our phone conversation on Friday, 
r1arch 20, 1981, on the following Hazardous Waste Permit Applications. 

~reensboro, N.C. 
~ayettevill~, N.C. 
:\e.,.,· Bern , N . C . ' 
Williamston, N.C. 
.:-...;-ex, N.C. 
:.: .... ·Creek, N.C. 

EPA ID ~ 
NCD096165121 
NCT000623199 
NCD075550517 
NCT000623223 
NCD086326i~l 

NCD046148318 

PAGE 3, LINE 1 
COLU~lN B 

66000 
66000 
40000 
40000 
50000 
66000 

With reference to page 3 of 5 on all of the above, the 
.::. :;,ount shown in Column on l.ine one ( 1) is 1 is ted as 0 to 66000, 0 
~o 50000, etc. The reason tor this is that this is tank bottoms, 
.::.nd these tanks are cleaned about every three (3) to five (5) 
years, so some years we will have zero (0) waste and some years we 
~ill have the limit shown. Since you must have a figure for the 
~~~puter, I have shown the figure to the right of those listed 
3~ove which is the same figure shown on page 3, line 1, Column B. 

All of the above should have the phrase "INCLUDED ABOVE" 
~~ ?age 3, line 2, Column 0.2. 

I think this corrects the items that we talked about. 

This office is being closed as of March 31, 1981, and 
.::.:1 the activities will be handled from our Bellaire, Texas office. 

For future contacts on the above, please write or call the 
=~llowing: ~. 0. Hardin, Environmental Protection Coordinator, Texaco 
=~=·, P.O. Box 430, Bellaire, Texas 77401. Phone 713-666-8000. 

Yours very truly, 

T E:>:ACO INC. / 



-·"~ -------..-.-- ----- --. 
RESPONDENT CONTACT RECORD (flCn) 

FACILITY 10 t-:U~.AOER COMrANY NAME I . 
I 

Aft:v ~7 lt0lc. l-1l (}l-zls-15t sE(l I .-r1 1 1 71' -- ()..S/1 / tfi_c-e,<.) . 
COMPANY ADDRESS CITY STATE AllllREV. ZIP CODe 

. rn I I I I I I 
CONTACT PERSON'S NAME(fiTLE TELEPHONE f·'UMllER IINCLUDE Ar\EA CODEI 

t.0, o. /-/.<A.£.(;/} h~~. /1rJI ao,-..cf I I I l I I I l-1 I I I I 
CONTACT RECORD 

DATE 
CONTRACTOR'S 

ITEMS DISCUSSEO/AESOLUTION INITIALS 

.~)·Z.~ ,.4 3 • 1 v" 

-f/lt _;;_;Y'/}0() /(.llf/]~ .S -/vr<::A-1 -/D~_k'.J o-/ /l.cc/tc.! ~(}/,.~(. 
I u 3 ,_ r,_) ~, 

(Ill-._ -/a.J(_,(s tl~t~ (·:/cL .-""',{ ( c:l Eu-:J .. -:J (5-t'f'~ 0~ .Y-4 £/!.', c:rrc:. 
-!tic. D ,.._n u \! .. ./ )j:..J z":'.._:t'r I f. 0 t.J/1 i.u l,.,z{;rx t;.c/ cvz.....~, 7-'t/\."l (fY' Ll f/'!-( /")Jtjl} • 

~. . ,U ·,J ...._, 
._t(~""'(_ o I ..;-t,c.. da,;la_p rtc.. { XJt.--,c:1 /} ~ fd.; ~ /Ja..u"G (h~ 0'<..( /Y)r 

ffr.1A,<;l.~ ~ ' :~~ ·~ ,~0 
... ../ . ,_, 'fi (,) -~ / 

tv '..../ .,{ -/--1/ E... U/YJ0 -h Sr<!_/'f.., • -;., f._. 1 o (j r 
r.u tJu/t /J ,,., (.__./ 

t,aci" Cfic; c. .. 
.// LJ0 .b 

I "?C./c.' C( tc( l·_, 1 /It . -j; 'J L · ()(} / . 

. ct<JoL I . 4/.)1"'; I .;.!;~ r-1-//?-;:/~ o-/7~·~ /IJ rr; c/U/"7-.:, ·-td /h.ur/c;._ 
/Yl r/c; 1' r cu.-a.:.<. /S. (r.l /"YIO~f "- /~rA"" c.-t~&'YI'-'?s 

....._, 
'~IV' C~-<..r-r-"0 P.;('{r:,'\._. -

<~ -fl-lic <~ lx..ut.... I &S u (.. {J.,..cf! j_~ ~n·u,,ff. Cl_., /)\.;,J . -;fu:.(_/, j /YJ(t~~ 
, / " 

,:t-d .. -L. t.,..{. >-~ o-....<e_.r:' I~,...._,E:.. # . 
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DIVISION OF HEALTH SERVICES 
P.O. Box 2091 

·Raleigh, N.C. 27602-2091 

Mr. W. H. Hudspeth 

September 17, 1982 

Environmental Protection Coordinator 
Texaco, U.S.A. 
P.O. Box 430 
Bellaire, Texas 77401 

Dear.Mr. Hudspeth: 

Reference 7 

Ronald H. levine, M.D., M.P.H. 
STAlE HEALTH Dl~ECTOR 

In a conversation a few days ·ago with Mr. W. 0. Hardin, I 
found that Texaco has closed its terminals in New Bern (NCD075550517} 
and Williamston, N.C. (NCD000623223}. Unless there is some special 
reason for not doing so, we will re~ove these two locations from our 
list of hazardous waste generator~. 

He hope this procedure vti 11 be satisfactory to you. 
please advise us promptly. 

If not, 

KL: 1 c 

cc: Mr. Emil Breckling 

Sincerel'' · ·· . •.J_; ./ 
._/7/ .l":f / ,. A 

· L,.t: "t '"v "'\ l{-~-')'4-t~~ 

Keith Lawson, Environmental Chemist 
Solid & Hazardous ~aste Management Branch 
Environ~ental Health Section 

...... I I ~. o' I'\ t f 
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Reference 8 

e o c-
l~lo_J ~~-------------------------R-on-old~H-.-le-vin-e,-M-.D-.,-M-.P.-H.--
n y 1 STATE HEALTH DIRECTOR 

DIVISION OF HEAlTH SERVICES 
P.O. Box 2091 
·Raleigh, N.C. 27602-2091 

CERTIFIED MAIL 
RETURN RECEIPT REQUESTED 

Mr. W. H. Hudspeth 
Texaco, Inc. 
P.O. Box 430 
Bellaire, Texas 77401 

Re: NCD075550517 

Dear Mr. Hudspeth: 

March 13, 1984 

On November 16, 1983, in response to a formal call for part B of a permit 
application, an officer of your coopany advised this Branch that a part B 
application ~ould not be filed. Follo~ing this, on January 29, 1984 and February 
1, 1984, the Solid and Hazardous Waste Management Waste Management Branch of the 
Department of Hu=a~ Resources published a legal notice in the Raleigh papers, 
announcing its intention to deny a permit and terminate interim status for a number 
of plants, including yours. 

You are no~ acvis~d that this plant has been denied a permit as a hazardous 
~aste treatment, storage, or disposal facility and its interim status has been 
formally terminated. As of ~~rch 30, 1984, the operstors of it may not treat or 
dispose of hazardous ~aste, nor store it for more than 90 days from the of 
accumulation. 

If you have any questions about this matter, please call or ~rite to Mr. Keith 
La~son at this office. 

Very sincerel'y, 

Branch 

OWS/KL: tl 
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PER-"iiTTING ACTION LOG J..DDITlONS/DELETIONS/!'10DU'lCA!IO~S 

CODE PRO PEKHITTING ACTION ~ 

·c J) {;1. '{, s fl 1'1 11 /t~/FJ 
: . 

RW .'iJ t?~·~ed fo II j1t / fJ 

fd,- /'(, rA~-r 13 

JD J_ t: 11Jvl ito h? t: pkt /,s~-cd I ~~1/77' 

r]) 1. tlltY. lt'nj /n7 ? (,">- yY( ,/ . J/LJjf~ 

(4) Report of 2 specific facility ID c=J 
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Soil Survey ·of 
Crave.n County, North Carolina 

By Roy A. Goodwin, Jr., Soil Conservation Service 

Soils surveyed by Roy A. Goodwin, Jr., J. Michael Ortosky, Jr., 
John A. Gagnon, Jr., Peter T. Kleto, Van S. Jenkins, l.L. Mallard, 
and J.A. Meadows, Soil Conservation Service; and Gina Boccetti, 
North Carolina Department of Natural Resources and Community Development 

United States Department of Agriculture, Soil Conservation Service . 
In cooperation with . 
United States Department of Agriculture, Forest Service, 
North Carolina Agricultural Research Service, 
North Carolina Agricultural Extension Service, 
North Carolina Department of Natural Resources and Community Development, 
and Craven County Board of Commissioners 

CRAVEN COUNTY is in the Lower Coastal Plain of 
eastern North Carolina. In 1980, the U.S. Census 
reported a county population of 71,043. About two-thirds 
of the population live in and around New Bern, the 
county seat, and Havelock, which includes the Cherry 
Point U.S. Marine Corps Air Station. In 1980, the 
population in Township 8, the New Bern area, was 
24,645; in Township 6, the Havelock-Cherry Point area, it 
was 21,963. 

The county has a land area of 464,000 acres, or 725 
square miles. According to data collected by the North 
Carolina Agricultural Extension Service in 1981, more 
than 72,000 acres was used as cropland. Most of the 
remaining acreage was in woodland. There is 60,933 
acres of the Croatan National Forest in Craven County. 
The Cherry Point U.S. Marine Corps Air Station covers 
an 18 square mile area in the southern part of the 
county. 

Physiography and Drainage 

Craven County is drained by the Neuse and Trent 
Rivers. The flow is sluggish in the rivers and their 
tributaries. The general slope of the county is to the 
southeast. According to the U.S. Geologic Survey 
topographic maps, elevation ranges from 63 feet above 
sea level at Dover to less than 5 feet in marshes and 
flood plains in the· central and southeastern parts of the 
county. About 88 percent of the land is nearly level, 11 
percent is gently sloping, and less than 1 percent is 
sloping to moderately steep. 

The major physiographic areas in Craven County are 
the uplands of the Wicomico surface, the uplands of the 
Talbot surface, the flood plains along streams, and the 
stream terraces. 

On the uplands of the Talbot and Wicomico surfaces, 
large areas of poorly drained and very poorly drained 
soils are on broad, nearly level interstream divides. Near 
the streams, nearly level and somewhat poorly drained 
soils grade into gently sloping, moderately well drained 
and well drained soils. Short, moderately steep side • 
slopes are beside some larger drainageways (fig. 1 ). 

1 

General Nature of the Survey. Area 
This section gives general information concerning the 

county. It discusses physiography and drainage, history 
and development, water supply, and climate. 

Organic soils are in large pocosins in the southern part 
of the county and in other scattered areas. The surface 
appears flat, but an imperceptible slope extends from the 
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2 Soil Survey 

INSERT ILLUS. 7A 

Figure 1.-Typicallandscape position and drainage class relationships of soils from a dralnageway to the center of a broad lnterstream 
divide. The seasonal high water table approaches the surface as distance from lhe dra!nageway Increases. 

center outward. In these places, surface runoff is very 
slow, the underlying material is slowly permeable, and 
rainfall exceeds evapotranspiration by about 19 inches a 
year (7). These factors favor the accumulation of layers 
of organic material. 

Nearly level, poorly drained and very poorly drained 
soils are on flood plains along the streams. Broad 
stream terraces are along the rivers and the larger 
creeks in the southeastern, central, and west-central 
parts of the county. On these terraces, excessively 
drained to very poorly drained soils are on nearly level to 
gently sloping ridges and nearly level flats and in 
depressions. · 

About 38 percent of the soils in Craven County is very 
poorly drained, 26 percent is poorly drained, 10 percent 
is somewhat poorly drained, 16 percent is moderately 
well drained, 7 percent is well drained, and 3 percent is 
excessively drained or somewhat excessively drained. 
The remaining 1 percent is urban land, pits, or small 
areas of water. 

History and Development 

Craven County was inhabited by the Tuscarora-Indians 
when the first European settlers arrived in 1707. The first 
permanent settlements were made in 1710 by Germans 
and Swiss at New Bern and by Welsh Quakers near 
Hancock and Clubfoot Creeks (14}. After the Tuscarora 
War of 1711, Scotch and English settlers came from 
Virginia and other parts of North Carolina. 

In 1712, Craven Precinct was established and named 
in honor of Lord William Craven, an English nobleman. 
The precinct became Craven County in 1722. New Bern, 
the county seat, was incorporated in 1723 and is the 
second oldest city in North Carolina. From 1737 to 1792, 
the city served as the colonial capital of North Carolina. 
Tryon Palace, completed in 1770, was used as the 
governor's residence and state house (B). It has been 
restored and is a major tourist attraction. 

Early agriculture in the county consisted of the 
production of corn, peas, wheat, oats, rice, and potatoes, 
and the raising of cattle, hogs, and sheep. By 1880, the 

·readihg crops were corn; cotton, sweet potatoes; rice, 
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oats, and wheat. In the early 1900's, the cotton acreage 
decreased because of the boll weevil, and tobacco and 
corn were the main crops. The soybean acreage also 
began to increase during this period. · 

Forest products have been a major part of the 
county's economy since the colonial period. Tar, pitch, 
and turpentine were produced in great quantity until 
about 1900, when most of the longleaf pine had been 
harvested. In 1979, the North Carolina Forest Service 
reported that 65 million board feet of logs for lumber, 
plywood, and veneer were harvested. Pulpwood 
production was 204,000 cords. 
• Early in the history of Craven County, New Bern was a 
thriving port and one of the largest towns in North 
Carolina. Large amounts of locally grown crops, naval 
stores, lumber, beef, pork, hides, furs, and other goods 
were exported. After the Civil War, New Bern became 
less important as a port. Other parts of the county 
became more populated as better roads and railroads 
replaced water as the principal means of transporting 
goods. As methods of farming and forestry became 
more efficient, many people moved away from the farms, 
and the county became more industrialized. The 
development of the Cherry Point U.S. Marine Corps Air 
Station made Havelock the fastest growing city in the 
state in the 1940's. National defense continues to be a 
major factor in the local economy {14}. 

Water Supply 
Ground water is plentiful throughout the survey area. It 

is near the surface in most places, particularly in winter 
and early in spring. On many farms, excavated ponds 
supply water for irrigation, livestock, and recreation. Most 
of the inactive borrow pits contain water, and several 
large lakes are in the southern part of the county. 

Thousands of feet of sedimentary deposits underlie 
the soils of the survey area. The upper part of these 
deposits contains aquifers that supply the county's well 
water. The surficial aquifer ranges from the water table 
down to a maximum of about 60 feet. It is thicker in the 
southern part of the county. Earlier in the development 
of Craven County, this aquifer was the main source of 
small domestic water supplies. The use· of shallow wells 
has decreased considerably because of small yield, 
frequent high content of dissolved iron, and the risk of 
contamination. The Castle Hayne Formation supplies 
most wells across the county. This aquifer is thin near 
the Lenoir and Pitt County lines but ranges up to 700 
feet thick along the Carteret County line. In the upper 
part of this aquifer,· the water is generally hard and often 
high in dissolved iron. In the lower part, the water is low 

· in iron but is salty in some-places, particularly in the- .. 
southern part of the county. Because of the salty water 
in this aquifer, New Bern installed deep wells near Cove 
City. These wells draw large quantities of water with 
excellent chemical quality from the Black Creek 

.. ' I 

Formation and the upper part of the Tuscaloosa 
Formation. However, this aquifer is not used east of 
Cove City because of its depth and probable content of 
salty water (9). 

Climate 

3 

Prepared by the National Climatic Center, Asheville, North Carolina. 

Craven County is hot and humid in summer, but the 
coast is frequently cooled by sea breezes. Winter is cool 
and has occasional, brief cold spells. Rainfall occurs 
throughout the year and is fairly heavy at times. Annual 
precipitation is adequate for all crops. 

Table 1 gives data on temperature and precipitation 
for the survey area as recorded at New Bern in the 
period 1951 to 1977. Table 2 shows probable dates of 
the first freeze in fall and the last freeze in spring. Table 
3 provides data on length of the growing season. 

In winter the average temperature is 46 degrees F, 
and the average daily minimum temperature is 35 
degrees. The lowest temperature on record, which 
occurred at New Bern on February 13, 1973, is 7 
degrees. In summer the average temperature is 78 
degrees, and the average daily maximum temperature is 
89 degrees. The highest recorded temperature, which 
occurred at New Bern on June 27, 1954, is 106 degrees. 

Growing degree days are shown in table 1. They are 
equivalent to "heat units." During the month, growing 
degree days accumulate by the amount that the average 
temperature each day exceeds a base temperature (50 
degrees F). The normal monthly accumulation is used to 
schedule single or successive plantings of a crop 
between the last freeze in spring and the first freeze in 
fall. 

The total annual precipitation is 54.5 inches. Of this, 
33 inches, or 60 percent, usually falls in April through 
September. The growing season for most crops falls 
within this period. In 2 years out of 10, the rainfall in April 
through September is less than 28 inches. The heaviest 
1-day rainfall during the period of record was 12.23 
inches at New Bern on September 19, 1955. 
Thunderstorms occur on about 50 days each year, and 
most occur in summer. 

The average seasonal snowfall is 2 inches. The 
greatest snow depth at any one time during the period of 
record was 10 inches. Days with at least 1 inch of snow 
is on the ground are rare. 

The average relative humidity in midafternoon is about 
65 percent. Humidity is higher at night, and the average 
at dawn is about 80 percent. The sun shines 60 percent 
of the time possible in summer and 50 percent in winter. 
The prevailing wind is from the southwest. Average 
windspeeq is highest, 10 miles per hour, in spring. 

Hurricanes occasionally cross the area. Records show 
that 12 have caused severe flooding and extensive 
damage in New Bern since 1902. In 5 ·of these, the flood 
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pepperbush, waxmyrtle, American holly, Virginia creeper, 
honeysuckle, sweetbay, bitter gallberry, blueberry, 
greenbrier, switchcane, poison-ivy, and Carolina 
jessamine. There are no major limitations for woodland 
use and management. 

Seasonal wetness and rare flooding of low-lying areas 
limit the use of this soil as sites for buildings, sanitary 
facilities, and recreation. Wetness can be reduced by a 
drainage system that includes land grading for surface 
drainage and by the use of tile and open ditches. The 
hazard of flooding should be determined before planning 
the use and management of specific sites. 

This Augusta soil is in capability subclass lllw. The 
woodland ordination symbol is 9W. 

Ap-Arapahoe fine sandy loam. This soil is nearly 
level and very poorly drained. It is on broad flats and in 
depressions on stream terraces along the Neuse River, 
Trent River, and the larger creeks in the southeastern, 
central, and northwestern parts of the county. The areas 
are irregular in shape and range from 5 to 500 acres. 

Typically, the surface layer is black fine sandy loam 16 
inches thick. The subsoil is dark grayish brown and 
grayish brown fine sandy loam to a depth of 41 inches. 
The substratum to a depth of 80 inches is gray fine 
sandy loam and loamy sand. 

Permeability is moderately rapid. The surface layer, 
subsoil, and the upper part of the substratum range from 
extremely acid to strongly acid except where lime has 
been added. The tower part of the substratum ranges 
from medium acid to mildly alkaline. The seasonal high 
water table is at or near the surface. The soil in 
depressions is subject to frequent pending for brief to 
long periods unless a drainage system has been 
installed. This soil is subject to rare flooding. 

Included with this soil in mapping are small areas of 
the Deloss, Murville, Ponzer, Tomotley, and Leon soils. 
The Deloss and Murville soils are very poorly drained 
and occur at random within the map unit. The Panzer 
soils are very poorly drained and are in depressions. The 
T omotley and Leon soils are poorly drained and are in 
slightly higher areas than the Arapahoe soil. The 
included soils make up about 1 0 to 20 percent of this 
map unit. 

Most of the acreage of this Arapahoe soil is native 
woodland. Small acreages are used as cropland. 

The dominant trees on this soil are loblolly pine, 
sweetgum, blackgum, yellow-poplar, swamp chestnut 
oak, red maple, willow oak, water oak, pond pine, and 
baldcypress. The understory plants include redbay, 
sweetbay, American holly, bitter gallberry, large gallberry, 
fetterbush, sweet pepperbush, switchcane, waxmyrtle, 
blueberry, huckleberry, titi, honeysuckle, Virginia 
chainfern, grape, Virginia creeper, cinnamon fern, 
poison-ivy, and greenbrier. Trees grow well on this soil, 
however, wetness is a limitation to commercial woodland 
management. Areas managed for loblolly pine are 
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ditched and bedded. Fertilizer is also used in some 
plantations. 

This soil has been intensively drained in cultivated 
areas and is used for corn, soybeans, and wheat. 
Drainage systems include open ditches and tile. The 
sandy substratum causes ditchbank caving and makDs 
ditch maintenance difficult. Suitable outlets are not 
available for drainage of some low-lying areas. Land 
grading improves surface drainage by eliminating 
depressions in which water ponds. 

This soil generally is not used as sites for buildings, 
sanitary facilities, or recreation because of wetness, 
pending, and rare flooding. 

This Arapahoe soil is in capability subclass Vlw 
(undrained) and lllw (drained). The woodland ordinatior 
symbol is 10W. 

AuB-Autryville loamy sand, 0 to 6 percent slope· 
This soil is well drained. It is on gently undulating ridgef 
on uplands near large drainageways mainly along the 
Trent and Neuse Rivers. The areas are irregular in shar 
and range from 5 to 500 acres. 

Typically, the surface layer is grayish brown loamy 
sand 5 inches thick. The subsurface layer is light 
yellowish brown loamy sand to a depth of 29 inches. Tt 
subsoil to a depth of 37 inches is yellowish brown sane 
loam. The next layer is very pale brown sand. Below 
that, the subsoil is brownish yellow sandy loam and 
loamy sand to a depth of 69 inches. The substratum to 
depth of 80 inches is yellow sand and brownish yellow 
loamy sand. 

Permeability of the subsoil is moderately rapid, and P 
available water capacity is low. The soil is very strongly 
acid or strongly acid except where lime has been adde 
It does not have a water table within a depth of 5 feet. 
Wind erosion is a hazard in areas not protected by plar 
cover. 

Included with this soil in mapping are small areas of 
Norfolk and Goldsboro soils. The Norfolk soils are well 
drained and occur at random within the map unit. The 
Goldsboro soils are moderately well drained and are in 
slightly lower areas than the Autryville soil. Some area~ 
of wet soils are in depressions. These areas are smalle 
than 4 acres and are shown on the map with a special 
symbol. The included soils make up about 1 0 to 15 
percent of this map unit. 

This Autryville soil is mainly used as woodland. In a 
few areas, it is used as pasture or cropland. 

Loblolly pine, longleaf pine, southern red oak, 
Shumard oak, hickory, red maple, sweetgum, white oa~ 
and post oak are dominant on this soil. The understory 
plants include flowering dogwood, sourwood, turkey oa 
blueberry, Virginia creeper, bitter gallberry, waxmyrtle, 
sassafras, grape, sweetbay, redbay, American 
beautyberry, threeawn grass, and poison-ivy. The main 
limitation for woodland use and management is 
droughtiness. 
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This Roanoke soil is used mainly as woodland. In a 
few areas, it is used as pasture or cropland. 

The dominant trees on this soil are loblolly pine, pond 
pine, blackgum, sweetgum, water oak, swamp chestnut 
oak, red maple, yellow-poplar, and willow oak. The 
common understory plants include redbay, sweetbay, 
American holly, switchcane, sweet pepperbush, 
greenbrier, waxmyrtle, bitter gallberry, large gallberry, 
fetterbush, honeysuckle, blueberry, huckleberry, poison­
ivy, sweetleaf, grape, Virginia chainfern, cinnamon fern, 
Virginia creeper, and Carolina jessamine. Wetness is the 
main limitation for woodland use. Logging when this soil 
is wet causes deep ruts, compaction, poor surface 
drainage, and lower productivity. Areas managed for 
loblolly pine are generally ditched and bedded. Fertilizer 
is also used in many plantations. 

Corn, soybeans, and wheat are the main crops on this 
soil. Wetness is a major limitation. Because the slowly 
permeable subsoil limits internal drainage, open ditches 
and land grading for surface drainage are used to reduce 
wetness. Tile is generally not used. Tillage needs to be 
avoided if the soil is wet because soil structure is 
destroyed and large clods form, resulting in pending and 
a poor seedbed. Pasture forages include tall fescue and 
ladino clover. 

This soil is generally not used as sites for buildings, 
sanitary facilities, or recreation because of seasonal 
wetness, slow permeability, moderate shrink-swell 
potential, and the clayey subsoil. 

This Roanoke soil is in capability subclass IVw 
(undrained) and lllw (drained). The woodland ordination 
symbol is 9W. 

Sc-Seabrook-Urban land complex. This complex 
consists of Seabrook soil and Urban land. A typical 
mapped area is about 50 percent Seabrook soil and 30 
to 40 percent Urban land. The Seabrook soil is nearly 
level and moderately well drained. It is in slightly convex 
areas on stream terraces of the Neuse and Trent Rivers. 
The Urban land is in the city of New Born. The areas are 
irregular in shape and range from 10 to 250 acres. 

Typically, Seabrook soil has a dark brown loamy sand 
surface layer 6 inches thick. The underlying material to a 
depth of 80 inches is light yellowish brown loamy sand in 
the upper part. The middle part is very pale brown sand 
that has light gray mottles, and the lower part is light 
gray sand. 

Permeability is rapid, and the available water capacity 
is low. The soil ranges from very strongly acid to slightly 
acid except where lime has been added. The seasonal 
high water table is 2 to 4 feet below the surface except 
in drained areas. Low-lying areas of this soil are subject 
to rare flooding. Surface runoff from rooftops and paved 
areas increases the hazard of flooding in low-lying areas. 

Urban land consists of areas covered with buildings, 
streets, driveways, and parking lots. 

Soil Survey 

Included with this complex in mapping are small areas 
of Tarboro, Altavista, and Augusta soils. The Tarboro 
soils are somewhat excessively drained and are slightly 
higher on the landscape than Seabrook soil. The 
Altavista soils are moderately well drained, and the 
Augusta soils are somewhat poorly drained. These soils 
occur at random within the mapped areas. Also included 
are small cut and fill areas where the natural soil has 
been altered or covered. These areas are commonly 
adjacent to the Urban land. The included soils make up 
about 1 0 to 20 percent of this map unit. 

Seasonal wetness, seepage, and the hazard of rare 
flooding in low-lying areas are major limitations to the 
use of the Seabrook soil for building site development 
and sanitary facilities. Drainage systems have generally 
been installed where needed but low-lying areas can 
flood during severe storms. Summer droughtiness is a 
limitation in establishing and maintaining lawns and 
shrubs. Onsite investigation is needed before planning 
use and management of specific sites. 

This complex has not been assigned to a capability 
subclass. There is no woodland ordination for the soil in 
this map unit. 

Se-Seabrook loamy sand. This soil is nearly level 
and moderately well drained. It is in slightly convex areas 
on stream terraces mainly in the central and 
northwestern parts of the county along the Neuse River, 
Trent River, and the larger creeks. The areas are 
irregular in shape and range from 5 to 200 acres. 

Typically, the surface layer is dark brown loamy sand 6 
inches thick. The underlying material to a depth of 80 
inches is light yellowish brown loamy sand in the upper 
part. The middle part is very pale brown sand that has 
light gray mottles, and the lower part is light gray sand. 

Permeability is rapid, and the available water capacity 
is low. The soil ranges from very strongly acid to slightly 
acid except where lime has been added. The seasonal 
high water table is 2 to 4 feet below the surface. Low­
lying areas of this soil are subject to rare flooding. Wind 
erosion is a hazard in areas that are not protected by 
plant cover. 

Included with this soil in mapping are small areas of 
Altavista, Augusta, Conetoe, Leon, and Tarboro soils. 
The Altavista soils are moderately well drained, the 
Augusta soils are somewhat poorly drained, and the 
Leon soils are poorly drained. These soils occur at 
random within the mapped areas. The Conetoe soils are 
well drained, and the Tarboro soils are somewhat 
excessively drained. These soils are on low ridges. 
Some areas of wet soils in depressions smaller than 4 
acres are shown on the map with a special symbol. The 
included soils make up about 10 to 15 percent of this 
map unit. 

This Seabrook soil is used mainly as woodland. In a 
few areas, it is used as pasture or cropland. 
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the landscape than the T omotley soil. The Roanoke soils 
are poorly drained, and they occur at random within the 
mapped areas. The Deloss soils are very poorly drained 
and are in depressions. The included soils make up 
about 10 to 20 percent of this map unit. 

This Tomotley soil is used mainly as woodland. In a 
few areas, it is used as pasture or cropland. 

The dominant trees on this soil are loblolly pine, pond 
pine, red maple, sweetgum, yellow-poplar, blackgurn, 
water oak, swamp chestnut oak, and willow oak. The 
common understory plants include bitter gallberry, large 
gallberry, fetterbush, switchcane, sweet pepperbush, 
greenbrier, sweetleaf, American holly, blueberry, 
huckleberry, sweetbay, redbay, waxmyrtle, Virginia 
creeper, honeysuckle, poison-ivy, Carolina jessamine, 
Virginia chainfern, and cinnamon fern. Wetness is the 
main limitation for woodland use and management. 
Areas managed for loblolly pine benefit from ditching 
and bedding. 

The principal crops on this soil are corn, soybeans, 
and wheat. Small acreages are used for cabbage and 
potatoes. Because of wetness, a drainage system that 
includes open ditches, tile, and land grading for surface 
drainage is needed. Pasture forages include tall fescue 
and ladino clover. 

Seasonal wetness and rare flooding of low-lying areas 
limit the use of this soil as sites for buildings, sanitary 
facilities. and recreation. However, some areas that have 
intensive drainage systems including tile, open ditches, 
and land grading for surface drainage have been 
developed. The hazard of flooding should be determined 
before planning use and management of specific sites. 

This soil is in capability subclass IVw (undrained) and 
lllw (drained). The woodland ordination symbol is 10W. 

To-Torhunta fine sandy loam. This soil is nearly 
level and very poorly drained. It is on broad flats and in 
depressions on uplands. Some of the larger areas of this 
soil are in the vicinity of Dover and Havelock. The areas 
are irregular in shape and range from 5 to 2,000 acres. 

Typically, the surface layer is black fine sandy loam 12 
inches thick. The subsoil is dark grayish brown sandy 
loam to a depth of 37 inches. The substratum to a depth 
of 80 inches is grayish brown loamy sand. 

Permeability is moderately rapid in the surface layer 
and subsoil and rapid in the substratum. The soil ranges 
from extremely acid to strongly acid except where lime 
has been added. The seasonal high water table is at or 
near the surface. Water ponds in depressions for brief to 
long periods except where drainage systems have been 
installed. 

Included with this soil in mapping are small areas of 
Pantego, Murville, Leon, and Rains soils. The Pantego 
and Murville soils are very poorly drained. Occurring at 
random within the mapped areas are these soils and 
some areas of wet soils that have a black surface layer 
more than 24 inches thick or that have clayey 
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substratum. The Leon and Rains soils are poorly drained 
and are slightly higher on the landscape than the 
Torhunta soil. The included soils make up about 10 to 20 
percent of this map unit. 

This Torhunta soil is used mainly as woodland. In a 
few areas, it is used as pasture or cropland. 

The dominant trees on this soil are loblolly pine, pond 
pine, water oak, yellow-poplar, sweetgurr •. blackgum, 
swamp chestnut oak, red maple, willow oak, and 
baldcypress. Hardwoods are dominant in depressions 
that are ponded for long periods. The common 
understory plants include redbay, loblolly bay, fetterbush, 
sweet pepperbush, switchcane, waxmyrtle, bayberry, 
greenbrier, bitter gallberry, large gallberry, sweetleaf, 
blueberry, huckleberry, Virginia creeper, honeysuckle, 
poison-ivy, American holly, Virginia chainfern, titi, 
cinnamon fern, and honey cup. Wetness is the main 
limitation for commercial woodland use and 
management. Areas managed for loblolly pine need 
ditching and bedding. Fertilizer is also used in many 
plantations. 

Corn, soybeans, and wheat are the major crops on 
this soil. Wetness is the main limitation; however, this 
limitation can be reduced by a drainage system that 
includes land grading to eliminate depressions in which 
water ponds and by the use of tile and open ditches. 
The sandy substratum causes ditchbank caving, and 
ditches are difficult to maintain. Also, suitable outlets 
may not exist for drainage of depressions. Pasture 
forages include tall fescue and ladino clover. 

Seasonal wetness and ponding in depressions limit the 
use of this soil as sites for buildings and sanitary 
facilities. A few areas that have intensive drainage 
systems, including land grading for surface drainage, 
open ditches, and tile, have been developed. The sandy 
substratum causes ditchbank caving, and ditches are 
difficult to maintain. This soil generally is not used for 
recreational activities because of wetness. 

This Torhunta soil is in capability subclass Vlw 
(undrained) and lllw (drained). The woodland ordination 
symbol is 9W. 

TuB-Tarboro-Urban land complex, 0 to 6 percent 
slopes. This complex consists of Tarboro soil and Urban 
land. A typical mapped area consists of about 50 
percent Tarboro soil and 30 to 40 percent Urban land. 
Tarboro soil is somewhat excessively drained. It is on 
gently undulating, low ridges on stream terraces of the 
Neuse and Trent Rivers. The Urban land is in the city of 
New Bern. The areas are irregular in shape and range 
from 20 to 200 acres. 

Typically, Tarboro soil has a dark grayish brown sand 
surface layer 5 inches thick. The underlying material to a 
depth of 80 inches is brownish yellow and yellow sand. 

Permeability is rapid or very rapid, and the available 
water capacity is low. The soil ranges from strongly acid 
to slightly acid except where lime has been added. It 
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does not have a water table within a depth of 6 feet. 
Low-lying areas of this soil are subject to rare flooding. 
Surface runoff from rooftops and paved areas increases 
the hazard of flooding in low-lying areas. 

Urban land consists of areas covered with buildings, 
streets, driveways. and parking lots. 

Included with this complex in mapping are small areas 
of Seabrook, State, and Conetoe soils. The Seabrook 
soils are moderately well drained, and the Conetoe and 
State soils are well drained. These soils are slightly 
lower on the landscape than the Tarboro soil. Also 
included are small cut and fill areas where the natural 
soil has been altered or covered and the slope has been 
modified. These areas are commonly adjacent to the 
Urban land. The included soils make up about 10 to 20 
percent of this map unit. 

The areas of this Tarboro soil above 12 feet in 
elevation are limited as sites for buildings only because 
of caving of cutbanks. Seepage is a major limitation for 
sanitary facilities, and the sandy surface layer is a major 
limitation for recreational uses. Droughtiness in the 
summer can be a problem in establishing and 
maintaining shrubs. In low-lying areas of this soil, 
flooding can cause damage. Onsite investigation is 
needed before planning use and management of specific 
sites. 

This complex has not been assigned to a capability 
subclass. There is no woodland ordination symbol for the 
soil in this map unit. 

Ud-Udorthents, loamy. This map unit consists of 
nearly level to gently sloping borrow areas and landfills. 
The nature of each area is labeled on the soil map. 
Some areas are currently active and are unvegetated. 
Other areas are inactive and have been revegetated. 
The covering layer is generally shaped for surface 
drainage in landfill areas. The areas are generally 
rectangular in shape and range from 10 to 100 acres. 

In landfills, the covering layer of soil is typically about 
3 feet thick, variable in color, and has a sandy or loamy 

texture. In borrow areas, the soil is typically loamy or 
sandy sediment of variable color. 

The soil material has little or no organic matter. 
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Permeability is moderate, and the available water 
capacity is low. Infiltration is moderate, and surface 
runoff is slow. The soil generally ranges from extremely 
acid to strongly acid except where lime has been added. 
Depth to the seasonal high water table is variable. 

Most areas are revegetating with native plants, such 
as loblolly pine, broomsedge, and dogfennel. Closed 
landfills are planted to grass. 

The soil in this map unit generally is not used as sites 
for buildings or recreational activities. Onsite 
investigation is needed to properly evaluate and plan the 
development of specific areas. 

This map unit has not been assigned to a capability 
subclass. There is no woodland ordination symbol for the 
soil in this rriap unit. 

Ur-Urban land. This map unit consists of areas 
where more than 75 percent of the land is covered by 
buildings, runways, military facilities, streets, driveways, 
and parking lots. These areas are in the cities of New 
Bern and Havelock and at Cherry Point Marine Corps Air 
Station. The areas range from 5 to 850 acres. Slope 
ranges from 0 to 2 percent. 

The natural soil has been greatly altered by cutting, 
filling, grading. and shaping. The original landscape, 
topography, and commonly the drainage pattern have 
been changed. The soil between facilities is used for 
lawns, playgrounds, cemeteries, parks, or drainageways. 

The major problem on Urban land is excessive surface 
water runoff from roofs, streets, runways, and parking 
lots. The runoff increases the hazard of flooding in low­
lying areas. Onsite investigation is needed before · · 
planning the use and management of specific sites. 

Urban land is not assigned a capability subclass. 
There is no woodland ordination symbol for the soil in 
this map unit. 

::"'!;..._._ 
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TABLE 1.--TEMPERATURE AND PRECIPITATION 

[Data recorded in the period 1951-77 at New Bern, North Carolina] 

Temperature I 
I 
I 

Precipitation 

----~----~-----r--~~~~~----.-------l----~~~~~~-------r------2 years in I 2 years in 101 1 
10 will have-- I will have-- I I 

Ave~age I Average 
I Average 1Average1Average

1
1--------.,....

1
--------1

1
num!:'·;r of 1

1
Average I 1

1
nU!llber of 1

1
Average 

I daily I daily I daily Maximum Hinimum growing Less I More 
1
days with

1
snowfall 

Month 

lmaximumjminlmuml ltemperatureltE>mperaturel degree I than--
1
than-- 1o.IO inch I 

I I I I higher I lower I da~·s* I I I or more I 
I I I I than-- I than-- I I I I I 

I 
I 

January----~ 
February---' 

March------

April------

May--------

June-------

July------­

August----­

September--
1 

October----~ 
November---~ 
December---I 

I 
Yearly: I 

Average--I 
Extreme--I 
Total----1 

56.7 

59.2 

66.0 

76.1 

82.4 

87.5 

89.9 

88.9 

84.3 

75.4 

66.6 

58.5 

74.3 

33.7 

34.9 

40.8 

49.1 

57.6 

64.9 

68.8 

68.6 

62.9 

52 •• 

41.8 

35.2 

50.9 

45.2 

47.1 

53.4 

62.6 

70.1 

76.2 

79.4 

78.8 

73.6 

63.9 

54.2 

46.8 

62.6 

78 

80 

86 

93 

96 

99 

99 

97 

95 

89 

82 

78 

101 

12 

13 

30 

38 

48 

55 

55 

45 

29 

22 

14 

11 

Units 

87 

68 

189 

378 

623 

786 

911 

893 

708 

431 

147 

104 

5,325 

In 

3.89 

4.07 

3.72 

2.98 

4.19 

5.00 

7.69 

7.07 

6.02 

3.12 

3.10 

3.66 

54.51 

In I 
I 
I 2.301 

2.811 

I 2.441 

1.611 

I 2.761 

2.621 

I 4.141 

I 3.991 

3.391 

1.071 

1.371 

I 1.681 

I 
I 
I ___ I 

I ___ I 
I 
I 47.841 

In I 
I 

5.311 
I 5.221 

I 4.871 

I 4.091 

I 5.481 

6.931 

I 1o.s81 
9.571 

8.151 

4.751 

4.501 

5.271 

I 
I 
I ___ I 
I ___ I 

I 
61.171 

8 

7 

8 

6 

8 

8 

11 

10 

7 

5 

5 

6 

89 

In 

0.7 

1.2 

0.5 

o.o 
o.o-

0.0 

0.0 

o.o 

o.o 
0.0 

o.o 
o.o 

2.4 

* A growing degree day is a unit of heat available for plant growth. It can be calculated by adding the 
maximum and minimum daily temperatures, dividing the sum b~ 2, and subtracting the temperature below which 
growth is minimal for the principal crops in the area (SO Fl. 
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TABLE 15.--PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS 

[The symbol < means less than; > means more than. Entries under "Erosion factors--T" apply to the entire 
profile. Entries under "Organic matter" apply only to the surface layer. Absence of an entry indicates 
that data were not available or were not estimated] 

Map symbol and IDepthl 
soil name I I 

I In I 
1- I 

AaA--------------1 0-131 
Altavista 113-461 

146-801 

AcA: I I 
Altavista-------' 0-131 

113-461 
146-801 
I I 
I I 
I I Urban land. 

Ag---------------1 0-171 
Augusta 117-361 

136-451 
14s-8ol 
I I 

Ap---------------1 0-161 
Arapahoe 116-561 

1
56-8o

1 
AuB--------------1 0-291 
Autryville 

1
129-37

1
1 

37-42 
142-611 
I I 

Ba---------------1 0-171 
Bayboro 117-621 

162-721 

BrB--------------1 o-8 I 
Bragg I 8-56/ 

156-661 

CnB--------------1 0-241 
Conetoe 124-351 

135-801 

CrB--------------1 o-9 I 
Craven \ 9-541 

154~801 

CT---------------1 0-281 
Croatan 128-421 

142-561 
156-801 

. I I 
DA---------------1 0-601 
Dare 160-801 

De---------------1 0-191 
De1oss \19-581 

1
58-80

1 
oo---------------1 o-15l 

Dorovan 115-801 
I I 
I I 

Clay 

Pet 

10-.24 
18-35 

10-24 
18-35 

5-20 
20-35 
3-18 

8-18 
8-18 
3-18 

2-10 
10-25 

2-8 
10-35 

8-20 
35-65 

5-25 
15-45 

2-10 
10-22 

2-10 

6-20 
35-60 

8-20 
10-35 

2-12 

5-20 
18-35 

1
1 

Moist 1
1
Penneability 

bull< 
I density I 

In/hr I Glee I 

11.30-1.501 2.0-6.0 
1.30-1.501 0.6-2.0 

I 
I 

1.30-1.501 2.0-6.0 
1.30-1.501 0.6-2.0 

I 
I 
I 

1.30-1.501 2.0-6.0 
,1.30-1.501 0.6-2.0 

11.3:::·55 1 2.0-6.o 

I I 
,1.45-1.601 2.0-6.0 
,1.45-1.601 2.0-6.0 
11.40-1.651 2.0-20 

,1.60-1.701 
11.40-1.601 
11.60-1.701 
11.40-1.601 

>6.0 
2.0-6.0 
>6.0 

0.6-2.0 

,1.00-1.401 0.6-2.0 
11.20-1.401 0.06-0.2 

I I 
11.50-1.701 2.0-6.0 
,1.30-1.601 0.2-0.6 

I I 
,1.60-1.751 6.0-20 
,1.40-1.601 2.0-6.0 
,1.60-1.751 6.0-20 

,1.30-1.551 0.6-2.0 
,1.30-1.451 0.06-0.2 

I I 
10.40-0.651 0.06-6.0 
,1.40-1.601 0.2-6.0 
11.4~::·601 0.2-2.0 
I I 
10.40-0.651 0.06-0.2 
,1.60-1.701 6.0-20 

11.30-1.501 2.0-6.0 
11.30-1.601 0.6-2.0 

I I 
,0.25-0.401 0.6-2.0 

1
o.35-0.55

1 
o.6-2.o 

I I 

Erosion 
\Available\ Soil jshrink-swell \ factors Organic 
I water 

1
reaction

1 
potential matter 

1capacity I I I K I T 

-------- -------~-----..,--.-.,-,....,..,...,...,T.""!"T"'-...... ""l_.~, .... ~ 
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TABLE 15.--PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS--Continued 

~I 

I 

Map symbol and loepthl 
soil name I I 

I I 
I In I 
1- I 

Mu---------------' o-1ol 
Murville 110-361 

136-80, 
I I 

NoA, NoB---------' 0-141 
Norfolk 114-801 

I I 
~B: I I 
Norfolk---------' 0-141 

114-80, 
I I 
I I 
I I Urban land. 

On---------------' 0-131 
Onslow 113-651 

165-801 
I I 

Pa---------------1 o-15l 
Pantego 115-481 

148-62 I 
162-801 
I I 

P0---------------1 0-401 
Ponzer l40-54l 

154-801 
I I 

Pt. I I 
Pits I I 

I I 
Ra---------------' 0-161 
Rains 116-411 

'41-661 
166-801 
I I 

Re· I I 
R~ins-----------1 0-161 

116-411 
141-661 
166-80, 
I I 
I I 
I I 

Urban land. 

Ro---------------1 0-111 
Roanoke l11-15l 

115-41, 
141-sol 
I I 

se· I I 
S~abrook--------1 0-6 I 

I 6-8ol 
I I 
I I 
I I Urban land. 

Se---------------1 o-6 I 
Seabrook I 6-801 

I I 
StA--------------1 0-131 
State 113-381 

138-701 
I I 

SuD--------------1 0·141 
Suffolk 114-381 

138-8ol 
I I 
I I 

Clay 

Pet 
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TO: 

FROM: 

DATE: 

SUBJ: 

Reference 11 

GREENHORNE & O'MARA. INC. 

Memorandum 

File 

Rachel Spangenberg 

April 9, 1991 

Telephone conversation with Aldridge Renn, employee of the N.C. 
Department of Environmental Health, and Natural Resources, 
Division of Environmental Management (919)733-5083. 

Mr. Aldridge informed me that the Neuse River, at the point where it 
intersects with the Trent River in New Bern, North Carolina, is classified 
as SC NSV. SC denotes that it is a salt water suitable for all Class C 
uses which include fish and wildlife propagation, secondary recreation, and 
agriculture. The NSV designation denotes nutrient sensitive waters which 
require limitations on nutrient inputs. 

The Trent River, at its confluence with the Neuse River, is classified 
as SB swamp NSV. The SB denotes that this is a salt water body suitable 
for primary recreation uses. The NSV designation denotes nutrient 
sensitive waters which require limitations on nutrient inputs. 
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COASTAL PLAIN 

QUATERNARY 
Oo SURFICIAL DEPOSITS, UNDIVIDED- Sand. clay, gravel. and peat depo-

sited in marine. fluvial. eolian, and lacustrine environments. Quaternary 
deposits not shown at altitudes greater than approximately 25 feet 
above mean sea level (Suffolk Scarp, in part) 

Tp 

1-. Tt. ::; I 

Tpy 

TERTIARY 
PINEHURST FORMATION- Sand. medium- to coarse-grained. cross­

bedding and rhythmic bands of clayey sand common. unconsolidated 

TERRACE DEPOSITS AND UPLAND SEDIMENT- Gravel. clayey sand. 
and sand, minor iron-oxide cemented sandstone 

WACCAMAW FORMATION - Fossiliferous sand with silt and clay, 
bluish-gray to tan, loosely consolidated. Straddles Pleistocene­
Pliocene boundary 

YORKTOWN FORMATION AND DUPLIN FORMATION, UNDIVIDED 
Yorktown Formation: Fossiliferous clay with varying amounts of fine­

grained sand. bluish gray, shell material commonly concentrated in 
lenses; mainly in area north of Neuse River 

Duplin Formation: Shelly, medium- to coarse-grained sand. sandy marl. 
and limestone. bluish gray; mainly in area south of Neuse River 

BELGRADE FORMATION, UNDIVIDED 
Pollocksville Member: Oyster-shell mounds in tan to orange sand 

matrix. indurated locally 
Haywood Landing Member: Fossiliferous clayey sand, gray to brown. 

Members grade into each other laterally 

I RIVER BEND FORMATION- Limestone, calcarenite overlain by and 
..__ __ _, intercalated with indurated, sandy, molluscan-mold limestone 

Tor 

1111!~#}~111111 

I Tee 

CASTLE HAYNE FORMATION 

Spring Garden Member: Molluscan-mold limestone. indurated, very 
sandy. Grades downward into a calcareous sand and laterally into 
Comfort Member . 

Comfort Member and New Hanover Member, undivided 
Comfort Member: Bryozoan-echinoid skeletal limestone, locally 

dolomitized, solution cavities common 
New Hanover Member: Phosphate-pebble conglomerate. micritic, 

thin; restricted to basal part of Castle Hayne Formation in southeast­
ern counties 

BEAUFORT FORMATION, UNDIVIDED 
Unnamed upper member: Sand and silty clay, glauconitic, fossiliferous, 

and locally calcareous 
Jericho Run Member: Siliceous mudstone with sandstone lenses, thin 

bedded; basal phosphatic pebble conglomerate 

CRETACEOUS 

Kp PEEDEE FORMATION- Sand. clayey sand, and clay, greenish gray to 
olive black. massive. glauconitic, locally fossiliferous and calcareous. 

Kb 

Km 

Patches of sandy molluscan-mold limestone in upper part 

BLACK CREEK FORMATION- Clay, gray to black, lignitic; contains thin 
beds and laminae of finei}rained micaceous sand and thick lenses of 
cross-bedded sand. Glauconitic, fossiliferous clayey sand lenses in 
upper part 

MIDDENDORF FORMATION- Sand, sandstone, and mudstone. gray to 
pale gray with an orange cast, mottled; clay balls and iron-cemented 
concretions common. beds laterally discontinous. cross-bedding 
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COASTAL PLAIN PROVINCE 

Overview 

The Coastal Plain of North Carolina is comprised of flat lying to very 
gently clipping sedimentary strata which overlay a "basement" of crystalline 
rocks. In aggregate, these deposits form a wedge-shaped mass that 
gradually thickens from a feather edge at its western border, where Coastal 
Plain sediments "lap onto" crystalline rocks of the Piedmont province, to a 
section nearly 10,000 feet thick at Cape Hatteras. Coastal Plain sediments are 
predominantly sand and sandstone, but a wide range of lithologies and 
degrees of induration occur within the section. These primarily include clay 
and silt shale, glauconitic and phosphatic sands, highly fossiliferous sand and 
clay, many varieties of carbonate, and peat. 

The oldest sediments are Jurassic(?) in age (Brown and others, 1972; 
Owens and Gohn, 1985). These have been identified in the basal 708 feet of 
the sedimentary section in the Standard Oil of New Jersey Hatteras Light #1 
oil test well (API It 32-055-00001) drilled to a total depth of 10,044 feet at 
Cape Hatteras in 1946. The Hatteras Light well and several other deep oil 
tests drilled to crystalline basement in the coastal counties provide information 
on the deepest portion of the Coastal Plain section, most of which does not 
extend to the surface. 

The structure of the metamorphosed sedimentary and igneous rocks 
which comprise the crystalline basement is shown in figure 6. A broad, 
southeast plunging anticlinal structure known as the Cape Fear arch is 
delineated on the figure. The Cape Fear arch is one of a series of such 
structures found along the Atlantic Continental Margin (figure 7).. The 
Norfolk arch (Fort Monroe high) of southeastern Virginia has also played a 
role in the geologic history of the North Carolina Coastal Plain. The 
intervening, relatively low area and its basinward extension beneath the 
prograded North Carolina coastline is the Albemarle embayment. 

The sedimentary record indicates that these structural elements 
underwent periodic relative movement. For example, the Cape Fear arch area 
is underlain by a much thicker and relatively more complete Upper Cretaceous 
section than the area of the Norfolk arch. Conversely, Pliocene deposits are 
relatively thick in the northeastern part of North Carolina, indicating that 
area was relatively "low" during their deposition, while they are thin and 
Patchy to the south. Regional reviews of the Atlantic Continental margin and 
its depositional history are contained in Poag (1985), and in Sheridan and 
Grow (1988). 

The Coastal Plain province is characterized by flat to gently undulating 
topography. Relief generally increases with increasing elevation. The lower 
(or outer) Coastal Plain along the coast and through the expansive area 
between the Pamlico and Albemarle Sounds known as the Pamlimarle Peninsula, 
is relatively flat and low-lying. Surface elevations through this area are less 
than 25 feet above mean sea level. Through the middle and upper (or inner) 
Coastal Plain elevations gradually rise to several hundred feet above mean sea 
level. Dissection of the Coastal Plain surface becomes more marked in these 
areas, especially adjacent to the major rivers. Bluffs up to 50 or more feet 
are routinely developed on the southwest or right ~s of these rivers. 
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STRUCTURE ON PRE-MESOZOIC BASEMENT 
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6. Structure map of pre-Mesozoic basement rocks beneath the Coastal 
(modified from Brown and others, 1972). 
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Figure 7. Map of principal structural features of the Atlantic Coastal Plain 
(from Ward and Strickland, 1985). 
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Thickness of the Comfort Member varies from a feather edge, adjacent to 
where it has been removed by erosion, to an estimated one hundred meters in 
the subsurface of the Cape Lookout area (Ward, 1977). Ward {1977) inferred 
an initially shallow, relatively high energy, normal marine depositional setting 
for the Comfort Member. Gradually, as deposition continued, deeper and 
quieter conditions developed. However, several episodes or cycles of 
deposition were postulated based on recurring thin glauconite and phosphate 
enriched horizons overlain by locally crossbedded bryozoan-echinoid 
calcirudite which grades up·ward to calcarenite. Ward (1977) made no attempt 
to trace these horizons laterally or to correlate them from one locality to 
another. Zullo and Harris ( 1987), however, interpret at least some of these 
horizons as being associated with eustatic sea level fluctuations and base 
depositional sequence boundaries, in part, on these features. 

Dolomite .cemented zones ·described by Textoris (1967) for the Castle 
Hayne were interpreted by Baum (1977) to have formed during relatively brief 
depositional hiatuses during which subaerial exposure created a 
11 freshwater/saltwater lens 11 ~ithin the carbonate sediments. 

Outliers of Castle Hayne Formation -- Numerous "outliers11 of Castle 
Hayne -Formation have been reported and mapped. Some of these, for example 
those that occur in Duplin County in the vicinity of Magnolia and another in 
Wayne County northwest of Seven Springs, are readily recognized as the 
Comfort Member. Others, particularly those found in Harnett, Hoke, Moore, 
and Wilke Counties are of markedly different lithologic makeup and do not fall 
within the definition of any of the formally defined members. Molluscan molds 
or a rare bryozoan fragment are present in most of these outcrops and serve 
to identify them as correlative with the main . body of the Castle Hayne 
Formation. Otte (1981) reviewed the historical literature and attempted to 
locate and sample all reported Castle Hayne Limestone (sensu Ba\un and 
others, 1978) localities. Due to vague original descriptions and/ or natural or 
man-made alteration of the localities, most of the reported outliers were not 
found. The relatively few outliers shown on the 1985 State Geologic Map 
reflect the lack of exposure of previously reported outliers. One of the 
mapping prerequisites for these bodies was that outliers not strictly related 
lithologically to typical Castle Hayne Formation but that could be demonstrated 
to be of Eocene age were mapped as Castle Hayne, undivided. Ironstone 
capped hills in the inner Coastal Plain which are historically reported to be 
Eocene (for example. Richards, 1950) but which contained no faunal or other 
evidence to relate them to the Castle Hayne Formation were not mapped as 
Castle Hayne Formation. Also, reported outliers that were not or could not 
be adequately documented as to location and aerial extent are not shown on 
the 1985 State Geologic Map. 

Tees SPRING GARDEN MEMBER 

This upper member of the Castle Hayne Formation consists of "tan to 
gray, arenaceous, molluscan-mold biocalcirudite rocks along the Neuse River 
from Rock Landing to New Bern. This gray and normally siliceous rock is 
well cemented by sparry calcite. Molluscan bivalve molds are partly or 
completely filled with silica, which forms siliceous pseudomorphs after the 
dominant mollusk, Macrocallista neusensis (Harris)" (Ward and others, 1978). 
Aragonitic molluscan bivalves, which were estimated to account for about 75 
percent of the original rock, have been dissolved and the carbonate has been 
reprecipitated as calcite cement in the interstitial zones. Fine-grained 
phosphate, present in amounts up to ten percent, and quartz sand comprise 
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the remainder of the molluscan biocalcirud.ite facies. Bryozoans are rare. 
The unit grades downward to a basal calcareous quartz arenite. Baum (1977) 
and Baum and others (1978) recognized the rocks of the Spring Garden 
Member as The New Bern Formation. 

The Spring Garden Member outcrop area is limited mainly to parts of 
Jones and Craven Counties. Exposed sections in the Martin Marietta New 
Bern quarry were up to six meters thick with approximately eight meters 
occurring below the pit floor (Ward, 1977). The type section, Spring Garden 
Landing on the Neuse River, Craven County, contains approximately three 
meters of Spring Garden Member. 

In the subsurface, the Spring Garden Member extends east and 
northeast from the outcrop area. Estimated thickness of the unit in the Cape 
Lookout area is about 90 to 100 meters. The Spring Garden Member underlies 
the Pungo River Formation (Miocene) through much of Beaufort and Pamlico 
Counties. 

The contact between the Spring Garden Member arid the Comfort Member 
is not well exposed nor has it been recognized and described in the 
subsurface. Ward (1977) noted that the units are conformable at one locality 
where both units crop out, Rock Landing on the Neuse River, Craven 
County. Baum and others (1978) sited three localities where their New Bern 
Formation (Spring Garden Member) overlies limestone of Hie Castle Hayne 
lliiiestone. They noted "phosphatized crusts, rounded phosphatized clasts of 
the underlying unit and a concentration of oysters" in interpreting the 
contact as a disconformity. Brown and others (1972), in their discussion of 
Rocks of Claiborne age, stated that molluscan limestone grades laterally into 
bryozoan limestone and downward into calcareous sand. Harris and Zullo 
(1987, Figure 13, p. 212) portrayed a lateral equivalency between the New 
Bern Formation (Spring Garden Member) and rocks which are part of the 
Comfort Member. These rocks are within their depositional sequence 4. 

Ward ( 197.7) interpreted the Spring Garden Member to represent shelf 
deposits of a shallowing, regressive sea that was receiving clastic input. 
Baum (1977) interpreted the basal calcareous quartz arenite facies to 
represent "intertidal deposition." The overlying molluscan-mold limestone 
facies were interpreted to represent surf zone to deeper water (to depths of 
40 meters) deposits of a mollusk-dominated sandy shelf.· Jones (1983) 
interpreted his lithofacies 4 (equal to Spring Garden Member) as an organic 
buildup (bioherm or reef) in an inner shelf setting. 

I
·~ Tor RIVER BEND FORMATION ¥ 
~, The River Bend Formation (equal to Trent Formation of Baum, 1978) 

1
:~ includes "limey, sandy shell and barnacle hashes and sandy, molluscan-mold 
~- biocalcirudites" (Ward, 1977) which previously have been included in the 
. Trent Marl by Miller (1910, 1912) and later in the Castle Hayne Limestone by 

Brown (1955), LeGrand and Brown (1955), and by compilers of the 1958 State 

I Geologic Map (Stuckey and Conrad, 1958). Ward and others (1978) proposed 
abandoning the name "Trent" because of confusion as to the specific identity 

~'4!1.' ~f the Trent Marl. Brown (1955) had previously proposed abandoning the 
' name because he thought rocks considered to be part of the Trent Marl were 

· Properly assigned to either the Castle Hayne Limestone or the Yorktown it. Formation. Baum and others (1978) proposed retaining the term "Trent" as E the Trent Formation (restricted) and designated a "modll'ied type section" as 

Jl,,_ 
.,_ .. c· 
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I 
being along the Trent River from New Bern to within 0. 7 kilometers of 
Pollocksville. These workers recognized three distinct facies within their 
Trent Formation: a sandy, echinoid biosparite; an overlying sandy, 
pelecypod-mold biomicrud.ite; and a barnacle, pelecypod-mold biosparrud.ite. 
The Trent (restricted) equals only a part of the River Bend formation. 

The name River Bend comes from River Bend Estates, a development 
· about six miles south of New Bern on the Trent River in Craven County. A 

3-meter-thick exposure on the left bank of the Trent River 0. 3 kilometers 
above Rhems Landing was designated the type locality of the River Bend 
Formation (Ward and others, 1978). Quarries at New Bern and at Belgrade 
provide greater exposure of the unit. Additionally, outcrops occur along the 
New River from Jacksonville to the vicinity of Richlands, Onslow County. In 
the subsurface, correlative limestones and overlying scattered deposits of 
"recrystallized marl, shell hash, or sandy molluscan limestone" were mapped 
by Brown and others (1972) through eastern Pender County, most of Onslow, 
Jones, and Carteret Counties, and northeastward into the deeper part of the 
Albemarle embayment beneath parts of Pamlico, Hyde, and Dare Counties 
including the Pam.lico Sound. Maximum thickness of this subsurface unit is 
about 500 feet in the Cape Lookout area. 

The River Bend Formation unconformably overlies the Spring Garden 
Member of the Castle Hayne Formation. This contact is exposed at several 
places including outcrops on the New and Trent Rivers and in the. Martin· 
Marietta Quarry at New Bern. The unconformity surface is marked by a 
phosphatic crust. At Prettyman Landing on the Trent River, Ward (1977) 
re·ported a coarse conglomerate at the base of the River Bend. Otherwise, 
Ward (1977) describes the basal River Bend Formation as consisting chiefly of 
barnacle plates and molluscan molds in a calcarenite matrix with little or no 
clastic material. This facies grades vertically into a very sandy, slightly 
phosphatic, pelecypod biocalcirudite that is lithologically similar to the Spring 
Garden Member. 

Baum (1977) described the basal part of his proposed Trent Formation 
(equal in part to River Bend Formation) as a friable to moderately 
consolidated, poorly washed, sandy, echinoid biosparite. By point count 
analysis, the facies consists of approximately 15 percent quartz sand, 20 
percent micrite matrix, 30 percent allochems, 25 percent interparticulate 
porosity, and 10 percent cement. This facies interfingers with an overlying, 
massive, dense, well lithified, sandy, pelecypod -mold biomicrud.ite facies. 
Composition of this facies is approximately 25 percent quartz sand, 35 percent 
micrite and microspar matrix, 35 percent allochems {including over 25 percent 
moldic porosity), and 5 percent vuggy porosity. This facies interfingers with 
the uppermost facies, a barnacle, pelecypod-mold biosparrudite comprised of 
approximately 5 percent quartz sand, 15 percent microspar and micrite 
matrix, 55 percent allochems (including about 18 percent moldic porosity),. 15 
percent (mostly interparticulate) porosity, and 15 percent interparticulate 
cement. 

The River Bend Formation ranges in age from middle to late Oligocene. 
Ward (1977), primarily on the basis of mollusks, correlated this unit with 
upper Vicksburgian to Chickasawhayan rocks of the Gulf Coast area. Ward 
( 1977) interpreted a warm-temperate to subtropical inner shelf depositional 
setting for the River Bend Formation. Shoal areas are indicated by the 
accumulation of barnacle and shell hashes. Quieter conditions are marked by 
fine-grained calcarenite. Shallowing conditions during later stages of 
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deposition resulted in increased clastic input and a flourishing mollusk 
population dominated by Mercenaria. 

The Trent Formation of Baum and others ( 1978) equates with only t.he 
lower part of the River Bend Formation. Zullo and Harris (1987) assigned 
these rocks to their sequence 5, which they consider to be lowermost 
Oligocene (early to middle Rupelian). The outcrop area mapped for this unit 
(Baum, 1977) includes limestones exposed on the Trent River below 
Pollocksville, those which overlie the Castle Hayne Formation in the New Bern 
area, and the limestone exposed in the vicinity of Jacksonville. 

The upper part of the River Bend, for example the limestone exposed in 
the Martin Marietta Belgrade quarry, was named the Belgrade Formation by 
Baum ·and others (1978) and was considered to be lowermost Miocene in age. 
Two facies, a basal unconsolidated quartz arenite with abundant Anomia and 
barnacles and an upper sandy, pelecypod -mold biomicrud.ite were recognized. 
Baum and others (1978), based on core hole information at the Belgrade 
quarry, reported that their Belgrade Formation disconformably overlies the 
barnacle, pelecypod-mold biosparrudite facies of their Trent Formation. Zullo 
and Harris (1987) placed the Belgrade Formation (of Baum and others, 1978) 
in their sequences 6 through 9 which span from late Oligocene ( Chattian) to 
lower Miocene (Aquitanian). 

Tob BELGRADE FORMATION, UNDIVIDED 

Ward and others (1978) proposed the name Belgrade Formation for 
,unconsolidated, very arenaceous shell beds of two lithologies - a tan, 
somewhat leached, very arenaceous oyster (Cra.ssostrea) member and a 
moderately phosphatic (as much as 15 percent), slightly calcareous, silty, 
arenaceous shell member containing occasional, thinly laminated olive clays." 
The first member is called the Pollocksville Member for exposures along the 
Trent River and surrounding area in the vicinity of that Jones County town. 
The latter unit is named the Haywood Landing Member for an outcrop at 
Haywood Landing on the White Oak River in Croatan National Forest, also in 
Jones County. The Pollocksville and Haywood Landing Members are lateral 
equivalents. 

Rocks assigned the the Belgrade Formation of Ward and others (1978) 
were assigned by Baum and others (1978) to the Silverdale Formation (equal 
to Haywood Landing Member) and to the Cra.ssostrea gigantissima facies (equal 
to Pollocksville Member), both of which were considered to be lower Miocene. 
Zullo and Harris ( 1987) placed the Silverdale Formation within the upper 
Oligocene ( Chattian) section of their undivided sequences 6-8. the 
Crassostrea channel deposits were placed within their sequence 9, which 
straddles the Oligocene/Miocene boundary ( Chattian/ Aquitanian). 

The Belgrade Formation unconformably overlies the River Bend 
Formation. The upper River Bend surface is highly irregular. It is marked 
by channels and solution cavities which are filled with strata of the Belgrade 
Formation. The type section of the Belgrade Formation is contained in the 
upper portion of the section exposed at the Martin Marietta Belgrade quarry. 
Here, 2. 1 meters of Belgrade Formation overlies limestone of the River Bend 
Formation and is, in turn, overlain by deposits of the Duplin Formation 
(Pliocene). · 

Baum and others {1978) identified a type section for the Silverdale 
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CRAVEN 

Reference 14 

U. S. DEPARTMENT OF AGRICULTURE 
Soil Conservation Service 

Technical Guide 
Section 11-A-2 
March 1990 

HYDRIC SOILS 
Craven County, North Carolina 

Hydric codes (HC): 1 =hydric soils, only because of saturation for 
a significant period during the greYing season; 

2 ~ hydric soils that are frequently flooded for 
long or very long periods during the groYing 
season; and 

3 a hydric soils that are ponded for long or very 
long periods during the groYing season. 

Vegetation codes (VC): 1 =hydric soils that sup?ort Yoody vegetation under 
natural conditions; and 

2 = hydric soils that do not support Yoody vegetation 
under natural conditions. 

Hydric soils in this county cannot be fa~ed under natural conditions Yithout 
removing woody vegetation or hydrology manipulation. 

A. Map units that are all hydric soils or have hydric soils as a major component • 

Map Unit 
Symbol HC VC Map Unit Name 

Ap (87) 1 ~3 1 Arapahoe fine sandy loam 

Ba (860) 1,3 1 Bayboro mucky loam 

CT (CN) 1,3 1 Croatan muck 

DA 1,3 1 Dare muck 

De (816) (8) 1,3 1 Deloss fine sandy loam 
(82) 

DO (JP) 1,2,3 1 Dorovan muck, frequently flooded 

Gr (877) 1 1 Grantham silt loam 

La (818) (30) 1 1 Leaf silt loam 

LF (HB, CA) 1,2,3" 2 Lafitte muck, frequently flooded 
"(CR) 

Ln (582) 1 1 Leon sand 

·Me (826) 1 1 Meggett sandy loam 
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CRAVEN 

Page 2 

A. Map units that are all hydric soils or have hydric soils as a major component. 

Map Unit 
Symbol HC vc Map Unit Name 

MH (JB) 1,2,3 1 Masontown mucky fine sandy loam and Muckalee sandy 
loa~, frequently flooded 

Mu (891) 1, 3 1 Murville mucky loamy sand 

Pa (836) 1 1 Pantego fine sandy loam 

PO (Po, Pa) 1 1 Ponzer muck 

Ra (830) 1 1 Rains fine sandy loam 

Rc (831) 1 1 Rains-Urban land complex (Rains part) 

Ro (89, 552) 1 1 Roanoke fine sandy loam 

Tc (28) 1 1 Torhunta-Urban land complex (Torhunta part) 

Tm (876) 1 1 Tomotley fine sandy loam 

To (870) 1 1 Torhunta fine .sandy loam 

B. Map units with inclusions of hydric soils or have wet spots. 

Map Unit Hydric Normal location 
Symbol Map Unit Name Inclusion HC vc of Inclusion 

Ag (46) Augusta fine sandy loam Tomotley 1 1 depressions 

KuB (704B) Kureb sand Leon 1 1 depressions 

Le (56) Lenoir silt loam Leaf 1 1 depressions 

Ly (417) Lynchburg fine sandy loam Rains 1 1 depressions 

Se (452) Seabrook loamy sand Leon 1 1 intermingled areas 
of depressions 

LC (41) Lynchburg-Urban land Rains 1 1 depressions 
complex 
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Reference 15 

State of North Carolina 
Department of Narural Kesources and Community Uevelopment 

Division of Soil and Water Conservation 
:'1~ ~orth Sabbury s~ • Raleigh :--iortr G~olin~ ~76!: 

Jame> C ,0......1arnn, Governor 
S. Thomas Rhodes, Secreta:;,; 

Ms. Pat DeRosa 
Superfund Branch 
Bath Building 

Dear Ms. DeRosa: 

June 21, 1988 

Da-.·1d \\;: Sd~:• 

D!:-t'Ct0' 

Enclosed is the list of hydric soils of North Carolina. The soils are iisted 
by soil order. The information is presented in the following order: county 
distribution, acreage, drainage class, capability class, and associated 
wetland communities. The soils \vith a red asterisk are floodplain soils and 
may be of more importance to you. The soil surveys of each county 'Will be a 
valuable resource for approximate wetland boundaries by using the hydric soil 
list and the delineated soil maps. If I can· be of fur-ther assistance to you 
on hydric soils or wetlands, please call . 

Sincerely, 

Kevin Moorhead 
Wetlands Program 

.~n Equzl Oppomsnuy AiurrnJCtvt" Ac.non tr..j:'l,,.'t"r 
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THE HYDRIC SOILS OF NORTH CAROLINA 

Over 100 hydric soils have been used in soil survey work in North 
Carolina. Seven of the 10 soil orders are represented and each soil orde~ 
is discussed separately .• 

ALFISOLS 

Argent 

Brcokman 

Grifton 

Leaksville 
~Meggett 

Nakina 
Stockade 

Tuckerman 
Yonges 

ENTISOLS 

*- Bibb 

Bohicket 

Capers 
Cartecay 

Carteret 

.l( Chastain 

-}( Chowan 

Ducks ton 

Engelhard 

.Jf: Hatboro 

-washington, Tyrrell and Pamlico Counties, 2i,200 acres. Poc~~y 
· drained, 6w. !solated swamps and pine/hardwood forests, poccsir. 

::·:nges. 

5 .. w. 

- Bladen, Columbus, Brunswick, Pender, Onslow, Duplin, Lenoir, 
Jones Counties, 64,958 acres. Poorly drained, 6w. Savanna~s, 

bottomland forests, pine/hardwood forests. 
- Rockingham County, 1,901 acres. Somewhat poorly drained, 3~. 

- Nash, Edgecombe, Lenoir, Craven, Jones, Pender, Bladen, Robeson, 
C:>lumbus Counties, 49,114 acres. Poorly drained, 4 to 6~o· 

(:loading). 3~t.:onland forests. 
-Columbus County, 18,721 acres. Very poorly drained, 6w. 
- Pamlico and Jones Counties, 23,459 acres. Very poorly dra:.::ed, 

~w· Mixed har~~ood/pine forests. 
- Pitt County, 8,832 acres. Poorly drained, 3 to Sw (slope). 
- ?amlico County, 27,286 acres. Poorly drained, 6·w·. 

Pocosin fringes. 

- ?asquotank, Hertford, Bertie, Halifax, Hartin, Edgecombe, Kash, 
?itt, Greene, ~ilson, Nash, ~ake, Johnston, ~ayne, Lenoir, 
Duplin, Sampson, Harnett, Moore, Robeson, Scotland Counties, 
287,668 acres. Poorly drained, Sw. Bottomland forests. 
Onslow, Pender, Brunswick Counties, 23,522 acres. Very poor::: 
drained, 8w. Tidal brackish marsh. 

- Hyde County? Very poorly drained, 6w. 
Durham County, 1,831 acres. Somewhat poorly drained, iw. -~e 
known acreage of Cartecay may not meet the criteriJ of hyd~:= 
soil because this series is considered hydric only when poncied. 

- Dare, Carteret, Onslow, Pender, Brunswick Counties, 24,i29 
acres. Very poorly drained, Sw. Tidal brackish marsh . 

- Rockingham, North Hampton, Hartin, Johnston, Pender, Bladen, 
Columbus, Richmond Counties, 47,038 acres. Poorly drained, ~ to 
6w. Bottomland forests. 

- Camden, Gates, Chowan, Perquimans, Tyrrell, Brunswick Counties, 
27,596 acres. Very poorly drained, 7w. Cypress/gum swamps. 

- Outer banks, 5,000 acres. 
Brackish marsh/shrub zone, swales between dunes. 

- New series in Hyde County. Poorly drained, 6w. Formerly ma?ped 
as a phase of Weeksville or Pasquotank series. 

- Henderson County, 1,67~ acres. Poorly drained, 3w. Bottooiand 
forests. 

/ 



I 

I 
I 
I 
I 
I 
I 
lc 
I 
I 
I 
I 
I 
I 
I c 
I 
I 

Hobutken 

~ Kinston 

t: Huckalee 

~awney 

Osier 

-'+' \.:e:-:aJkee 

Wysocking 

P.:::STOSOLS 

Be:.naven 

C:-oatan 

Cu~rituck 

- Pamlico and Carteret Counties, 21,134 acres. Very ?Oorly 
drained, 7w. Tidal brackish marsh. 

- Lenoir, Greene and Wayne Counties, 11,009 acres. Poorly drained, 
6w. Bottom~and forests. 

- Washington, Beaufort, Craven, Jones, Onslow, Duplin, Pender, 
Columbus, Brunswick Counties, 187,878 acres. Poorly drained, Sw. 
Cypress/ gum swamps·~ bottomland forests. 

- Gates County. Very poorly drained, ; •. 
- Pitt, Robeson, Dare and Currituck Counties, 8,827 acres. Poorly 

drained, Sw. Harsh/shrub transition in the outer banks, ? 
- Cherokee, Graham, Avery, \or'atagua, Ca :d:.·e~l. Wilke, Alexander, 

Catawba, Iredell, Cabarras, Yadkin, Fo~syth, Rockingham, 
Guilford, Anson, Hoare, Lee, Chatam, Alamance, Person, 
Granville, Vance, Warren, North Hamptor., Hertford, Bertie, 
Halifax, Edgecombe, Nash, Wilson, Johnston, Harnett, Wake, 
Durham, Franklin Counties, 218,030 acres. Poorly drained, 6w. 
Bottomland forests. 

- Hyde County. Poorly drained, 6w. 

Camden, Gates, Dare, Tyrrell, Washingto~, Beaufort, Hyde, 
Pamlico, Carteret Counties, 160,346 acres. Very poorly drained, 
7w. Pocosins. 

- Martin, Beaufort, Pamlico, Craven, Carte~et, Jones, Duplin, 
Onslow, Pender, Duplin, Cumberland, B'laden, Columbus, Brunswick 
Counties, 294,822 acres. 7w. Focosins, Carolina Bays. 

- Currituck, Dare and Beaufort Counties, £4,642 acres. Very poorly 
drained, 8w. Tidal brackish and freshwater marsh. 

Dare - Currituck, Hyde, Beaufort, Craven, Pamlico, Carteret Counties, 
83,881 acres. 7w. Pocosins. 

~ Dorovan - Currituck, Camden, Perquimans, Chowan, Gates, Hertford, Bertie, 
Martin, Washington, Tyrrell, Hyde, Beaufort, Craven, Carteret, 
Onslow, Pender, Bladen, New Hanover, Brunswick, Colur.ims 
Counties, 255,712 acres. Very poorly drained, 7w. 
Cypress/g~~ swamps. 

Hobanny - Jones, Dare and Camden Counties, 13,029 acres. Very poorly 
drained, 7~. Tidal freshwater marsh. 

Lafitte - Craven, PaQlico, Onslow, Brunswick, Carteret Counties, 43,821 
acres. Very poorly drained, Sw. Tidal brackish marsh. 

Hattamuskeet- New series in Hyde County. Very poorly drained, 7w. 
Pamlico - Wayne, Lenoir, Sampson, Bladen, New Hanover Counties, 42,834 

acres. Very poorly drained, 7w. Pocosins. 
Panzer - Currituck, Dare, Hyde, Tyrrell, Beaufort, Washington, Craven, 

Carteret, Robeson Counties, 123,258 acres. 7w. Pocosins, 
isolated deciduous hardwood forests. 

Pungo - Gates, Camden, Washington, Tyrrell, Dare, Hyde Counties, 250,811 
acres. Very poorly drained, 7w. Pocosins. 

Scuppernong - Chowan, Perquimans and Washington Counties, 9,810 acres. 7w. 
Pocosins. 
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INCEPTISOLS 

Arapahoe 

Ballahack 

Chenneby 

Conaby 

Fortescue 
:it Johnston 

Liddell 
-"!1 Masontc\o.'T1 

·:Y. Nikwasi 

Pasquotank 

Pettigrew 
l'cla.,.·ana 
Roper 

Rutledge 

Sylva 
Torhunta 

:of Toxaway 

Wasda 

Weeksville 

Wilbanks 

HOLLISOLS 

Armenia 

- Chowan, Perquimans, Washington, Tyrrell, Beaufort, Craven, 
Pamlico, Carteret Counties, 88,436 acres. Very poorly drained, 
6w. Mixed-hardwood/pine forests, pocosin fringes. 

- Gates, Edgecombe and Pamlico Counties, 11,817 acres. Very poorly 
drained, 6w. Pocosin fringes, bottomland forests. 
Columbus County (in association with Chastain). Somewhat poorly 
drained, 4w. Only the ponded phase of this series is considered 
"hydric so the known acreage of Chenneby nay not be considered a 
hydric s~:.l. 

- Currituck, ~asn:ngton and Dare Counties, i,33i acres. Very 
poorly drained, 6w. Mixed hardwood/pine forests, brackish 
marsh/shrub zone, bottomland forests. 

- Washington County, 720 acres. Very poorly drained, 6w. 
- Bertie, Edgecombe, Greene, Wayne, Lenoir, Duplin, Sampson, Hoke, 

Cumberland, Bladen, Robeson, Columbus, Scotland, New Hanover 
Counties, 245,i27 acres. Very poorly drained, 7w. Bottomland 
forests, cypress-gum swamps. 

- Wayne and Pender Counties, 29,658 acres. Poorly drained, 6w. 
- Pamlico, Craven, Carteret and Onslow Counties, 21,182 acres. 

Very poorly drained, 7w. Cypress-gum swamps. 
- Proposed oountain floodplain series in Ha)~Ood, Jackson, c:ay 

and Macon Counties. Poorly and very poorly drained, 6w. 
- Currituck and ?asquotank Counties, 17,669 acres. Poorly drained, 

6w. 
- New series in Hyde County. Very poorly drained, 6w. 
- Harnett County, 791 acres. Very poorly drained, 6w. 
- Camden, ~ashington, Tyrrell and Dare Counties, 38,442 acres. 

Very poo~ly drained, 6w. Mixed pine/hardwood forests, pocosin 
fringes. 

- Scotlanc, Robeson and Pamlico Counties, 9,306 acres. Very poorly 
drained, 6w. 

- New series in Jackson and Macon Counties. Poorly drained, 3w. 
- Beaufort, Craven, Carteret, Jones, Lenoir, Wayne, Onslow, 

Duplin, Sampson, Cumberland, Pender, Bladen, Hoke, Robeson, 
Columbus, Eruns..:ick, New Hanover Counties, 276,924 acres. ·;ery 
poorly ci~ained, 6w. Carolina Bays, Pocosin fringes, mixed 
pine/hardwood forests. 
Graham, Clay, !ransylvania, Henderson, Buncombe, Yancey, Ashe, 
Watagua, Avery, Mitchell Counties, 19,453 acres. Very poorly 
drained, 4w. Bottomland forests. 

- Currituck, Camden, Tyrrell, Washington, Beaufort, Hyde, Pamlico, 
Carteret, Bladen Counties, 66,658 acres. Very poorly drained, 
6w. Pocosin fringes. 

- Pasquotank, Hyde and Tyrrell Counties, 44,706 acres. Very poorly 
drained, 6w. 

- Hertford, Halifax, Wilson and Bladen Counties, 11,447 acres. 
Very poorly drained, 6w: 

- Davie, Davidson and Cabarrus Counties, 2,445 acres. Poorly 
drained, 3 to 6w. 

/ 
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Pictu're 
Stono 

SPODOSOLS 

- Granville County. Poorly drained. 
- Pasquotank County, 923 acres. Very poorly drained, 6w. 

!..ecr. - Beal.!fort. Pamlico, ~Carteret, Jones, Craven, Lenoir, 'Wayne, 
Dup:in, Onslow, Sampson, Pender, Cumberlant:, :Joke, r:o::eson, 
Bladen, Columbus, Bruns~ick, New Hanover, Gates, Dare Counties, 
-261,332 acres. Poorly drained, 4w. Pine flatwoods, savannahs. 

i..yn~ :-:~·:en Cu.:::t:erlund, Hoke, Sampson, Bladen, Ne ... · Eanover, Chowa:1, 
Perquimans Counties, c2,6i0 acres. Poorly d•ained, 4~. Pine 
flat~oods, savannahs. 

Murville - Pitt, Craven, Lenoir, Jones, Carteret, Onslow, Duplin, Pender, 
New Hanover, Bruns~ick, Columbus Counties, 178,870 acres. Very 
poorly drained, 5w. Pine flatwoods, savannahs, Carolina Bays. 

Olustee - Pitt County, 1,265 acres. Poorly drained, 3w. Has recently 
been correlated to Murville s~il. 

Cl..l'ISOLS 

Sayb~rc Pasquotank, Hyde, Beaufort, Craven, Jones, Sew Hanover Counties, 
80,781 acres. Very poorly drained, 6w. 

Bet~era - Nor~h Hampton, Halifax, Martin and Colunbus Counties, 59,682 
acres. Poorly drained, 6w. Bottomland forests. 

Bla~en - Gates, Hyde, Pitt and Pasquotank Counties, 64,610 acres. Poorly 
drained, 6w. Mixed hardwood/pine forests. 

Byars - Hoke, Cumberland, Robeson, Bladen and Pitt Counties, 15,826 
acres. Very poorly drained, 6w. Mixed pine/hardwood forests, 
Carolina bays, pocosin fringes. 

Ca?e !ear Cun~erland, Bladen, Pitt, Edgecombe, Beaufort, ~ashi~gton, 
Tyrrell, Dare, Currituck, Camden, Perquimans, Chowan, Gates 
Counties, 90,915 acres. Very poorly drained, 6w. Pocosin 
fringes, bottomland forests. 

Cha~l.!ge - Jackson and Clay Counties. Poorly drained, 4w. 
Cox>·::;e - Edgecombe, Franklin, ?itt, Wilson, Lenoir. wayne, Harnett, 

Sampson, Bladen, Cumberland, Hoke, Robeson, Scot:and, Columbus 
Counties, 99,771 acres. Poorly drained, 4w. Mixed hardwood/pine 
forests, pocosin fringes. 

Deloss - Cumberland, Craven and Carteret Counties, 54,574 acres. Very 
poorly drained, 6w. Mixed pine/hardwood forests, pocosin 
fringes. 

Elkton - Pasquotank County, 32,626 acres. Poorly drained, Sw. Has 
recently been correlated to Roanoke soil. 

Fallsington - Pasquotank County, 1,712 acres. Poorly drained, 4w. Has 
recently been correlated to Tomotley soil. 

Grantham - Bertie, Halifax, Edgecombe, Wilson, Greene, Craven; Jones, 

Hemphill 
Hyde 

Johnston, Harnett, Sampson, Cumberland, Pender, Bladen, Columbus 
Counties, 81,959 acres. Poorly drained, 6w. Mixed pine/hardwood 
forests. 

- Haywood. Jackson, Macon Counties. Very poorly drained, 4w. 
- Dare, Hyde, Tyrrell, Washington, Beaufort, Camden Counties, 

81,813 acres. Very poorly drained, 6w. Pocosin fringes. 
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Icaria -Gates, Chowan, Perquimans and Dare Counties, 9,731 acres. Poorly 
·drained, 6w. 

Kenansville - Although on the hydric soil list, none of the known acreage in 
North Carolina meets the frequency of flooding criteria. 
Therefore; the mapped units do not meet the criteria of a hydric 

Leaf 

Lenoir 
Lumbee 

McColl 

Myatt 

Nimmo 

Othello 

Pantego 

Paxville 

Perquimans 

Plummer 

Pocomoke 
Portsmouth 

Rains 

~-. Roanoke 

Toisnot 

soil. 
- Hender~on, Buncornb~. Madison, ~a~vood Counties. 1221 acres. 

Poorly drained, 3w. 
- Hertford, Bertie, Beaufort, Pitt, Craven, Pamlico, Jones, 

'Lenoir, Wayne, Johnston Counties, 259,758 acres. Poorly drained, 
~~. Pine/hardwood forests. 

- See the note for Kenansville soil above. 
- Edgecombe, Greene, ~ayne, Lenoir, Duplin, Sampson, Pender, 

Brunswick, Columbus, Robeson, Scotland Counties, 76,087 acres. 
Poorly drained, 6w. Bottomland forest. 

- Hoke, Cumberland, Robeson and Scotland Counties, 19,183 acres. 
Poorly drained, 6w. Carolina Bays. 

- Wayne, Hyde Counties, 20,637 acres. Poorly drained, 3 to s~ 
(flooding). 

- Currituck, Camden, Perquimans, Chowan Counties, 6,567 acres. 
Poorly drained, 4w. 

- Pasquotank County, 18,721 acres. Poorly drained, 3 to Sw 
(slope). 

- Gates, Bertie, Beaufort, Hartin, Pitt, Craven, Carteret, Jones, 
Lenoir, Wayne, Johnston, Onslow, Duplin, Sampson, Cumberland, 
Hoke, Robeson, Bladen, Pender, Sew Hanover, Columbus, and 
Brunswick Counties, 206,110 acres. Poorlv drained, 6w. 
Pocosin f~inges, pine/hardwood forests, ~arolina bays. 

- Greene, Pamlico, Sampson and Bladen Counties, 20,932 acres. Very 
poorly drained, 6w. 

- Camden, Chowan, Perquimans, Tyrrell and Beaufort Counties, 
41,467 acres. Poorly drained, 6w. 

-Wake, Robeson, Scotland and Anson Counties, 7,027 acres. Poorly 
drained, Sw. 

- Pasquotank County, 5,312 acres. Very poorly drained, 3w. 
- Currituck, Camden, Chowan, Perquimans, Pasquotank, Dare, 

Tyrrell, Washington, Beaufort, ?itt, E=geco~be, Lenoir, Har~et:, 
Bladen, Robeson, Scotland Counties, 145,023 acres. Very poorly 
drained, 6w. Pocosin fringes, pine/hardwood forests. 

- Gates, Hertford, North Hampton, Halifax, Bertie, Hartin, 
Beaufort, Pitt, Edgecombe, Nash, Wake, Johnston, Wayne, Wilson, 
Greene, Craven, Pamlico, Carteret, Jones, Lenoir, Onslow, 
Duplin, Sampson, Harnett, Cumberland, Hoke, Scotland, Richcond, 
Robeson, Bladen, Pender, New Hanover, Brunswick, Columbus 
Counties, 836,029 acres. Poorly drained, 3w. Pine/hardwood 
forests, Pocosin fringes, Carolina bays, bottomland forests. 

- Currituck, Camden, Pasquotank, Perqui~ans, Chowan, Gates, 
Hertford, North Hampton, Halifax, Bertie, Washington, Tyrrell, 
Beaufort, Hartin, Edgeco~be, Pitt, Craven, Carteret, Wilson, 
Franklin, Wake, Johnston, Durham, Chatham, Lee, Harnett, 
Cumberland, Sampson, Bladen, Davie, Iredell, Caldwell Counties, 
35~,125 acres. Poorly drained, 4 to 6w. Bottomland forests, 
mixed pine/hardwood forests. 

- Wilson, Franklin, Johnston, Harnett, Sampson, Bladen, Robeson 
Counties, 15,689 acres. Poorly drained, 5w. 
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Tomotley 

Trebloc 

Weston 
Woodington 

Worsham 

~: :- ··:-·, .. · ' ~ ...... -~ 

- Currituck, Camden, Pasquotank, Perquimans, Chowan, Gates, 
Hertford, Bertie, North Hampton, Halifax, Nash, Wilson, 
Johnston, Craven, Carteret, Beaufort, Tyrrell, Washington 
Counties, l7D,764 acres. Poorly drained, 4w. Pocosin fringes, 
mixed pine/hardwood forests. 

-Robeson County, 9,774 acres. Poorly drained, 3 to Sw 
(flood ir.g). 

- Wayne County, 9,544 acres. Poorly drained, Jw. 
- Martin, Lenoir, Jones, Onslow, Duplin, Sampson, Cumberland, 
·Hoke, Bladen, Pender, Brunswick, New Hanover Counties, 190,108 
acres. ?~orly drained, 6w. Pocosin fringes, ~ixed pine/hardwood 
forests. 

- Cherokee, Avery, Watagua, Yadkin, Catawba, Lincoln, Gaston, 
Alamance, Anson, Wake. Yancey, Warren, Franklin, Nash, Halifax 
Counties, 30,267 acres, Poorly drained, Sw. Drainage heads. 

,.., .. ,, ·­'·· .. _, ~ ... ..). 

.. 



I 
I ,. 

( 

I 
I 
I 
I 
I 
I 
I 
I 

( 

I 
I 
I 
I 
I 
I 
I(. 

I 
I 

SURFACE WATER ROUTE 
DISTANCE TO A SENSITIVE ENVIRONMENT 

"Wetlands" Definition for the HRS (40 CFR 230) 

(t) The term ''wetlands" means those areas that are inundated or satur.:~ed 
!Jy surface o; s~ounowater at a frequency cn:::i ch;;a!ion suffic~en: to 
:; u; port, <> nd t '1 a~ under ilorr~ al ::i r ·:urns t a nee s ~0 ~ .;::-·:..o~: ~ p~ r:· :2.: [' -. ..: ::- :! 
·:egetation typJca!Jy 2dapted for life in satura;:ed soil conait.0ns. 
Wetlands generally include swamps, marshes, ~ogs, .:.nc similar areas. 

230.41 Wetlands. 

(a)(l) Wetlands consist of areas that are inundated or saturated by surface or 
g~oundwater at a frequency and duration sufficient to support, and that 
under normal circumstances do support a pre·,:Jence of vege :.::ion 
:ypical!y adapted for life in saturated soil conc!tJor.s. 

:2) \rhere wetlands are adjacen! to open ·.:.·ater, they gene;ally co:-:s:::'-lte 
the transition to upland. The margin between we:!c.nd and open wa;:er 
can best be established by specialists familiar with the !veal 
e:1·:ironment. pa:-ticuJarly ·.;.·here emergent -,ege:.:.:ion merges o.::ith 
submerged vegetation over a broad area in such ;;!aces as :!v~ la-.era! 
mc:-:gins of open water, ."ieadwaters, rainwate~ catch t:asi:.s, anc 
groundwater seeps. The landward margin of .,, .. et!.:.nds also can t::-=s: be 
identified by specialists familiar with the loc~J en·.,iron:nem -.:.·hen 
;regetation fro:-n the two regions merges over a b;oad area. 

(3) Wetland vegetation consists of plants that ~equ:re sa~urated so:!s tc 
survive (obligate wetland p:ants) as well as plants, including ce:-:ain 
trees, that gain a competitive advantage over others because t:-te; ::an 
tolerate prolonged wet soil conditions and their competitors cannc;:. In 
c.cdition to plant populations and communities. -.;e::ands are delirr:!:e.: by 
hydrological and physical characteristics oi >he environment. : ;-.ese 
characteristics should be considered when info~:-nation about ~hem is 
needed to supplement information available a;:>Out vegetation, o:- where 
wetland vegetation has been removed or is dormant. 

SW-38 
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Climatic Atlas of the United States, US Department of 
Corrunerce, National Climatic Center, Asheville, NC, 1979. 
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Source~ Cliaatic: Atlaa of the United Statea, U.S. Depart11ent of Co111111erce, National Climatic 
Center, Aahville, N.C., 1979. 

FIGURE4 
MEAN ANNUAL LAKE EVAPORA TlON 

(IN INCHES) 
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FIGURE 5 
NORMAL ANNUAL TOTAL PRECIPITATION (INCHES) 
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LAND USE PLAN UPD~TE 

New Berni North Carolina 

Prepared by 

PLANNERS 0 LANDSCAPE ARCHITECTS 

P.O. BOX 1110, ST. MARYS, GEORGIA. 31558 

Adopted by the City of New Bern: May 26, 1987 

CRC CERTIFICATION: JUNE. 4, 1987 

The preparation of this report was financed in part through a 
grant provided by the North Carolina Coastal Management 
Program, through funds provided by the'Coastal zone Manage­
ment Act of 1972, as amended, which is:administered by the 
Office of Ocean and Coastal Resource Management, National 
Oceanic and Atmospheric Administration~ 



I 
November, 1985, the City had the following customer base: 

I 
Customer Categories Number of Customers 

~Residential, in City 5,221 
Commercial, in City 664 
Industrial, in City 55 

I Residential, outside City 860 
Commercial, outside City 33 I Industrial, outside City 9 

Additionally,the City sells water on a wholesale basis to 

I
Trent Woods and the Neuse River Sewer and Water District. According to 
the City's consulting engineers, Finkbeiner, Pettis and Strout, the 
average daily water demand in 1983 was 3.06 million gallons per day 
(gpd) with a maximum day demand of 5.14 million gpd. The system's 

I existing capacity is 4.0 million g.p.d. Therefore, average daily demand 
is 76.5% of capacity. Peak demand is 128.5% of capacity. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 .. 

t 

The City is currently preparing a long range water system 
improvements plan. While this plan is not yet in final form, the 
following major improvements are under consideration: 

o addition of a 5th water supply well. 

o improvements to the in City water pumping plant to 
increase capacity and system pressure. 

o construction of a 500,000 gallon elevated water tank. 

The fundamental objections of these improvements are to increase 
overall capacity to 5.0 million g.p.d. while providing sufficient 
water pressure throughout the water distribution system. A water system 
improvement plan is being prepared to identify the capacities necessary 
to serve future growth in and around New Bern. 

Wastewater Collection and Treatment. The service area of the City's 
sewage system and its treatment plant, containing 5,632 customers as of 
November, 1985, are identified by Map Three. The City currently 
operates a 4 million gallon per day trickling filter type secondary 
Wastewater treatment plant located at the northern end of Glenburnie 
Drive. The plant discharges into the Neuse River. The average daily 
Wastewater flow is currently about 2.8 million gallons per day. Average 
daily flow is therefore 70% of capacity. 

However, the City is currently under a moratorium on new 
connections and has applied for a special order by consent (soc) from 
the N.c. Division of Environmental Management. The moratorium is based 
on the City's inability to meet effluent BOD limitations. 

t The City prepared an interim action plan in April, 1987 to addres~ 
hese deficiencies which includes technical, governmental and 

engineering program elements. The Board of Aldermen has given a high 

15 
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About half of New Bern's Planning area falls within the 
marginally suitable area including the areas currently receiving most 
of the new growth to the west. These lands can be satisfactorily 
converted to urban land uses provided that drainage improvements and 
sewer is provided. Additionally, organic material must be removed from 
the surface of some soils in the marginal category. It must be 
understood, however, that the cumulative effect of development in thes~ 
areas can create water quality problems. 

Areas of Environmental Concern. Areas of Environmental Concern (AEC's) 
are sensitive environmental and cultural areas protected by the CoastaJ 
Area Management Act (CAMA). General categories of these areas are 
identified through State guidelines according to the Administrative 
Procedures Act, as administered by the Division of Coastal Management. 
Special areas of local or regional environmental or cultural 
significance can be nominated as AEC's by individuals, groups or 
governing bodies. See also N.C.A.C. Section 15-7 for actual state 
regulations defining and governing allowable uses in these areas. 

AEC's lying within New Bern's jurisdiction include Public Trust 
Waters, Coastal Wetlands, Estuarine Waters, and Estuarine Shorelines. 
Development or other land and water uses within AEC's generally requir 
CAMA permits. The State has established extensive guidelines regarding 
activites within AEC's, but generally does not preclude any land use by 
right. As part of an effort to share implementation of the Coastal Area 
Management Act with local governments, the State's land use planning 
guidelines require that local governments identify acceptable land us•' 
within AEC's in their planning jurisdiction. Descriptions of AEC's 
within New Bern's jurisdiction are provided below. 

o Public Trust Waters 

These are legally defined areas of environmental concern 
where the public has a right to navigation and recreation. 
The primary concern is that uses such as bulkheads and mari~as 
which must utilize public trust areas, do so without interferina 
with the public interest in these areas. · 

o Coastal Wetlands 

Coastal wetlands, or high tide marshlands, are found 
adjacent to the Neuse and Trent Rivers in two separate 
locations. The largest wetland area adjoins the Trent River and 
Lawson Creek, containing approximately 214 acres. Another 
wetland area is located on the western side of the Neuse Rive: 
eastward from Woodrow subdivision. The primary plant species i~ 
both areas is cordgrass (spartina alterniflora). 

These marshes provide habitat for wildlife and waterfow) 
and act as a deterrent to shoreline erosion and sediment runoff 

o Estuarine Waters 

Estuarine waters in New Bern's jurisdiction are those 1~~~-
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of the Neuse and Trent Rivers between the city limits and the 
mean high water mark, the high water mark being described as 
the clear line impressed on the land adjacent to the rivers. 
Generally the New Bern city limits extend about 300 feet from 
the high water mark into the Neuse and Trent Rivers. Estuarine 
waters are bordered by estuarine shoreline. These waters are 
among the most productive natural environments in North 
Carolina. Many fish and shellfish species spend all or part of 
their life cycle in estuarine waters. The water areas are used 
for commercial and recreational navigation, water sports, and 
provide aesthetic benefits. 

o Estuarine Shorelines 

Estuarine shorelines are defined as non-ocean shorelines 
which are especially vulnerable to erosion, flooding, or other 
adverse effects of wind and water and are intimately connected 
to the estuary. The estuarine shoreline encompasses the area 
landward along the estuaries, bays, sound and other brackish 
waters for a distance of 75 feet from the mean high water level. 
There are no specific restrictions within estuarine shoreline 
areas. The prime requirement is that all development sub­
stantially preserve natural barriers to erosion. In New Bern's 
planning jurisdiction, all shorelines of the Neuse and Trent 
Rivers fall within this classification. 

Management guidelines and rules for uses for all Areas of 
Environmental Concern are described in the most recently amended 
version of Section 15-7H of the North Carolina Administrative Code. 
These rules are available through Division of Coastal Management 
offices in both Raleigh and Morehead City. 

Community Facilities Capacity 

Community Facility Capacities are identified and discussed by the 
Community Facilities Section (page 12) of Existing Conditions. 
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RESOURCE PROTECTION 

a. The Estuarine System. The Areas of Environmental Concern 
(AEC's) within New Bern's planning jurisdiction are all 
components of the Estuarine System. These AEC's, as 
described by the Constraints to Development Chapter (page 
23 ), are: 1) estuarine waters: and 2) estuarine 
shorelines of the Neuse and Trent Rivers, Jack Smith Creek, 
Lawson Creek and Renny's Creek to points inland where ocean 
tides no longer affect these water bodies: 3) coastal 
wetlands: and, 4} public trust areas. All shorelines below 
Wilson's Creek on the Trent River and Pitch Kettle Creek on 
the Neuse River are defined as Estuarine Shorelines and 
subject to applicable policies and regulations. The State 
Policy Statements for AEC's offer protection for New Bern's 
fragile and significant environmental resources through 
CAMA permitting procedures. In accordance with those 
policies set forth in subchapter 7H of the State CAMA 
regulations, New Bern adopts the following policies 
concerning AEC's in its jurisdiction. 

(1} Estuarine Waters. In recognition of the importance of 
estuarine waters for the fisheries and related 
industries as well as aesthetics, recreation, and 
education, New Bern shall promote the conservation and 
quality of this resource. Activities in the estuarine 
water areas shall be restricted to those which do not 
permanently or significantly affect the function, 
cleanliness and circulation of estuarine waters. 
Appropriate uses are restricted to those suth as 
marinas, piers, docks, boat ramps, bulkheads and aids 
to navigation that will prompt the public's interest in 
maintaining the critical Areas of Concern. 

(2) Estuarine Shorelines. The City recognizes: the close 
association between estuarine shorelines and adjacent 
estuarine waters; the influence shoreline development 
has on the quality of estuarine life: and the damaging 
processes of shorefront erosion and flooding to which 
the estuarine shoreline is subject. 

suitable land uses are those compatible with both the 
dynamic nature of estuarine shorelines and the values 
of the estuarine system. 

Residential, recreational, commercial and industrial 
land uses are all appropriate types of use along the 
estuarine shoreline provided that: 

a. All CAMA permitting requirements are met: 

b. All terms of the New Bern Zoning Ordinance are met; 

c. The construction of impervious surfaces and areas 
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1 !lore - roo.o - 100.0 - 100.0 - 100.0 Rol10son 10.) 89.5 20.) 19.1 27.) 72.7 '1"),) 70.7 
Oewldson )9. 7 60.) )9.4 60.6 H.l 62.9 )),4 66.6 nocklnghoro :.o.' 61 .5 4 I .1 50.9 U,l ,,, 40.) )9.7 
Dowie - 100.0 - 100.0 1),4 86.6 10.7 89.) RO'iOn 41.1 58.9 41.2 )2.8 4].1 57.9 ... , 51.11 

~.up lin - 100.0 0.1 9?.9 14.9 O)ol 14.2 8,.8 nulhorlonl ) ). 4 66.6 }I .I 60.9 )0.' (/} .9 20 ·'· 11 •• 
Our he,. :10.2 79.11 7),6 ]4,4 ,,,9 74.1 ro.2 19.0 5D"'Jl101\ o.? 91.1 15.5 04.5 15.9 (1.4.1 1).2 8•.~ 
(d'}dCOrobo 40,7 59.) 42.9 , 1 .I 41.1 52.9 4,.9 54.1 Scollend 7J,I 12.9 }1.7 67.) )2.? 67.1 :::6 ,') 64.0 
r.,.srtr. 65.0 )4.2 69ol )0.8 68.8 )1.2 75.2 24.0 Slonly )1.8 60.2 )0.0 10.0 26.0 14 .o )1.1 68.9 
rrelll<l In 8.1 9lo9 10.0 90.0 11.0 09.0 10.8 09.2 Stolo.u - 100.0 - 100.0 - 100.0 26., 1).5 

Cnton 5).2 44.8 61.8 .)8 ,] 11.0 19.0 69.1 }0.9 Surry 20.4 11.6 20.6 79.4 25.0 1).0 16.) 8.).7 
Goln - 100.0 - 100.0 - 100.0 - roo.o Swain - 100.0 - IO'b.O - 100.0 - roo.o 
c"•h•'" . 100.0 - 100.0 - IOO.O - roo.o Trensylv111le 1').1 14 .) 29.1 10.) 26.6 }) .4 21.1 1J,) 
Grenville 21.0 79.0 21.1 78.9 )2,7 67.) }4.0 6),2 Tyrrell - 100.0 - 100.0 - 100.0 - 100.0 
Cree,.. - 100.0 - 100.0 - roo.o - 100.0 Union 24.1 1).9 24.4 1).6 15 ,) 74.7 21.7 78.) 

Gull ford 66.1) }4 .o 76.1 1),9 76.7 2),) 7).9 14 ·' Vance )4.) 65.7 }9,8 (,(),] 42., ,,, )6.0 6).2 
Itt II f•• 24 .I ,,, }1.1 67.) x.., 6).5 )1,1 62.9 """" 

,,, 46,9 6).2 )6.8 69.6 }0,4 11.8 20.2 
ltor11ett 20.) 19.1 llo) 17.7 22., 77.5 2).0 n.o liDI'ron - 100.0 - 100.1) - 100.0 - 100.0 
lleywood 27.1 7lo9 28o) 71.7 27.9 12.1 24 ,, ,,, Voshlnglon )4 .o 66.0 )4.6 6,.4 }4.0 66.0 }0.? 69.1 
ltnlldersol\ 19.7 oo.J 16.) 8).7 111.0 n.o 19.4 80.6 liel11.1go 16.2 8).9 21.0 19.0 )7.4 62.6 )2.2 67.11 

llort fOI'd 16.7 II),) )1,8 60.2 }6.6 6}.4 J),O 66.2 \ioyno )'1.2 60.8 40.0 59.2 4(o.1 ,,) 64 •• ,., .6 
llo~e - roo.o te.: 81.) 19.} IJO,J l1o8 ez.2 1111 ku 9.7 90,) 9.) 90.7 6.8 11).1 10.11 89.1 
llyde - 100.0 - 100.0 - 100.0 - 100.0 !ill son H.2 H.B 49.8 ,0.2 51·' 48.9 ,.,, .,., 
Iredell 42.7 "·' 42.8 )1,2 ... 2 ,,B )),0 61.0 Yedkln - 100.0 - too.o - 100.0 - 100.0· 
Jeclo.sOI\ - roo.o - 100.0 - 1oo.o - 100.0 Yen coy - 100.0 - 1oo.o - roo.o - 100.0 

lei V•hft"·rurel porciJnle!}'lt for 1910 wore not c.,...roclod lor oil ll•n• C<:1111\lles -rolch hod populttlon corrections after the 1970 torben·rurel tt 9....-e 1 .,,. 
pulollthe.J lout were corrected Ill 04leclod counllu by ""' Oureeu ol 11.., Cenau•• 

$(l}RC(t Olllce ol Shle Budoer end lolenefl'l'""nl, Reuorch end Plennl11g Servlcot, 
u.s. Oopert~nt of C~rce, Oureeu ol t~ Cenaut, 



- - - - -
--

Covnty 192o-19)0 19.)0--1940 

Shte Total 2)o9S u.u 
Alo.,..nce 28.8 )6,) 

Alewen<Mr ).8 4.1 
Allegheny -2.9 16.1 
Anton ).6 •).1 
A\he o.1 7.8 

A<very 14.2 14.9 
Oooulort IJ,9 c.o 
~tie 7. 7 I. c 
Bladon 1).) 21.) 
Bruntwlck 6.) 8.) 

Ouf\CQitf.tl ,,,, 11.0 
Burke :zc .. 2 )1,) 

Cot.orrus ,,,, )4.0 
Celdwell 40.2 27.0 c....,.,. ,,, -o.4 

Corterot 10.1 8.2 
Cu•ell 1).6 10.0 
Cet ••b• )0.0 n.c 
Chef he"' lo) 2.) 
CMrokM 6o0 16.) 

CIIOwen 5.9 2.6 
Cloy 17.0 17.9 
Cleveltnd 51.) 11.6 
Coluorbus ,,, 21.1 
Craven ).6 2·1 

' Cuot>•rlond 29.0 )1.2 
Currl luc" -1.1 -o.o 
u ••.• lo 7 16.1 
o .. lds"n f )6.0 11., 
Oevle 6.0 ),(, 

l).,plln 16.1 1).1 
Ovrha"' ~.2 19.4 
(d!IOCI>"t>e 26.1 2.6 
rortytl\ U,) 1).2 

''•'•"' '" 10.) '·' 
C. lion ,7,4 12.1 
c ..... Ool •1,7 
Clohe'" 1?.9 9.9 
Clenvllle 7.0 2. 2 
Q-Mn• "·1 -0.6 

Cull ford 67.8 1).7 
lie II I oiC 21.7 6.1 
Iter net r )).9 16.7 
lloywooll 11),) 2).1 
llonder&OII 28.) IJ,) 

1\o<'II«.J 7. 7 10.) 

'""• 21.) 1.? 
Hyde 1.0 -8.1 
Iredell 2).0 e.o 
Jock lOll )0.8 10.) 

- - - - - - - - - - - - -
M:ltCtllT f'C1'Ul.A1o .... "IAII.A. UY LCCAOC UY 00Ut11'r 

1920 TlflOIJQI 1900 

----- I -....----
19Co-19'0 19,o-1960 196o-1970 197o-1960 Co<lnly 191o-1'1}0 

1),7J IJ,2J 11.6J "·" 
24.0 20.) 12.6 1.9 ))hntton 11.6 

e.2 7.4 24.6 26.4 .bnos '·' -7.7 -).7 ,,, 11.? l"" 7G.8 
·)·8 -6.0 -).9 9. 7 Lunolr ]1).0 
-).) -9.6 -1.0 14.1 Lincoln 211.0 

_,_, ·11).1 ).4 1}.9 ~!n·oll 21.) 
1.9 -),0 -o.t 11.1 M..::on G. I 
0.9 -7.9 -I),J 2.4 Mntll lOll 1.1 
9.4 -2.8 -8.) ,, • 2 ._.,,.,In 12.) 

11.) '·' 19.) 47.7 ~klonburg )6.1\ 

14.4 •• 6 II.' 10.9 Mllcluoll n.o 
IJ,9 .,,u 14 ,, 20.1 Pon I 'P""'' y 11.0 

'· 4 
G.O 9.) "·' 1\:>tY• )1.9 

21.1 14 ,) 14.4 1?.) llnth ]0.' 
-4.0 7.2 -2.6 6.9 ~· llonovor ).9 

26.1 19.0 
"· 2 

)0.0 lbrlho"l'IOn 17.2 
4.2 -4.6 -4.) 8.7 0.\lov c.o 

19.6 18.4 24.2 1).8 ()-onQ~ 10.) 
2. 7 ,,, 10.) I ),1 Po,. I leo 2.6 

-2.8 -to. 1 -o.o "·9 Posquotenk 8.) 

8.4 -6.) -0.2 16.7 r..n<JM 6.1 
~.2 -a.o -{),) 21.8 f'orqu 1 ""'"' -4.2 
10.9 7.6 9.9 .,,o r..non 16.2 
10.9 -).) -4.2 8.7 Pitt 19.) 
56·0 20.4 6. 4 1}.6 f'olk "· 7 

61.8 54.6 42.9 16.6 Hondo I ph 17 ,) 
-1.6 6.) ~-7 ,.) .o Rlch..,nd )).0 

·10.) 9.0 11.9 91.2 nobcnon 21 ,J 
lt..6 21.1 20.) 10.) nucklnyhe• I,. l 
,, 4 Q,) 12. 7 .\0., '"'""" 2u.t. 

).4 -2.0 -).6 1.1 nulhorford 2U. 7 
2t..l 10.1 18.) 1), 2 So"'''\On II.) 
),Q ),0 . ,,, 1.0 Scollolld 2'1.) 

1).) n.c. I ).G I).) Slonl y 10.7 
), 2 ·0.) -{,,' 11.1 Slo~us Q,) 

26.6 1C. 1 16.8 .,. , Surry n.4 
-).0 •).: -I.? C,l Sv3ln ·ll·' 7.) ~.6 2.0 1(1.0 lronty l~onlo ),1 
0.) 4.1 -1.1 ).9 lyrroll 6.~ 

-7·0 ·1·' •10.6 7. 7 Union I), 7 

24 ol 211·0 17 .I 9.9 Ven<o 1?.1 
),) 1.0 ·0·6 ~.6 liMo 26.1 
lo6 '·' ),0 19.9 \lor ron 0.7 
e. 1 ,,, 

'·0 "·' llnsht,.gton 1,, 
18· 7 17.0 

"' 4 
)6,9 llettuv• Jl,) 

10.9 ).? 7.6 •••• \loyllD "·' ).5 ),(1 o., 1t.o 1111 kot 10.0 
-17.6 -11.0 ->·• ,,4 1111 ton 22.0 

11.7 11.1 I}·' 1C ,) Yodkln 9.9 -o., -7.7 2 • ' 19.) Yoncoy _, .o 

-·------------· ------·----·-----..----
19}o-19CO 19Co-19)0 l?)o-l?t.O l91.o-197o) 19 7o-I?IIO 

10.7 ), ) ... , -1.9 14. 4 
c.e o. 7 o.o -11.1 -o.8 

10.) 2).) 17.\1 14.7 ]1),' 
1).4 

11 ·' 
70.) ·0.1 e.4 

),7 I).) .. . '} 1). 4 ~}.f> 

1),1 II .u •. o 1•.6 14.6 
16.1 1.9 -1.7 ),J 21.8 
10.9 -0.9 ·10.1 ·1. I ).1 
11.6 1.0 •1.? •8.9 •.? 
18.6 :n.e )3.1 )0.) 11.0 

"·~ -).2 -II. 7 -).) I •) 
0.4 6.0 (,,I .. '· 1(,. ,, 

9.0 7.0 IO.Y (o,) 2'1.) 
).4 7.8 1.0 • ) , I . I).~ 

"·' )2.0 1).4 
"· 7 

2•.1 

4.2 o., ·).I -1).9 -1· 2 
17.) "'.' 10).0 19.6 \),4 
9·0 49.) 24.8 )4.0 )),9 
4.4 }.0 -··. -).9 ?.8 
7. 4 18.4 '·' 4.7 6.1 

17.9 4.0 0.) -I.? 11 ... 
-e.4 -1.7 -··· •9.0 I ).6 
1).6 ·2· 7 8.) -1.8 11.) 
12.4 4.2 9.6 ),7 n.o 
16·2 -2.1 -2.0 ).0 10.6 

22.9 14.0 21.0 24.2 211.1 
8.2 7.6 -1.0 •• a ••• u 

1).6 ... 7 1.~ •4.8 lq.o 

"·' 11.9 ' .. c.o ,,,, 
21.1 1).0 f), u n.r ll'· 7 

12.7 l.l -2.1 ),IJ 1).6 
18.4 4.9 -).) -6 •• "'·' 1). 2 1}.4 ••• 6.9 1?.8 
0.7 1}.1 IQ.I •• 0 I).) 
1.6 ·).0 ),/ Go C. )'/.1 

).1 Y., I ,,) 6.7 1).6 

'·' ·16:, _,. ~ ).) 1(,.' 27.' 74.1 7.0 20 •• IU.II 
7.6 -9.1 ·10.~ •1).8 1.4 

-4.6 7.) 6.) ll·' 7d.6 

9.8 7.1 -0.) 1·2 12.4 
1),6 21.6 1).9 ,,, 4 )1.6 
-o.9 1.7 ·I G.) ·19·6 1 • • , 

G.2 7.0 2,) 1.1 ),C 

'"'·' ,,, -4.4 ,,, 
''·' 

10.0 10.2 21.1 ••• 1).6 
18.9 ,, 2 0.1 9 •• 18.4 
II.B II.) ,,9 -{) .. , .. 
14.7 7.1 ).0 1.9 "·' 16.7 .,.2 ·II. I -9.8 18.) 
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County 

Stcte Tot:l 

Al.,r:;ence 
.&,le•ender 
Alleg!'leny 
Anson 
".s!'~ 

Avery 
Seoufot"t 
Bert le 
S I eden 
Brunswick. 

9uncO'IIl:>e 
9urlc.e 
Ceberrus 
Cel.:::well 
~~~:en 

Certeret 
Ces .. cll 
Cetew!:lo 
Ch11them 
Cherokee 

Chc .. en 
Cley 

·Jel enC: 
• ur.t>us 

r .. even 

>erll:nd 
. rltuck. 

C.::-e 
Devldson 
Devle 

vu;:lll n 
Durhem 
~c:;ecombe 
rorsy"::'l 
F'renklln 

Ceston 
Getes 
Grehem 
Gren .. llle 
Greene 

Gull ford 
Hel1hx 
HOlrnett 
Heywood 
Hcneerson 

HP.rtford 
Hoi<.e 
Hyde 
Iredell 
Jeck.son 

:·~nsl~(e) 

1960 1910 1980 

9!- 104 120 

!9; ::5 ::!:L9 
:· -~ 

·~ 
;; 

;..:. . :!0 .Sl 
.:.-; :.: J8 
.:..: .::- 5: 

.~ _,. 52 58 
4) 44 49 
3S :? 30 
3:5 )0 35 
2) 28 42 

202 221 244 
10~ !19 1U 
1e9 ~6 2)6 
1C·.! ·-· . .:. t~.: 

~ :J 24 

"., :09 78 ... ~ 

'"' -- ~; 0:9 
ISO 231 266 

"<: ,..,._ 42 47 
.36 ~ 42 

'" o~ ~2 69 
?5 25 31 .. -,._..:; :ss ii2 
52 50 54 
s~ :9 101 

22S )/~ :n& .... 28 43 ... 
1; le ~ 

1~~ 174 207 
c3 71 92 

~; 47 50 
375 '50 513 
10~ i03 111 ... --· .. ' .... i .... 592 
se 55 61 

355 417 455 
27 25 26 
22 22 25 
61 61 64 
62 55 61 

379 HI 487 
82 7J 76 

~' 82 99 
73 76 84 
95 ID 156 

f..; 69 66 
5ij 42 52 

9 9 9 
106 126 tU 
~ 

., 5.3 

. 

P.:PULATION DENSITY mD LA•;o AAU. BT cou:;TT 
1960, 1970 }HJ 1980 

1980 
• Lend 

N"ee 
CSq. MI.) County 

-'3,80 

OJ Johnston 
259 Jones 
2:54 lee 
s:n Lenoir 
426 Lincoln 

247 . Md)owell 
826 Moe on 
701 Modi son 
879 Mort In 
861 Meek lenburg 

659 Mitchell 
505 1-'ol'ltgot:~ery 
)54 ""=>ore 
.:71 Nesh 
241 New Honover 

525 ~<orth~pton 
:.27 Onslow 
396 Cr11nge 
708 Pernllco 
452 Pesqvotenk. 

181 ?enC::er 
214 Perqulrnens 
~8 Person 
939 Pitt 
702 Polk. . 
657 Rendolph 
256 Rlchnond 
391 Robeson 
548 Rocldnghllm 
267 Rowen 

819 Rutherford 
298 Sompson 
506 Scot lend 
<!l2 Stenly 
.0:9-4 Stokes 

357 Surry 
3.)8 Sweln 
289 Trensy lvonl o 
5:54 Tyrrell 
266 Union 

651 VIII'IOI!I 
72C Woke 
601 Werren 
555 Weshlngton 
375 Weteuge 

356 Weyne 
391 WIJ kes 
62C Wilson 
57.4 Yedkln 
490 Y11noey 

. 

1980 
~ns 1,_,.cel Lend 

N"ee 
1960 1!)70 1980 (Sq. MI.) 

79 77 89 795 
2' 21 21 470 
10~ 119 142 259 
141 1)8 149 402 

9-! . 110 142 298 

• 61 70 eo I.'Sl 
29 31 39 517 
39 )6 37 451 
56 54 56 .461-

502 669 766 528 

63 63 65 222 
38 39. 46 490 
.(.8 55 72 701 

Ill 109 124 540 
:no 449 559 te5 

50 0 42 538 
114 us 148 763 
108 144 19) 400 

29 2B :51 341 
112 118 125 Z28 

22 21 25 87~ 
35 34 39 246 
66 65 73 399 

107 11:5 07 656 
49 49 55 238 

77 96 116 789 
82 84 95 477 
9.: 89 107 9.:9 

122 127 147 569 
160 172 191 519 

80 84 95 568 
50 4.8 53 947 
79 84 101 Ji9 

102 108 123 );6 
49 52 73 452 

9:> % 110 539 
16 17 20 526 
4:5 52 62 J78 
It 10 to 407 
70 86 110 639 

129 131 14.8 249 
196 267 353 854 

44 'S1 .)8 427 
40 41 45 332 
55 74 101 Jl.( 

t.t8 15) 175 554 
59 65 78 752 

155 15:5 169 37.C 
68 7.3 85 :5:56 
-45 40 48 314 

ml I nd , Populetlon :;-er sQuere le of ll 

1900. 
Cf'81!o L11 d n ~eo colcul11tlons for I 96 0 end 1970 differ sll ht 9 ly from those for 

I,.· ·RCE: 

~---· 
u.s. Oepertr.ent of Commerce, Bureeu of the Census • 
. -;fflce cf S~e~e Budget end Menogement, Rosecrch ond Plennlng Services. 

I Z7 

I 

I 
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Tahl~ 17 
101 lit CAAOll IV\ I'O'VlJI II ON a· IICXJIII'OIAH.O IV.ct.S NO lli(IH l'li!C(HTA(..( (IIO'Iflll 

1970 TO 19DO 

-~CSQ:rt:"=~ - -- ..:.=::=-z=----.;·=:::::--..a.:-~ -=:::z::t-t•:r1~::..:.2::s=-=~~-..:-:~ 

County 1970 19110 r..-c.ntogo Cou11ty 1970 19DO P'wce"h~ 
Cenauo 0\ong. City locotlon CeftiUI C...oua ChoA~ City loco! lOft Censuo 

'""""'" 1,)?1 1,'11' 21-1, 1.denton Owl von 1, 9,6 ,,,, •• I IOord.,.... 
(lltohelh Clly CollltJctn• Puquoh"k ''·'"' 11,001 -2-6 ,.,..,.~ .. ,.,,ll,.rd '· 10, 4,807 -1.) 

Al.-~•t• "' )10 '" fll ""'"I hi own lllod"n 1,011 
'· nl 

1)0.1 AI-"'•"'=-• 
Aury )01 ,, 6.4 Alb.,...,- to ~l .. ly 

"·' 11. 
,,110 J).O El•. rork 

Ate .. noor HII II nulh•r ford '100 61) -)1.9 (lkln Surry, llllkos l,O'I? l,OHI •••• All lo"CO r.,.rlco "I 616 6.11 (lle•d•oro Rut t>orlord 1(,) )(,0 10.1 ,....,, .. , Chorofo-" '· )01 1,671 11.1 (llorbe ntcturond 91) I ,II) ,,o 
Mgt or ''"~"""" 1,01 I, 709 111.4 [1,. City 1111 tOll 1,101 I ,)61 )0,0 
Maon•t lie M\Oft 691 79C II. 4 [lon Col log• Alo>Oonc• 2, 1)0 ,,,, ,,, 
~- ....... 2,1)4 2, ftl, Jl,l [...,rold hie Cerhrol 122 06, 60'7 .o 

Aropo- r-. .. llco 211 167 120.) (nlleld llollh• ),111 l,9')~ ... , 
Archd•l• t'l, II lord, lle"dolph c,elf '· ,., IJ,9 (rwln I lor nett 1,BH 2,1128 -o •• ..... 11•910ft ,,.,,,In Ill 871 12.6 (uro~o Weyn• lC,J )0) ,,, 
As hob oro ll.•n<lolp~ 10,797 1),2H II •) Evor•l r, ~rrln I?~ 21) 7.6 Ashowllle llu•cO"t>• H,91? "· ,8) 

_,,, 
Folr Ul"ll ColuoiNt I,OH 1,~,, ,, . 

··~···Ill• !"rl lo 7U 221 -8.1 folr...,nt 11ot:.oao• 1,011 2,6,0 -6.0 Alll.lftiOft '"'"''" ... lH 298 -0.) r , .. 'on Curlin )'l0 6)6 6. c At I•"' IC f"Arl,.rt~tt '" I lA II'\ r,., '" 1'\ ..... ~nr, ,.,J 9.1 Allanllc 1\eOo;O, ,_,.,. htrel )Ool 'Ill ll ), I ft~lc.,,,. CUI····"'•"·'· ~A"'t••ln I'd ,, .,,(1 
~lender !Iortie 9CI I, 214 20.7 Fethlond 1'111 I IO liD -?.2 

~urore ,., ••• lor 1 620 1110 17.6 foll,lon Clovohnlf )Ill Gil 101.0 
~··'~" ,. !•""~~'"'" ll) 220 ,,,1 '•''""''I• rttt c, •I• I • 101 6·• ... ,., ... ,., " >.•~o 4, )61 26.1 foynll4vl lie Cu•borlend ,, "Q ,?, ,07 "·' 0. Iter ,.,,~ 714 60, .,, 4 foro• I Cl ly Rull.,rlorlf 7, I 1'1 7 ,60(1 J, I o ..... IV I II• HI I~~· II C(l) )1) -8.8 fout~loln Pllt C) I 121 •],) n.M..,. tl' A"""'l ,,. 1,081 U,l four Oek• Johru1oft I,OH 1,019 -o •• !"lh l._uhtfort 211 701 •10,4 rn .. tlr• 

~·· 'l I)) 1,600.0 !I• 11 1 oil oro (t1?•>':oot••· ...... ,62 6)1 12., 
''""""" Moe on 2, l \6 1,640 1).0 8oybflt'O r ... rrco c.~' n9 tc.l fro,.~llnlon fro•klln I, 4'•'1 I, )91 ·I,, Peer Crus Merlin 9? 02 _,, ,] 
''""""nwlll• Randolph 194 607 -u.& 

l'oOulort CArteret 
'· )68 ),876 1),6 frononl Wayne 1,)96 1,no ••• f\t!t I h.-~reft (\ooulorl 2,n? 1,410 7.6 fuqu•r·Yorlne "•"• '· )16 ), I 10 -1).0 Ocolooo"t r .. ,ton ,,OH 4,607 -o.o C..r lond !.o"''J\011 ,,. 801 ,.,, ...,lvllle rr""'"'c" '' 101 n.9 Cor n,r ........ •• 92) 10,01) 104.6 1\otlwnod Clo•ef•"d 716 61) ·16.7 Co,.ythvro lt>rl llt"''JIO" ,, 1,01 HOol Qt,n,,,,. 

~'''"'0" 2,261 2, 1'11 2),1 Cot loft lbrlho"'fflon I, 101 001 -20.1 n...,.,"'~~~' Cllt ('~I lOft 40 9?1 c, 787 •4 • I c .. ronlo Guion 0,)71 47,))) o.o O.lhol "'" I," c .I,IIH ]0.~ C..leulll• Go los )!oe )I>) 7.1 1\otul .. Ill• llurt In I, .,6 1,060 -0.) C,.,r 1111111'\fO" sro~ .. '"' , ... 
'" 0111...,... for•• 1 r\H'Ccwf.•e 1,290 1,499 "·' Clhlon !ocollond 101 ,, ,,, 

Bhcoe t\-_ntv~y 1,7U 1,))1 7. 2 Clb•o••llle AI Offtenc.e, C.. II lord 2,01Y 1, 81.) II,? Glee~ o-... ~o. WII SO" 149 ,, 16.) Olen 1\lplne Dvrke 111 611 •11o I Blec:~ lt)unteln {\, n c Cl"f' • >,~01 C,OB) n.c Cod•ln Cuot.er lend 111 2)) 00.6 8fldMbiYO Ill eden 70) 11 ClB 82. I l:"nld l'olnt ~ ..... 108 '" "' llo•lng Pock C. I dwell, lit huge 001 l,lH 66.? l:"nld•boro V1yne 2G,?r.o )1,871 te.l Oolll•o S!>r '"' lokos 1\'"""'"lck. ,,, 998 )07.1) Cold1lon ChtlhM }6c JH •),0 Oollln9 Sc>rlngt Clewel""d 2,701 '· )81 •• 2 Gr"alut,. 1\le .. ance 8,111 8,614 6.1 Oollvll l"ru•••lck 18, ])1 )6.2 t>olnvur l#nolr II\ If\ "' !loll on O,l~uo ,,. )G) 
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Ply-Ill llatlll11glo11 •• 714 .. ,. -·.' linhlnglon O.,eulort 8,'161 8,118 -6.1 

Polk loll , MJOII en 16l -9.8 'olashlngton Pork Ooeulort )II ,,. -o.6 

Polhlll• Clo•elond 491 '211 6o9 ... .,,.. Po11der I !I 1?6 .. , 
Pollochvl I le J'n•t .,6 )18 -)0,) ~·It····~ U•lon t,!UI 1,10" •),7 

~ 
Powoi!Jwllle """'• 7•1 )70 1'1· G Voyttetvlll• tloyWOt>ol G,••HI 6, ,,, 4.) 

,.,.,,.c.ton )',f.n1tort I,OU 1,0)1 ·I .o 'ettJftv(W"vl I le Duncoot.• 1,1uo '· ,.,, 16.11 

,..,.lnce•lll• (d~ftCftoo(•• 6)4 I,,(IB 1}0.6 ll,t.alor .16e'•"" 101 ~1)0 IO.H 

' 
,..,.~ror.,llle 1\.;o, .. ~,. "I 70) )0.~· ~ld<JII lloolllu 7. ,.,, •70,01 I 
lloero,.l lht..• ),1~0 ),610 ... , \l.tnc.Jell 

t, nc c 
W•ke I, ?1•1 7 ,H 1 ,,,, 

Molel9~ "•"• IU,O>O .,0, 7, 2),) ~~~·' Je ller.on Ashe O•r'J 811 •1.' 

"' .. ,.,~ """\JOII'h '· )10 
1,162 -12., ""''""ring Pin•• 1\x>re :/.1 I,IGO no.• 

A.3inJio•ett lla••dOII'h 
'·" 1 

1, "6 -<;. 1 Vh I I ekera (dg.cc:M>e, ""'" Q]6 91• -<J,l 

Renlo ·~''0" l,O?l 1,171 . .,,, ~1<llo lo~• Oloden 111 ?~R 

"''"".,_. "•'··•n'"' 
, 01 10.7 Vhllevllle 

)17.2 
Co h..Out 1,1?, ,,,b, )l, 7 

""" Clo-
fh\firt )~·· )II -If,, 1111~0\boro Vllht 

Rod \prfr191 '"-•f·•aG'" ), 10 I ),601 6.6 llllll••.,boro 
7,010 ,,,, ... , 

Yonce "' 
,., 

llelcJI•II I• tu~u"v'•.,. 1),6lG 11,192 -o. • 'ltllll-sloll Martin "' 6,) IO 6, U? -6.) 

""""..,., 1\"-'••o" 11) 11n 1.7 Vll~lnQion tt.v llenov.,. 
RhOdfllll lk,rtt.e, Caldwell 101 121 -7,.) .,,,..,,. lilt 1011 

46, I(,V ec,ow -·. J 

Rlcll Squor• lbrlh ... pfOII 1,2H I,OH • .,, 7 'ollnd1or llort le 
29, )41 )4,121 IJ.) 

Rlclllleld Sf only )06 )7) 21.? 
1.1?9 z. 116 -).) 

Alchlonch ')" lo• ?11 on -11.0 
Vlnloll l'urqul•ont ,01 6)1 9.U 

no • ...,,. Rep I oh ..... ,.. 1), )00 14, lOl 8.8 
lllngtlo l.n I on 2, ,6~ 1,6U lot 

Robblftl M-oov• 1,0)? 1,2H 10.6 
1/lntiOII•Sol ... roroytll I)),C.OJ I )1,00, -I.) 
lllntervl I le Pitt '·.)I l,OH Uol 

Mol>blnavll le c. ....... 171 '· )70 76.) \linton 
floberi411YI Jle Hotrtln 1,910 1,981 ,,, llort lord 917 82, ·IOoO 

RocUngh111 IIICMIOnd ,,en 8,)00 41.8 
lloo.J lin Dun coo-be 2,8)1 J,l60 u.l 
Woodhnd lbrlh""'JJIOn Jlf 1161 "·, 
Voo.Jvl I 1• O.,rtle ,, 111 ·16.Z 
lldg~hvll le Deocll '-• Ho.-er '· 701 1,910 llol 
Yodklnvl 1 I• Yed" n 2,2>1 1, 216 -o.r 
Yaupon Deac:ll !Yunowlclt ))c ,69 10.1 
Youny•v II I• Fronk 1111 ,, 186 :11 •• 
lobu 011 "•k• 1,8)? 1,0, 11.1 

lbrth Cerollne ~nlclpel Popuhtton 1,110,0011 1,06,011 "'' --· ......... _ 
--~._--

______ .._._.... __ ____._. 

•• , o ••• CIIs.o"· c, •••• IUI"d, '""' IIAndol ph c:ovnl •••• 
lbJ (dO.CO!tbe, '"''"• en4 Vllt<~" cou""''' "' -'"' ..... ,. ..... 
SOU'ICCt u.s. Clooporl ..... r of c • ...,._.,.ce, Ov,.eeu of fh<e C"lftiUI • 

Ollie• ot Slolo ""·'?•' •~·• "~~'~"••u•·-"' R..ti)IW"'(' .. Ao'l I , ............ ..... ,, ... 



-- -· ~ ..... 
' ~. 

'Tahlc 

Phco 

n ... ,.,,,, 
Alliomor lo 
Apo• 
Arch dole 
Alhoboro 
Alhovlll• 
Ay\lo)n 
Ooe11lort 
Oolll"<lnl 

(lunJon 

-· 18 

!Josse...,,. CIty 
llloclo. ~untaln 
On"nl• ~no ICOPI 
nc:-·,no 
II• .,.ard 
llro.Jdon ICI'I'I 
Ourlln9lon 
T•u• nor tca•J 

-

Co~~ lojoune Cenlrel ICDrl 
ca .. ron 
Carrboro 
CNy 
Cho~ol IIIII 
ChM'Iot le 
CMrryvl II• 
Clayton 
Clomons ICOPI 

C II nton 
co .. cord 
t:onovor 
l'olln 
Oov(dson 
Ounn 
Our hom 
Eo't raot Roc~ ICOPI 
Ea't Roclo.lngha~ ICOPI 

Elloon 
(IJ>Jnton 
E llaboth CJ ty 
r. 1 llollothloo~n 
C I• In 
ll>n Col logo 
(lruy ICrl'l 
r.nl lelll 
r,, •.• ICIJ'I 

("i><:hvlllo ICC1'1 
(r,.ln 

( '''"''"' rolrp/olns ICC1'1 
.. ,.,.. "'" 
,.n,otlovlllo 
r<.ro,t City 
rort Orogg CCOPI 
fronldln 

ru'luoy-\'orlna 
Garl'or 
Go\lonl o 
vl:.\onvlllo 
Glon Aevon CCOPI 
Goldsboro 
r""'""'"'" •rrt•' 

-·· 1 ~oo W KJI[ IIIVJIITAIITS 'Cf'U~TJOH OCIISITY' rll • VI Til •' 
I Yt:ARS 1960, 1970 AIO 1900 

1?60 

:'1, 174 
1,1H 
1,0H 
I ,)02 
1, 1?7 
2, 114 
1,012 
~.844 
2,6)~ 

1,ln 
1, 217 
1,)1} 

?n 
2,)04 
1, 0~ I 

w. 
1,,,71 

·~ 
·~ 97). 

2,6, 
1,20 
), 592 
},199 
2,~16 
1,660 

w. 

2. 401 
},6>2 
7,RH 
1, Ill 
2, )1) 

'· nJ },676 
822 

2,676 

w. 
1,076 
},00 
2, )21 

()'JG 
1, I 40 ,... 
2,402 

11'1 

11'1 
2,449 
I, 20) 

w. 
l,O, 
}, 10, 
1,601 

11'1 
701 

l,<n} 
I, 116 
,,,04 
I, 704 
1,0)1 
4,067 

II' 

1970 

1, r,IIJ 
1,')10 

II' 
1,1 }0 
2,076 
1, ~01 
1,029 
},062 
2,292 

11'1 
1 .~ol 
1,001 

I~ 

2,24' 
1, 4? 1 

I~ 

2,)64 
1,120 

2,107 
2,11' 
1 26,tb I 
1:161 
},274 
},17} 
1,01} 
1,?)9 

~~~~ 

2,105 
2,676 
2,237 
2,1 )6 
1,466 
2,025 
2,600 

9)8 
2,)82 

1,)~6 
1,)62 
2,014 

lito 
906 

w. 
w. 

1,121 
M 

Ill. 
1,194 
1,767 

N~ 

2,•50 
2, 201 

02) 
2,101 

Ill. 

1,192 
1, I 40 
2,)6? 

II' 
I, 499 
2, 91? 

·~ 

1900 

1,11110 
1,0)~ 

1,1YJ 
942 

1,387 
1,067 
1,017 
1,~94 
1, 712 

2,140 
I ,496 

91Z 
1,700 
2,602 
2,041 
1,})0 
2, 1)1 
1,514 

1,6)6 
2, 4}7 
2,9)4 
~,176 
2,~94 
2,nt 
1,794 
1,02} 

10~ 

1,670 
2,017 
1,249 
2,}06 
1,)50 
1,067 
2,404 

990 
1,442 

I ,})9 
1,400 
2,900 

906 
151 

1, )?4 
wo 

2,496 
04) 

(/)6 
I, 7(,0 
1,417 

6H 
2, 241 
1,00} 
1,720 
2,2D 

8H 

912 
2,10 
2,101 
1,791 

672 
2,21) 

"6 

l'loc., 

l uul•nrton 
11 ~·II son 
llolll~n 

Mnr I on 
~lor·Moc ICDI'I 
f.losnnlloro I(;IJ') 
Mo•lon 
f.loyodon 
Mtbone 

Mint IIIII 
Hocksvl11e 
~ton roo 
Mooro~svlllo 
H.,-ohood City 
~~<y·9onton 

Moo"'~ Airy 
Ho01nl llolly 
Hount 01 ho 

Hur lroosb()("o 
Myrtle Grovn ICOPI 
lloshvlllo 
llow Born (Crl'l 
I low llopo I COP) 1\lo"o County l 
IJo" Hope ICC1'l (\loyno County) 
tlo" Alv•r Stotlon ICoPl 
llowton 
llorlh Oolmo••l CCDI'l 

llorlh Wllkost.oro 
Ogl.)>)n CCOPI 
o,.tord 
l'ork"ood ICOPl 
f'o,.urul<o 
I' I nuhurs t !COP I 
l'lno Volloy ICOI'I 
Plnoy Groon-Whllo 0~ CCOP) 
P1yoouth 

Poplar Tent CCOPI 
Pu•"Pio.ln Center ICOPI 
nooford 
Ral•lgh 
lloc.l Sprll'gl 
llul<hvl llo 
llo.>nol<o Rll(llds 
lloclo,lngham 
flock y Mount 

RosowooJ I CoP I 
no.t.oro 
flu! hor fordlun 
St. Stophons (COl' l 
Solom ICOf'l IOurko Coonly) 
Sol I \bury 
Sanford 
Scot lond ll,o:~ 

Soo9ato ICDI'I 

Solmo 
Stonlt.y 
Sllor City 
Sllvor lol<o ICllf'l 
Sml thllol d 
Southorn Pinos 
So•rlh Gnlo11l o ICli'l 
r, , . t t• ,.., . I ,, • t,, , ~, t f f J' l 

-
1960 

2,0)4 
2,DI 

II' 
2, )1) 

w. 
w. 

1,950 
),)00 
1,609 

11'1 
70 

1, 727 
1,096 
), 722 7,,, 
2,612 
1,125 
), I 15 

1,808 
II'\ 

2,)72 
6, 207 
~ 
~~~~ , ... 

1,010 
I ,020 

976 

'"' 2, 251 
Ill. 

1, )14 
9.H 

Ill. 

'"' I ,128 

II'. 
~ 

1,176 • 
2,707 
2,516 
I ,871 
7. 562 
1,969 
J,4n 

11'1 
2, I 4 5 
1,}0) 

w. 
NA 

),05 
2,70) 
2,704 

w. 

1, ~85 
1, 4?) 
1,142 

11'1 
1,181 
1,181 
1,)44 

~~~~ 

.. 
1?70 

), I 4 I , ... 
'" !,)U7 

'"' '"' ,... . 
2,075 

'"' 
II'. 

7'.10 
1, /)(> 
1, 'I) 1 
),409 
1,8H 
I ~·JJ 

1 : .. ~9 
1, 7}0 

2.) )'1 
11'1 
11'1 

},850 
II'\ 

·~ 1,192 
7. ?10 
l,<nO 

746 

'"' 1,)9) 
II\ 
lf'l 

'"' w. 

'"" 1, ~40 

11'1 

'"' I, I 16 
1,700 
I,'J'JO 
I, 7'14 
7_,;11? 
I • JJ) 
2.165 

'"' 2. 2 )0 
1,240 

'"' I lA 
2,64? 
2,66) 
2,)?1 

w. 

7,904 
7. 206 
1,112 

~' 
1,001 
1,142 

"' , ... 

-
1900 

1,614 
~·o 

I, 7U I 
7,041 

))2 
616 

'.59~ 
1,n1 
1,8~~ 

~74 
7)) 

1,6~0 
1,824 
2,180 
',01 1 
'. 4)0 
1,)62 
1,00 

I • J(f) 
.)81 

1,2n 
2,~10 

602 
941 
111 

', ~00 
I ,170 

724 
~14 

2,001 
I, 710 
),)1} 

1}5 
?2? 
~56 

1,20) 

461 
8~2 

t,}U 
2,19} 
I, 202 
I,GG6 
7,014 
1,627 
2,281 

5f.A 
2,0)6 
I, )74 

?00 
601 

I, 718 

'· 2)2 1,00? 
BU 

2,}81 
1,900 
1,112 

54 I 
J,IH 
11 I I? 
I, }62 

1? I 

- -



.. - - -· /· -· -· - -·: ,.. ,.. . .IJ!I!I ·- .,41 l,f.~ ~0 . (irf'W'Inthc.ru 
Grn'ln•llle 1,61"1 1,,4? 

tt•ll 1\ovn CCII') "' II\ 
.'. 4/(1 J,IJll ) J lin .. IAI 

?1? ll .. elotk I, 217 I, )O{,c" 

llendorson ), 261 ), ,6) 2,940 

lfondertonvlll• 2,81) 2,410 2,2U 
tllr.kory 1,196 7,070 1,71' 
lllckorr North IC£1') 467 , ... 6)6 

1,0, 1,0,1 2,012 Ill 11" 1\of nl 
1.6')0 '"' I, )72 1111 fshorouvh 

'· ,46 IIC'f'O HIlls 6)2 II'. 
?GO 1,1n 1,1)) llu•hu•• 

Jo•;kl<•nvllle c,>H ),01) 2,1)? 
Jt><;lo.SO•IY I lie (U I cca>l II'. '"' ),00) 

?21 1,02 1,0)' Jn'ftOS City ICCPl 
t:.nnarool h CCCI' I I, 40) 1, 214 1,04 
l(r,rnor s vI lie 1,6H 1,605 1,620 

4.)1 "-In? ICa>l II\ ·~ t(l ngs C.. ant ICCP I ,... IV. 1,7)0 
1,,0) 1,8111 1,816 Kings Hounhln 

Kinston 5,06) ),710 2,004 
lo Gr•ngo 1, )10 II'. 1,)74 

1,010 1,?26 I,Hl 1. ~·•r I "bur9 
lur•olr 1,30~ 1,400 1,109 
Le<~lsvllle CCa>l ,... , ... OJ 

2, 77, 1,670 2,12) Lo•lnglon 
Lincolnton 1,0~0 2,647 1,017 

2,141 2,100 2,110 long VIew 
loolsburg 2,044 2,101 ) I ,4 2 
lo•ell 1,)16 1,,, 1,167 

lei Pcpuletlon per squere •II• of lend ereo• 
lo) Revhed. 
OlP Census O••loneted Piece. 
HA Not Avelleble 

.. ;. - . , -I) ~ .. .....1, ~ 1,6)6 4'} Spindale . 
1, 1(. \ 

~l'r I "'J ln•" ),7)6 ),f,OI : \ 
~1.1nlflyvlllo CClA'l lll '"' 61fo 

2,181 2,111 1,66) ~Coluvlllu 
S"'onr.anoa CCIX') 1,200 '"' JC.C. 

Troor City 2,126 '"' 1,084 

T orb oro •• 417 1,H1 2,772 

Tt'()IIIOSVIIIe 2,71l 2,}0 2,000 

'"' '"' 604 ll'tnlly ccr~·t 
I, '64 '"' I, 'U'J Troy 
1, 27? I ,)76 1,00) Veldol\0 
1,7U) 1,)•}1 l,f,Ul llo•Jus~oro 
1,176 l, fYJ') I,IJOO lln~o foro~ I 

llelleco 1,?04 J, 421 1,07) 
I, 7CJ) 1, •n 1,21) Wnrse-' 

1, )~0 1,91) lleshlnglon ,,2.)1 
2,124 2,09) 1,990 Waynosvlllo 

Wo 1 como I CL1' I II'. IV. ,., 
Wo~t Concord ICort 2,204 l, 211) 7')] 

Vh ltovllle 2,0)6 1,610 '· ))7 
Wllll.,..ston 2,H) 1, GM 1,0)) 
1/ll,.lngton ),791 1,6)0 1,041 

4,220 ),61) 2,600 \Ill son 
WlndotnOro ICorl WI II'. 1,0)) 

1,4cg II'. 2,012 Wlngote 
),)99 2, )~2 1, I 7' Winston-Sol em 

lllnfor Port.. I COP I WI I :'I 1,1)1 
Wood fin II'. II'. 9W 
Wrightsboro ICOPl WI .... 486 ,... llo\ 1,079 ltrlghhvll lo 8oDCh 

NOTE a Figures oro sho"n., they eppoer In the Con~us Oureou's publlshud oocu...,nls end <b nat reflect eny corro-:tlons lhal wore mode 
to the population counts since revlalons to the lend ereo ere nat avelloble. 

SOIJilC(: u.s. O..pert...,nl of C•-''·", Ourueu of ll•u Cnnsus. 

.. 
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Table 22 
lfJitl(R rF 1"-lSEIO.O$ NO I'(RSOIIS P(R IOJSOICX.O BT RN::£, BY O'JU .. TY 

\960, \910, 1900 

Totti "22"'"""" llhlte P~ulatlon IOOftwhlte P~ulallol\ 

Nuool)er ol ,..,. • .,... ret" llu~er or Peraont p.,- ~~.~.,. ol PefiOI\1 l'er 
lnu .. holdt lto•u•hold llouseholda llovuhold llovaeholda ·tlw .. holof 

Coul\l 1960 \910 19DO \960 \910 \900 \960 \910 1?00 \960 1970 19M 1960 1'110 1900 \960 \910 19DO 

Shte Tohl '· 204, ll) 1,S09,,64 2,04),29\ ).66 ).24 2.78 ,4,n6 1,220,601 1,62),19l l,U ).00 2.66 1SO,U9 100,08) 4:'0,0?0 4.)0 lo9) >·n 
Al ... nc• 2),920 1?,8)1 )) ,961 ).)4 loU 2.11 20,G09 2). ,, 29. ?87 ),)() ).0) 2.60 ),1)1 •• 298 ),?1) 4,)) l.90 lo11 
Al•••nd•r .,,, ),7?6 e,,o ),7\ ,,, 1.91 ),960 ,,.12 8,0)8 ).64 ).26 2.87 212 ,,. 00 ).0) 4.46 ),)C 
Al1•9"•ftJ 2,198 2,617 l,)96 ),4& loOI 1.64 2,141 2,618 ),HI '·'6 2.9? 1.6) H )9 1) 4.09 . 4,0) 2.19 
A11son 6,212 6, 787 1,)06 ).99 lo4 2 ).Ol l,006 4,202 ',1 ),8 l,4Q 2.09 2.61 2,406 2,)0) ),240 4.9) 4,)) ),6J 
Aal>e ),242 6,0)9 8,021 ,,n ).14 2.17 ),19) ,,900 7,9)0 ).74 ).7) 2.76 47 )1 71 •• j) c ,41 2.1~ 

Avery 2,961 l,667 4,126 )o86 ).26 2,80 2,9U ),6., 4, 791 ).07 ). ~6 7.79 H 11 , ).79 l.so ,,, 
S.oulct't 9,642 11,0)0 14,7, )o70 ,, 24 2.82 6,110 7,998 10,41) l.)6 1.99 2.62 2,9)2 ),OH ),ntO 4.49 ).92 ).)) 
Bertie ,,174 ),664 6,19l ColO ).61 ).04 2,97) >,OlO ),l47 ).}2 2 .9) 7 ,,4 2,801 2,6) 4 l,HO , ... 4,)9 '·'I 81odel\ 6,)22 7,)6) 10,11) 4 o27 ),)6 2.98 4,)06 4,9?4 6,6)0 

'· 70 
) .I 0 2.72 2 ,))6 1, )69 

'· •6> 
).1. .. ,, ,,., 

Bru"'"' I c .. ),014 6,9" 12,411 4.01 loU 1.07 ),610 ),297 9,941 ),)9 ),1' 2.72 1,)06 I ,661 2. f64 ''" ... , ),4) 

8uncQtlllbe )O,fl' •7,2'1 60,214 lo19 1o99 2.6\ ,.,,.1 4),)42 ,,010 ).17 1.?1 1ol9 ),901 ),?06 ) ,lOt '· ,, J,u loll O"rlle '),4(,0 11 ,c.•s n,ne ,,, ),\9 1.1) ll.~zo 16,642 1),787 >.H ), " 2o70 8ll I ,00} 1,,, 4.)8 ,.,. ).1) Cel.,.r,..,, "·'" 1),4110 )0,~10 ),U J,U 1.17 16,11(.1 10,•" u,,?•? ),)) ) .o1 1·69 ,,,06 },01) ),MI • .to ,,,., ).29 Cel doe II 12,'11\) 16,81! 1),})1 ).no '·" 1 .no 11,/ll'l "· ?)(, 21,1)1 '·" '.) 1 1·06 Ill 0'11 1,11!0 .. ,. }.'1'1 )o20 c .... dvn 1,4~0 '·''16 1,'1)1 l·O• ).10 ).01 ?It I, I )J l,f}l 
'· )1 

).01 lol) 06 
·~·· 

t'U C.?l 4. ,,. ),DI 

C..-leret 7 ,6)4 9,'1'17 "·121 '·'' ), I) 1.66 6,011 9,12~ 1),?11 ), f6 }.Oc 1-~9 16) Ull I ,101 f.61 4,011 '·" C••••ll '·'" '· 119 
6,)16 .. ,. ).67 ).12 2. 707 

'· \18 
1,01) ).69 ), I) 2.11 I,IU 1,001 ,,.?) ,,)9 4.H ,,,6 t••• .. b• ~,)96 Z7,97f )1,)00 '·" ).20 1.17 18,006 26,019 ,., )0? >.•o '·" 1.11 1,110 1,09, 1,'1?? •·•e lol9 ,.,. C"•'"•• 7,01) 8,9•) 11,06) ), 79 ).10 1. 71 '·'" 6,111 9, 2111 ). '1 }.01 2.)9 I ,661 1,166 l,IOI ,.oo .. ,. ,.n c ........... .,,, ),1~, 6,847 )oU }oil ' 1,H 4,166 ,,00) 6,6)0 ).11 l.ll 2o7) 89 111 117 •·1• ).98 1 ... 

ChooOI\ 2,970 },111 1,))0 ),?J ,, )0 1.0, I,OM 7,IOU 1,100 ), )~ 
2 ·"' 

7ol9 1,11• •, 1,061 I, ,10 .. ~,, '·" )o)l Clor 1,494 l,t.el 1,490 ).69 ).01 1.66 1,06 1,676 2 •• , ). 70 ).06 1.6, 18 11 " 2.70 •.ou ).)) Cleveland n,•n 21,•21 78,1)1 ),76 ,,, 7.00 ..... 2 11,012 "·"' ),)2 ),II lo14 2,91' ,),)60 • ,'119 4.97 •• )9 ,.,, 
Col•oot>Ul 12,046 1),t81 17,766 4,04 , .. , 1.91 I, 'C. I 9,921 11, •u ),71 ).10 7oH l,479 >.~6) • ,8ll 1.81 4.1, '·" Cr•••ft 14, 91) 17,,1) 2),199 ),1\ )o)O 2.14 \1,118 1),)16 

17, '" 
),)0 ),1, z,u >,161 4, I 91 6,111 .. , ).77 ).It 

Cuof>erlcnd >3,8)6 , ,000 JC,9H ).81 ),46 7o99 21,972 )9,867 ,0,98' ),)9 ).79 z,u 7,114 ll;lll 1),949 I,H ).99 ),J7 Currlhc' 1,061 1,164 ),097 '·" ).11 z.eo I, )Ol 1,717 '· )01 
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I COUNTY POPULATION ESTIMATES AS OF JOLY 1 • 1987 

Alamance 104 ,·935 Johnston 79,::34 

lr. Ale:x.ander 27,100 Jones lO,OSO 
Alleghany 9,730 Lee 41 ,395 
Anson 26,211 Lenoir 60,3.!.1 

I Ashe 23 ,351 Lincoln 47,435 
Avery 15 ,1 54 McDowell 36,350 
Beaufort 42,754 Hac on 23,153 

I 
Bertie 21,132 ~ad is on 1 7. 2 79 
Bladen 30.7 83 Hs r tin 2 6. ol s 
Brunswick 49,631 Mecklenburg 466,335 
Buncombe 171 ,489 Mitchell . 4 . ~ 7 

I 
! ') i 

Burke 76,226 Montgomery 24,:!48 
Cabarrus 93,715 Hoore s 7 ,s::.:: 
Caldwell 70,571 Nash 72,344 

I Can-ode n 5,984 Ne .... Hanover 116,:37 
Carteret 50 ,485 Northampton 22,::.7 
C as...,e 11 22,453 Ons lo ... · 125.~L.: 

I Catc'llo'ba 115,810 Orar.ge 66,236 
Chntham 36,330 Pamlico ~c) .:::.o 
(;hcrokee 20,888 Pasquot.Jnk 30,!.66 

I Cho...,an 13,535 Pender 26,277 
Clay 7,195 Perquimans 1o,::s 
Cleveland 86.2 90 Person 30,~5i 

I 
Coluonbus 52,854 pitt 99,601 
Craven 80,272 Polk 14,5:8 
Cumber land 257 ,802 Randolph 100,489 
Currituck 13,689 Rich1n0nd 45,934 

I Dare 1 9. 992 Robeson 107,::9 
Davidson 123,385 Rock inghac 85,2-91 
Dav1e 27,405 Rowan 104,70::.~ 

I Du p 1 in 41 • 644 Ruther ford 57,!~0 
Durham 169,227 Sampson 50 ,659'" 
Ec! bl'C or..oe 59,127 Scot l.:~nd -..I ., ... -_, ... 1.;;., 

I 
Forsyth 264,786 Stanly 50,5J7 
Frank 1 in 35,205 Sto:.-ce 35,:;:} 
Gaston 172,670 Surry 6: .~·75 

I 
Cates 9,686 Swain 10,~62 

Graham 7 ,124 Transylvania 25,944 
Granville 38,217 Tyrrell 4,1.!.4 
Greene 16,467 Union 81,542 

I Guilford 333,677 Vance 39,127 
Halifax 56 ,586 Wake 374,582 
Hs rne t t ~ 64.96 7 \larren 16,560 

I llay1.1ooJ 48,021 Washington 14,(;58 
Henderson 67,966 \latauga 34,594 
Hertford 23.862 Wayne 98,152 

I 
Hoke 23,954 Wilkes 61 ,226 
Hyde 5,796 \.lila on 65,304 
Ircde 11 89,880 Yadk.in 29,953 
Jackson 26,836 Yancey 15.934 

I'- North Carolina 6,411,510 

"-. 

I Office of State Budget and Management, Management sod Information Services 

I 
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TO: 

FROM: 

DATE: 

SUBJ: 

Reference 20 

GREENHORNE 8.:: o·MARA. INC. 

Memorandum 

File 

Rachel Spangenberg~~ 
April 1, 1991 

Telephone conversation with Ms. D. LaCasse, Supervisor of the 
Craven County, Water and Sewer Division (919) 636-6615. 

Ms. LaCasse informed me that the City of New Bern's water supply is 
from wells located in Cove City. James City purchases water from New Bern 
(water is from the same Cove City wells). There are many private wells in 
the area, a lot of people have municipal water inside the house and wells 
for outdoor use. 
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TO: 

FROM: 

DATE: 

SUBJ: 

GREENHORNE & O'MARA. INC. 

Memorandum 

File v 
Spangenberg~ Rachel 

April 10, 1991 

Telephone conversation with Ms. D. LaCasse, Supervisor of the 
Craven County, Yater and Sewer Division (919) 636-6615. 

I asked Ms. LaCasse for clarification on what areas were served by the 
wells located in Cove City and which areas in the vicinity had their own 
municipal system or have private wells. Ms. LaCasse informed me that 
Granthams, James City, Trent Yoods, and New Bern are all served by wells 
located in Cove City. 
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TO: 

FROM: 

DATE: 

SUBJ: 

GREENHORNE & O'MARA. INC. 

Memorandum 

File 'J 
Rachel Spangenberg~ 
April 10, 1991 

Phone conversation with Bridgeton Vater and Sewer Agency 
(919) 633-6500. 

Reference 21 

The representative for the Bridgeton Vater and Sewer Agency informed me 
that the Town of Bridgeton has their own wells which serve the Town of 
Bridgeton only. The remaining areas, i.e. Dickerson, are assumed to be 
served by private wells. 
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TO: 

FROM: 

RE: 

Superfund Branch Staff 

Pat DeRosa ~"5) 

Reference 22 

Critical Habitats of Federally Listed Endangered 
Species in North Carolina 

On May 18, 1989, I spoke by telephone with John r~idell, uS 
Fish and Wildlife Service, Asheville, NC (704) 259-0321 to 
reques~ an update on cri ":.ical habitats in North Car::: i:;a. M~. 
Fridell said the Fish and Wildlife service has been ~eorganized 
into a western and eastern office in North carolina. ~is office 
now handles only western North Carolina. He said the~e ~ave been 
no changes in the designated critical habitats ide::~ified .:n 
western North Carolina. 

I then spoke by telephone with Debby Mignogno, US Fish and 
Wildlife Service, Raleigh, NC (919) 856-4520 regarding critical 
habitats in eastern North Carolina. Ms. Mignogno sent the 
attached maps of the 2 cr i t.ica 1 habitats designated .:n eastern 
North Carolina. Please note that the Waccamaw Sil verside is 
listed as threatened, not endangered. 

PD/pb/critical.hab 
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Notropis mekistocholas 

Order: Cypr1ni~or~es 

Family: Cyprinidae 

Status: Endangered (Federal Register 9/25/87) 

RECEIVED 
MAY 1 9 \989 

6/88 
SUPERfUND BRANCH 

Ranae: The Cape Fear shiner is known from four small popul~tions in the 
Cape Fear River drainage in Randolph, Moore, Lee, Harnett, ~nd :r-at~~~ 
Counties, North Car~l1na. 

The stronaest aoou"!tion is located around the ~1ncticn af :~e =~cky ::~~­
and Deep.~i~er. i~ Chatham and Lee CJunties where the fish inhabits tns 
Deep River from the upstream limits of the backwaters of Lacksville G~7. 
upstream to the Roc'y River; then upstream from tr.e Rocky ~iver to 3e~r 
Creek, and upstream from Bear Creek to the Chatham County Road 2156 
Bridge. A few individuals have been collectea just downstream of the 
Locksville Dam, but because of the limited extent of Cape Fear shiner 
habitat at this site, it is not beljeved this is a separate population . 
Instead, it is thought these fish represent a small number of individuals 
that periodically drop down from the population above Locksville Dam oool. 

The second population is located above the Rocky River Hydroelectric Jam. 
This population was historically the best, ~ut the area yielded only ~ne 
specimen after extensive surveys by Pattern and Huish {1985). The third 
population is found in the Deep River system in Randolph and Moore 
Counties. This population is believed to be small (Pattern and Huish 
1985, 1986). In a 1985 survey, three individuals were found above th~ 
Highfalls Hydroelectric Reservoir; one in Fork Creek, Randolph County, and 
two in the Deep River, Moore County. The species was also found 
downstream of the Hi ghf a 1'1 s D~. However, the ex tent of su itab 1 e habitat 
in this stream.reach is limited, and it is thought that these individuals 
likely result from downstream movement from above the reservoir where Cape 
Fear shiner habitat is more extensive. The fourth ·.population is found in 
Neal Creek, which flows into the Cape Fear River near Lillington in 
Harnett County. 

Three historic populations have apparently been extirpated: one in Robeson 
Creek, Chatham County, believed lost when Jordan Lake flooded part of the 
creek; and one each in Parkers Creek and Kenneth Creek in Harnett County, 
which disappeared for unknown reasons. Other undiscovered populations or 
population segments have likely been lost due to reservoir construction in 
the Deep, Haw, and Cape Fear Rivers. 
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CAPE FEAR SHINER - N. mekistocholas 6/88 

--llescr~otion: .n~ Cdpt: r~:::· :;n:::c:· ·:; s;=: . ..::i, :·..:r":.: '=-~:::-::.:.:.';:j Z ;:~.::~-:: 
in length. The fish 1 S body is flusnea with a pale si;very yellow, and a 
black band·runs along its sides (Snelson 1971). The fins are yellowish 
and sc~ewhat :cinted. T~~ ~coer 1": !s ~lack, and the l:~e~ 1lJ beaps ! 
:nin ~1ack ja; ~~ong i~s ::-iar~in. -~.:: C.::e Fe.:r s:::~e ... , Jr:":~e rnos~ ·::;:"":~'" 
members of the large genus 1otroois, fe~ds ex:ensively ~n J 1 ant 
material, ana its digestive tract :s moa~fied for this diet by having ~n 
elongated, convoluted intestine. 

Reasons for Current Status: The Cap~ Fear shiner may always have 
existed in low numbers. However, it"s recent reduction in range and its 
smal1 population size (Pattern anc i-i:.Ji5h 1985, 1926) inc:-e:.ses the 
species 1 vulnerability to a catas~:-:ohic event, such as a :oxic che~ic:.· 
spill. Dam construction in the Ccce fear system has probably had the ~~s~ 
serious impact on the species by ~ nundat i ng the species 1 rocky riverine 
habitat; and changes in fl:w regu~at1on at existing hyaroe:~ctric 
facilities·could further threaten the species. 

The deterioration of water quality has likely been another factor in ~~e 
·species 1 decline. The North Carolina Department of Natural Resources cna 
Community Development (1983) classified water quality in the Deep Rive~, 
Rocky River, and Bear Creek as good to fair, and referred ~o the Rocky 
River below Siler City as an area where their sampling indicates 
degradation. That report also stated: 11 Within the Cape Fear Basin, 
estimated average annual scil losses from cropland ranged from 3 tqns per 
acre in the lower basin to 12 tons in the headwaters ... The North Carolina 
State Division of Soil and Water Conservation considers 5 tons of soil 
loss per acre as the maximum allowable. 

Potential threats to the species and its habitat could come from such 
activities as road construction, stream channel modification, changes in 
stream flows for hydroelectric power, impoundments, land use changes, 
wastewater discharges, and other projects in the watershed if such 
activities are not planned and implemented with the survival of the 
species and the protection of its habitat in mind. 

Habitat: The specie~ is generally associated with gravel, cobble, and 
boulder substates and has been o~served to inhabit slow pools, riffles, 
and slow runs (Snelson 1971, Pattern and Huish 1985). In these habitats, 
the species is typically associated with schools of other related spP.cies, 
but it is never the numerically dominant species. Juveniles are often 
found in slackwater, among large rock outcrops in midstream, and in 
flooded side channels and pools (Pattern and Huish 1985). 

Critical Habitat: (1) North Carolina, Chath~m County. Approximately 
4.1 miles of the Rocky River from North Carolina State Highway 902 Bridge 
downstream to Chatham County Road 1010 Bridge; (2) North Carolina, 

2 
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CAPE FEAR SHINER - N. mekistocholas 6(88 

Chatham and ~ee Counties. Apprcx~~ately 0.5 river mile of Bear CreeK, 
from Chatham County Road 2156 Bridge downstream to the Rocky River, t~e~ 
downstre:rrl in the Rocky River (:e:::r~~i:nat~ly 4.2 river miles) to the :-:~p 
;:{ivPr tne!'l :::cwns~.~-=~rn i:1 ::-:e J.:::::; =~.-e·:- ~:oor:!1.imate'y 2.5 rio!'= ... rr.:·-:~: . - ' to a point 0.3 r~ver mile ce:ow =~e ~oncure, North Carolina, U.~. 
Geologica1 Survey Gaging S:ation; arc (3) North Carol ina. Rancolpn !~J 
i<loore Counties. Approximately 1.5 miles of Fork Creek, from a. point G.l 
river mile upstream of ~andolph Cour.:y Road 2873 Bridge downstream to ~he 
Deep River then downstream approximately 4.1 river miles of the Deep River 
in Randolph and Moore Counties, North Carolina, to a point 2.5 river miles 
below Moore County Road 1d56 Bridge. 

Constituent e~ements incluae ciean S'-reams wi~h gravel, cobole, and 
boulder substrates with pools, riffles, shallow runs and slackwa:er ar-:as 
with ler:e r~ck out~roos a~~ s~:e :~:1~e~s and pools wi~h wa:er :f :c:: 
quality ;ith relatively low silt loads, -

Feeding Habits: Plant material f:rms ~!'le primary part of the diet. 

Reproduction and Development: No information is presently available ~, 
breea1ng behav1or, recund1ty, or longevity. 

Population. Level: Total numbers are unknown, but all populations appe:ar 
-- be small. Surveys conducted in 1984 and 1985 yielded 101 individuc's 
i~om the population located around t~e junction of the Rocky River anc 
Deep River in Chatham and Lee Counties, 1 specimen from the Rocky Rive~ 
near State Highway Bridge 902 in Chatham County, and 6 specimens from :he 
Deep River system in Randolph and Moore Counties. 

Management and Protection: Assuring survival of the Cape Fear shiner 
will require, at a minimum, maintaining good water quality and the na:~ra! 
conditions of the remaining habitat. Providing for a higher level of 
security will necessitate determining limiting factors and reestablishing 
additional populations into suitable waters -within the historic range. 

References: 

North Carolina Department of Natural Resources and Community Development. 
1983. Status of Water Resources in the Cape Fear River Ba~in. 135 
pp. 

Pattern, G.B., and M.T. Huish. 1985. Status survey of the Cape Fear 
shiner (Notropis mekistocholas}. U.S. Fish and Wildlife Service 
Contract No. 14-16-0009-1522. "44 pp. 

Pattern, G.B., ~nd M.T. Huish. 1986. Supplement to the status survey of 
the Cape Fear shiner (Notropis mekistocholas). U.S. Fish and 
Wildlife Service Contract No. 14-16-0009-1522. 11 pp. 
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Snelson, F.F. l97i. Notroois mekistocholas, a new cyprinid fish 
endemic to the Cape Fear River bas1n. North Carolina. Copeia 
l9il :"449 -~62. 

tl ~ 
•.J • ..;. F~s~ ~~c ~i1d1i~e Ser~!:e. 1987. Endanger~c and t~re3tened w~·=~~~e 

anc p:~nts; ~e:er~ination of endangered species status and 
designation of critica1 habitat for the Cape Fear shiner. Fece'":~ 
Register 52(186}:36034-36039. 
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NORTH CAROLINA - Critical Habitat 

-­~ , 

Not roo is l!leic:.s tocho!as, "Cape Fe a:- shiner" 

6/88 

( l) Chath'am County. Appro:dmatel:r 4. 1 miles of :::e Rock;: River f'ro~ :iort:-. 
Ca:-~.:.::.:-:a Sta:e :;:.,;:-:·~·.;:: 902 Bridge doi.Ttlstream "'"" ::-.~::.!";.:un County ?.oaci ::10 
i3ri.:ige; 
(:) Chatham and Lee Counties. App::-oximatel:·· 0.5 :i.ver ci!.e of Bear 
Creek, from Chatham County Road 2156 Bridge dov:1s:ream to the Rocky ?.:.ver, 
then doi.Ttlstream in the Rocky River (approximate.!.:: :.. 2 river miles) t~ the 
Deep River, then downstream in the Deep River (approximately 2.6 river 
miles) to a point 0. 3 river mile below the ~ioncure, North Carolina; 
U.S. Geological Survey Gaging Station; and 
(3) Randolph and Moore Counties. Approxi=ately :.5 miles of Fork Creek, 
fro~ a point 0.1 ri~e= mile upstream of Randolph :ounty Road 2873 Bri~ge 

.do"'-nstream to the Deep River then do\rostream appr::lxirnately 4. 1 river :::iles 
of t:te Deep :aver i:-.. :::.anciolph and ~oore Co\;:::::.~s:. :;o:-::.~ :::.:!ro:in<l, t-:.:. ih"li:-.: 
2.5 river.miles belo~ Moore County Road 1456 Bri~ge. 

Constituent elements include clean streams ~i::.h ~:-avel, cobble, anc 
boulder sub~trates ~i::.h pools, riffles, shallo~.=~~s and slack~ater a:-eas 
with large rock outcrops and side channels and peels with ~a ter of. 6C-~ci 
quality with relatively low silt loads . 
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Menidia extensa 

~rcer: Mugiiiformes 

F ami i y : At he r i n i d a e 

Status: Threatened (Feder:1 Reaister 4/8/87) 

RECEIVED 
MAY 19 l989 

7/f37 
SUPERFUND BRANCH 

Rance: Known only from Lake waccamaw and the upper Waccamaw River in 
Co1umous County, Nor:n CarJiina. The s~ive~side is found in the ~~D~' 
~a~:a~aw River only d~r~n; ~eriods :~ h~;h NSter and is no: a per~ane~: 
:--esident. Lake Waccamaw (:iot to be confused with the town of ~ai<e 'n'a::;maw) 
is the prooerty of the Sta:~ of Nor:~ Caro~ina and is administer~d by :~e 
~~or::~ Car·:.:lina Jep.:rt:7~~n~ :f Nat~rc·. ~esc ...... :-25. anc :.:::tmun~r..-' J-:·.':':;ot:"".:··:'~ 
Division of Parks and ~e:~~ation. 

Jescriotion: The Wacca::icw siiversi~e, ai:a r:nown as "sr:i~jack" :r ··;·.:;s 
rn1nnow," 1s a small (growing to about 2.5 inches), slim, almost t:.rans:::-ent 
fish with a silvery stripe aiong each side. Its body is latera~ly 
compressed, the eyes are ~arge, ana the jaw is sharply angled upwar~. 

Reasons for Current Status: The primary threat is the deterioration c; 
.... a:~: qua;:ty ~n l.:Ke ... .:::;::-::·,.,. res . ..:~:ing fr::m nutr-~er.t !:::.;~ldur:: . .:;:~:.:., 
specific sources are currently unidentified, runoff and leachate fr-;:)1;, 
surrounding development may be contributing to the buildup. Nutrients ~n the 
lake increased since 1973, ~nd ~t now appears that any further increase could 
tip the scales towara wate~ quality conditions that would threaten th~ 
species. The existing da~:. as inter·preted by Caster1in et al. (~986". 
indicate that phosphate ccncentrations and loading rates in the lake ~:~e 
:han tripled in the years ~e~ween 19:3 and 1981. They further s:at~ :-a~ 
"continued high rates of phosphorus input (organic pollution) will like~y 
bring the lake to a hyper-eutrophic state ••• by the end of the cent:Jry." 
Water quality could also be affected by habitat alteration from devel~oment 
and other changes in land use, both around the lake and in its watershe~ 
(especially Big Creek), if these activities are not planned and implemented 
with the protection of the Lake Waccamaw ecosystem in mind. 

A permit to propagate hybrid bass at several sites in the Lake Waccamaw 
watershed has been granted by the North Carolina Wildlife Resources 
C()Tlmission. Although the permit stipulates certain precautionary meas .. r-es, 
escape of non-native predators from such a project into the system co~·j 
upset the existing predator-prey relationships in the lake to the detr:ment 
of the Waccamaw silverside and other fishes now present in the lake. 

A final factor that could tnreaten the Waccamaw silverside relates to :ts 
very short life cycle. The fish spawn when one-year-old and most die shortly 
thereafter. Failure to spawn in any one year could jeopardize the species. 
Water quality problems related to nutrient loading, even on a short-term 
basis, could cause the extinction of this fish. 
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WACCAMAW SILVERSIOE - M. extensa ..;;..._ ___ -
Habitat: Lake Waccamaw is a natural lake with an approximate s;;rface area 
or 2,93J ~:res ~nd an average aepth of 7.5 feet. Although it i: ::d :;,:: 
.:;::.ji::: s ... ·.;~::~ s:··~ams, ~:1e lai<e i1as a virtual1? r.e~~:-a1 pH. Th~: ~:· .. r.··:~ 
:::Jnciition, unusJal among North Carolina's coastai plain lakes, :: ::;i.:-;ea ~·.:: 
be caused by the buffering effect of the calcar~ous Waccamaw Li~=~~one 
formation, which underlies the lake and is exposed on the north s1o:-e. The 
Waccamaw silverside inhabits open water throughout the lake, whe': schcols 
are commonly found near the surface over shallow, dark-bottomed ~reas. 

Cri:ical habitat: North Carolina, Columbus County. Lake Wacc.:!rr:.:~· i:1 ~ts 
ent1rety to mear. high water level, and Big Creek from its moutn :: ~a~: 
~accamaw uostream approximately 0.6 kilometers (0.4 miles) :a wh~~: the creek 
is crossed by County Road 1947. 

Constituent elements include high quality clear open water, w1~~ : neu~ral pH 
and c1ean sand substrate. 

~eproduction and Development: Spawning occurs from April t~ro~;· J~ne, but 
reaches to peak when water temperatures are between 68 and 72F. ~ullv 
developed larvae form small isolated schools by early May.· No ~~renta: care 
of the young has been noted. The silversides reach sexual matur~~Y by ~he 
following spring, spawn, and then shortly thereafter most of the 3dults die 
off. A few may survive a second winter. 

Population level: Estimated to be in the millions. 

Manaoement (Activities, Recommendations, Implications): The ta~:ng of 
51 1vers1oes for fish bait or for scientific purposes is not cons'aered a 
threat to the species. These activities may continue in accordc:~:e wi:h 
State regulations. Activities which could affect water and subs:'ate cuality 
by increasing siltation and/or nutrient loading, or by altering ::mperc~ure 
or pH, will require monitoring and control as necessary and feas:~le. Some 
of the activities that could prove detrimental include indiscriminate 
logging, land use changes, stream alteration such as channelizat:on or 
impoundment, bridge and road construction, improper pesticide/h::r~:dcide 
application, and point and nonpoint pollution discharge. 

References: 

Casterlin, M.E., W.W. Reynolds, D.G. Lindquist, and C.G. Yarbro~~h. 1986. 
Algal and Physicochemical Indicators of Eutrophication in a L:!:: Har:.oring 
Endemic Species: Lake Waccamaw, North Carolina. Journal of th: £lisha 
Mitchell Scientific Society 100(3):83-103. 

Davis, J.R. and D.E. Louder. 1969. Life History of Menidia extensa. 
Transactions of the American Fisheries Society 98(3}:466-472. 
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NORTH CAROLINA- Cr}tical.Habitat 

Me~idia exte~. "'Waccama~l~rside" 

Columbus County. Lake 'Waccamaw in its entirety to mean high water :evel, 
and Big Creek from its mouth at Lake Waccamaw upstream approximate!? 0.6 
k!::~e:e~ (C.~ ~ile) to where the creek is crossed by C~u~ty ~0~~ :~-;. 

Co~s~i:~ent clernen:s include high quality clear open water, ~:~h a ~=ut~al 
?r. and clean sand substrate. 
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NORTH CAROLINA- Critical Habitat 
=--

Hudsonia r.10ntana, "r.:oun~ain golaen r.eather" 

Burke County. The area bourded by the following: en the west by the 
2200' contour; on the ecst ::.y :'",e :..in·.-i11e Gorge ·,.;ilderness 8ouoo::ry 

ll/80 

north from the intersection of the 2200' con~our and the Shortoff Mount::r. 
Trail to where it intersects the 3400' contour at "The Chimneys"--then 
follow the 3400' contour north until it reintersects the Wilderness 
Bourdary--then follow the Wilderness Boundary again northward until it 
intersects the 3200' contour extending west from its intersection with 
the Wilderness Bourrlary until it begins to turn south--at this point the 
Bourrl ary exterrls due east unt i 1 it intersects the 2200' contour. 
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Reference 23 

NWI MAPS ARE NOT FOR REGULATORY USE 

THE NATIONAL WETLANDS INVENTORY (NWI) IS A PROJECT OF THE U.S. 
FISH AND WILDLIFE SERVICE. THE NWI MAPS DO NOT DEFINE WETLANDS 
FOR REGULATO~Y PURPOSES. WETLAND BOUNDARIES MAY NOT BE EXACT. 

IF YOU ARE CONSIDERING LAND USE CHANGES AND YOU ARE NOT SURE 
WHETHER THE LAND CONTAINS REGULATED WETLANDS, YOU CAN OBTAIN A 
SITE-SPECIFIC WETLANDS DETERMINATION FROM A PRIVATE CONSULTING 
FIRM OR THE APPROPRIATE GOVERNMENT AGENCY, SUCH AS: 

U.S. ARMY CORPS OF ENGINEERS 
U.S. ENVIRONMENTAL PROTECTION AGENCY 

U.S. SOIL CONSERVATION SERVICE 
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Other mformat1on mcludmg a narrattve report concernmg the 
wetland resources depicted on this document may be available. 

NATIONAL WETLANDS INVENTORY 
UNITED STATES DEPARTMENT OF THE INTERIOR 
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SPECIAL NOTE DRAFT 
Thts document was prepared pnmari ly by stereosceo~IIC 

analys1s of h1gh altitude aer1al photographs Wetlands were 
identified on the photographs based on \legetatton, \IIStble 
hydrology, and geography m accordance w1th Classifica-
tion of Wetlands and Deepw•ter Habitats of the United 
States (FWS/ OBS · 79/ 31 December 1979) The aenal 
photographs typtcally reflect condrttons durmg the spectftc 
yea r and season wheA they were taken In addttlon, there 
is a marg1n of error Inherent 1n the use of the aenal 
photographs Thus. a detailed on the ground and h1stoncal 
analysts of a single s1te may result m a re\IISton of the 

SYMBOLOGY EXAMPLE 

• 
SYSTEM 

I SUBSYSTEM 
/__.rCLASS 

L2EM~ 

SUBC LASS. WATER REGIME 

~~-~-"-""'.->wetland JJou~brougb_photographlc...-{--"f~·A-""f:.O.---•"' 
Jnterpretatton. In addition. some small wetlands and those 
obscured by dense forest CC\Ier may not ,be_ mcluded on 
th1s document . . ./ ~ ~ 

\~R20WH f _ _ (~INEAR DEEPWATER, HABITAT) 

2'30" 

RI UI3V 

Bern 

Pmnt 

,EIUBL 

NOTES TO THE USER 
• Wetlands wh1ch have been f1eld exammed are mdicated 

on the map by an astensk 1•1 
• Add1t1ons or correct1ons to the wetlands mformatlon 

displayed on thts map are sohc•ted Please forward such 
Information to the address mdtcated. 

• Sut>systems, Classes. Subclasses, and Water Reg1mes 
'" hBhcs were developed spec1f1cally for NATIONAL­
WETLANDS INVENTORY mapp1ng 

• Some areas destgnated as R4SB, R4SBW. OR R4SBJ 
(INTERMITTENT STREAMS) may not m"!et the defml­
tion of wetland. 

• Thrs map uses the class UnoonSoltd§:ted._S_ho!:.._e (US). _ 
On ea rlier ,NWI maps that class was desrgnated Beach/ 
Bar (BB), or Flat (FLJ Subclasses rematn tQe sa~e In both 
\18rSIOnS 

For mformat1on, contact: . , ' 

Federal, State and local regu ll" ;.AY Bgenctes w1th JUrisdiC­
tion over wetlands may defme "bnd describe wetlands m a 
dlf4erent manner than that used m th1s in..,entorv. There is 
no attempt, m en her the destgn or products of thts mven­
tory, to deftne the l1m1ts of propnetary JUnsdn:tlon of any 

TECHNICAL RESPONSIBILITY 

_...:.: ___ -- - ·. 

SYSTEM 

SUBSYSTEM 1- SUBTIDAL 

Federal.· State or local government or to establtsh the 
geograph1cal scope of the regUlatory programs of govern-
m,;~nt agenc1es. P&r$0nl intending to engage in activnies 
Involving medificat1ons Within or adjacent to wetland 
areas should seek the advice of aPpropriate Federal. State 
or ~cal agencies concerning specified agency r&Qulatory 
programs and proprietary juriadictions that may affect 
such activities. ' ~ 

2 - INTERTIDAL 

o- Pnmartly represents upland areas, but may mclude 
unclassifted wetlands such as man-mo<hfutd areas. non 
photo-1dentlf1able areas and/ or unmtenttonal om1ssions 
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Prep.!!lr&d by National Wetlands Inventory 
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1073 Denzbromarone 

amino)cthane; ODED. C11H.10NJ: mol wt 240.34. C 79.95%, 
H 8.397o, N 11.66%. l'rcpd from N,N' ·dibenzcnesulfonyl. 
N.N' ·diben:rylethylencdiaminc by heat in(!: with coned IICJ 
in bomb tube at 170-180": Dicier, Dtr. 32, 1829 (1899); !rom 
ethylene chloride and benzylamine: Frost e1 al .. J. Am. 
Chem. Soc. 71, 3842 (1949); by reduction ol N,N' ·dibenzyli. 
denecthylenediamine: Ger. pat. 98,031 (1898 to Schering); 
Chtm. Ztntr. 1898, 11, 743; Van Alphen, Rtc. TroY. Chlm. 
54, 93 (1935); Lob, Ibid. 55, 859 (1936); Szabo er al., Anri­
biot. & Chtmothtr. 1, 499 (1951); Rebenstorl, U.S. pal. 
2,773,098 (1956 to Upjohn). 

t1121111-012t6R~ I 
0121111-CII2t6R~ 

Oily liquid, mp 26'. dze 1.024. bp: 212"-213'; bp4 195'. 
n~ 1.5624. lnsol in water. Freely sof in the usual organic 
solvents except CS:• with which it gives a· solid addition 
product. 

Diacetate, C16H 10N:.2CH 3COOH. needles, mp lll'. Soly 
in water: 253 mg/ml. 

Dihydrobromide, C16H10N:.2HDr, shiny leaOets, dec 300". 
Soly in water: 30 mg/ml. 

Dihydrochloride, C16H10N:.2HCI. shiny leaOets, dec 298'. 
Soly in water: 23.9 mg/ml. 

SulCate, C16H10Nf.Hz504, crystals, dec 247·250". Soly in 
water: t5.g mg/m. 

Disalieylate, C1,H10N 1.2C,H,(Oli)C00tl, crystals. mp 
g5•. Soty in water: 2.43 mg/ml. 

Penicillin salt, benzathine penicillin, set separate entries. 
UsE: Manuf of a repository form of penicillin. 

1073, Bcnzbromarone. (3,5-Dibromo...f·hydroxyphtnyl)· 
(2~thyl·3·btntofuranyl)mttllanont; 3,5-dibromo-4-l•ydr· 
ox)·pl~tnyl 2-rtllyf.J·btntnfuranyl ktlnnt: 3-(3,5-dibromo-4· 
hydroxy benzoyl) -2 ·ethylbenzo!uran; 2 -ethyl-3 ·benzofunm • 
yl 4-hydroxy -3,5 -dibromophenyl ketone; 2·elhyl-3 -(3,5-di • 
bromo -4 -hydroxybenzoyl)benzo!uran; 2-ethyt ·3·(3,5 ·di • 
bromo -4 -hydroxy benzoyl)oll.aindene; 2 ·el hyl-3 ·benzofuryt 
3,5-dibromo-4-hydroxyphenyl ketone; L 2214; MJ 10061; 
Azubromaron: Besuric; Desuric; Malt-Uric; Minuric; Nar• 
caricin; Normurat; Uricovac; Urinorm. C 11H 1113r:03: mol 
wt 424. tt. C 48.15%, H 2.85%, Br 37.68%, 0 I 1,32%. 
Prepn: Belg. pat. 553,621 (1957 to Labaz): Buu·Hoi et al., 
J. Cliem. Soc. 1957, 625; Buu-Hoi, Beaudet, U.S. pat. 3,-
012,042 0961 to Soc. Beige !'Azote l'rod. Chim. Marly). 
Structure-activity study: Delbarre et aL, Chim. Thtr. 3, 470 
(1968). Pharmacology of hypouricemic eflect: D. S. Sin­
clair, 1. H. Fox, J. Rhtumatol. 2, 437 (1975). l'harmacoki­
netic and clinical studies: T. F. Yu, ibid. 3, 305 (1976). 
Pharmacokinetics and biotransformation in-man: H. Ferber 
et al., Eur. J. Clin. Pharmacal 19, 431 (1981). IIPLC de· 
termn in serum: H. Vergin et al., J. Chromatog. 183, 383 
(1980). 

Yellowish prisms, mp IS t •. 
TIIERAP CAT: Uricosuric. 

1074. Benzene. Benzol; cyclohexatriene. c,H,: mol WI 
78. I I. C 92.25'7o, H 7.75%. Discovered by Faraday in com· 
pres5ed oil gas in 1825. Obtained in the coking of coal and 
in the production of illuminating gas from coat. Purification 
by washing with water: Brit. pat. 863,711 (1961 to Schlo· 
ven-Chemie and H. Koppers GmbH), C.A. 55, 1697H 
(1961). Lab prepn from aniline: Gattermann·Wieland, 
Praxis des organischen Chtmlktrs (de Gruyter, Berlin, 40th 
ed., 1961) p 247. Production of pure benzene: French, Ind. 
Chemist 39, 9·12 (1963). Manuf: Faith, Keyes & Clark's 
Industrial Chtmicals. F. A. Lowenheim, M. K. Moran, &h. 
(Wiley-Jnterscience, New York, 4th ed., 1975) pp 126·137. 
Physical properties: Thome el al., Ind. Eng. Chem. AnaL 
Ed. 17,481 (1945). Solubility studies: F. P. Schwarz, AnaL 

Cl•~m. 52, 10 (I<IRO). Toxicity data: KimurR et al .• ToxicoL 
Appl rl•armacol. 19, 699 (1971). Review of toxicology: E. 
Drowning. Toxlciry and Mrtabolimt of lndu.•trlal Sol•ertts 
(EI<evicr, New York, 1965) pp 3·65; R. Snyder tt al., Rc:Y. 
Blocl1em. Toxic'ol. 3, 123-154 (1981). Rc•icw: W.l'.l'urcell 
in Kirk ·Othmer Encyclopedia of Chemical Technology Yol. 3 
(Wiley-lnterscience, New York, 3rd ed., 1978) pp 144-771. 

0· 
Clear, colorless. highly nammable iiquid; characteristic 

odor. d15 0.8787. bp 80.1'. mp +5.5'. nfr 1.50108. Aash 
pi, closed cup: l2'F (-I I'C). Soly in water at 23SC 
(w/w): 0.1887 •. Miscible with alcohol, chloroform, ether, 
carbon disulfide. carbon telrnchloride, glacial acetic 11cid, 
acetone, oils. Keep In well-closed comalrters in a cool ploct 
and away from fire. LD.., orally in young adult rats: 3.8 
mllkg (Kimura). 

Sodium deriv, c,H,Na; pl•myl sodium. Prepn: Schlosser, 
Angtw. Chem. 76, 267 (1964). Solid mass, dec by water, 
acids, alkalies. Sol in liquid ammonia, tetrahydrofuran. 

Human Toxicity: Acute (from ingestion or inhalation): 
(irritation of mucous membranes, restlessness, convulsions. 
excitement, depression. Death may follow from respiratory 
failure. Chronic: Bone marrow depression and aplasia; rare. 
ly, leukemia. Harmful amts may be absorbed through skin. 
Denzene has been listed as a known carcinogen: Fourth 
Annual Report on Carcinogens (NTP 85-002, 1985) p 34. 

usE: Manuf of medicinal chemicals, dyes and many other 
organic compounds, artificial leather, linoleum, oil cloth, 
airplane dopes, varnishes, lacquers; as solvent for waxes, res· 
ins, oils, etc. .. 

TIIERAP CAT lYEll: Destroys screwworm larvae in wounds. 

1075. Denzenearsonlc Acid. l'henylnrsonic acid. c,H,. 
As03; mol wt 202.03. C 35.67%, H 3.49%, As 37.08'l'o, 0 
23.76%. c,H,AsO(OH)z. 

Cryst rmwder. mp 158-162' with dec. Sot in 40 pans 
water, 50 parts alcohol; insol in chloroform •. 

USE: Reagent (or tin. 

··1076. Denzeneboronic Add. Phtnylbororaic acid; phenyl. 
boric add; phenylboron dihydroxide. c,H,BOz: mol WI 
121.94. C 59.107., H 5.79%, B 8.87%, 0 26.24%. Prepd by 
the reaction of phenylmagnesium bromide with methyl 
borate: Washburn e1 al., Ad•ances in Chemistry Stries 23, 
102-128 (1959). Crystal and molecular structure: S. J. Ret· 
tig, J. Trotter, Can. J. Chern. SS, 3071 (1977). 

or·-·-
- OH 

Crystals from water. Spontaneous conversion to c,H,BO. 
btnttnt boronic anhydridt or phtnylboroxidt on standing in 
dry air, although the best method is by azeotropic dehydn· 
tion with toluene. mp 215·216' (anhydride). Ka 13.7. 
Dipole moment 1.72 (dioxane). Soly in water at 25': 2.51o. 
benzene: 1.75'7 .. Jty1ene: 1.2%, ether: 30.2'7o. methanol: 
178'l'o. 

1077~ Denz.enestibonlc Add. Dihydroxyphtn.Yistibin• 
o:ridt; phenylstibonic acid; phenylstibinic acid. C6H10..Sb: ~~,,.;,.;..:1c-:c;~·, 
mol wt 248.87. C 28.95'7o, ll 2.84'7o, 0 19.29'7o, Sb 48.92':<. ''<·':;,:'.-10·'-" 
C6H 5SbO(OH)z- Arylstibonic acids ell.ist in the solid slate I! 
polymers o! high mot wt, as~ociated by H-bonds. The i0111 
exist probably in the form {ArSb(OH)5]-. Benzenestiboni 
acid is prepd I rom benzenediazonium chloride and antimony 
trioxide in the presence or alkali: Schmidt, Ann. 421, 
188 (1920); Ger. pal. 254,421; Chem. Zentr. 1913, J, 
FrdL 11, 1084. From the double compd of benzenedial.OIIi· 
urn chloride and antimony trichloride by the action of all:li 
May, J. Chtm. Soc. 101, 1033 (1912); U.S. pat. 

Minute crystals from acetic acid, larger ""'mom" ·• 
glistening crystals from alcohol-chloroform inixlure 
addition of "''ater. Not melted at 250", dee at higher 
lnsol in water; slightly sol in ale; more sot in acetone. 
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4269 Garrylne 

U.S. Con <tit. Alliin, allicin. volatile and fatty oils. mucilage. 
albumin. Effect of garlic oil in hypercholesterolemic rabbits: 
R C. Jain, D. B. Konar, Ath~roscl~rosis 29, 12.5 (i978}; in 
humans: A. Bordia, H. C. Bansal, LDnc~t 2, 1491 0973). 

USE: As a spice and seasoning in roods. 

4269, Garryine, C11H33N01; mol wt 343.49. C 76.92%, 
H 9.68%, N 4.08%, 0 9.327.. From bark of Garryo ~archil 
Kellog, Garryoceae,_ where it occurs together with veatchine 
and other alkaloids: Oneto, J . .Am_ Pharm. Assoc. 35, 204 
0946); Wiesner el a/., Can. J. Chern_ 30, 608 09.52}. Struc­
ture: Wiesner el a/.: J. Am. Chern. Soc. 76, 6068 09.54); 
Djerassi el a/., ibid. 77, 4801 (19.5.5). ·Stereochemistry: Solo, 
Pelletier, Chem. & Ind. (.l.Dndon) 1960, 1108. Racemic syn­
theses and resolution: Masamune. J. Am. Chern_ Soc. 86, 
290 0964}; Nagata el a/., ibid. 929, 89, 1499 0967); Guthrie 
et aL, Coli. Cuch. Chem. Commun. ·31, 602 (1966). 

Monohydrate, crystals from dil acetone. Biller taste, mp 
74 -82". pK 8. 70. [a]l,'.5 - 84.23' (c = 1.44 in ethanol). Sol 
in water, alco~ol. , 

Hydrochlonde, CnH33N01.HCJ, crystals from abs ethanol 
+ether, dec 263-268'. Soluble in water. 

4270. Gasoline. Petrol (British); Benzin {German). A 
mixture or C4 to Cu hydrocarbons. Natural gasoline, ob­
tained by fractional distillation or petroleum contains mostly 
saturated hydrocarbons; but the ordinary commercial grades 
of motor gasoline contain paraffins, olefins, naphthenes, and 
aromatics, all in substantial concns. Motor gasolines are 
made chieny by cracking processes, in which heavier petr 
fractions are converted into more volatile fractions by ther­
mal or catalytic decornpn. (Where petr is scarce, as in Ger­
many, gasoline also has been made commercially by cata­
lytic high ·pressure hydrogenation of soft coal and by cata­
lytic synthesis of hydrocarbons from carbon monoxide and 
hydrogen.) Some gasolines sold in the U.S.A. contain a 
minor proportion or tetraethyllead, which is added in concns 
not exceeding 3 ml per gallon of motor gasoline to prevent 
"knock" in engines in which the gasoline is used as fuel. 
Knock is the audible manifestation of an excessive rate of 
pressure rise when the gasoline vapor is ignited under com­
pression in an engine. (The relative knocking tenden.cies or 
gasolines are measured in terms of "Octane Number," which 
is defined as the percentage or iso-octane. having "100 
Octane No.," to be blended with n-heptane, having "0 
Octane No." by definition, in order to obtain the same de­
gree of knock as is obtained with the gasoline being rated, 
under standard conditions in a standardized test engine.) 

Commercial grades or tetraethyllead or Ethyl nuid typi­
cally contain about 63% tetraethyllead and about 3.5% ethyl­
ene dichloride or dibromide. which aids in evacuating the 
products or combusion of the lead compd from engines. In 
addition, the nuid contains a red or a blue dye. All leaded 
gasolines are dyed for recognition and should be used only 
as motor fuel. Other materials occasionally blended in gaso­
line to decrease knock, particularly in Europe, are benzene 
and ethanol. Comprehensive review: J. C. Lane, "Gasoline 
and Other Motor Fuels" in Kirk-Othmer Encyclopt!dia of 
Chemical Technology vol, II (Wiley-lnterscience, New York, 
3rd ed., 1980) pp 6.52 -69.5. 

Gasoline is a highly Oammable, mobile Jiq with character­
istic odor. Evaporates quickly: Flash pi ~50'F (-4-S'C). 
Explosive limits, vol % in air: lower 1.3. upper 6.0; sp 
gr 60/60"F: 0. 72 to 0.76. Initial bp 39'C; after 10% distilled 
bp 60"; after SO% bp 110'; after 90% bp 170'; final bp 204'. 
lnsol in water; freely sol in abs alcohol, ether, chloroform, 
benzene. Dissolves fats, oils, natural resins. 

USE: As fuel in internal combusion engines of the spark·­
lgnited, reciprocating type. Caul ion: Ingestion causes in­
ebriation, vomiting, vertigo, fever, drowsiness, confusion, 

cyanosi~; asriration causes bronchitis or pneumonia. lnha. 
lation causes intense burning In throat and lungs: possibly 
bronchopneumonia. 

4271. Gastrins. Gastrointestinal hormones isolated from 
the mucosal lining or the gastric antrum of various mamma­
!ian species. Highly potent gastric secretion stimulants, first 
discovered by J. S. Edkins: Proc. Roy. Soc. LDndon 76B, 376 
{190.5). Several gastrins have been identified; they are re­
ferred to as "little gastrin", "big gastrin" and "minigastrin". 
"Uttle gastrin" or G -17 exists in two forms. 18 -34-gastrin I 
or G-17-1 and 18-34-gastrin II or G-17-11, which are hep· 
tadecapcptides that arc identical In amino acid sequence, 
with the latter having sul!ated tyrosine residues. Thue are 
relatively small species differences in amino acid sequences 
of G-17, although there are differences in the ratio or the 
non -sulfated to the sulfated forms. This ratio is abcml 3:4 in 
hog compared to about 2:1 in man. "Big gastrin" or 1-34-
gastrin, also f<>und in two forms, consists or the heptadeca­
peptides or "little gastrins" extended from their N-termini by 
additional heptadecapcptides with amino acid compositions 
different from G-17. For each s~ies, the G-17-1 and 
G-17-11 portions of the G-34 gastrin are identical. Pairs of 
shorter gastrins, or "minigastrins" (22-34-gastrin) are C·ter­
minal tetradecapeptides. 

5-oxo-Pro-G ly-Pro-Trp-Leu-G I u-G I u -G lu -Giu -G I u • 

A Ia -Tyr-Giy-Trp-ll~t -Asp-Phe-1111
2 

18-34-gastrln I (huoaan) 

Structure of porcine "little gastrins'': Gregory et al., Na­
ture 204, 391 (1964); human: Bentley er al., Ibid. 209, 583 
(1966). Synthesis of porcine '1ittle gastrins": Anderson et 
a/., ibid. 204, 933 (1964); human: Beecham et aL, Ibid. 209, 
.585 {1966); human and canine: Agarwal, Kenner, J. Chern. 
Soc. (C) 1969, 2213; ovine: Agarwal et al .• ibid. 9.54; feline: 
eidem, ExfJf!rif!ntia 25, j46 0969). General synthetic meth­
od: E. Drown et al., Chern. Commun. 1980, 1093. lsoln of 
"big gastrins" from Zollinger-EIIi~on tumor tissue: R. A. 
Gregory, H. J. Tracy, LDncet 2, 797 {1972). lsoln of "mini­
gastrins" from Zollinger-EIIison tumor tissue: eidem, Gut 
15, 683 (1974). Amino acid sequences or porcine and human 
"big gastrins": eidem. in Gastrointestinal Hormones. J. C. 
Thompson, Ed. (Univ. Texas Press, Austin, 1975) pp 13-14. 
Revised sequence of porcine: G. J. Dockray et a/., Biootg. 
Cl•em. 8, 465 (1979); of human: A.M. Choudhury et aL, Z. 
Phy.~iol. Chcm. 361, 1719 (1980). Synthesis of human: G. 
Wendlberger et a/., Monatsh. 112, 1297 (1981). Structure 
and synthesis of "minigastrins": R. A. Gregory er al., Z. 
PhysioL Chern_ 360, 73 0979). Review of chemical studies: 
Kenner, Sheppard, Proc. Roy. Soc. London 1709, 89 (1968). 
Review of physiological advances: Gregory, Ibid. 81. Gen­
eral reviews: Sanders, Schimmel. Am. J. Med. 49, 380 
0970);.McGuigan, l'iram. Harm. 32;·47-88 (1974); V. Mutt, 
ibid. 39, 231-426 (1982). 

4272. Gaultherin, 2-{(6-0-P-o-Xylopyratlo.~yl·fJ·D·glu­
copyratlosyl)oxy]bentoic acid m~lhyl rsler; methyl salicylate-
2-glucoxyloside; methyl salicylate-2-primeveroside; mono­
tropitin; monotropitoside. C 19H/60n; mol wt 446.40. C 
51.12%, H 5.87%, 0 43.01%. n the wintergreen plant, 
Gaultheria procum~ens I,.,L in Monotropa hypopitys L., Erica­
ceae in Betula Iento L., Betulacea~. in Spiraea ulmaria L. and 
S. jilipendu/a L., Rosaceae: Bridcl, CompL Rend. 177, 642 
{1923); 179,991 (1924); 180, 1421, 1864 092.5); Bride!, Grit­
Jon, ibid. 187, 609 (1928). Synthesis: Robertson, Waters, J. 
Chern_ Soc. 1931, 1881. On hydrolysis with 3% H~04 gaul­
therin forms I mol methyl salicylate. I mol o-glucose and I 
mol o-xylose. Enzymatic hydrolysis gives methyl salicylate 
and primeverose (glucoxylose). 

COOCIIJ 

0
0-pr~•PvernsP 

. 

:::-.. 
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Needles in star fcor 
[a]ll' -58' (c - 2). S 
ethyl acetate, acetone .. 

Note: The older fu, 
salicylate-o-glucosid~ 

Gaultl•eriosid~, CuJ' 
[a]0 -.58'. Gaulthenc 
on hydrolysis with :;-:, 

4273. Gefarnate. 
mole acid 3,7-dimn/1:• 
ylacetate; DA-688; A 
Gefarnil; Gefarnyl: 
Zackal. C21H440~ ,..., 
7.99%. Prepn: Car~ 
Belg. pat. 617,994 (I"'· 
Coppi et a/., .AnneU... 
evaluation in duoderu 
gomery, Brit. J. Cli1L 

Slightly yellowish 
16!5-168', nll'· 1.490: 
ale, ether, dimethylfc-, 
Jy insol in water, f.: 
glycol, glycerine. 

THERAP CAT: Anti~ 

4274. Gelssoschizr 
N 0; mol wt 298.41 
sJ6%. From bark ot 
aceae: Hesse, .Anti. 21:. 
241 (1934). Identity ... 
48, 49 (1961). Struc1 
4383 0960); Bertho. · 
Jlymon, Schmid, u~: 
form: Dadson, Ha~ 
Harley-Mason, Tayk 

c 
Coarse crystals rr.--· 

+ 32' (ethanol). uv -
3.93, 3.47). Sol in : 
insol in water. 

Methyl chloride. C 
anol, mp 297'. 

Methiodide, C1,H~ 
mp 2.54'. 

4275. Geissosperr 
· ·tc z otJ,JJP.21 P>-23-d• 
strycht~idin-1 0-yl]co•. 
did~hydro-16·( I s..,o .. 
dhano-IIl,Jil-[I,J]n: 
1-y/)-corynan-17-oic 
ethylidene-1,2,3,4.6, • 
izin -2-yl)-curan -1-r-
03; mol wt 632.82. C 
From bark or Gels=· 
Hesse, .Ann. 202, 14 l 
Campi. Rend. 252, 9· 
(1961). Crystal SITUC" 
tallogr. 358, 1820 (IS 
seau • .Ann. P!Jarm. T 
with HCJ splits into ; 



I 
.4' (chloroform). pKa 

1: 314 nm (EJ! 2.67). 

l eratlnyl)·l 111-dl­
nyl)morphanrhrl· 

: ypnodin. c .. Hll· 
6%, N 14.42%. Prepn: 
lz, Hunziker, U.S. pat.· 

E. Hunziker er aL, 
acology: Take el 
; Yokotani et al, 

·alogia 28, 325 0973). 

I 
clone-petrol ether, mp 
~g/kg. 

1111tnyl)·2,2·dimeth• 
~pl•tnyl)methyl esru; 

.ns-3-(2,2 -dichloroeth. 
loxylate; m·phenoxy• 

I I) -2.2-dimethylcy. 
lA 33297; NRDC 
; Corsair; Dragnet; 

en; Pounce; Pynosecr; 
WI 391.29. C 64.46%, 

l
tic pyrethroid insec· 
s active as the natu. 
toxicity: M. Elliott 
ur possible isomers, 

1ers are the two esters 

l
ivity: P. E. Dun tl 

the racemic mixture: 
1975 to Sumitomo); 
m, U.S. pat. 4,113,• 

\1etabolism: M. Elliott 
.}76); L. C. Gaughan t1 

1
: R. L. Holmstead 
mats: L. Merker t1 

47284, 70 ~P· !'ield 
'" cows: S. S. Qu•sen• 
"nol 77,422 (1984); R. 

'

es. 4.5, 1008 (1984). 
Ares Mazas tl aL, 

: C. N. E. Ruscoe, 

~-o 
·J . prox 60% lrans- and 

a pale yellow viscous 
190-1.272. Vapor pres· 
1ly in water: < 1 ppm. 

l cept ethylene glycol. 
g (Metker). Toxic to 
t to skin and eyes. 

Erazil wood; Nicara~ 
of Caesalpinia echl· 

' . Consrit. Drazilin. 
ke pigment. With alka• 
ellow. · 

' ... · 

1-h catalyze the oxida· 
• They occur In many 

I 

Petroleum Benzin 7141 

plants as well as animals, fungi, and bacteria. The richest 
plant sources are the sap of the fig tree and the root of 
horseradish. Review and bibliography: _raul, "Peroxidases", 
in The Enzymes. vol. 8, P. D. Boyer er al., Eds. (Academic 
Press, New York. 1963) pp 227-274; B. C. Saunders el aL, 
Peroxidase (Dutterworths, Washington, D.C., 1964) 271 pp. 

7135. Perphenazlne. 4-[3·(2-Chloro-1011-phenothia· 
dn·lO·yl>propyl]·I·piptratlnetthanol; 2-chloro-1 0-(3·(1· 
(2-hydroxyethyl) -4 ·piperazinyl)propyl)phenothiazine; 1·(2· 
bydroxyetbyl)-4-(3 -(2-chloro -10-phenothiazinyl)propyl). 
piperazine; chlorpiprazlne; chlorpiprozine; PZC; Sch 3940; 
Trilafon; Trilifan; Decentan: Fentazin; Perphenan. C 2!!126 • 
CJN30S; mol wt 403.97. C 62.43'7o, H 6.49%, Cl 8.78/o, N 
10.40'7o, 0 3.96'7o, S 7.94%. Prepn: Cusic, U.S. pat. 2,766,· 
l3S (1956); Sherlock, Sperber, U.S. pat. 2,860,138 (1958 to 
Schering). Metabolism: U. Dreyer, H. J. Gaertner, Adv. 
Biochem. Psychopharmacol. 9, 167 (t 974); H. J. Gaertner er 
oL, Drug Merab. Dispos. 3, 437 (1975). Crystal structure: J. 
J. H. McDowell, Aero Crysrallogr. 834, 686 (1978). 

Crystals. Sensitive to light. mp 94-100'. bp0_15 214-218'; 
bp1 278-281'. Practically insol in water. Soly (mg/ml): 
ethanol 153; acetone 82. Practically insol in sesame oil. 

Dihydrochloride, C 21H 11CI3Nl0S, crystals from alcohol, 
mp 225-226'. 

THERAP CAT: Antipsychotic. 
THERAP CAT (VET): Tranquilizer, pre-anesthetic agent. 

7136. Peruvoslde. (3/3,5/3)·3·[(6-Deoxy·J·O·mtlhyl-a· 
l·glucopyranosyl)oxy]·l4·hydroxy·l9-oxocard·20(2 2 )-enol­
ide; cannogenin a·l·thevetoside; Encordin. ClOH640 9; mol 
WI 548.65. C 65.67'7o, H 8.08%, 0 26.25'7o. Cardenolide 
(cardiac glycoside) found in seeds of the tropical garden 
plant Thevetia peruviona (Pers.) K. Schum. (TIL neriifolia 
luss.), Apocynaceae (named trumpet flower in Florida) . 
lsoln: Rangaswami. Venkata Rao, J. ScL Ind. Res. 178, 331 
(1958). Structure: Bloch et al, IIelv. Chim. Acta 43, 652 
(1960). Pharmacological studies: Arznelmirrel-Forsch. 18, 
1582-1608 (1968). 

Spears from methanol + ether, mp 161-164'. [a]fl 
-11.T (c = 1.!14 in methanol). One gram dissolves in 
about 2500 ml water. Freely soluble in chloroform and 
acetone. sparingly soluble in methanol and ethanol. 

THEII.AP CAT: ln cardiac Insufficiency. 

7137, Perylene. Dibenz[de,kl]anthracene; perl-dinaph· 
tbalene. c;,Hu; mol wt 252.30. C 95.20'7o, H 4.79'7•. 
Occurs in coal tar. Jsoln from pitch distillate: Cook et al, J. 
Chtm. Soc. 1933, 395 .. From 2,2'-dihydroxy-1,1'-dinaph· 
thy!: Zinke t1 aL, Monatsh. 64, 41 !5 (1934). From the reac· 
tion of phenanthrene with acrolein in anhydr HF: Wein­
mayr, U.S. pat. 2,145,905 (1939); cf J. Am. Chem. Soc. 61, 
949 (1939). 

Yellow to colorless crystals from toluene. mp 273-274'. 
Sublimes 350·400". d 1.35. Absorption spectrum: Clar, 
Ber. 65, 848 (1932). Freely sol in CS2• chloroform; moder­
ately sol in benzene; slightly in ether, alcohol, acetone; very 
sparingly sol in pctr ether. lnsol in water. 

Monopicrate, C 16H 15Nl07, dark violet-blue needles, mp 
223-225' .. 

7138. Petrolatum. Petroleum jelly; paraffin jelly; vasoli • 
ment; Filtrolatum; Filtrosoft; Kremoline; Pureline; Sherola­
tum; Stanolind; Vaseline; Saxoline; Cosmoline. Purified 
mixture of semisolid hydrocarbons, chieny of the methane 
series of the general formula C,H2,+ 2• Actually, petrolatum 
is a colloidal system of nonstraight-chain solid hydrocar­
bons and high-boiling liq hydrocarbons, in which most of 
the liq hydrocarbons are held inside the micelles. Detailed 
historical account including chemistry and modern mfg 
methods: Schindler, Drug Cosmel. Ind. 89, 36-37, 76, 78-80, 
82 (1961). 

Yellowish to light amber or white, semisolid. unctuous 
mass; practically odorless and tasteless. d~ 0.820-0.865. 
mp 38-54'. nil' 1.460-1.474. White petrolatum is transpar· 
cnt in thin layers even at 0". Practically insol in water, glyc­
erol, alcohol. Sol in benzene, chloroform. ether, petr ether, 
carbon disulfide, oils. 

Premium white petrolatum, Sranolene. 
USE: As ointment base in pharmaceuticals and cosmetics. 

Lubrjcating firearms and machinery, leather grease, shoe 
polish, rust preventives, modeling clays. 

7139, Petrolatum, Liquid. Liquid paraffin; mineral oil; 
white mineral oil; paraffin oil; Clearteck; Drakeol; Hevyteck; 
Filtrawhite; Frigo!; Kremol; Kaydol; Alboline; Nujol; Paro· 
leine; Saxol; Adepsine oil; Glymol. A mixture of liquid 
hydrocarbons from petroleum. 

Colorless, oily liquid; practically tasteless and odorless 
even when warmed. The density of the "light" oil is usually 
0.83-0.860; the .. heavy" 0.875-0.905. Surface tension at 25' 
slightly below 35 dynes/em. lnsol in water, ale. Sol in ben· 
zene. chloroform, ether, carbon disulfide, petr ether, oils. 

THER.AP CAT: Cathartic. 
THERAP CAT (VET): Laxative, externally as a prolectant, 

lubricant. 

7140. Petroleum. Crude oil; mineral oil; rock oil; coal 
oil; seneca oil. Consists of a mixture of hydrocarbons from 
C2H, and up-chieny of the paraffins, cycloparaffins, or of 
cyclic aromatic hydrocarbons, with small amounts of benz· 
ene hydrocarbons, sulfur, and oxygenated compounds. 
OcCilrrence: U.S .• Mexico, Iran, Russia, Roumania, Poland, 
Dutch East Indies, etc. 

Dark yellow to brown or greenish-black, oily liquid. 
lnsol in water and only a small portion of it may dissolve in 
alcohol; 'sot in benzene, chloroform, ether. 

USE: Source of gasoline. petr ether, liq and solid pet rota· 
tum, fuel and lubricating oils, butane, isopropyl alcohol, etc. 

7141~ Petroleum Benzin. Naphtha; benzin; petroleu~ 
naphtha. Term that has been applied to low boiling frac• 
tions of petroleum, consisting chiefly of hydrocarbons of the 
methane series-principally pentanes and hexanes. 

Oear, colorless, nonfl!'orescent, highly flammable, volatile 
liq; characteristic odor; does not solidify In the cold. The 
vapors mixed with air explode if ignited. d 0.625-0.660-, bp 
between 35-80". Flash pt about -40". Jnsol in water. Mis· 
cible with abs ale, benzene. chloroform, ether, arbon disul· 
fide, ca-rbon tetrachloride, and oils except castor oil. Cau­
tion: Keep righlly closed in a cool place and away from fire. 

Human Toxicity: See Kerosene. 
USE: Pharmaceutic aid (solvent). 
TIIERAP CAT: Counterirritant. 

Consult the cross index before using this section. Page 1139 
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7205 Pbenoctlde 

TIIERAP CAT: Antipyretic, analgesic. 

7205. Phenoctide. N,N·Di~lhyi·N·£2·[4·( I,I,J,J.u/ra· 
mrtl•ylbutyl)ph~no:ry]rthyl]btnt~nrmrthanaminium chlorid~; 
bmtyldlrthyi·2·[Cp·l,I,J,J.wramrlhylbulyl)pT•~no:ry]rll•yl· 
ammonium chlorid~: (3 ·p-terl·octylphenoxyethyldiethylben • 
zylammonium chloride; Octaphen. C:nHqCINO;. mol wt 
432.11. C 75.057o, H 9.80%. Cl 8.21%, N 3.24%, 0 3.70%. 
Prepn: Goldberg. Desly, Drlt. pat. 703,477 (19S4 to Ward 
Blenkinsop); Erekaev, C.A. 54, 12483i (1960). 

Crystals from ethyl acetate. mp 112-114' (Goldberg, 
Besly); mp 95' (Erekaev). 

USE: Orthophosphate as lubricant: Semmens, Summers· 
Smith, Drlt. pat. 790,056 (1958 to I.C.I.). 

THERAP CAT: Topical anti-infective. 

7206. Phenol. Carbolic acid; phenic acid; phenylic acid; 
phenyl hydroxide; hydroxybenzene; oxybenzene. c,H,O; 
mol wt 94.1 I. C 76.S77o, H 6.43%, 0 17.00'7o. Obtained 
from coal tar, or made by fusing sodium benzenesullonate 
with NaOH, or by heating monochlorobenzene with aq 
NaOH under high pressure. The crystalline article of 
commerce contains at least 98% phenol. Review of mig 
processes: A. Dierichs, R. Kubicka, PIHmole und Dasen. 
Vorkommen und Gewinnung (Akademie·Verlag, Berlin, 
1958) 472 pp; Faith, Keyes & Clark's Industrial Chemicals, 
F. A. Lowenheim. M. K. Moran, Eds. (Wiley·lnterscience, 
New York, 4th ed., 1975) pp 612-623. Use in treatment of 
spasticity: D. E. Garland er a/., Clin. Orrhop. 165, 217 
(1982); eidem, Arch. Phys. Med. Rehab. 65, 243 (1984). 
Review of use in pain relief: K. M. Wood, Pain 5, 205·229 
(1978). Review of toxicology: H. Babich, D. L. Davis, 
Regul. Toxicol. Pharmacal. 1, 90-109 (1981). Toxicity: W. 
B. Deichmann, S. Witherup, J. Pharmacal. Exp. Ther. 80, 
233 (1944). Review: C. Thurman in Kirk-Othmer Errcyclo· 
pedia of Chemical Technology Yol. 17 (Wiley·lnterscience, 
New York, 3rd ed., 1982) pp 373-384. 

on 

6 
Colorless. acicular crystals or white, crystalline mass; 

characteristic odor. Poisonous and causric/ Prone to redden 
on exposure to air and light, hastened by presence of alka • 
linity. d 1.071. When free from water and cresols.it con­
geals at 41' and melts at 43'. Ultrapure material mp 40.8S'. 
The commercial product contains an impurity which raises 
the mp. bp 182'. Flash pt, closed cup: 17S'F (79'C). n~1 

1.5425. pKa at 25" = 10.0. pH or aq solns about 6.0. It ts 
liquefied by mixing with about 8% water. One gram dis­
solves in about IS ml water, 12 ml benzene; very sol in alco­
hol, chloroform, ether, glycerol, carbon disulfide, petrola­
tum, volatile and fixed oils, aq alkali hydroxides. Almost 
insol in petr ether. LD50 orally in rats: 530 mg/kg (Deich· 
mann, Witherup). Keep well closed and prorecled from lighr. 
Do no/ handle wirh bare hands. 

lncompal. Phenol coagulates collodion; liquefies or be­
comes semiliquid when triturated with acetanilide, butyl­
chloral hydrate, camphor, monobromated camphor, chloral 
hydrate, diuretin, lead acetate, menthol, naphthalene, naph­
thol, acetophenetidin, pyrogallol, resorcinol, salol, sodium 
phosphate, thymol, urethane, chloralamide, terpin hydrate. 

Ammonium salt, c,H,NO, ammonium plrenate, ammoni-
um carbo/are.. White to pink cryst masses. Sol in water. 

Sodium salt, C1H 5Na0, phtnolale sodium. 
Aqueous solution with phenolate sodium, Chlomseptlc. 
1/uman Toxiciry: Ingestion of even small amounts may 

cause nausea, vomiting, circulatory collapse, tachypnea, 

paralysis, convulsions, coma, greenish or smoky-colored 
urine, necrosis of mouth and G.I. tract, icterus, death fr0111 
respiratory failure, sometimes from cardiac arrest. Avcn~t 
fatal dose is I 5 g but death from as little as one gram hu 
been reported. Fatal poisoning may also occur by skia 
absorption following application to large areas. Chronit 
poisoning with renal and hepatic damage may occur from 
Industrial contact. See C. J. Polson, R. N. Tattersall. CliiJi. 
cal Toxicology (Uppincott, Philadelphia, 1969) pp Sl·62: 
Deichmann, Keplinger In Patty's lndusrrial llygitnt a~i 
Toxicology Yol. 2A, G. D. Cayton, F. E. Clayton, Eds. (Wi• 
ley·lnterscience, New York, 3rd ed., 1981) pp 2567·25&4. 

USE: As a general disinfectant, either in soln or mix<d 'llil~ 
slaked lime, etc., for toilets, stables, cesspools. noors, drains. 
etc.; for the manuf of colorless or light ·colored artificial 
resins. many medical and industrial organic compds and 
dyes; as a reagent in chemical analysis. Pharmaceutic aid 
(preservative). 

TIIERAP CAT: Aqueous soln as topical anesthetic; topical 
antiseptic; topical antipruritic. 

THERAP CAT (VET): Antiseptic caustic. Topical anesthetic ill 
pruritic skin conditions. Has been used internally and CJ• 
ternally as an antiseptic. ~ 

7207. Phenoldisulfonic Acid. 4-llydroxy-l,J·bentennli· 
sulfonic acid; 4-hydrozy·m-benzenedisulfonic acid; I ·phc• 
nol-2,4-disullonic acid. C,H,0~2; mol wt 2S4.23. C 
28.34%, H 2.38%, 0 44.05'7.., S 25.22%. Conveniently prrpd 
by hydrolysis or the dichloride which is obtained by the ••• '• 
tion or chlorosullonic acid on phenol at room temp: Poilu 
eta/., Monatsh. 46, 395 (1925). Monograph: E. E. Gilbert. 
Sulfonation and Related Reacrions (lnterscience, New York.· 
196S) 529 pp. 

Deliquescent needles, vague melting range from 89' to 
100". Decomp above 100". Freely sol in water, methanol 
Practically insol in ether, petr ether. 

USE: In the manu! or aminophenoldisullonic acids 
are intermediates in the dye industry. 

7208, Phenolphthalein. 3,J-Dis(4·hydrozyphtnyiJ.l· 
(Jil)-isobentofuranone; 3,3-bis(p-hydroxyphenyl)phthalide; 
a -(p-hydroxyphenyl)·a·(4 -oxo-2,5 -cyclohexadien·l·ylid· 
ene)-o·toluic acid; Chocolax; Darmol; Laxin. c;oH 1,0; 
mol wt 318.31. C 75.46'7., H 4.43%, 0 20.10%. Prepd by 
condensing phenol with phthalic anhydride: Baeyer, A•ll. 
202, 69 (1880); Herzog. Chem. Zrg. 51, 84 (1927); Hub3cher, 
U.S. pat. 2,192,485 (1940 to Ex Lax); Gamrath, U.S. paL 
2,522,939 (l9SO to Monsanto). 

0 

OH 

011 

Minute, triclinic crystals. often twinned, mp 2S8 -262'. d 
1.299. Color: White or yellowish-white, see also Yellow 
Phenolphthalein. Almost insoluble in water. One gram dis~ 
solves in 12 ml alcohol, in about 100 ml ether. Very 
sol in chloroform. 

USE: A lro alcoholic soln as an indicator in titrations 
mineral and organic acids and most alkalies. Not 
for ammonia. Very sensitive to COv and in estim,ating 
bonates the liq must be boiled. Borax can be 

Page 1150 Consult the cross inde:c btfort using tllis section. 
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Trihydrate, crystals. Swells at J6S'. Dec 170-17S'. 
Becomes anhydr by drying In vacuo at 60" for 8 hrs. (a)~ 
-2S7.9" (O.lN HCI); (alfJ -239" (methanol). uv max (O.JN 
HCI): 220, 268, 3SS nm (~ 13000, 18040. 13320). pKa (SO% 
aq DMF): 8.3, 10.2. Stable in neutral and in alkaline soln. 
Soly at about 28': 1.7 mg/ml water; > 20 mg/ml methanol. 
LD50 in rats. mice (mg/kg): 807, 808 orally (Goldenthal). 

Hydrochloride. C12H:zsCIN10 1• Achro, Achromycin V, Ala 
Trt, Ambracyn, Artomycin, Ojracyclintt tablttts, Cyclopar, 
Diacyclintt, Dumocyclin, lltth•ttcyclin, lmttx, l\fepl1acyclin, 
Partrttx, Quadracyclintt, Quatrrx, Rttmkyclin, Ricyclintt, 
Ro-cyclinr, Stilciclina, Subamycin, Supramycin, Suslamycin, 
Tttfilin, Trline, Tttlotru, Ttttrabakat, Tttlrabid, Trtrablttl, Tr­
trachd, Trtracomprttn, Trtra-D, Tetrakap, Trtralution, Ttt­
trama•·an, Trlramycin, Ttttrosol, Ttttra·WI'dttl, Topicyclintt, 
Totomycin, Triphacyclin, Vnicin, Vnimycln, Vtttquamycin· 
324. Crystals from butanol +HCI, dec 214". (aJl,' -2S7.9" 
(c = O.S in 0. IN HCI). Freely ~olin water, sol in methanol, 
ethanol. lnsol in ether, hydrocarbons. pH (2% aq soln): 
2.1-2.3. LD50 orally in rats: 6443 mg/kg (Goldenthal). 

Phosphate complex, l'anmycin l'ho•phattt, Sumycin, T•tra­
drcln No•·um, Ttttru, Upcyclin. (Elemental analysis shows 
about 4S% C; 6-8% P; 4.8% N; 3.9% H; 0.7-1.4% NA). Yel· 
low, odorless powder. Sparingly sol in water; slightly sol in 
ethanol. 

Laury! sulfate, lAuracycline.. . 
TIIERAP CAT: Anti -amebic; antibacterial; antirickettsial. 
THERAP CAT (VET): Antibacterial. 

9131. Tetradecamethylhexasiloxane. C14H 420 5Si6: mol 
wt 4S9.03. C 36.63%, H 9.22%, 0 17.43%, Si 36.72%. Prepd 
by hydrolysis of dimethyldichlorosilane and trimethylchlo· 
rosilane: Patnode, Wilcock, J. Am. Chern. .Soc. 68, 3S8 
(1946); by reaction of hexamethyldisiloxane with octameth· 
ylcyclotetrasiloxane and sulfuric acid: eidem, ibid. 362; 
Patnode, U.S. pat. 2,469,888 (1949 to General Electric): by 
cohydrolysis of ethoxytrimelhylsilane and diethoxydimeth • 
ylsilane: Hunter"' al., J. Am. Chem. Soc. 68, 2284 (1946); 
Hyde, U.S. pat. 2,457,677 (1948 to Corning Glass). 

Liquid; bp20 142'; df 0.8910; nfll 1.3948. Flash pt I 18.33'. 
Freezes below -tOO". Stable. Inert to most chemical re· 
agents and rubber. Maintains about the same viscosity over 
a wide temp range. Sol in benzene and the lighter hydrocar· 
bons; slightly sol in alcohol and the heavy hydrocarbons. 

USE: As a basis for silicone oils or nuids designed to with· 
stand extremes or temr; as a foam suppressant in petroleum 
lubricating oil. 

9132. Telradlfon. 1,2,4-Trichloro-5-{(4-chlorophtnyl)· 
suljonyl]bl'ntrnr; p-chlorophrnyl 2,4,5-trichloroph•nyl sui· 
)onr; 2,4,S,4'-tetrachlorodiphenyl sulfone; Duphar; Tedioo; 
Tedion-V 11• C 11H,CI40zS; mol wt 3S6.06. C 40.48%, H 
1.70'7., Cl 39.83%, 0 8.99%, S 9.01%. Prepd by modified 
Friedel -Crafts reaction between 2,4,S ·lrichlorobenzene sui· 
fonyl chloride and monochloroben:z.ene; also by Sandmeyer 
diazotiz.ation of 2,4,S-trichloro-4' -aminodiphenyl sui lone in 
the presence or CuCI: Meltzer, Huisman, U.S. pat. 2,812,-
281 (1957 to Phillips); Huisman tf al., Rec. Trav. Chim. 77, 
103 (19S8). 

Cl 

ClcQV . ~ .. r-o~ Cl 
- I -

0 
Cl 

Crystals from benzene; mp 146.5-147-S'. Stable to coned 
and dil alkalies, mineral acids, high temJl, and u.v. light. 
Soly data: Huisman tl a!., Toe. cit. LD50 in rats: SS6 mg/kl 
orally, Den ·dyke..l'l al. World Rev. Pest Conlr. 9, I I 9 0970). 

USE: Acaricide. Ovicide on deciduous lruits, citrus, cotton 
and other crops. 

9133. Tetraethylammonium Bromide. N,N,N-TritlhJI· 
ttthanaminium bromidr, TEAB; TMD-10; Etylon; Etambro; 
Symratektoman; Tetranium. C.H20DrN; mol wt 210.16. C 
4S.72%. H 9.S9%, Br 38.03%, N 6.67'7o. (C1H,)4NBr. Gan· 
glion blocking agent. Prerd from triethylamine and ethyl 
bromide: Hofmann. Ann. 78, 263 (185 1). Review of the 
pharmacology or the tetraethylammonium ion: Moe, Frey· 
burger, Pharmacal. Re•. 2, 61 -9S (19SO). 

Deliquesc crystals. Freely sol in water, ale, chloroform. 
acetone. Slightly sol in benzene. pH or a lO'r. aq soln 6.5. 
The pH is not changed by heating lor 28 hrs at 9S'. 

9134. Tetraethylammonium Otloride, Etamon chloride; 
T.E.A. chloride. C1H 3 CIN: mol wt 16S.71. C 57.98%, fl 
12.17%, Cl 21.40%, N 8.4S%. (CzH,)4NCI. Ganglion block· 
ing agent. See Tetraethylammonium Bromide. 

Deliquescent crystals. d11 1.0801. Freely sol in water, 
alcohol, chloroform, acetone; slightly sol in benzene. pH of 
10% aq soln 6.48. The pH is not changed by heating for 28 
hrs at 9S'. 

Tetrahydrate, monoclinic prismatic crystals. mp 37S. 
d 1.084. 

9135. Tetraethylammonium Hydroxide. c;H 21NO; mol 
wt 147.26. C 65.25'7o, H l4.37'7o, N 9.51%, 0 10.86%. 
(C2H~)4NOH. Made !rom the corresp halide by treating 
"ith silver oxide or with a soln of potassium hydroxide in 
methanol. 

Marketed as an aq soln. A 10% soln has a dl' or about 
1.01. The free base is known only in soln or as hydrates; 
tetrahydrate, mp 49-SO'; hexahydrate, mp SS". Dec on boil· 
ing. It is a very strong base readily absorbing C02 from the 
air. The aq soln is colorless, odorless, bitter, caustic, strong· 
Jy alkaline, and imparts a soapy feel to the skin. Keep wll 
closed. 

9136, Tetraethyllead. Telra•thylplumbanc; lead tetraeth· 
yl; TEL. C1H 20Pb; mol wt 323.4S. C 29.70%, H 6.23%, Pb 
64.06%. Pb(C1H,),. Prepd by the action of PbCI2 on zinc 
ethyl or on a Grignard reagent; by heating C1H5CI and sodi­
um-lead alloy in an autoclave. The producaion !rom lead, 
ethylene, and hydrogen using triethylaluminum as interrne· 
diate was first described by K. Ziegler at the 14th Intema· 
tiona! Congress of Pure and Applied Chemistry (July I 95S): 
Chern. & Eng. News 33, 3486 (19SS). Alternate synthesis 
using nonhalide compds: Pearson ttl al, Advances in Chern· 
lstry Series 13, 299-305 (1959). 

Colorless liq; burns •ith an orange-colored name with 
green margin. Extreml'ly poisonous/ d 20 J.6S3. bp about 
200" also stated as 227.T with decompn. nlJ' I.SJ98. Practi· 
cally insoluble in water: soluble in benzene, petr ether, gaso­
line, slightly in alcohol. LD50 orally in rats: 12.3 mg/kg, 
Schroeder et al., Experientia 28, 923 (1972). 

USE: As a gasoline additive to prevent "knocking" in 
motors. See olso Milde, Beatty, "Chemical Reactions ol 
Tetraethyllead" in Advances in Chemistry Series 13, 306-318 
(19S9). Caution: Acute or chronic poisoning may occur if 
inhaled or absorbed through skin. Sel' E. Browning, Toxicity 
of Industrial Metals (Appleton-Century-Crofts, London, 
2nd ed .• 1969) pp 192-199. 

9137. N,N,N,N • Tetraethylpbthalamlde. N,N,N',N· 
Tl'lradhyl-l,2·bl'ntenedicarboxamld<'; orthophthalic acid 
didiethylamide; o-phthalic acid bis[diethylamide]: tetraeth­
ylbis(phthalamide); Analetil; Neo-Cardiamine; Neospiran; 
Unispiran. C 16Hl4N10 1: mol wt 276.37. C 69.S3%, H 
8.7S'7o. N IO.t4'7o, 0 ll.S8%. Prepd by treating phthalyl 
chloride with diethylamine: Fr. pat. 785,428; Drlt. pat. 

Page 1450 Consult the cross index beforr using this section. 
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p-Toluenesulfonic Acid ' 9459 

321-340 (1985). Field trial in sheep: B. Gjerde, 0. Helle, 
Acta VeL Scand. 27, 124 (1986); in chickens: H. D. Chap· 
man, J. Comp. Path. 97, 21 (1987). 

mp 194'. 
THERAP CAT (VET): Coccidiostat. 

9453. o-Tolualdehyde. 2-IIfethylben:aldehyde; o-toluyl­
aldehyde. C.H10; mol wt 120.14. C 79.97%, H 6.71%, 0 
13.32%. Prepd by reacting nitropropane with o-xylyl bro· 
mide in the presence of sodium cthanoate: Hass, Bender, 
Org. Syn. 30, 99 (1950). 

Liquid. dl' 1.0386. bp760 200-202'; bp15 94-96'; bp6 68-
72'. nl: 1.5430; nJ! 1.549; n!' 1.5423; nJ' 1.5650; n!' 1.5798. 

9454. o-Toluamide. 2-Methylben:amid~t- C.H,NO; mol 
wt 135.16. C 71.09'7., H 6.71%, N 10.36%,0 11.84%. Prepd 
by reacting o-tolunitrile, hydrogen peroxide, 95'7o alcohol, 
and sodium hydroxide at 40-5cr: Noller, Org. Syn. coli. yol. 
II, 586 (1943). Also prepared by reacting the nitrile with 
boron fluoride in dil acetic acid: Hauser, Hoffenberg, J. Org. 
Chern. 20, 1448 (1955). 

Crystals From water, mp 144-145'. Very sol in alcohol, 
hot water, coned HCI, less sol in ether. Sparingly sol in 
benzene. Practically insol in cold water. 

Caution: Explosive. Keep away from open flame. 

9455. Toluene. Methylbenune; toluol; phenylmethane; 
Methacide. C,H1; mol wt 92.13. C 91.25%, H 8.75%. Ob· 
tained mainly from tar oil. Review of mfg processes: Faith, 
Keyes & Clark's Industrial Chemicals. F. A. Lowenheim, 
M. K. Moran, Eds. (Wiley-Jnterscience, New York, 4th ed., 
1975) pp 822-830. Solubility: F. P. Schwarz, AnaL Chern. 
52, 10 (1980). Myelotoxic potential: L. Greenburg et aL, J. 
Am. Med. Assoc.· 118, 573 (1942). Comparison with benzene 
of effects on hematopoiesis and bone marrow metabolism: 
H. W. Gerard, AllfA Arch. Ind.·llealth 13, 468 (1956). Acute. 
toxicity: H. F. Smyth et al., Am. Ind. llyg. Assoc. J. 30, 470 
(1969). Evaluation of chronic occupational exposure: H. 
Tahti et al., Int. Arch. Occup. Environ. llealth 48, 61 (1981). 
Review: M. C. Hoff in Kirk-Othmer Encyclopedia of Cheml· 
cal Technology yoJ. 23 (Wiley-Interscience, New York, 3rd 
ed., 1983) pp 246-273. 

Flammable, refractive liq; benzene-like odor. dr' 0.866. 
mp -95'. bp 110.6'. n"f: 1.4967. Flash pt. closed cup: 4crF 
(4.4'C). Soly in water at 23.s'C (w/w): 0.067%. Very 
slightly sol in water; mise with ale, chloroform, ether, ace· 
tone, glacial acetic acid, carbon disulfide. LD50 orally in 
rats: 7.53 g/kg (Smyth). 

Coution: Narcotic in high concns: E. Drowning, Toxicity 

and Metabolism of Industrial Solvents (Elsevier, New York, 
1965) pp 66-76; Patty's Industrial llygiene and Toxicology 
yoJ. 28, G. D. Clayton, F. E. Clayton, Eds. (Wiley-Jntersci· 
ence, New York, 3rd ed., 1981) pp 3283-3291. 

USE: In manuf benzoic acid, benzaldehyde, explosives, 
dyes, and many other organic compds; as a solvent for 
paints, lacquers. gums, resins. in the extraction of various 
principles from plants; as gasoline additive. 

9456. Toluene 2,4-Diisocyanate. 2,4-Diisocyanatotolu· 
ene; 2.4-tolylene diisocyanate; TDI; Nacconate 100. C,H,· 
NzOz; mol wt 1'74.15. C 62.07%, H 3.47%, N 16.09%, 0 
18.37%. Usually prepd from toluene-2,4-diamine and phos­
gene. Review: Astle, Industrial Organic Nitrogen Compounds 
(New York, 1961) pp 284·313; Faith, Keyes & Clark's 
Industrial Chemicals. F. A. Lowenheim, M. K. Moran, Eds. 
(Wiley-Jnterscience, New York, 4th ed., 1975) pp 831-835. 

Liquid at room temperature. Sharp, pungent odor. mp 
19.5-21.5'. df liq 1.2244. bp760 251'; bp11 126'. Darkens on 
exposure to sunlight. Reacts with water with evolution oF 
carbon dioxide. Flash pt, open cup: 132' (270'F). Mise 
with alcohol (decompn). diglycol monomethyl ether, ether, 
acetone, carbon tetrachloride, benzene, chlorobcnzcne, kero­
sene. olive oil. Coned alkaline compds such as NaOH or 
tert-amines may cause run-away polymerization. 

Coution: Vapor is irritating to eyes, skin and respiratory 
tract: Clinical Toxicology of Commercial Products. R. E. 
Gosselin et al .• Eds. (Williams & Wilkins, Baltimore, 5th ed., 
1984) Section II, p 414. This substance may reasonably be 
anticipated to be a carcinogen: Fourth Annual Report on 
Carcinogens (NTP 85-002, 1985) p 190. 

USE: In the manuf of polyurethane foams and other elas • 
tomers. 

9457. Toluene -3,4 -dltblol. 1,2 -Dimercapto-4 -methyl­
benzene; "dithiol". ~H1Sz; mol wt 156.27. C 53.80%, It 
5.16'7o, S 41.04%. Prepd from toluene-3,4-disulfonyl chlo· 
ride with tin and hydrochloric acid: Mills, Clark, J. Chern. 
Soc. 1936, 178. 

Q-.. 
SH 

Crystals, mp 31'. bp14 185-187'. Sol in benzene, in aq 
alkali hydroxide solns. 

USE: For the detection of bismuth, molybdenum, rhenium, 
tin, tungsten, see Bickford et al., J. Am. Pharm. Assoc., ScL 
Ed. 37, 255 (1948). 

9458. p·Toluenesulfinlc Acid. ~H10zS; mol wt 156.20. 
c 53.82%. H 5.16%, o 20.49%. s 20.53%. cHJc,u.so~H. 
Prepd by reduction of p·toluenesulfonyl chloride with nnc 
dust: Whitmore, Hamilton, Org. Syn. 2, 89 (1922). Because 

·the sulfinic acid is difficult to dry without partial conversion 
to the sulfonic acid, the sodium salt, CH~C,H4SOzNa.2HzO• 
is usually prepd. The free sulfinic acid 1s then obtained as 
needed by dissolving the sodium salt in cold water and care­
fully acidifying the soln with the exact ami of JIC needed. 

Long, rhombic plates ·or needles From water. mp 85'. 
Freely sol in ale, ether:. sparingly sol in water, hot benzene. 

9459. p·Toluenesulfonlc Acid. 4-Methylbm:ennulfortic 
acid; tosic acid. ~H10JS; mol wt 172.20. C 48.82'7o, H 
4.68%, 0 27.87%, S 18.62%. CHJC6H 4SOJH. Prepd by sui· 
Conation of toluene with 96-100% HzS04; when carried out 
at 75' the compn of the reaction product is 75% para-, 19% 
ortho· and 6% meta-toluenesulfonic acid. Convenient lab 
prepn: L. F. Fieser, Experiments In Organic Cl1emistry. 

Corts~lt the cross index before using this section. Page 1501 



9986 Xipnmide 

Crystals from retr ether, mp 94-96", bp~ 165-168". Also 
reported as very vi5cous, pale yellow liqu•d: bp9 185 ·189". 
df' 1.0240. nlJ' 1.5382 (Starkov, Glushkova). 

USE: Rubber antioxidant. 
TIIERAP CAT: Antibacterial. 

9986. Xlpamide. 4-CIIloro-5-sulfamoy1·2',6' ·•alic-ylr~:r· 
ylidid~; 4 -chloro-2' ,6' -dime! hyl • 5 -sulfamoylsalicyla ni I ide; 
4 -chloro -5 -sulfamylsalicyloyl-2' ,6' -dimethylanilide; Bei 

· 1293; Aquaphor; Diurexan; Lumitens. C 15H 15CIN10 4S; mol 
wt 354.81. C 50.78%, H 4.26%, Cl 9.99"/o, N 7.89%, 0 
18.04%, S 9.04%. Salicylic acid derivative. Prepn: Neth. 
pat. Appl. 6,607,680 corresp to Liebenow, U.S. pat. 3,567,-
777 (1966 and 1970 toP. Beiersdorf). Clinical studies: 0. 
Hammer, U. Dembowski. Med. Klin. 64, 1862 (1969); R. 
Fischer, A. Lenhartz, Med. Welt 1970, 270. Review of 
pharmacology and therareutic efficacy: B. N. C. Prichard, 
R.N. Brogden, Drugs 30, 313-332 (1~85). 

Crystals from methanol-water, mp 256". 
TIIERAP CAT: Diuretic. Antihyrertensive .• 

9987. Xylazlne. N-(2,6-Dimerhylphe,yl)-5,6-dit•ydrn-
411-1,3-tl•ia:z:in-2-amine; 5,6-dil•ydro-2·( 2,6-:rylidino)-411-
1,3·11• iali ne; 2 -(2,6 -dimethyl phenylamino) -4//-5,6 -dihy. 
dro-1,3-thiazine; DAY 1470; RAY VA 1470; Wh7286; 
Rompun (also the hydrochloride). C 11H 16N 1S; mol wt 
220.33. C 65.42'7o, II 7.32%, N 12.71%, S 14.55%. Prepn: 
Dehner et al .• Ger. pat. 1,173,475 (1964), C.A. 61, 13323c 
(1964); eidem, Delg. pat. 634,552 (1964) corresp to U.S, pat. 
3,235,550 (1966) (all to Bayer). Pharmacology: G. Sagner 
et al., Deut. Tieraerztl. Wochenschr. 75, 565 (1968); Krone­
berg. Schlossman, Arch. Pharmakol. Exp. Pathol. 268, 348 
(1971). Metabolic studie5: Duhm et al., Berlin. Miinchen. 
Tieraerztl. Wochenscltr. 82, 104 (1969). Veterinary clinical 
studies: Clarke, Hall, Vet. Rec. 85, 512 (1969); Burns, 
McMullan, Vet. Med. 61, 77 (1972). 

Colorless, almost tasteless crystals from benzene + ligro­
in, mp 140-142". Also reported as mp 136-139". Soluble in 
dilute acids, benzene, acetone, chloroform; sparingly sol in 
petr ether. Practically insol in water, alkalies. LD50 in mice 
(mg/kg): 43 i.v.: 121 s.c.: 240 orally (Sagner). 

Hydrochloride, C 11H 11CINzS. crystals from ethanol + 
ethyl ether, mp 236-239'. 

THERAP CAT (VET): Sedative, analgesic, muscle relaxant. 

9988. Xylene. Dimethylben:z:enr, xylol. <;H 10; mol wt 
106.16. C 90.50'7o, H 9.50'7o. C6H 4(CH3) 1• First isolated 
from a crude wood distillate: Cahours, Compt. Rend. 30, 
319 0850). Obtained from coal tar: Fittig, Ann. 153, 265 
(1870). The xylene of commerce is a mixture of the three 
isomers o-, m- and p·xylene, the m-isomer predominating. 
Manuf from pseudocumene: Seubold, U.S. pat. 2,960,545 
(1960 to Union Oil); by catalytic isomerization of a hydro­
carbon fraction: Berger, U.S. pat. 3,078,318 (1963 to Uni· 
versal Oil Prod.). Separation of isomers by clathralion: 
Schaeffer, U.S. pat. 3,029,300 (1962 to Union Oil). Toxicol-

ogy: E. Drowning, Toxicity and Metaholi.<m of Industrial 
Solvenrs (Elsevier, New York, 1965) pp 77-89. Use uclear• ,,.,,~"~'·•• 
ing agent: K. Kubota, J. Polym. Sci. 5, 1179 (1967); J. B. 
Matthews, J. Clin. Pathol. 34, 103 (1981). Review of mla 
processes: Faith, Keyes & Clark's Industrial Cllemicab. F. 
A. Lowenheim, M. K. Moran, Eds. (Wiley-Jnterscienct. 
New York, 4th ed., 1975) pp 874-881. Toxicity: II. F. 
Smyth er al., Am. Ind. Ilyg. Assoc. J. 23, 95 (1962). 

Mobile, nammable liquid; d about 0.86; bp 137-140'. 
Flash pi 29". Practically insol in water. Miscible with abt 
alcohol, ~!her, and many other organic liquids. 

m-Xylrne, colorless liquid; dl5 0.8684; mp -47.4'; bp 
139.3"; nfl' 1.4973. Fla5h pi, closed cup: 7TF (25'C). ln!\01 
in water. Miscible with alcohol, ether, and many other 
organic solvents. LD50 orally in rat-= 7. 71 mil kg (Smyth). 

n-Xylmr, colorle5s liquid; df' 0.8801; mp -25'; bp 144~ 
nJ:' 1.50511. Flash pi, closed cup: 63'F (17"C). lnsol ia 
water. Miscible with ale, ether. 

p-Xylrnr, colorless plates or prisms at low temp; d~ 
0.86104; mp 13-14'; bp 137-138'; nr,' 1.49575: ThornerraL. 
Ind. Eng. Chem. Anal. Ed. 17,481 (1945). Flash pl. cles<d 
cup: 77'F (2S'C). lnsol in water. Sol in alcohol, ether, and 
many other organic solvents. 

Caurion: May be narcotic in high concns. Chronic toxici· 
ty not well defined, but Is Jess toxic than benzene. 

USE: As solvent: raw material for production of benzoic 
acid, phthalic anhydride, isophthalic and terephthalic acids 
as well as their dimethyl esters used in the manufactured 
polyester fibers; manuf dyes and other organics; sterilizina 
catgut: with Canada balsam as oil-immersion in microscopy; 
clearing agent in microscore technique. 

9989. Xylcnol, Vimethylpl•ennl. C 11 100; mol wt 
122.16. C 78.65%, H 8.25%, 0 13.10'7o. fcH 3)

1
C,HlOH. ~1(~~)~iiioo}::~:~· 

Constituent of "cresylic acid." There are 6 i5omers ol xyle· 
nol. They are only slightly sol in water but freely sol in 
alcohol, chloroform, ether, benzene, etc.; also sol in NaOH 
soln. i"r~pn and physical properties": R: .J: L. Andon er aC · 
J. Cllem. Soc. 1960, 5246. 

2,3-Dimelhylphenol, vil:-n-:r}•lenol. Needles from walt! 
or dil ale, mp 75', bp 218': Thol, Ber. 18, 2561 (1885); also 
reported as mp 72.5T ±0.02". bp760 216.87" ±0.001" (An· 
don). 

2,4-Dimethylphenol, as-m-xylmol. Crystals. bp76, 211.5'; 
mp 25.4-26": Jacobsen, Ber. 11, 17 (1887); 18, 3463 (188Sk 
also reported as mp 24.54' ±0.01". bp760 210.931' ±0.001' 
(Andon). 

2,5-Dimelhylphenol, p-xy/e11ol. Crystals from alcohol • 
ether, mp 74.5", bp161 211.5": ·Jacobsen, loc. cit. br 213.5': 
WUrtz, Ann. 147, 372 (1868); also reported as mp 74.85' 
±0.02". bp760 211.132" ±0.002' (Andon). 

2,6-Dimethylphenol, •·ic·m-xylmal. Needles. mp 49", bp 
203': Gallermann, Ann. 357, 313 (1907); also reported as 
mp 45.62" ±0.01'. bp760 201.030" ±0.001" (Andon). 

3,4-Dimethylphenol, as-o-xylenol. Needles from water. 
mp 62.5", bp 225': Jacobsen, Ber. 17, 159 (1884); also re· 
ported as mp 65.11" ±0.01". bp760 226.94T ±0.001" (An· 
don). 

3,5-Dimethylphenol, S)'m•m•xyleno/. Needles from water, 
mp 64", bp 219.5": Thol, Ber. 18, 359 (1885); also reported 
as mp 63.27" ±0.02". bp760 221.962' ±0.003" (Andon). 

USE: For the prepn of coal tar disinfectants; manuf of arti• 
ficial resins. 

9990. Xylenol Blue. 4,4'·C311-2,1-Bmto:rathloi-J-slid­
enr)bi•[2,5-dim~tl•ylpl•enol} S,S-dioxide; p-xylenolsulfone· 
phthalein; 1,4 -dimethyl-5 -hydroxybenzenesulfonephthalcin; 
a,4,4' ·lrihydroxy-2,5,2',5' ·lelramethyltriphenylmethanc· 

011 

on. 

Page 1590 Consult the cross index before using this section. 
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129 BENZENE HEXACHLORIDE 

Derivation: From benzoic anhydride and aniline 
with sodium hydroxide. 

Use: Intermediate in the synthesis of dyes, drugs 
and perfumes. · 

benzanthrone. C17Hao0. A four-ring system. 
Properties: Pale yellow needles; so!~ble in alcohol 

and other organic solvents. Mp 170C. 
Derivation: (a) From anthranol and glycerol via 

condensation via sulfuric acid (anthranol is made 
from anthraquinone); (b) from anthracene in sul­
furic acid solution by addition of glycerol and 
heating to 100-ltOC until the anthracene disap­
pears. The reaction mass is theq diluted with 
water, salted out and purified. 

Method of purification: Crystallization from tol­
uene. 

Use:· Dyes: -·· · 

benzathine penicillin G. (N,N' -dibenzylethylene­
diamine dipenicillin G). 
2CasHasNzO.S•CuH2DN2•4Hz0. 

Properties: White, odorless, crystalline powder; 
slightly soluble in alcohol; almost insoluble in ·· 
water; pH of a saturated solution is 4.5-7.5. 

Grade: USP. 
Use: Medicine (antibiotic). 

benzazimide. See 4-ketobenzotriazine. 

"Benzedrine."71 TM for amphetamine sulfate. 

benzene. CAS: 71-43-2. CsHs. 16th 
highest-volume chemical produced in US (1985). 

CH 
HC/ 'cH ·o· I I 
HC _....CH 

'cH 
I II 

I 602 
s J © 

4 

Ill IV 

Structure: I. Complete ring showing all elements. 
II. Standard ring showing double bonds only. 
III. Simple ring without double bonds, with nu­
merals indicating position of carbon atoms to 
which substituent atoms or groups may be at­
tached (2 = ortho, 3 = meta, 4 = para). IV. 
Generalized structure with enclosed circle sug­
gesting the resonance of this compound. This 
structure is now in general use. These structures · 
are also referred to as the benzene nucleus. 

·Properties: Colorless to light-yellow, mobile, non­
polar liquid of highly refractive nature; aromatic 

odor; vapors bum with smoky flame; bp 80.1C; 
fp 5.5C, d 0.8790 (20/4C); wt/gal 7.32 lb; refr 
index 1.50110 at 20C, flash p 12F (-liC) (CC), 
surface tension 29 dynes/em. Autoign tempera­
ture 1044F (562C). Miscible with alcohol, ether, 
acetone, carbon tetrachloride, carbon disulfide, 
acetic acid; slightly soluble in water. 

Derivation: (a) Hydrodealkylation of toluene or 
pyrolysis of gasoline; (b) transalkylation of 
toluene by disproportionation reaction; (c) cata­
lytic reforming of petroleum; (d) fractional distil· 
lation of coal tar. 

Grade: Crude, straw color; motor; industrial pure 
(2C); nitration (IC); thiophene-free; 99 mole%; 
99.94 mole %; nanograde. 

Hazard: A carcinogen. Highly toxic. Flammable; 
dangerous fire risk. Explosive limits in air 1.5 
to 8% by volume. TLV: 10 ppm in air. 

Use: Manufacturing of ethylbenzene (for styrene 
monomer); dodecylbenzene (for detergents); cy­
clohexane (for nylon); phenol; nitrobenzene (for 
aniline); maleic anhydride; chlorobenzene; di­
phenyl; benzene hexachloride; benzene-sulfonic 
acid; as a solvent. 

See also aromatic. 

benzene azimide. See 1,2,3-benzotriazole. 

benzeneazoanilide. See diazoaminobenzene. 

benzeneazobenzene. See azobenzene. 

benzeneazo-p-benzeneazo-,8-naphthol. ("Su-
dan" III; tetraazobenzene-,8-naphthol). 
CzzHuON.. A red dye; CI 26100.444. 

Properties: Brown powder; mp 195C, insoluble 
in water; soluble in alcohol, oils, chloroform, gla­
cial acetic acid. 

Use: Coloring oils red; biological stain. 

benzeneazonaphthylethylenediamine. See azo­
dine. 

benzenecarboxylic acid. See benzoic acid. 

benzenediazonium chloride. C6H5N(N)CI. 
Properties: Ionic salt. Very soluble in water; in­

soluble! in most organic solvents. 
Hazard: Highly toxic. Can explode on heating. 
Use: Dye intermediate. 

benzene dibromi~e.. See dibromobenzene. 

benzene-o-dicarboxyllc ac!d. See phthalic acid. 

· benzene-p-dlcarboxyllc acid. See terephthalic 
acid. 

benzene hexachloride. (BHC). A commercial 
mixture of isomers of 1,2,3,4,5,6-hexachlorocy­
clohexane. An insecticide. 

Hazard: The gamma isomer is highly toxic. Use 
may be restricted. 

See also lindane. 



I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

GAS, INERT 554 

fuels were produced from coal on large scale 
in Germany by both hydrogasification and 
Fischer-Tropsch methods. More recently, large- · 
scale coal conversion has been successfully 
achieved by the Lurgi and Sasol methods; the . 
latter, in South Africa, is the only large-scale · 
installation utilizing the Fischer-Tropsch tech­
nology. The Lurgi technique is in production 
at a number of locations. 

Catalytic gasification of peat for production· 
of methanol is now utilized on a commercial 
scale, use of lignite and wood for this purpose 
is under development. 

See also Fischer-Tropsch process, synthesis gas. 

gas, inert. See noble gas, inert. 

gas laws. See Boyle's law, Charles' law, Gay-Lus­
sac's law, ideal gas. 

gas, liquefied petroleum. See liquefied petroleum 
gas. 

gas liqui~. See light hydrocarbon. 

gas, natural. See natural gas. 

gas, noble. See noble. 

gas oil. A liquid petroleum distillate with viscos­
ity and boiling range between kerosene and lubri­
cating oil. Boiling range 232-426C, flash p 150F 
(65.5C), autoign temperature 640F (337C). Com­
bustible. 

Use: Absorption oil, manufacture of ethylene. 

gasoline. CAS: 8006-61-9. A mixture of vola-
tile hydrocarbons suitable for use in a spark-ig­
nited internal combustion engine and having an 
octane number of at least 60. The major compo­
nents are branched-chain paraffins, cycloparaf­
fins, and aromatics. There are several methods 
of production: distillation or fractionation which 
yields straight-run product of relatively low oc­
tane number, used primarily for blending; 
thermal and catalytic cracking; reforming; poly­
merization; isomerization; and dehydrocyclo­
dimerization. All· but the first are various 
means of converting hydrocarbon gases into 
motor fuels by modifications of chemical struc­
ture, usually involving catalysis. The present 
source of gasoline is petroleum, but it may also 
be produced from shale oil and Athabasca tar 
sands as well as by hydrogenation or gasification 
of coal. 

antinock gasoline A gasoline to which a low 
percentage of methyl-tert-butyl ether (MBTE) 
has been added to eliminate knocking and in­
crease octane number. This compound has al­
most completely replaced tetraethyllead. Gaso­
lines of octane number 100 or more are used 

chiefly as aviation fuel; those having a research 
octane number of approximately 90 are in gen­
eral automotive use. 

See also antiknock agent, octane number. . 
casinghead gasoline, see natural gasoline (be­

low). 
cracked gasoline Gasolines produced by the 

catalytic decomposition of high-boiling compo­
nents of petroleum. In general, such gasolines 
have much higher octane ratings (80-100) than 
that produced by fractional distillation. The dif­
ference is due to the prevalence of unsaturated, 
aromatic and branched-chain hydrocarbons in 
the cracked gasoline. The actual properties vary 
widely with the nature of the starting material 
and the temperature, time, pressure, and catalyst 
used in cracking. 

high-octane gasoline A gasoline with an octane 
number of 90-100. 

See antiknock gasoline, octane number. 
lead-free gasoline An automotive fuel contain­

ing no more than 0.05 g of lead per gallon, de­
signed for use in engines equipped with catalytic 

, converters. 
natural gasoline A gasoline obtained by recov­

ering the butane, pentane, and hexane hydrocar­
bons present in small proportion in certain natu­
ral gases. Used in blending to produce a finished 
gasoline with adjusted volatility but low octane 
number. Do not confuse with natural gas. 

polymer gasoline A gasoline produced by 
polymerization 'of low m·olecular weight hydro­
carbons such as ethylene, propene, and butenes. 
Used in small amounts for blending with other 
gasolines to improve their octane number. 

pyrolysis gasoline Gasoline produced by ther­
mal cracking as a byproduct of ethylene manu­
facture. It is used as a source of benzene by the 
hydrodealkylation process. 

reformed gasoline A high octane gasoline ob­
tained from low octane gasoline by heating the 
vapors to a high temperature or by passing the 
vapors through a suitable catalyst. 

straight-run gasoline Gasoline produced from 
. petroleull} by distil!ation without use of cracking 
or other chemical conversion processes. Its oc­
tane number is low. 

white gasoline An unleaded gasoline especially 
designed for use in motorboats; it is uncracked 
and strongly inhibited against oxidation to avoid 
gum formation and is usually not colored to dis-

• tinguish it from other grades. It also serves as -
a fuel for camp lanterns and portable stoves. 

Hazard: Highly flammable, dangerous fire and ex­
plosion risk. TLV 300 ppm. 

gas, perfect. See ideal gas. 

Gastaldi synthesis. Formation of dicyanopyra­
zines by cyclization of two molecules of an ami-

nocyanomethyl ketor. 
of an isonitrosometl 
pound with potassium 
chloric acid, and oxi, 

gastric juice. A mixtu 
pepsin secreted by gl 
sponse to a conditior 
about 2.0. Its action i 
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process, though care 
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See also digestion (1). 

gate. The opening in 
· from the- sprue or r 

the term also refers tr 
from the aperture wJ. 

Gattermann aldehyde 
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erocyclic compound• 
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Gattermann-Koch reac 
zene, alkylbenzenes, 
drocarbons with car 
chloric acid in the pn 
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the term "gauge" 
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See also mil, meter (: 
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mental work. He 
knowledge of gas~ 
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dent discovery (180 
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613 HYDROCARBON 

hydrazobenzene. ( 1,2-diphenylhydrazine). 
CAS: 12-2-66-7. C&H5NHNHC;H5. 

· Properties: Mw 184.24, mp 123-126C, d 1.158(16/ 
4C). 

bydrazolc acid. (hydrogen azide) . 
CAS: 7782-79-8. HN,. 

Properties: Colorless, volatile liquid. Soluble in 
water, obnoxious odor, fp -SOC, bp 37C. 

Derivation: Reaction of hydrazine and nitrous 
acid, or of nitrous oxide and sodium amide (with 
heat). 

Hazard: Dangerous explosion risk when shocked 
or heated. Strong irritant to eyes and mucous 
membranes. 

hydride. An inorganic compound of hydrogen 
with another element: Some are ionic and others 
are covalent. Hydrides may be either binary or 
complex; the latter are transition-metal com­
plexes, e.g., carbonyl hydrides and cyclopentadi· 
enyl hydrides. Most common are hydrides of so­
dium, lithium, aluminum, boron, etc. 

Hazard: Flammable, dangerous fire risk, react vio­
lently with water and oxidizing agents. Irritant: 

See Lithium aluminum hydride, sodium borohy­
dride. 

"Hydroholac."23 TM for plasticized nitrocellu­
lose lacquer emulsions, including clear finishes, 
binders and colors. Produce flexible, lacquer­
type, cleanable leather finishes from aqueous sys­
tems. 

Use: Finishes on glove, garinent, handbag and 
shoe leather. 

"Hydrlcln."2o2 TM for a castor-derived base oil 
for industrial functional fluids and SAE hydrau­
lic brake fluids. 

"Hydrin."118 TM for a series of synthetic rubbers 
based on epichlorohydrin. 

Use: Industrial and automotive molded goods. 

hydriodic ·acid. CAS: 10034-85-2. 
Properties: Colorless or pale yellow liquid (an 

aqueous solution of hydrogen iodide, which is 
a gas at room temperature), a constant-boiling 

_solution is formed (bp 127, d 1.7) containing 
57% hydrogen iodide; strong acid and an active 
reducing agent. 

Derivation: (a) By passing hydrogen with iodine. 
vapor over warm platinum sponge and absorp­
tion in water. (b) By the action of iodine on a 
solution of hydrogen sulfide. 

Grade: Technical, 47%; NF, diluted, 10%. 
· Hazard: Strong irritant to eyes and skin. 

Use: Preparation of iodine salts, organic prepara· 
tions, analytical reagent, disinfectant, pharma­
ceuticals. 

See also hydrogen iodide. 

hydroabiety1 alcohol. See dihydroabietyl alcohol. 

hydrobiotite. A natural ore of magnesium, iron, 
and aluminum silicate occurring in Montana. 
Source of verxite. 

hydroboration. The reaction of diboranes either 
with alkenes (olefins) to form trialkylboron com­
pounds or with acetylene to yield alkenylboranes. 
Much research has been devoted to developing 
these reactions, the products of which are called 
organoboranes. They are useful in many complex 
organic syntheses, including prostaglandins and 
insect pheronomes. 

See also borane, organoborane, carborane. 

hydrobromic acid. CAS: 10035-10-6. 
Hydrogen bromide in aqueous solution. 

Properties: Colorless or faintly yellow liquid con­
sisting of an aqueous solution of hydrogen bro­
mide, which is a gas at room temperature. 
Soluble in water and alcohol, a constant-boiling 
solution is formed of d 1.49, containipg 48% 
hydrogen bromide; bp at 700 mm (122C), satu· 
rated solution contains 68.8% hydrogen bromide 
at OC. Hydrobromic acid is a strong acid and 
sensitive to light. Noncombustible. 

Derivation: By dissolving hydrogen bromide in 
water or by distilling from a mixture of sodium 
bromide and 50% sulfuric acid. 

Grade: Technical 40%; medicinal 48%, 62%. 
Hazard: Strong irritant to eyes and skin. 
Use: Analytical chemistry, solvent for ore miner· 

_ als, manufacture of inorganic and some alkyl 
bromides, alkylation catalyst. 

See also hydrogen bromide. 

hydrocarbon. An organic compound consisting 
exclusively of the elements carbon and hydrogen. 
Derived principally from petroleum, coal tar, and 
plant sources. Following is a resume of the prin· 
cipal types. 

I. Aliphatic (straight-chain) 
(1) Paraffins (alkanes): generic formula 

C.. Hzn +2· Saturated, single bonds only. 
(2) Olefins: generic formula C.. Hzn. 

(a) alkenes: unsaturated (one double 
bond). 

(b) alkadienes: unsaturated (two double 
·bonds) (butadiene). 

(3) Acetylenes: generic formula C.. Hzn -2· 

Unsaturated (triple bond). 
(4) Acyclic terpenes. Unsaturated (polymers 

of isoprene C5H8). Note: Some aliphatic 
compounds have branched chains in 
which the subchain also contains carbon 
atoms (isobutane); both chains are essen· 
tially straight. 
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II. Cyclic (closed ring) 
(I) Alicyclic: three or more carbon atoms 

in a ring structure with properties simi­
lar to those of aliphatics. 
(a) Cycloparaffins (naphthenes): satu­

rated compounds often having a 
boat or chair structure, e.g., cycle­
hexane, cyclopentane. ·. 

(b) Cycloolefins: unsaturated, two or 
more double bonds, e.g., cyclopen­
tadiene (2), cyclooctatetraene (4). 

(c) Cycloacetylenes (cyclynes): unsatu­
rated (triple bond). 

(2) Aromatic: unsaturated, hexagonal ring 
structure (three double bonds), single 
rings and double or triple fused rings. 
(a) benzene group (I ring). 
(b) naphthalene group (2 rings). 
(c) anthracene group (3 rings). 

(3) Cyclic terpenes: monocyclic (dipentene) 
dicyclic (pinene). 

Note: Olefinic (isoprenoid) hydrocarbons are pro­
duced by a number of plants. Notably Hevea 
braziliensis (rubber), guayule, and various mem­
bers of the Euphorbiaceae family. Current re· 
search on the latter group indicates that they 
could be used as a source of liquid fuels and 
chemical feedstocks by genetic modification of 
the plants and control of their molecular consti­
tution. It is estimated that oil obtained by large­
scale cultivation of such plants, which grow well 
in semi-arid environments, could become eco­
nomically competitive with petroleum within a 
few years. 

See also guayule, biomass, copaiba. 

hydrocarbon, halogenated. A hydrocarbon in 
which one or more of the hydrogen atoms has 
been replaced by fluorine, chlorine, bromine, or 
iodine. Examples: carbon tetrachloride, chloro­
benzene, chloroform, trifluoromethane. This 
greatly increases the anesthetic and narcotic ac­
tion of aliphatic hydrocarbons. Many haloge­
nated hydrocarbons are highly toxic; some may 
detonate on contact with barium. A number of 
the chlorinated types are used as insecticides. 

See also fluorocarbon, chlorofluorocarbon. 

hydrocellulose. See cellulose, hydrated. 

hydrochloric acid. (HCI). CAS: 7647-01-0. 
25th highest-volume chemical produced in US 
(1985). Hydrogen chloride in aqueous solution. 

Properties: Colorless or slightly yellow, fuming, 
pungent liquid; flash p none; a constant-boiling 
acid containing 20% hydrochloric acid is 
formed. Hydrochloric acid is a strong, highly 
corrosive acid. The commercial "concentrated" 
or fuming acid contains 38% hydrochloric acid 
and has a d 1.19; soluble in water, alcohol, and 
benzene. Noncombustible. 

Derivation: Dissolving hydrogen chloride in water 
at various concentrations. 

Grade: USP (35-38%), NF dilution (10%), tech­
nical (usually 18, 20, 22, 23 degrees Be, corre­
sponding to 28, 31, 35, 37% hydrogen chloride), 
FCC. 

Hazard: Toxic by ingestion and inhalation, strong 
irritant to eyes and skin. . .. 

Use: Acidizing (activation) of petroleum wells, 
boiler scale removal, chemical intermediate, ore 
reduction, food processing (com syrup, sodium 
glutamate), pickling and metal cleaning, indus­
trial acidizing, general cleaning, e.g., of mem­
brane in desalination plants, alcohol denaturant, 
laboratory reagent. 

See also hydrogen chloride. 

bydroclnnamic acid. (3-phenylpropionic acid). 
CAS: 501-52-0. C&H5CH2CH2COOH. 

Properties: Crystals with hyacinth-rose odor; mp 
46C; bp 280C; soluble in hot water, alcohol, ben­
zene, ether. 

Derivaton: Reduction of cinnamic acid with so­
dium amalgam. 

Use: Fixative for perfumes, flavoring. 

bydrocinnamic alcohol. See phenylpropyl alco­
hol. 

hydrocinnamic aldehyde. See phenylpropyl al­
dehyde. 

hydrocinnamyl acetate. See phenylpropyl ace­
tate. 

hydrocolloid. A hydrophilic colloidal material 
used largely in food products as emulsifying, 
thickening, and gelling agents. They readily ab­
sorb water, thus increasing viscosity and impart­
ing smoothness body texture to the product, even 
in concentrations of less than I%. Natural types 
are plant exudates (gum arabic), seaweed extracts 
(agar), plant seed gums or mucilages (guar gum), 
cereal gums (starches), fermentation gums (dex­
tran), and animal products (gelatin). Semisyn­
'thetic types are modified celluloses and modified 
starches. Completely synthetic types are also 
available, e.g., polyvinylpyrolidone. Most are 
carbohydrate polymers but a few such as gelatin 
and casein are proteins. 

hydrocortisone. (17-hydroxycorticosterone; cor­
tisol; hydrocortisone alcohol). CAS: 50-23-7. 
4IH3o05. An adrenal.cortical steroid hor­
mone. 

Properties: White, odorless, crystalline powder; 
sensitive to light; bitter taste. Mp 212-220C with 
some decomposition, soluble in sulfuric acid, par­
tially soluble in alcohol and propylene glycol. 

Derivaton: Isolation from extracts of adrenal 
glands, synthesis from other steroids. 
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coating (raw fruits and vegetables), and defoam­
ing agent (beet sugar, yeast). The liquid form 
(white mineral oil) is used as a laxative, textile 
lubricanl. and dispersing agent. There are three 
grades of both solid and liquid types with various 
specifications (USP, NF, and FCC). 

See also ointment. 

petrolatum wax, A microcrystalline wax contain­
ing hydrocarbons from C33H70 to Cc3Hss· Solidi­
fying range 71-83C. 

See also wax, microcrystalline. 

"Petrolene."200 TM for a petroleum solvent pre­
pared by straight-run distillation. 

Properties: Water-white, initial bp 140-145F, 
95% distills between 195-200F, d 0.701 (15.5C), 
flash p (TCC) -16F (.:..26.6C), mild, nonresidual 
odor. 

Hazard: Highly flammable, dangerous fire risk. 
Use: Rubber cements, sealers, fast-drying lac­

quers, lacquer dopes, roto inks used on high­
speed presses. 

petroleum. (crude oil). A highly complex 
mixture of paraffinic, cycloparaffinic (naph­
thenic), and aromatic hydrocarbons, containing 
a low percentage of sulfur and trace amounts 
of nitrogen and oxygen compounds. Said to have 
originated from both plant and animal sources 
10-20 million years ago. The most important 
petroleum fractions, obtained by cracking or dis­
tillation, are various· hydrocarbon gases (butane, 
ethane, propane), naphtha of several grades, gas­
oline, kerosene, fuel oils, gas oil, lubricating oils, 
paraffin wax, and asphalt. From the hydrocarbon 
gases, ethylene, butylene, and propylene are ob­
tained; these are important industrial intermedi­
ates, being the source of alcohols, ethylene gly­
cols and monomers for a wide range of plastics, 
elastomers, and pharmaceuticals. Benzene, phe­
nol, toluene, and xylene can be made from petro­
leum, and hundreds of other products, including 
biosynthetically produced proteins, are petro­
leum-derived. About 5% of the petroleum con­
sumed in the US is used as feedstocks by the 
chemical industries. 

Occurrence: At present half of the world's proven 
resources are in the Middle East and North Af· 
rica, the other half being divided among the US 
(including Alaska), Canada, Venezuela, USSR, 
the North Sea area, Indonesia, Mexico, Ruma­
nia, and Australia. 

. Properties: Viscous, dark-brown liquid, unpleas­
ant odor, d 0.78-0.97, flash p 20-90F. 

Hazard: Flammable, moderate fire risk. Toxic by 
ingestion, local skin irritant. . 

For further information refer to American Petro­
leum Institute, 1271 Avenue of the Americas, 
NY, NY. 

See also natural gas, petrochemical, See Appendix 
E.4 for history of the !nd.~try. 

petroleum benzin. A special grade of ligroin. 

petroleum coke. See coke. 

petroleum ether. This term is used synonymously 
with petroleum naphtha. It is also. someJif!les 
used as a synonym for ligroin or petroleum spir­
its. It is technically a misnomer for it is not an 
ether in the chemical sense. For details about 
specified distillation ranges and other distinctive 
properties, consult ASTM and API specifica­
tions. 

See naphtha (1). 

petroleum gas, liquefied. See liquefied petroleum 
gas. 

petroleum jelly. See petrolatum 

petroleum naphtha. See naphtha (1). 

petroleum spirits. In Great Britain the term "pe· 
troleum spirits" refers to a volatile hydrocarbon 
mixture having a flash p 32F (OC). 

Hazard: Highly flammable, dangerous fire risk. 
See naphtha (Ia). See also spirits; petroleum ether. 

petroleum, synthetic. See pyrolysis. 

petroleum thinner. See naphtha {Ia). 

petroleum wax. A high molecular weight solid 
hydrocarbon derived from petroleum. There are 
three types: paraffin waxes, microcrystalline 
waxes, and petrolatum waxes. All are made 
mostly by solvent dewaxing, although pressing 
and sweating processes are still used. 

See specific entry. 

"Petronates."45 TM for salts of petroleum sul­
fonic acids, varying in molecular weight and 
color. 

Use: Emulsifying agents, dispersing agents, wet­
ting agents, corrosion-preventive. 

"Petrosu1."25 TM for a series of highly purified 
natural petroleum sulfonate products available 
in high, medium, and low molecular weight 
ranges. Useful in applications requiring the sur­
face active functions of foaming, detergency, 
emulsibility, dispersion, solubilization, spread­
ing, and rust protection. 

"Petrotect."25 TM for a series of rust-preventive 
and hydraulic fluids in general meeting military 
specifications. The rust preventives are classified 
as solvent cut backs, petrolatum barriers, general 
purpose preservatives, and engine perservative 
lubricants. Hydraulic fluids include both preser­
vative and operational types. 

"Petrothene.' 
blown, cas\ 
coating. wi· 
ing, blow 1 

sion, eaten< 
Available fo 

and black. 

"Petrotone." · 
increases ~ 
fined oils : 
creasing ge 
safer and P 

"Petrowet.''l 
composed 
fonate. A' 
in high co. 
suitable fo 

pewter. Tir 
and 0-15' 
metal are 

peyote. Rr 
(Mexico) · 

PFresins. 
resins. 

Pfau-Piattn, 
azulenes I 
tion of di: 
ation, am 

Pfitzinger 
carboxyli 
from isa 
pounds; · 
nolines. 

Pfitzner-i\1 
hots toe: 
ide and 
dure is e 
primary 
oxidati01 

PG. Abb1 

PGA. A\: 
See folic : 

pH. pHi 
or alkali 
as the h 
gen-ion 



I 
p-nitrophenol with ethyl 

l
esence of sodium hydrox­
ioh with iron filings and 

stion, inhalation, and skin 

liate, pharmaceuticals, lab 

yl ether). 
IH50C2H5. 

• -OC2Hs 

lily liquid. Bp 172C, fp 
'), insoluble in water, solu-

l
r. Combustible. 

· minophenyl salicylate. 

a-ethyl-13-propylacrylani-

lral and synthetic rubber 

• ,3-indanedione). 
~.oo2. 

crystals; practically odor-

l oluble in methanol, alco­
ene; solutions in alkalies 
sulfuric acid blue. 

nticoagulant). 

l rophenpyridamine rna· 
idyl)-3-di-methylamino­

CAS: 132-20-7. 

l llline powder with faint 
4-108C. Very soluble in 

ghtly soluble in benzene 
1 has pH between 4.5 and 

lnine). f 10% phenylmercuric 

l rbital; phenylethylmalo­
·lbarbituric acid). 
12N203. 

ing, crystalline powder; 
178C; soluble in alco­
kali hydroxides, alkali 
ngly soluble in water. 

I 

896 

Derivation: Condensation of phenylethylmalonic 
acid derivatives and urea. 

Grade: usr. 
Hazard: May have damaging side effects. 
See barbituate. 
Use: Medicine (sedative), laboratory reagent. Also 
available as the sodium salt which has good wa­
ter-solubility. 

phenocoll hydrochloride. (aminoacetopheneti­
dide hydrochloride; glycocoll-p-phenetidine 
hydrochloride). 
~H50CeH4NHCOCH2NH2 • HCI. 

Properties: Fine, white, crystalline powder; soluble 
in water and warm alcohol; slightly soluble in 
chloroform, ether, and benzene; mp 95C. 

Derivation: By the action of aminoacetic acid 
upon phenetidine and acidifying. 

Use: Medicine (analgesic). 

phenol. (1) A class of aromatic organic com­
pounds in which one or more hydroxy groups 
are attached directly to the benzene ring. Exam­
ples are phenol itself (benzophenol), the cresols, 
xylenols, resorcinol, naphthols. Though techni­
cally alcohols, their properties are quite different. 

(2) phenol. (carbolic acid; phenylic acid; ben-
zophenol; hydroxybenzene). CAS: 108-95-2. 
C&H50H. 

34th highest-volume chemical produced in US 
(1985). 

Properties: White, crystalline mass which turns 
pink or red if not perfectly pure or if under influ­
ence of light; absorbs water from the air and 
liquefies; distinctive odor; sharp burning taste. 
When in very weak solution it has a sweetish 
taste. D 1.07, mp 42.5-43C, bp 182C, flash p 
(CC) 172.4F (78C). Soluble in alcohol, water, 
ether, chloroform, glycerol, carbon disulfide, pet­
rolatum, fixed or volatile oils, and alkalies. Au­
toign temperature 1319F (715C). Combustible. 

Derivation: Most of the phenol in the US is made 
by the oxidation of cumene, yielding acetone as 
a byproduct. The first step in the reaction yields 
cumene hydroperoxide, which decomposes with 
dilute sulfuric acid to the primary products, plus 
acetophenone and phenyl dimethyl carbinol. Sev­
eral other benzene-based processes have been 
used in the past; derivation from benzoic acid 
is also possible. · 

Method of purification: Rectification. 
Grade: Fused, crystals, or liquid, all as technical 
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(82%, 90%, 95%, other components mostly ere­
sols), CP, and USP. 

Hazard: Toxic by ingestion, inhalation, and skin 
absorption; strong irritant to tissue. TLV: S pp~ 
in air. 

Use: Phenolic resins, epoxy resins (bisphenol-A) 
nylon-6 (caprolactam), 2,4-D, selective solvent 
for refining lubricating oils, adipic acid, salicylic 
acid, phenolphthalein, pentachlorophenol, aceto· 
phenetidine, picric acid, germicidal paints! p~ar­
maceuticals, laboratory reagent, dyes and mdtca­
tors, slimicide, biocide, general ~isinfectant ... 

Note·: High-boiling phenols are mtxtures contam­
ing predominantly m-subst!tuted alkyl phenols. 
Their boiling points range from 238 to 288C, 
they .set to a glass at -30C. . . : 

Use: In phenolic resins, as fuel-otl slu~ge mhtb­
itors, as solvents and as rub~er chemtcals. 

phenolate process. A process for removing hydro­
gen sulfide from gas by the use of sodium pheno­
late which reacts with the hydrogen sulfide to 
giv~ sodium hydrosulfide and phenol. This can 
be reversed by steam heat to regenerate the so­
dium phenolate. 

phenol coefficient. In determining the effective­
ness of a disinfectant using phenol as a standard 
of comparison, the phenol coefficient is a value 
obtained by dividing the highest dilution of the 
test disinfectant by the highest dilution of phenol 
that sterilizes a given culture of bacteria under 
standard conditions of time and temperature. 

See also disinfectant. 

phenoldisulfonic acid. CAS: 96-77-5. 
C&H60,S2. 

Properties: Deliquescent crystals, mp 90C, decom­
poses above lOOC, soluble in water and alcohol. 

Use: Manufacture of dye intermediates. 

phenol-formaldehyde resin. The first synthetic 
thermosetting polymer, the reaction product of 
phenol with aqueous 37-50%"formaldehyde at 
50-IOOC, with basic catalyst, discovered by 
Baekeland in 1907 and trademarked "Bakelite" 
in 1911. Polymerization is of the condensation 
type, proceeding through three stages. With an 
acid catalyst "novolak" resins are produced, 
which are thermoplastic. 

Properties: Gray to black, hard, infusible solid 
when cured resistant to moisture, solvents, and 
heat up to 20oc, dimensionally stable, good elec: 
trical resistance, noncombustible, sound· and 
noise-absorbent, decomposed by oxidizing acids, 
fair resistance to alkalies. Cannot be successfully 
colored. · 

Use: Molded and 'cast"articfes, bonoing powders, 
ion ~xchange, laminating and impregnating, ply-
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in water, slightly soluble in methanol, miscible 
with most organic solvents. 

Use: Heat-transfer medium, hydraulic fluid, wide 
temperature-range lubricant. 

tetraethyl dithiopyrophospbate. (TEDP). 
See sulfotepp. 

tetraethylene glycol. (TEG). 
HO(CzH40hCzH40H. 

Properties: Colorless liquid; hygroscopic; soluble 
in water; insoluble in benzene, toluene, or gaso· 
line. D 1.1248 at 20/20C, fp -4C, bp 327.3C, 
vap press above 0.001 mm (20C), refr index 
1.4577 (20C), flash p 345F (174C), bulk d 9.4 
lb/gal (20C). Combustible. 

Use: Solvent for nitrocellulose, plasticizer, lac· 
quers, coating compositions. 

tetraethylene glycol dibutyl ether. See dibutoxy· 
tetra glycol. 

tetraethylene glycol dimethacrylate. 
Properties: Water-white to pale straw liquid, bp 

200C (1 mm), d 1.075 (20/20C), refr index · 
1.4620 (20C), viscosity 12 cp. Insoluble in water; 
soluble in styrene, many esters and aromatics; 
limited solubility in aliphatic hydrocarbons. 
Combustible. 

Hazard: Irritant to skin and eyes. 
Use: Plasticizer. 

tetraethylene glycol dimethyl ether. See di· 
methoxytetraglycol. 

tetraethylene glycol distearate. 
(C17H3sCOOCHzCH20CH2CHz)zO. 

Properties: Liquid, mp 32-33C, insoluble in water. 
Combustible. 

Use: Plasticizer. 

tetraethylene glycol monostearate. 
C17H3sCOO(CHzCHz0)4H. 

Properties: Liquid, d 0.971, mp 30-31C, insoluble 
in water. Combustible. 

Use: Plasticizer. 

tetraethylenepentamine. CAS: 112-57-2. 
NHz(CHzCHzNH)3CHzCHzNHz. 

Properties: Viscous, hygroscopic liquid. D 0.9980 
at 20!20C, fp -30C, bp 333C, vap press above: 
0.01 mm (20C), bulk d 8.3 lb/gal (20C), flash · 
p 325F (162.7C), soluble in most organic solvents· 
and water. Combustible. 

Hazard: Strong irritant to eyes and skin. 
Use: Solvent for sulfur, acid gases, various resins 
and dyes; saponifying agent for acidic materials; 
manufacture of synthetic rubber; dispersant in 
motor oils; intermediate for oil additives. 

tetra-(2-ethylhexyl) silicate. 
[C4H9CH(CzHs)CH20).Si. 

Properties: Colorless liquid, d 0.8838, bp 350-
370C, fp -90C, solubility in water below 0.01, 
7.4lbs/gallon, flash p 390F (198C). Combustible. 

Use: Synthetic lubricants ~tnd functional fluids. 

tetra·(2·ethylhexyl) titanate. 
(tetrakis(2·ethylhexyl)titanate). 
[C4HsCH(CzHs)CHz0]4 Ti. 

Properties: Light yellow, viscous liquid from the 
transesterification of isopropyl titanate with 
2-ethylhexanol. Combustible. · 

Use: Crosslinking agent, condensation catalyst, 
adhesion promoter, water repellents. 

tetraethyl lead. (TEL). CAS: 78.00.2. 
Pb(CzHs) •. 

Properties: Colorless, oily liquid; pleasant odor. 
Soluble in all organic solvents, insoluble in water 
and dilute acids or alkalies, d 1.65, bp 198-202C, 
75-85C (13-14 mm), fp -136C, decomposes 
slowly at room temperature, rapidly at 125-
150C. Combustible. 

Derivation: (a) Alkylation of lead-sodium alloy 
with ethyl chloride; (b) electrolysis of an ethyl .. _ .. -· 
Grignard reagent with an anode of lead pellets. 

Grade: One grade only, about 98% pure. 
Hazard: Toxic by ingestion, inhalation, and skin 
absorption. TLV (as Pb): 0.1 mg/m3 of air. 

Use: Antiknock agent. Leaded gasoline contains 
1.10 g of lead per gal. TEL has been largely 
replaced by MBTE. 

tetraethyl orthosilicate. See ethyl silicate. 

tetraethyl pyrophosphate. Legal label name for 
tepp. 

tetraethylthiuram disulfide. (disulfiram; TTD; 
TETD; bis[diethylthiocarbamyl] disulfide). 
CAS: 97-77-8. [(CzHs)zNCS)zSz. 

Properties: Light gray powder; d 1.27; melting 
range 65-70C; slight odor; soluble in carbon di· 
sulfide, benzene, and chloroform; insoluble in 
water. 

Hazard: Toxic symptoms when ingested with alco­
hol; animal teratogen. TLV: 2 mg/m3 of air. 

Use: Fungicide, ultra-accelerator for rubber. 

tetraethylthiuram sulfide. 
[bis-(diethylthiocarbamyl)sulfide] 
[(C2Hs)2NCS)zS. 

Properties: Dark brown powder, slight odor, d 
1.12 (20/20C),'boiling range 225-240C (3 mm). 

Hazard: Toxic by ingestion and inhalation. 
Use: Pharmaceutical ointments, fungicide, insecti· 

cide. 

tetraethyltin. CAS: S· 
Properties: Colorless 

181C, fp -112C, in~ 
alcohol and ether. 

Hazard: Toxic materia 
of air. 
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ble. 

Grade: 95% min purity. 
Hazard: Toxic by inhala• 
Use: Refrigerant, gaseou 

tetrafluorosilane. See sit' 
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1163 0-TOLUENESULFONAMIDE 

"Tolpit."79 TM for a tall oil pitch used in roofing 
cements, caulking compounds, shoemaker's wax, 
asphalt emulsions and anti-stripping agents, coal 
dust briquetting. 

-
Topfer's reagent. Dimethylaminoazobenzene 0.5 

gin 100 cc 95% ethanol. 
Use: To test acidity of stomach contents. 

tolualdebdye. See tolyl aldehydes. 

toluazotoluidine. See o-aminoazotoluene. 

tolu balsam, See balsam . 

toluene. (methylbenzene; phenylmethane). 
CAS: 108-88-3. C6HsCH3 27th highest-
volume chemical produced in US (1985) . 

Properties: Colorless liquid, benzene-like odor, d 
0.866 (20/4C);fp''-94.5C, bp 110.7C, refr index 
1.497 (20C), aniline equivalent 15, flash p (CC) 
40F (4.4C), autoign temperature 997F (536C). 
Soluble in alcohol, benzene and ether; insoluble 
in water. 

Derivation: (a) By catalytic reforming of petro­
leum. (b) By fractional distillation of coal-tar 
light oil. 

Method of purification: Rectification. 
Grade (usually defined in terms of boiling ranges): 

Pure, commercial, straw-colored, nitration, scin­
tillation, industrial. 

Hazard: Flammable, dangerous fire risk. Explo­
sive limits in air 1.27-7%. Toxic by ingestion, 
inhalation, and skin absorption. TLV: 100 ppm 
in air. 

Use: Aviation gasoline and high-octane blending 
stock; benzene, phenol, and caprolactam; solvent 
for paints and coatings, gums, resins, most oils, 
rubber, vinyl organosols; diluent and thinner in 
nitrocellulose lacquers; adhesive solvent in plas­
tic toys and model airplanes; chemicals (benzoic 
acid, benzyl and benzoyl derivatives, saccharin, 
medicines, dyes, perfumes); source of toluenedi­
isocyanates (polyurethane resins); explosives 
(TNT); toluene sulfonates (detergents); scintilla­
tion counters. 

toluene-2,4-diamine. (m-tolylenediamine; MTD; 
m-toluylenediamine; diaminotoluene). 

.. . CAS: 95-80-7. CH34HJ(NHz)z. 
Properties: Colorless crystals; soluble in water, al­
cohol, and ether; mp 99C; bp 280C. 

Derivation: Reduction of m-dinitrotoluene with 
iron and hydrochloric acid. 

Hazard: A carcinogen. 
Use: Chain extender and crosslinker, intermediate 

in organic synthesis of dyes, polymers, especially 
polyurethanes. 

toluene-2,4·dllsocyanate. (2,4-tolylene diisocya­
nate; m-tolylene diisocyanate; TDI). 
CAS: 584-84-9. CH3C6H3(NC0)2• 

.Properties: Water-white to pale yellow liquid, 
sharp pungent odor, bp 251C, 120C (10 mm), 
flash p 270F (132C), mp 19.4-21.5C (pure 
isomer), d 1.22 (25/15.5C), vap press 0.01 mm 
at 20C. Reacts with water producing carbon di­
oxide; reacts with compounds cbntaining active 
hydrogen (may be violent); soluble in ether, ace­
tone, and other organic solvents. Combustible. 

Derivation: Reaction of 2,4-diaminotoluene with 
phosgene. 

Method of purification: Distillation to remove hy­
drogen chloride. 

Grade: 100% 2,4-isomer; 80% and 65% 
2,4-isomer both mixed with 2,6-isomer. 

Hazard: Toxic by ingestion and inhalation, strong 
irritant to skin and tissue, especially to eyes. 
TLV: 0.005 ppm in air. . 

Use: Polyurethane foams, elastomers and coatings, 
crosslinking agent for nylon 6. 

toluene·2,6-diisocyanate. See toluene-2,4-diiso­
cyanate. 

p-toluenesulfamlne. See p-toluenesulfonamide. 

p-toluenesulfanilide. CHJ4H4SOzCGH4NH2 • 

Properties: White to pink crystalline solid, mp 
103C, soluble in most lacquer solvents. Combust­
ible. 

Derivation: p-Toluene sulfonchloride treated with 
aniline in presence of lime or carefully regulated 
amounts of alkalies. 

Grade: Technical. · 
Use: Softener for a"cetylcellulose in proportions 

up to 50%, dyestuff intermediat~. 

o-toluenesulfonamlde. CAS: 88-19-7 . 
CHJC6H.S02NH2. 

Properties: Colorless crystals, mp 156.3C, soluble 
in alcohol, slightly soluble in water and ether. 
Combustible. · 

Use: Plasticizer. 
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1243 P-XYLENE-a,a'-DIOL 

graphic platt!s and fluorescent screens. (3) Ioniza­
tion of the gases through which they pass. (4) 
Ability to damage or destroy diseased tissue; 
there is also a cumulative deleterious effect on 
healthy tissue. 

Hazard: Overexposure can permanently damage 
cells and tissue structures; effect is cumulative. 

Use: Spectrometry; structure determination of 
- ····molecules, cancer rh·erapy, diagnostic medicin·e, 

nondestructive testing of metals, identification 
of original paintings, preservation of foods. 

See also radiation, ionizing, diffraction, Roentgen. 

xylene. (dimethylbenzene). CAS: 1330-20-7. 
C6H.(CH3)2. A commercial mixture of the 
three isomers, o-, m-, and p-xylene. The last two 
predominate. 26th highest-volume chemical pro­
duced in US (1975) (all grades). 

Properties: Clear liquid, soluble in alcohol and 
ether, insoluble in water, d about 0.86. See under 
Grade for boiling range; flash p (TOC) from 8I-
115F (27.2-46.1C). . 

Derivation: (a) Fractional distillation from petro­
leum (90%), coal tar or coal gas, (b) by catalytic 
reforming from petroleum, followed by separa­

. lion of p-xylene by continuous crystallization, 
(c) from toluene by transalkylation. 

Grade: Nitration (bp range 137.2-140.5C), 4 de­
grees (bp range 138-p4C), 5 degrees (bp range 
137-142C, high in m- isomer), 10 degrees (bp 
range 135-145C), industrial (bp 90% 40C, com­
plete 160C). Also other grades depending upon 
use. In some cases one or another of the indus­
trial isomers are partially removed for use in 
chemical production. 

Hazard: Flammable, moderate fire risk. Toxic by 
ingestion and inhalation. TLV: 100 ppm in air.' 

Use: Aviation gasoline; protective coatings; sol­
vent for alkyd resins, lacquers, enamels, rubber 
cements; synthesis of organic chemicals. 

See also following entries. 

m-xylene. (1,3-dimethylbenzene). 
CAS: 10~-38-3. 1,3-CsH4(CH3)2• 

Properties: Clear, colorless liquid; soluble in alco­
hol and ether; insoluble in water. D 0.8684 (15C), 
fp -47.4C, bp 138.8C, refr index 1.4973 (20C), 
flash p 85F (29.4C), autoign temperature 982F 
(527.7C). 

Derivation: Selective crystallization or solvent ex­
traction of m-p- mixture. 

Grade: 95% (technical), 99%, 99.9% (research) . 

Hazard: Flammable, moderate fire risk. TLV: 100 
ppm in air. 

Use: Solvent; intermediate for dyes and organic 
synthesis, especially isophthalic acid; insecti­
cides; aviation fuel. 

a-xylene. (1,2-dimethylbenzene). 
CAS: 95-47-6. 1,2-CsH.(CH3)z. 

Properties: Clear, colorless liquid; soluble in alco­
hol and ether; insoluble in water. D 0.880 (20/ 
4C), fp -25C, bp 144C, refr index 1.505 (20C), 
flash p (TOC) 115F (46.1 C), autoign temperature 
867F (463.8C). Combustible. 

Grade: 99%, free of hydrogen sulfide and sulfur 
dioxide, technical 95%, research 99.9%. .. 

Hazard: Moderate fire risk. TLV: 100 ppm in air. 
Use: Manufacture of phthalic anhydride, vitamin 

and pharmaceutical syntheses, dyes, insecticides, 
motor fuels. 

p-xylene. (1,4-dimethylbenzene). 
CAS: 106-42-3. 1,4-C&H.(CH3)z. 28th 
highest-volume chemical produced in US (1985). 

Properties: Colorless liquid, crystallizes at low 
temperature, soluble in alcohol and ether, insolu­
ble in water, d 0.8611 (20C), mp 13.2C, bp 
138.5C, refr index l.S004 (21C), flash p (TOC) 
81F (27.2C). 

Derivation: Selective crystallization or solvent ex­
traction of m-, p- mixture; separation from 
mixed-xylene feedstocks by adsorption (parex 

: process416). 
Hazard: Flammable, dangerous fire risk. TLV: 

100 ppm in air. 
Use: Synthesis of terephthalic acid for polyester 

resins and fi~ers ("Dacron", "Mylar," "Teryl­
ene"), vitamin and pharmaceutical syntheses, in-
secticides. · 

p-xylene-a,a'-diol. C6H.(CHzOH)2• 

Properties: White, crystalline solid; mp IIBC; bp 
.138-144C(0.8-I.Omm). Slightly soluble in water 
(25C). Purity: 98%. 

Use: Polyester resins. 
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TABLE: 2 

Approxuate R..soge of 
!ype of Material Hydraulic Conductivity 

C!ay, c~p.act till, shale; unfractured <10- 7 c'3./sec 
cetaco:-phic and ig~oua rocu 

Silt, loesa, ailty clay a, ailty 10-5 - 10-7 cm/aec 
loa.:~s, cl.&y loama; lese per::~eable 

li~stone, dolomitea, and aandatooe; 
moderately pe~eable till 

P'ioe saod and silty e.and; sao.dy 
loa.:a; loa.J:Iy sands; moderately 
per::eable li~stone, dolomites, an.d 
satu!s:one (no karst); coderately 
fractured igneO\'S ana cetCIOf7hiC 
rocu, ·some coarse till 

Grave!, sand; highly fractured 
ignec'.Js and cetB.I:lorph.ic rocks; 
pen:eable basalt an.d lavas; 
\:.! rst lioestone and dolocite 

*Derived f roe~: 

>10-3 c:/sec 

Asaigoed 
\'alue 

0 

1 

3 

Davis, S. N., Porosity a:l-0 Per:eability of Natural !"'..ateriale ic Flow-4:Jrough 
PoroL:s Media, R.J.M. Del."est ed., Acaceuc ?reu, Se~o~ York., 1969 

'Free:e, R.A. an.d J.A. Cherry, Crouoc!~o~ater, Prentice-Etall, Inc., Nev York, 1979 
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To: 

From: 

RE: 

July 2, 1991 

File 

Harvey Allen ~ 4t~ ¥{ · 02l 
Swiss Bear Inc. 
NCO 075 550 517 

Calculations of average stream flow for the Neuse River. 

Neuse River 

Avg Drainage Area 

Mean Annual Runoff 

(DA) = >2500 sq mi. 

(MAR) = 18 in/year 

MAR * DA = >3314 cfs 
13.58 

Ref. 30 
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To: 

From: 

RE: 

File 

Harvey Allen 

Swiss Bear Inc. 
NCO 075 550 517 

Ref. 31 

July 2, 1991 

Calculations of Wetlands lining the Neuse River: These 
determinations were based on hydric soil classifications as 
identified from References 10 and 14. The total length of 
wetlands, within the study area along the Neuse River in Pamlico 
County, was assumed to be approximately 8.9 miles. 

The following Hydric Soils and their respective lengths were 
approximated from References 10 and 14. 

Se 
LF 
MM 
Le 
Ag 

3.4 miles 
5.9 miles 
2.0 miles 
0.4 miles 
0.3 miles 
12.0 

Total length of wetlands = 12.0 + 8.9 = 20.9 miles 


