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1120 A NEW GEOGRAPHY 

For example, it contains 20 farms of 
1,000 or more acres,. and 15 farms 
have an annual income of more than 
$25,000. The farm tenan~y rate is 43.3 
per cent. 

Forests Survive 

A county as old as Anson, and cul
tivated so long and closely, suggests 
endless fields and pastures. But as a 
matter of fact, over half the acreage 
is still in timber, and the cutting of 
pulpwood is one of the major sources 
of farm income. For some years, wood
using industries, especially paper con
cerns, have been buying up Anson land 
to add to their reserves, a process 
which has caused some shrinkage in 
the number of farms. 

They do so with good reason, for 
Anson's soil is excellent for trees. In 
the eastern· sands it is slash pine, in the 
western clay. it is loblolly, and both, 
as an official put it, "make the pines 
jump right out of the ground." The 
area around White Store is especially 
favorable, and some fine forests were 
observed in this region. 

The lumber industry had several 
periods of prosperity. In 1917, it was 
quite active again, with old field pines 
fetching good prices and increasing 
value of land. 

When the Civil War came, Anson 
was fixed in a pattern more like that 
of the Deep South cotton country than 
of Piedmont North Carolina. Only a 
few industries had been developed, but 
large plantations had brought pros
perity to some families who lived in 
comfort and even luxury. In 1860, 
there were 6,832 slaves, 101 free 
colored and 6,556 white residents. 

Civil War 

Anson was enthusiastic about the 
Confederacy. It hoisted its own seces
sion flag prematurely and sent 1,182 

men to the army. And it suffered cor
respondingly by defeat. Sherman's 
bummers burned and pillaged. Over 
half the tangible property of the citi
zens was wiped out by emancipation, 
and reconstruction was a time of de
pression and despair. 

Railway Arrives 

Anson paid little attention to any
thing e~cept agriculture for the flrst 
century and a quarter of its existence. 
A prerequisite of industry .- trans
portation - got a start in 18 61 when 
tracks were laid for the old Carolina 
Central, but it was 1874 before trains 
reached Wadesboro. Since then Anson 
has obtained service from the Sea
board, Atlantic Coastline and the Win
ston-Salem Southbound. Twenty - one 
major truck lines operate in the county. 

Then in the 80's, the presence of so 
much cotton suggested the obvious -
a cotton mill. In 1890, the Wadesboro 
Cotton Mill - the first locally owned 
industrial plant in Wadesboro - was 
opened. In the same year the first silk 
mill to be built in the South was lo
cated at Wadesboro by George and 
Robert Singleton of Dover, Delaware. 
It operated into the first quarter of 
1900. A full decade passed before an
other industry was realized, this one 
also derived from its great crop. The 
Wadesboro Cotton Oil Company was 
established. 

Industrial Awakening 

But little else stirred the county. A 
contemporary writer said Wadesboro's 
streets were "ankle deep in sand," civic 
equipment was' inadequate or lacking. 
Arrival of the Winston-Salem South
bound railway 

1 

gave the county three 
railroads - an enviable asset - and 
in 1911 came the plant of Virginia
Carolina Chemical Company, and ten 
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This is the 6th courthouse I dedicated 
in 

years later Anson began to awake 
S~all businesses sprang up, 

meetmgs were held, a chamber of 
~erce organized. A water system 
ms.talled in the county seat, an 
S':"lft order came a new post o 
hlgh school, courthouse and theat 

Another textile plant was orga 
-the Wade Mill employing 325 
la~ge plant for that day. Two lu 
mills followed and the community 
up . a fund for investment in an 
dustry planning to locate. 

Power Development 

The largest single development 

I
to ~orne to Anson County and 
eadmg t th · ' f o o er mdustrial expa 

o the section, was building of 
power dam at Blewetts FaJis. Her 
a narrow gorge, William Bluitt ( 
~t) had a profitable ferry and fis 

nd here Hugh MacRae of Wit 
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MEMO
TO: 
DATE: 
FROM: 

SUBJECT: 

Staff 

January 29, 1999 ~ 
Jeanette Stanley, Enviro~~ntal Chemi~t . 
NC Superfund Section · · '; ·:--·· 

Fertilizer Manufacturing Facilities · . 
Contaminants of Concern 

I have reviewed the sulfuric acid manufacturing chap·~ers in two Chemical Engi~e~rin'g te~ts:. 
dated 19281 and 19412, and Kirk Othmex-3. The manufacture of sulfuric acid was a centr~(partofthe ' . . . 
fertilizer manufacturing process. The purpose of this· review was to determine which contaihimints 
would be associated with the various structures, features and processes shown on the Srinbom inaps 
of old fertilizer manufacturing facilities. Sulfuric acid was u.sed to acidulate phosphate :rock. 
Fluoride is a component of phosphate rock, and the acidulation process results 4t the formation of 
hydrogen fluoride and fluorine gas. 

In the eighteenth and nineteenth centuries and up to the tum of the centUry; the. chamber 
process was the most widely used method of manufacturing sulfuric acid. Iron pyrite (fool's. gold) 
was the most common raw material for sulfur compounds. The pyrite was burned/roasted in brick
lined fire boxes of varying designs. In addition to iron pyrite, this raw material also contained · 
arsenic and selenium with some copper, nickel, cobalt and gold. If a plant used pyrite, it is 
almost certain that-these contaminants will be found:in the vicinity of the pyrite burners, pyrite 
storage areas, and areas of spent pyrite disposal. The acid stream also contained these contaminants. 
By 1920, 80% of the factories burned fairly pure sulfur, so facilities that only burned sulfur may not 
have these contaminants. Due to its corrosion resistance, lead was used as a construction material 
at all ofthese old plants. Very li~le lead is used in fertilizer plants today. 

After pyrite or sulfur burning, the hot sulfur oxide gases were transferred to the bottom of 
and rose through the Glover Tower and then sent to the lead chambers. Sulfur oxides, water, and 
oxides of nitrogen (produced from a separate ammoniation step) -yvere combined in the lead chambers 
(usually of series of three to six chambers) to make sulfuric acid. Lead chambers were typically 
rectangular vessels, constructed of sheet lead with dimensions ranging from 50 - 150' long, 16 - 26' 
high, and 20- 30' wide. There were usually three- six chambers. A portion of the acid condensed 
on the chamber walls, drained into a giltter constructed inside the chamber and dripped from a 
spout outside the chamber. Observation of this fluid gave the plant operators information in orde::: 
to operate the plant. Overland pathways leading from the lead chambers Will likely show high levels 
of lead. By 1941, several variations of this basic chamber design were tried throughout the US to 
facilitate mixing and contact, the most popular of which was the Mill-Packard system.that.used a 
series of truncated cones, 7,000 to 18,000 cubicJeet each. All d~sign variations of the chamber 
process discussed in these references still used lead as the construction materiaL · 

- . .· . . ..·· .• . . 
' 

After leaving . th~· .l~ad chambers,· the acid '~was then: t:iickled · d~wn the· Glover Tower 
(countercurrent to :th~ risjng, incoming gases), and thereby concentrated .. · The Glover Tower was 
constructed ofacid-proofbnck~·with or without a sheath made of lead.' The Glover Tower rested 
on a lead pan, and on top of the lead pan was laid an acid-proof masohry floor. ·The tower was 
packed with a coarse material s~ch as q~artz gravel. The pack~d section 'of the Glove~ Tower was .. 
30- 40' high. . 
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After leaving the Glover Tower, the acid was typically cooled in water-jacketed lead tubs 
:filled with lead cooling coils. Another towef associated with the process, _the Gay-Lussac Tower, 
served to recover oxides of nitrogen from the exhaust gases. Facilities usually had two 35'-tall Gay
Lussac Towers next to each other. Lead was not typically used as a construction material in the Gay
Lussac Tower. The ammoniation facilities were usually constructed of cast iron. Platinum catalysts 
have been used in the ammoniation step since about 1926. Heat exchangers containing a.'111Ilonia 
usually were constructed of nickel or aluminum.· 

The contact process was minimally used prior to 1928 and was used to a greater extent by 
i941, mostly to make high purity sulfuric acid. (By World War II;the chamb~r process was 
practically obsolete.) Platinum or vanadium catalysts were-used for the reaction process. Due to the 
vulnerability ofplatin,um catalysts to poisonin~ by contaminants (arsenic and halogens) in sulfur 
oxide gases derived from pyrite, contact process plants eventually used sulfur for the raw Jil<;iterial. 
Even so, a lead-lined box filled with coke was used to filter out the contaminants in 't~e gas stream. 
The contact process usually included additional acid scrubbing towers. Vanadi~ yatalysts Vr'ere 
. iritroduced in the us in 1926. vanadium was inexpensive and relatively free from pois'.ining effects, 

· but the .expense due to licensing and:patents caused the continued use of platinum. By \VWII, 
platinum catalysts had been mostly phased out. Support matrices for the catalysts, such as .9:'J:bestos 
-and magnesium sulfate were likely.disposed.of on the sites during catalyst regeneration. 

Even .though the le~d chambers were not longer .used in the contact process~ the t:;ontact I 
I 

. process used lead in the filter boxes,. Glover Tower, a1:.J.:.cooling coils and boxes. Dr~ns fTom 
·-these ccolers,.scrubbers and filters were collected and recirculated, so the level oflead conta!;1ination 

may not be as high as that found at chamber process plants. · Contaminants expected in cmmection ; 
with the contact process include lead, platinum, and vanadium. Since most of the cataly~ts were ' I recovered and recycled due to their value, it is not expected that large quantities of catalyst materials 
will be found. Support matrices for the catalysts, such as asbestos and magnesium sulfate may be 

I . . .... :~un~ o~ these sites. . .. 
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MANUFACTURING PROCESS FOR "SUPER-PHOSPHATE FRRTILrZER11 

Phosphate is stripped from low-grade, phosphate-rich rock, 
using sulfuric acid. Sulfuric acid is processed from pyrite and 
arseno-pyrite ores originally imported from Spain and England. 
The ores were brought in by barge and delivered to manufacturers 
by rail. Iron pyrite (i.e. FeS:!), or "Fool's gold 11

, is often 
mixed with small quantities of copper, arsenic, nickel, cobalt, 
selenium and even very trace amounts of gold, depending upon the 
source of the ore . 

. In the early 1900's, sulfuric acid was commonly processed 
utilizing the lead chamber method. In this method, sulfides such 
as the iron pyrite or '1pyrite", copper or chalcopyrite (CuFeS2}, 

and arseno-pyrites were heated to produce sulfur dio~ide, leaving 
iron, arsenic, copper and other heavy metals as a by-product. 
The sulfur dioxide was then mixed with air, steam, and nitric 
oxides as catalysts in lead-lined brick chambers, producing 
sulfuric .acid. Sulfuric acid, added to finely ground low-grade, 
phosphate-rich rock, would produce "super-phosphate", releasing 
fluorine (gas) in the process. 

Besides pyrite ores, elemental sulfur could also be mined 
from various ores and roasted to yield sulfur dioxide in making 
the sulfuric acid. A typical composit.ion of the end product of 
"super-phosphate" fertilizer would be as follows: Ca:B'.dP04 ) 2 -H20 at 
30\, CaHP04 at lOt, CaS04 at 45t, Silica at 10%, Water at.~5, iron 
oxide and alumina. 

Iron and copper compounds remaining from the roasting of the 
sulfides would produce the 11 reddish" or magenta color to the 
waste byproducts. Other heavy metals, such as arsenic, cobalt, 
selenium, and mercury, would be concentrated in the wastes as 
well. The presence of lead in the wastes is from the acid 
leaching of the lead-lined brick chambers. 

The lead chamber method or "chamber process" is an obsolete 
practice for manufacturing sulfuric acid.and is no longer used in 
the United States. Virgina-Carolina Chemical Company and Barker 
Chemical Company were two manufacturers who used this process in 
the early ~900's . 
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Gil A J>'l'EH I II 

SULFURIC ACID 

. Sulfmh: neitl is tim mo:>L important protlnd. n£ lhn inorp;nuic: 
chcmieal imlu~:~tl'ies. lL enters into so tnnny diiTemnt proecsscH 
in lnrgc tmwunt.::; t.hnt. t.he ~;;ulfuric: nr.id mnl'lwt. mny hn c:onsidcmd 
n bcttm· haromct.cr of husincs:; conditions t.la:111 <:vun t.lw iron and 
HLed nmrkc:L, '!'his i:; not. only hc:c:nwm Hulfuric: add lw.<; fully nH 

m:my npplic:at.ionH ns it-on :uul st.cnl, hut :dso lw.c·:uts<~, situ:c\ it. h.; 
mrnly Ht.orcd, il.'l produc:l.ion :uul c:onHitllljll.ion I'I\SJlOtul nwrc 
quic:ldy to c:hanges in husim~'l.'l :wtivit.ics. Sulful'ic: :u:id not only 
represents the condition of mnnufnctming inclustl'ics, hut hccnusc 

. of its use in fertilizer mnuufncture it is equnlly significant ns u. 
hnr~met.m· of ngl'icult.lll'nl c:onclitions.· Tt hns even ))()ell Rnicl that 
the industrial development of any country cnn be mcmmrccl by 
its consumption of sulfmic add. 

'l'he technology of sulfuric ncid is rcmn.rlmhle in thnt tho chnm
her process hn.'3 been opcmtcd fot· seventy yean; with prnc:t.ic:nlly 
no significant change~<; in r.cJuipmeut nnd method IH!,Y<)nd those 
that were made at. the very beginning. ln the lnsL 20 years, 
with a hotter understanding of such unit O[Jcrntious ns r.omhu::~
~ion, fluid !low, heat !low, gus absorption, nml Lhe mechanism 
of heterogeneous reactions, a number of attempts hnve been ronde 
to redesign the o}d chamber )ll'OCf'..SS in the light of this new knowl
edge. Only one of these modificntions, the Mills-Pac:knrd, hns 
hnu uny apprccinblc acc:cptnnce beyond the ini l.ial plants buil ~ 
by the respective inventors. Probn.hly one ren.'3on fot· the failme 
of the industry to nclopt the newer engineering idens in chnmhe·r 
pln.nts is that it is gencrn.lly recognized thnt Lite futum of this 
process, even with thC'nc;c improvements, is dcc:idmlly qucs\.ionnhlc. 
gxist.ing chnmhcr plnnt.s will prohnbly continue to opcmtc ·ns 
long ns it is eccmomic:al to run Ll~em1 nml will t.l~en he superseded 
hy contn.ct ncid p)n.nts. 

Production and Distribution.-'l'he production of Rulfmic: nr.icl 
in Uw Unitccl St.ntcs in l!J,IO wn.s•equivnlcut t.o !l,l!iO,OOO shmt. 
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tons of 50°l36. ~chi. This wn.s dist1:ilmted amongst the various 
uses ns follows: 

TAnt.J·: VJJ.-Us~s m· Suu·umc Acm 
Per Cent 

FcrtilizcrN ... :.: ....... : ... · ... · · · · · · · · · · · · · · · · · · · · ~:· ~ 
Pctrulmun rlllmau~.: ............... · · · · · · · · · · · · · · · · · · . · 
lruu uucl s~ccl. ............ · ... ·. · · · · · · · · · · · · · · · · · · 13.2 
~'I . I . · ... · ... · · · · · · · · · · · · · · · · 11. !J v ICII\11~1\ S. • • • • • • • • • • • • • ' ' !) 8 
Coati )lroclncts ............. · · · · · · · · · · · · · · · · · · · · · · · · · 
Other mclallnrgical ............ · · · · · · · · · · · · · · · · · · · · 7 · 0 
Pninls ancl pigments ........... · . · · · · · · · · · · · · · · · · · · G · 2 
luwon and ccllnlosc film .............. · . · · · · · · · · ·: · · 5.1 
Exj1losivc.~ ............. · . · · · · · · · · · · · · · · · · · · · · · · · · · 1. ~ 
'1' .•• , . • • • . . • . • • . . . . . . . • • • . . • • . • 1. CX•I Cii ••• • • • • • • • • • • • ••• ' · 4 !) 

l\1 isc~cllaucou:> ............ · · · · · · · · · · · · · · · · · · · · · · · ·: · 

'l'hc enormous cowmmption of acid in the fertilize~· in~lustry 
usuo.lly results in acid plants nml Im:tilizcr p~o.uts bcmg m tho 
same lo<~ality. In many cases, the ac1d plm~t IS .operated b! the 
fcrtilizur f:u:tory. The fertilizer plant ord1~1anly. us~ aCid. of 
50°B6. am\ is, therefore, supplied directly w1t~1 thlS dtlute actd. 
Other industries either need conccntmtcd aCid, or need sm~ll 
enough tonnages so that they may purchase concentrated actd 
and dilute it. Hence, they do not need. ~o be located at prouuc
ing centers. The manufacture of cxplos1ves, and so~e branches 
of the chemical industry, usc acids of extremely htgh strcng~h 
and may opcm.tc thcil· own plants to produce these. . 

Sulfurie :wid is onlinarily sold as 50°B6. or chamber aCid (6;.18 
• II so ) ('10° 0 fo act'd (77 G7 11cr cent H2SO.), and GG Be. per <:lln" 2'· • , .uc. · . 

ncid 01• oil of vit.riol {93.19 per cent H2SO.). Ac~ds stronger t~111n 
(il)

0 B6. arc usun.lly spoken of by their pm· cent aCid couccntratwu, 
nnd 100 pe1·,<:cnt .. ~ulfuric acid is commonly call:d mon~hydr~.tc: 

Sulfur t1·ioxidc dissolves in monohydrate to gtve fu~mg a~tds 
ur oleums. 'l'he strength of these may be express~d m va:10us 
ways. An acid contu.ining 20 pounds of free SO a dtssolvcd m 80 
pounds of IhS04 might be spoken of ns 20 per cent oleum, or ~'3 

· 1 t · ·· 85 3 per cent total SO a If to 100 pounds of tlus :1c1t con ammg · · · · 1 
mixture su!licicnt=wr~lm· (4.5 pounds) be added to combme w1t t 

t.hc free S03, there will result 10·1.5 p.ounds of 100 pe1· c~nt 
IhS0 4• l~rom Uiis point of view such tteld would be called 101.5 
per ecn t ncill. 

- - - - - - - -
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RAW MATERIALS 

The earliest commercial mw material for the manufacture of 
sulfuric acid was sulfur from Sicily. Later ~any plants turned 
to iron pyrites (FeS2) as their raw material. This trend increased 
until at the beginning of the present century the large1· proportion 
of sulfuric acid made in this country was made from pyrites. 
When cheap sulfur of high purity from American sources became 
available, more and more plants turned to sulfur, until ii1 1920 
about 80 per cent of the acid made in this country was made 
from sulfur. The margin of cost between the two raw materials 
is small, and for some years the balance between these costs has 
resulted in making a gradually increasing percentage of the total 
fmm si.rlfur. . · 

Sulfur.-Before 1900, the world's production of sulfur came 
cntil'cly fwm deposits in volcanic regions, the most im1wrtant of 
which was in Sicily. Sulfm· was mined in the. form of a porous 
rock that contained up to 40 per cent free sulfur. · 'l'he methods 
employed were cmde and usually consisted in piling the ore in 
heaps, starting a fi1·c at the bottom, and allowing the heat from 
the combustion of part of the sulfur to melt the rest, which waH 

collected in molds below the heap. The recovery was incomplete 
and in recent years more economical appnrntus has been used. 
Even so, the yield is small and the cost high. A small amount 
of sulfur Wll.'3 imported into the United States ll.'> late as 191() but 
since that time there have been practically no imports. 

'l'he Ilmducing areas in the United StaLes consist of n. few scat
tered ucposits, each covering a relatively small area, in the 
Louisiana-Texas coastal plains. Ench of these duposits lies above 
au anhydrite layer cap rock of n. salt dome. Although these 
deposits were known in 18G5, it was not until the development of 
the Frasch process in 1891 that production was possible. The 
Fr11.Sc!1 prO<:e.•;s was so successful that in 11 relatively short time i't 
wn.c; iwoducing ulmw;t ull the sulfu1· used in this country.· 

In these deposits, sulfur occursdistributed through a limestone 
rock, which is covered by thick layers of alluvial deposits and 
quicksand that cfTccLivcly prevent its recovery by or.cJjnary min
ing · lnctliods. The l~rn.sch pmc:css0·2·3> consists in pumping 
highly heated water into the rock to melt the sulfur, and thcu 

- - - - - - - .. 
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raising ·tllC melted sulfur to the surface witl~ an nir-jct lift. A 10-
or 12-inch hole is drilled to the sulfur-bcanng layer and cased to 

the surface of the rock (Fig. 11). Inside this cnsingarethree~ther 
concentric pipes, about 8, 3, and 1 inch, in diameter respcct1vcly. 

The 8-incl1 pipe is perfornted where it passes thro~gh .the sulfur,. 
bearing Jnycr. Water superheated to 300 to ~20 F. lS pumped 

- - - - - - - - -
., 

., 
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down hct.wccn the 3-inch and the 8-inclt pipe and flows into the 
I:IUlfut·-bcaring stratum. The molten sulfur· collects in a pocket at 
tho bottom of tho 8-inclt pipe. Compressed nit· sent down tho 
l-inch pipe lifts the sulfur to the s9rface in' the 3-inch pipe. The 
water is removed through bleed wells located around the outer 
edge of the area to be worked. The sulfur-air mixture is dis
charged to shallow pits from which the molten sulfur is punipcd to 
large plank bins, where it solidifies. 

These blocks of sulfur, which may contain several thousand 
tons; are later broken up with explosives and shipped. The sulfur 
so pro,hiccd is 99.5 to 99.8 per cent pure n.nd is fl·ce from n.rscnic 
nnd selenium but docs contain small amounts of asphaltic.n1atcrial 
and incombustible residue. 

'l'he effect of the Frasch process on the situation in the United 
States is striki11gly pictured in Table VIII. 

'l'ADLJ~ VIII.-PnoouCTION OF SuLFun JN 1h:Tmc ToNs 

Year United Stales · United States World 
imports production production 

1805 120,700 1,07() 308,01G 
l!JOO 107,328 4,030 581,282 
1001 175,310 G,!J77 ..• 004,030 
1002 17G,951 7,51i5 5fi2 I !JI)(j 

1003 Hl0,931 35,000 031,035 
100·1 130,421 100,588 707,240 
1005 8·1,570· 218,440 830,GOO 
1010 30,544 25!l,GO!J 787,732 
1015 24,047 209,133 860,000 
1020 44 1,542,050 1,041,052 
1025 102 1,431,012 2,213,330 
1030 29 2,558,981 3,001,700 
1935 1,763 1,632,590 2,254,000 
1030 14,000 2,091,000 2,900,000 

In recent years, a beginning has been made in the production of 
sulfur n.s u. by-product of various industries. Sulfur is now being 
pl'Oduced in small amounts, but on an inuustrial scale, from sulfur 
compounds removed in the purification of nitrogen u.nd hydrogen 
in the manufacture of synthetic ammonia.; fl'Om various by-prod
ucts obtained in the removal of sulfur compounds from c:onl gns; 
n.nd by the reduction of sulfm· di?xidc with coke. This Inst proc-

-·- - - - - - -



-

42 JNOUGANJC CllEllllCAL 'l'lWJINULUGl' 

ess is nt present in operation at n. copper-lend smelter n.t 'l'rn.il, 
B.c.(sl All of these methods combined do not JJroduce n.n 
important amount of' sulfur n.t present, but the production of 
sulfm from smcltm· gnscs seems to have appreciable possibilities, 
especially for smelters so located that they find it more economical 
to ship sulfur than to convert the sulfur dioxide into sulfuric acid 
nnd ship the acid to consum.ing points. 

Pyrites.-Iron pyrites is usually represented by the formula 
FcS2 and if pure should contain 53.4 per cent sulfur; but the 
milicral actually mined is variable in composition. Most manu
facturers demand pyrites containing over 42 per cent sulflll'. 
During the World W n.r, material n.s low n.s 30 per cent sulfur wn.s 
accepted. In 1037 the domestic production was about 50 per 
cent of the total consumption. 

Other Raw Materials.-In the metallurgy of most of the non
fr.rrous mcLnls there is n. step that involves ron.sting u sulfido ore. 
This operation lll'oduces sulfur dioxide that might be used n.s n. 
raw material for sitlfuric acid mn.nufn.ctme. At present, however, 
this material is important only n.t zinc smelters, where eonsid~r
able amounts of sulfuric acid nrc made from the wnstc gns from 
roasting zinc sulfide. In n. few cases, sulfuric acid is made from 
t.he wn.stc gus of copper smelters, but such plants nrc usually too 
fat· from consuming centers or else they produce gn.s so variable in 
eoni.position n.s to be unsuitable for sulfuric acid mn.nufactme. 

Inl937 the relative pl'Oduction of acid in the United States from 
different sources wns ns follows: 

'l'ADLE IX.-SuLJo'umc AciD PnoDuCTION Acconi>INO TO ll.AW MATEniALS 
Per Cent 

From sulfur._ ...................................... 64.4 
From pyritcs:""'--·-

Imporled .................................. · · · · · 12.5 
··nomcstic ......................................• 11.9 

lly-product sources ................................. 11.2 

CHAMBER PROCESS 

Sulfmic add may be made by several pi'Occsses, of which the 
most important arc the chamber process and the contact process. 
A general outline of the chamber process is given in Fig. 12, which 

. is purely dingrnmmatic and indicates only the most important 
clements in the process. Sulfur is burned with sufficient excess 
air so that the concentration of oxygen is slight!~ greater than - - - - - - - - -

SULJ.'UUJC ACJJJ 

that of sulfur dioxide. Nitric oxide, obtained by the oxidation of 
ammonia, is introduced into the gu.cs stream. The gus n1ixture 
then passes to the bn.se of the Glover tower, .down which acid 
is flowing. The gn.s rises through this tower, concentrating 
t.lw :wid, thereby IH:eoming eooled and 11ic:king up c:ow.;idcmJ,Jc: 
water vapor. From the top of the Glover tower the gn.<>es at·n 
conducted to the lead chambers, of which there may be fro111 

WATER NH3 

WAST£ 
GAS so• ACID 

F10. 12.-Flow sheet o£ chamber process. 

four ·to eight, although only two are shown in the diagmm. 
Intermediate towers may or may not be placed between' the 
chambers. ·water is introduced into the top of the chambers, 
eithet· in the form of spray or steam. In the chambers sulfut· 
dioxide, oxygen, water, and the oxides of nitrogen react to form 
sulfuric acid, which collects in the bottom of the chambers and 
is drawn off ns chamber acid of about 50°Be. At the end of its 
pa.'lsagc through the chambers, th.c gus hns lost most of its - - - ·- - - - -· 
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sulfui· dioxide, but still contains oxides of nitrogen. These are 
recovercu· in the Gu.y-Lussac tower by absorptipn in a stream of 
colu li0° acid introduced at the top. The residual gas, consisting 
largely of nitrogen and 'oxygen, is discharged into the air from 

a stack. 
The ch~mber acid is fed to the top of the Glover tower, and 

in its 1>ussagc uown this tower is concentrn.teu to about G0°D6. 
From the base of the Glover tower it pusses through u. series 
of coolers. Part of the cooled acid is drawn off as prouuct, but 
n considerable proportion is sent to the top of the Gay-Lussac 
tower to absorb oxides of nitrogen. 'fbe acid drawn from the 
base of the Gay-Lussac tower is called nitrous vitriol. This 
is taken to the top of the Glover tower; and in its passage d~wn 
through the Glover tower the oxides of nitrogen are displnced 
and returned to the gas stream. Consequently, oxides of 
nitrogen thnt arc nuded merely serve to make up losses and nrc 
only n small fraction of the total amount of oxides of nitrogen in 
the system. If the plant produces only 50° aciu, chamber acid is 
withdrn.wn as the principal product nnd is not sent to the Glover 
tower. In such eases, watc1· is fed to the top of the Glover tower 
to supply the water that woulu otherwise be addeu in the form of 
chamber ncid. 

Sulfur Burners.-A successful sulfur burner must fulfill several 
rC(tuircments. As a consequence of the low heat of combustion 
nnu the high vapor pressure of sulfur, the burne~· must expose 
a ln.rgc surface of molten sulfur; minimize loss of heat by radi
ation; llrovitle secondary nir in the zone of high temperature 
to burn sublimcu sulfm; and fa.cilitntc the removal of non
combustible floating impurities such us nsh and asphaltic 

-------- -

matter.~-·.---~~ .. ---·- . 
These conditions nrc -met in a wide vnriety of npparntus. 

Possibly the simplest sulfur burner consists merely of a large 
hdek cimmbcr. A cnst-iron pan nbout 5 inches deep, into which 
sulfur may be charged, is set in the front of this chamber. The 
pan should luwc nn urea of nbm~t 30 square f~et per to.n of 
sulfur burned pm· day. Air for pnmary combustiOn lS adnutted 
over the pan. This air not only burns sulfur in th,e pan, but 
cunics from the pan considerable sulfur vnpor which burns in 
the rear of the chamber. Secondary air is aumitted under the 
pan and mixes with the primary products in the rear. Dy 
regulating the distribution of· air from theso two inlets, it is - - - - - - - -

SULFURIC ACID 

possible to contwl the temperature of 
the molten sulfur, and introduce any 
desired proportion of secondary air. 

The older bumers, in which the pan 
was set on the floor, were not success
ful because it is not possible to secure 
complete combustion if all the nir is 
admitted us primary air. As the 
quantity of nir enteringovcrthesulfur 
is increased, this merely increases the 
total quantity of sulfur bumed and 
sublimed. .At any giv~n tempernture, 
there will be an equilibrium between 
nir and sulfur, in accordance \~ith 
which the air will carry a certain pro
portion of sulfur vapm·. Increasing 
the volume of 11rimary air increases 
the quantity of nir which can carry 
sublimed sulfur. This nlso increases 
the mte of combustion, thereby in
cmasing the temperature and con
sequently the vnpor pressure of the 
sulfur, with correspondingly increased 
Httblimation. -

The Glens Falls sulfur burner (Fig. 
13) · com;ists of a horizontal steel 
cylinder with conical ends, revolved 
on two sets of rolls at a rate of Y2 to 
% r.p.m. Sulfur is fed nt one end 
through a wormfceu mechanism and I 

primary air is aumittcd nt the same 
place. The heu.t of combustion melts 
the sulfur within the cylinuer. The 
i·otation of the cylinder distributes 
this sulfur in a thin film on the inside 
of the apparatus, and abo causes it to 
shower in drops through the hot gas. 
The discharge cud of the cylinder fits 
into a combustion chamber, nud 
secondary air to burn sublimed sulfur 
is introduc:cd here by a siiding -- - - -
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dumpc~·. · The ngitn.tion of t.he sulfur prevents the formation on 
· it.~ surf:u:e of n·Jilm of impuritic:3 tlmL might slow down comblls

t.ion. The cylinders vary from 20 inches by 4 feet to 4 feet by 20 
feet; and have n. capacity of one ton of sulfur per 24 houl'S for 
each 24 cubic feet of cylinder volume. 

The most recent tendency in sulfur uumct'S hn.s ucen to n.void 
complicated mechanical construction of-the burner itself at?d to 
put the principal emphasis on subdividing the sulfur to gtv . ..: r. 
large surface for combustion. One typc<6> consjsts of a vertical 
steel cylinder lined with firebrick and divided with a perforated 
firebrick arcl: about a third of the way down. Sulfur is melted 
in a pit heated by steam coils and is raised to ~ temperature. at . 
which most of the water is driven ofT. Coarse dtrt accompanymg 
the sulfur settles at the bottom of the pit. The molten sulfur is 
pull)pcd to the burner and cuscn:des down over a con.ical pile of 
firebrick carried on top of the arch. Below the arch 1s a second 
t:one onto which residual unburned sulfur falls. The air, which 
is predricd, enters under pressure through flu?s, one n~ar the sul
fur inlet and one nt the level of the arch. Tlus burner 1s reported 
to give rcmn.rkn.bly complete combustion with a minimum of 

·vaporized and unburned sulfur in the gases. . 
The Zcisbcrg sprn.y burner<U also operates wtth premclted 

1mlfur and predried air under pressure. The sulfur is atomized 
in a spccin.lly constructed steam-jn.cketed jet, and the flame 
impinges against a baffie wall of fireb~ick. The hot gus~s puss 
over the tubes· of a boiler, thus generatmg steam and coohng the 
gases. In order to obtain reasonable boiler efficiency, the bu~·n:r 
is Ollcmtcd to produce gos of about 1~ per cent S02, but _tlus 1s 
diluted with additional air after passmg through the· holler to 
concentr;:fioiiS··suitn.blc for acid manufacture. 

Pyrite Burners.-The type of burner that is used depen.ds 
upon the size of the pyrites, since coarse lumps and fine matenal 
require different types of burners. . ... 

Lump pyrite burners arc simply bnck-hned fire boxes a~out 
G feet long mtd 4 or 5 feet wide, with gmtcs constructed of stnu_ght 
squnrc bars. Since the producti~n ?f unifo~n1 gus and the y1;lu · 
of a muximum amount of sulfur dwxule rcqmrcs cn.rcfulattentwn 
t.o the firr.s the individual furnn.ces n.re made small.- '!'he licatof 
combustio;l of pyrites is low and hence it is essential th:tt. radia
t.ion los;;;r • .:; he minimized. The fumaces arc therefore set 111 hut-

- - - - - - - -
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l.ori1:s, 1::wh lmLtnry consisting of two rows, b:u:k to uaek, with a 
ll_ue bcl.wcnn. In order t.o sccu•·c uniform and eomplctc comLus
t.wn, !.he dnpt.h of fire ucd must he eow;idemblc mH.l the air must 
h1: J~nJhcut.cd. P:·ch!Jt~.ting of the n.ir is accomplished by main
l.atmug a layer of hot cinders on the gmt.cs. About 50 square 

F10. 14.-llumcr for fino pyrites. 

feeL of gmtc n.rcn. is required to burn one ton of .j5 per cent sulfm· 
m·c per day. 

Hearth bumcrs for fine pyrites have been made in ·a wirlc 
:·:Lricty of design~. The principal features nrc .shown in Fig. 14 .. 
lhe furnace cons1sts of u. brick-lined steel shell in the form of a 
nrtical cylinder 10 to 25 feet in din.mctcr, in the axis of which 
HLa•ids n. slowly rotating shaft. In the interi01· of this c:ylindcr · 
!\!'e COilslt·twtecl n. nm~1bm· of superimposed 1h·cbl'ick hcnrths . 
lhe central shafL cnJTICS two o1· more anus for every hca

1
-th. 

·. . - - - - - - - -
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Rn.bbies on these arms nrc set at such an 3:ngle that they dmw 
the ore toward n. central opening in every alternn.te hearth, n.nd 
push it toward an opening near the circumference of the other 
hearths. 'l'he shaft and the rabble. arms are cooled, and the 
different designs differ in the method of cooling, the provisions 
for making repairs, and similar details. Most of the air for com
bustion is introduced at the bottom hearth and rises counter
current to the flow of material. The air. is preheated by the 
burned cinders on the lower hearth. Combustion takes place on 
the intennediate hearths and the descending pyrites are pre
heated by the hot gases on the upper hearth. If the burner 
temperature becomes too high, ndditioun.l n.ir is introduced n.t 
intermedin.te hearths. These furnaces require about 100 square 
feet of hen.rth n.rcn. per ton of ore per day. 

·. . In many metallurgical operations where pyritic ores nrc con
. ccntrated, pyrites nrc nvn.ilnble in the form of relntiv_ely fine 

. mat~rial. One method that has been employed for burnmg such 
mn.tcriul is the flnsh burncr.(7) The fine concentrn.tc, as received,· 

. is fed into a bull mill through which primary air for combustion 
:is blown. The purpose of this mill is not to g1:ind the material 
but to suspend it in the stream of air. '!'his stream of air n.nd fine 
pyrites is blown into the center of the top of a vertical cyl~n~ricnl 
combustion chamber with a hopper bottom. lVIost of the cmder 
falls from this hopper onto a conveyer, and secondary air enters 
through the gnp between the hopper and the conveyer. The gas 
ofitnkes arc ncar the top, so. that the flame travels downward 
through the center of the chamber and up along the walls .. 

Because of the presence of finely divided iron oxide, which can 
act as n. cn.tnly!3_t_l9r the conversion of sulfur dioxide to SOa,. it 
is necessary to cool the 

0 

gns rapidly to a temperature at whiCh 
this. reaction cannot take place. It therefore passes first through 
small dust catchers, and then through a steam boiler, which 
reduces its temperature to about 350°0. It is then washed and 
scrubbed hi the usual way. · 

In order to prevent too high conversion to SOa and too rapid 
destruction of the brick lining of the combustion. chnmbcr, it is 
ncccssn.ry thnt the tcmpern.turc of the combustion space· be kept 
at about 1000 to 1100°0. The combustion of the pyrites would 
nonnnlly produce a temperature higher than this and~ therc~orc, 
n part of the cooled burner gas is rctumcd to the ball mtll to chlutc - - - - - - - -·-:-

'··-·····----
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the products of combustion and thus control the tcmperntmc in 
the combustion space. 

Burner Gas.-Expericncc hns shown that the best results in 
the chamber plant are obtained when the gas from the sulfur 
burners contains 8.5 to 9.0 per cent sulfur dioxide. This corres
pon.ds to 12.0 to 12.5 per cent free oxygen. In the burning of 
pyr~tes, part of the oxygen of the air is combined with the iron. 
Mamtenance of the proper ratio of sulfur dioxide to oxygen 
therefore, results in pyri~cs burners being operated to give a ga~ 
of 7.? to 7.5 per cent sulfur dioxide. In both the above cnscs, 
suffictcnt excess oxygen is left in the burner gns so that the wusLc 
gas from the process carries 8.5 to 0.0 per cent oxygen. · 

N~ter Supply.-The former method of replacing losses of oxides 
of mtrogcn was to charge sulfuric acid and sodium nitrate in 
n.pproximately equimolecular proportions, into a cnst-iron ve~sel 
known as a niter hog. This was set in the flue carrying the hot 
gas from the bumer to the Glover tower; to supply the heat to 
carry out the reaction n.nd vaporize the nitric acid. ·when the 
nitric acid vapor mixed with the burnc1· gns it was reduced. The 
reaction is probably ' · 

. (1) 

Since 1926-1927, practically the only method in use in the 
United States for supplying oxides of nitrogen to the chamber 
procc~~:~ .has been by t~10 oxidation ofammonia<4,&> (see page 08). 

In tlus process a mixture of ammonia and air is passed over 
heated platinum gauze, and if the proper conditions are main
ta~n?d the nitrogen of the ammonia is O:lmost quantitatively 
ox1d1zed to NO. The apparatus is compact and easily opemtcd. 
The ~upply of oxides of nitrogen to the process can be accurately 
an.d mstantly regulated by turning a single valve; and at present 
prwes. of ammonia and saltpeter, it is much cheaper than the 
oldei· methods. 

'rhe appamtus consists of n blower for furnishing air, n. catalyst 
chamber, and a heat intcrchauger. If liquid ammonia is used 
the air is preheated in the heat interchnnger, and the ammoni~ 
is oii1troduced through a coi1ti·ol valve just before the mixture 
enters the cntn.lyst. 'l'hc heat of reaction is sufficient to preheat 
the incoming gases to the reaction temperature. If nqun. nmmo
nja is u~cd, tho nir first passes up 11. small column down through -- - - - --·- -
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which aqua ammonia is passed. . The mixture of air and u.mmonitt 
; is then prehon.ted, bt,t to avoid decomposition of the ammonin. 

the hen.t exchanger must be made of nickel or aluminum. 
· The losses of oxides of nitrogen in the whole process, calculated 
:1.'1 sodium nitrate, n.mount to about 4 per cent of the total weight 
of sulfur burned. This holds true for pln.nts operating on sulfur 
or n good grade of pyrites. Plants operating on metallurgical 
gases of .varying compositions mny use as high as 8 or 9 per cent 
sodium nitrnte. The niter loss nlso varies with the method of 
plant opemtion, since forcing the plant to high capacities results 
in a proportionately increased loss of oxides of nitrogen. With 

. uniform operation at moderate rntes the loss may be held down 
to 2 per cent. 

Dust Collectors.-When pyrites arc burned, if the fine material 
carried o'ver with the gases were not removed, it would soon clog 
the Glover tower. The usual method is to introduce, between 
the burners· and the Glover tower, a chamber whose cross-section· 
is considerably lo.rger than the gas flue. This chamber may be 
empty and depend merely on a decrease in gas velocity to drop 
Lhe suspended particles; or it mny be provided with baffies .. The 
m·oss-secLiou should be such ns to reduce the gas velocity to about 
3 feet pct· seco.ml, nnd it should be long enough to give the gases 
a totl\l time in the chamber of 0.5 to 0.75 minute. 

In some plnnts, especially those operating on smelter gases, 
t.he Cottrell system of electrical precipitation is used. This 
requires cooling and humidification of the gases. It consists in 
passing the gases through paths of relatively small cross-section, 
each carrying a central electrode. Between this electrode and 
the wall of the conduit a high-potential unidirectional electro
statio-ficldJtt.m.aintained. The solid particles are electrified and 
attracted to 01ie of the poles. Provision is made. for jarring the 
electrodes nt intervals so that the accumulated dust falls into a 
hopper below. 

The Glover Tower.-From a study of Fig. 12 and the descrip
tion Lhnt ac:companics it, it will appear thnt the Glover tower hns 
several functions. Among these may be mentioned: 

1. Cooling the burner gases. 
2. Concentrating chamber acid. 
3. Het\p·ning to the system oxides of nitrogen that have been 

recovered in the Gay-Lussac tower. 

- - - - - - - -
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4. Supplying water vapor to the first chamb 
Before proceeding to a more detailed d' .er. 

be necessary to considet· som t' tscusswn of these it will 
Tl . e reac tons of ge1 1 • 

lC rcactwns that take place in th lora Importance. 
been the subject of many cont . . e chamber process have 

roverstcs but tl · tl . 1 by LungcCBJ hns hnd ti . d ' le lCoty ac vanccd 
criticism. Neverthcles:ci~vfs ~:t accep~ance and has withstood 
detnils of the operation' of th lcompb ete, and there are many 

c c lam cr proce tl t . yet fully undcrstoo·• A 1. I ss tn nrc not 
· . u. CCOrc mg to Ull • 

place is held by a compound called 
1 

• ~ gc, a v:ry I~nporLant 
relation to sulfuric acid is shown butr~syl-sulfur!c aCid, whose 
formulas: Y t le followmg structural 

Nitrosyl-sulfuric 
acid 

o N-o"- #o 
H-o/s(o 

Sulfuric acid 

H-0 0 
H-o)s(o 

.In the presence of sulfur dioxide nnd some free . 
aetd can be fot·med by the following reaction: oxygen, this 

• 
2802 + 2NO + H20 + %02 = 2(0NO)(OH)S02. 

. 'fhis compound is easily hydrolyzed l'b 
and N 20a according to the reaction ' I crating sulfuric acid 

{2) 

2(0NO)(OH)S02 + H20 = 2H2SO. + N20a. 

It is also easily reduced by S02 according to the reaction 
(3) 

. 2(0NO)(OH)S02 + S02 + 2H20 = 3H2SQ~ + 2NO. (•!) 

b ~Iglh te~peratures ~~t ~nly favor a more rapid rate of reaction 
u a so gtve an eqmhbnum correspondin t . ' 

decomposition of the nitrosyl-sulfuric acid g I~ .mo~c .complete 
~Qth ~cactions (2) and (4) are favored b . hi hIS o VIous ~hat 
~i ~gt~. d~o.xi1dc; redaction. (2) taking plac/wh!·c ~~~~~~~:;.:::~::: 

• IC ug 1, an reactiOn (4) where they nre low 
t It will be. apparent, therefore, that the Glover towe.r is ada t d 
o.,a?comph~h the recovery of nitrogen oxides from G L p e 

n:ctd by hydrolysis in the upper part of the tower ay- .ussac 
. ttwn by Gmcans of sulfitr dioxide in the lower l;O~~I?Oibisy oifedttllc-

owcr. ay-J us 'd · f d · te 
J sac aCI IS e mto the tot> of tltc GI t : ~er ow~ - - - - - - - -
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and in aduition there is added the comparatively dilute chamber 
acid; ot· should,thc chm:nber acid be taken bff as a separate prod
uct, water is added in its place. Hot burner gases entering the 
bottom of the tower and canying a relatively high content of 
sulfur dioxide ·are able to decompose, according to reaction 
(4), any nitrosyl-sulfuric acid that may have reached the 
bottom of the tower. 'l'hus, the acid issu~ng from the base of the 
Glover tower should contain only a trace of oxides of nitrogen. 
As the burner gas rises through the tower, it carries not only 
the nitric oxide supplied to the process, but increasing amounts 
of nitric oxide liberat.ed from Gay-Lussac acid. This makes 
possible 'the direct synthesis of nitrosyl-sulfuric acid by reaction 
(2) at certain intermediate zones in the tower. Because. of the 
high temperature of the gn.c:; it is able to concentrate the .acid 
which it meets and,. therefore, as it ascends, it also carries increas
ing concentrations of water vapor. This, combined with the 
dilution caused by cl10.mber acid or water at the top, gives a zone 
in the upper part of the tower where nitrosyl-sulfuric acid is 
dccoii1posed bi hydrolysis. Thus, it will be seen that in addition 
to the functions previously mentioned, the Glover tower has 
another n.nd very important one; namely, the synthesis of sulfuric 
acid. 'l'hc acid formed in the tower may be as much as 20 per 
cent of the total output of the system. 

The ~onstruction of the Glover tower varies considerably, but 
present pro.ctice favors a tower built of acid-proof brick, with or 
without a sheet-lead sheath, o.nd resting in a lead pan (Fig. 15). 
On this lead pan is laid an acid-proof masonry floor, which sup
ports the walls of the towe1~ o.nd o.lso arches, which in turn support 
po.cking mo.tcrial with which the tower is neo.rly filled. A special 
distriliiition·devjcc o.t the top of the tower insures uniform wetting 
of the packing with the acid. Thus the liquid is filmed out ovm· 
the po.cking material in the tower while the gas is forced to pass 
up through this packing, and the two phases are brought into 
intimate. countercurrent contact. 

All the rcact~ous taking place in the Glover tower involve the 
interaction of a liquid and o. gas. At the high temperatures of the 
Glover tower all these reactions are very rapid and a relatively 
Rhott time of contact is sufficient. Consequently, a l'ather coarse 
packing with relatively large free spaces is satisfactory. The 
packed section should be 30 to 40 feet high. Ordinary practice 

- - --- - - - -
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calls for a gas velocity (fi ured at 
mn.tcly 0.8 foot per sec!ld Tl stanfa~d conditions) of approxi-
correspond to a packed vol~me ~~s~ ~;tgh~.and velocity figures 
sulfur bumed per day. · eu IC foot per pound of 

l~1a. 15 -D t ·1 C 
. c Ills o chnlllbcr-plnnt construction· Gl t 

• over ower. 
Lead Chambers.-1'he lead I b 

vessels that allow space and tl c_ ttl~ e~·s are essentially lnt·gc 
ti~ns to tnkc place bcfor~ tl IClO te tune, for the major reac

. cutei·iug the first chmnbcr ;;o7.:S:::.c e~rc the system. The gnscs 
vapor anti n relatively I . I over tower contain water 

ug t concentration f If . 1• • 
free oxygen The .· 1 f' . 0 su tu ttoxtdc and 

• . OX It cs o Ill ~rogc!l at this point al'C almost -- - - - - - -
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entirely NO, as shown by the fact that the co~tents of the first. 
chamber are usually without any trace of red ox1des. · . 

The reactions by which sulfuric acid is made in the ch~mbers 
result in the evoh,ition of heat, so that the central ~ortwns. of 
the chambers are always warmer than the outer po.rtwn~, w?!ch 
are exposed to the cooling influence of the surr.oundmg ru~··. I he 
chambers are filled with small floating particles of m1st that 
circulate abo1.1t with the chamber gases, risi~g in the cent~·al 
portions of the chambers and falling nen.r the s1des. ~hese. m1st 
particles consist of nitrosyl-sulfuric acid and sulfunc aCld of 
varying dilutions. Since the partial pre~sure of wa~er vapor 
withili a given chamber is more or less umform, and smce these 
particles arc hotter in the central portion of the chamber, they 
will, therefore, be more concentrated in the central part of the 
chamber and more dilute toward the walls. ~n the eentr~lareas 
sulfur dioxide, nitric oxide, and oxygen can umte to form mtrosy~
sulfuric acid; whereas at the walls, where the t:mp.erature IS 
lower, water vapor condenses on the dro~s, d1.lutmg. them, 
hydrolyzing the nitrosyl-sulfuric acid, an~ hb:ratmg ox1d7s. of 
nitrogen. Any N 20 3 libero.ted will rec?mbme w1tl~ great rap1di~Y 
with sulfur dioxide and water, formmg more mtrosyl-sulfunc 
acid· for the gas in the first chamber is substantially colorl.ess. 

M
1

uch of the difficulty in assembling a coherent the.ory of. the 
chambe1· process centers around the question of which oxides 
of nitrogen are present and what their various functions may 
be. 'fhe oxides of nitrogen involved in the p.roc~ss are commonly 
considered to be three in number; NO winch IS colorless, N02 
which is reddish and N 20a which is deep red. At the tcmpcm
ture of-the-cha~bcrs, N 20 3 cannot exist except .in velJ:'" small 
conccntmtions. If it is formed by the hydrolys1s of m~rosyl
sulfuric acid it must almost completely dissociate accordmg to 
the reaction 

N 20a = NO + N02. · (5) 

'rhat NO except such as results from this dissociation, docs 
not enter h~t~ reactions in the chambers, is cvidm}ccd by the 
fact that an excess of NO~ over NO is never found in the chamber 
gases. Any N 0 2 that is present probably reacts not as such, 
but by combining with NO to form N2:0s. Consequently, the 
assumption that only NO and N20a or its e~uiv~lent are prcsc~t, 
gives a satisfactory explanation of tho 1·eactwns m the ehambets. - - - - - - - -
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It has been observed that the contents of the earlier chambers 
~rc ~vhitc or co~o,rl~ss! w!tilc the Inter ones show an inc:rcnsing 
leddtsh color. lh1s 11\(hcates the absc)lce of N

2
0

3 
from the 

first c~tumbm·.. This is usually explained by a.<:;suming the 
fmmnbon of mtrosyl-sulfuric acid n.ccording to the equation 

N20a + 2H2S04 = 2(0NO)(OH)S02. + H 20. (6) 

As the gas proceeds through the chambct·s, its temperature is 
lowered and at the same Lime the sulfur dioxide concentration 
is dccreas.ed, the dccomppsiti~n of nitrosyl-sulfuric acid according 
to equatwn (4) decreases, Its hydrolysis by water with the 
form~tion of N20~ increil.Scs, and thus the increasing color is 
expln1.ncd .. Equat~o1~ (2). calls fm· the synthesis of nitrosyl
sulfunc acal by llltnc ox1dc and oxygen. In the presence of 
lower conccntrn.tions of sulfur dioxide and nt lower temperatures 
the NO in this equation may be replaced by N~03 as follows: ' 

2802 + N20a + 02 + H20 = 2(0NO)(OH)S0
2

• (7) 

It has been stated above that n.t tcmperntures existing in the 
chambers N20a exists only in very small concentrations. The 
residual concentration of N20a at equilibrium is sufficient for 
rcac~ion (7), thereby removing N 203 from the gn.s phase and 
c:ausmg NO and N02 to react wiLh the formation of more N 0 . 

'1'1 • 23 
1c reactwns that have been discussed result in the removal 

of water ft-om the chamber gases to form sulfuric acid. The 
water vapor supplied by the Glover tower is usually sufficient 
for the first chamber, but in succeeding ·chambers water must 
be t\tldml u.s steam or fine spmy. . 

· Chamber Construction.-The usual lead chamber is a rectangu
ln.r vessel of sheet lead supported on a suitable framework 
These chambers may be 50 to 150 feet long, lG to 2G feet high and 
20 to30 feet wide. There arc usually three to six chambers· 
and ·they may all be of the same size, but it is more common t~ 
make the fit·st ?hamber longer than the others. For n. given 
method of workmg, the total capacity iu cubic feet of chamber 
space per pound of snHm· hmncd is fairly constant.* 'l'hc older 
chn:t~bcr~. had a wood framework, but modern construction 
employs steel. Because of the tendency of lead to crawl (deform 
~cyond the,~l~st~c limit) it must be. fastened securely at frequent 
mtervals. Ilus IS usually accomphshcd by burning tabs of lend 

•sea p. 58. -- .. - - -- -



-

5G INORGANIQ CIIEliiiCAL ·TECHNOLOGY 

to the sitle walls at intervals not less than 3 feet o.po.rt each wo.y, 
and securely fo.stening these tabs to the supporting framework 
(Fi~J;. Hi). The top of the chamber is hung in a similar manner. 

·-·-·.-..---:-

1~10 , JG.-Dclnils o[ chD.Inbcr-plo.nt conslruction: cho.mbcr construction. 

;l'hrough the top project spro.y nozzles for the introduction. of. 
steam or, prefembly, water mist. The bottom of the chamber IS a 

. ,..,pan with uptumcd edges which are burned to the bo~toms of the 
side walls. At intervals along the side walls a gutter 1s burned on 

- - - - - - - -
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the inside with a small connection to the outside of the chamber. 
A portion of the acid condensed on the chamber walls drains into 
this gutter and drips from a spout outsid!! the chamber. The. 
density of these drips, together with the tcmpcraturf>..s of the 
chambers, furnishes the information by which the pz·occss is usu~ 
ally controlled. 

Gay-Lussac Tower.-If the chambct'H nrc proper!; opcrutm.l 
there will bo a very small concentration of sulfur dioxide in the 
gas len.ving the final chamber, and there should have been no loss 
of oxides of nitrogen up to this point. Since the Gay-Lussac 
tower is fed at the top with cold G0° acid, conditions arc favornbic 
to reaction (G). It is obviously important that the concentra
tion of sulfur dioxide be kept low, otherwise equation ( 4) would 
take place with loss of oxides of nitrogen. On the other hand, 
if the sulfur dioxide be exhausted before 'the gas leaves the lo.st 
chamber, nitric acid will form in the last chamber, condensing on 
the chamber walls and corroding them. Exhausting the sulfur 
dioxide will also permit the excess oxygen, required for the cham
ber reactions, to oxidize nitric oxide to nitrogen dioxide in excess 
of that corresponding to N10a. The excess nitrogen dioxide will 
not form nitrosyl-sulfuric acid, and is only slightly soluble in 
r-;ulfuric acid. The function of tlH:i Gay-LUHI>U·r. tower is relatively 
f;implu and is I"ejll"CSOIItcd in 1101'11\ILI WOI'kiu~ by ecjUILLion (0). 
Some oxides of nitrogen arc always lost fmm the top of the Gay
Lussac tower, due partly to the presence of S02 [equation (4)1, 
partly to inability to carry equation (G) to completion, and partly 
to the presence of au excess of N02. · · 

'l'he Guy-Lussac tower is usually about the same .in cross-sec
tion o.s the Glover tower, but since the tempcmturo is low and tho 
reactions ·arc less rapid, n longm· Limo nmlzt more intimt~Lc coll
to.ct between gas and liquid are required to bring them even 
approximately to completion. Therefore, the pncking is finer 
than in the Glover towe1· so o.s to expose more surface per unit 
volume, and tho length of this packed spncc is usuaily at; len.'lt 
twice that of the Glover .tower ... Since it is inconvenient to build 
a single tower so high, there· arc usually two Gay-Lussac towers 
operathtg in series. The total length of the packed section in 
the Gay-Lussac tower is about 70 feet .(two towers of 35 feet 
each). With usual packings, these figures correspond to a time 
of contact of liquid and gas of about 50 seconds* and a lineal 

• For pncking hnving 50% free volun;c. --------
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velocity o£ gas through the empty tower of about O.G foot per 
second, at standard conditions. . 

The volume of ()0° acid pumped over the Gay-Lussac tower lS 

one to three times the volume of acid made in the chambers, the 
actual quantity being so adjusted that the acid leaving the tower 
will contain 1 to 2.5 per cent of N 203 by weight. More intensive 
working of the chambers, which requires a higher concentration 
of oxides of nitrogen in the chambers, will therefore require more 
acid for the Gay-Lussae. 

Movement of Gases.-It is necessary to provide some means 
for moving the gases through the chambers and towers and 
creating a draft for the burners. This may be done by inter
posing a fan at some place in the system, as between the burners 
and the Glover tower,. or 01,1 the exhaust gases from the Gay
Lussac tower. In place of n fan, the gases from the Gay-Lussac 
tower may be conducted into the boiler stack. This has the 
advantage of eliminating the ~aintenance of fans. . . . 

Transportation of Acid.-8ince very large qunntit1es _of nc1d 
must be handled in a chamber plant of even moderate stze, the 
apparatus for moving this acid is of i~portance. ?ne very.sim
ple device, formerly used almost entirely and still extensively 
used is the acid egg or blow-case. Most modern plants handle 

I '1 acid entirely with centrifugal pumps. These pumps are nva1-
able in a number of designs, either in hard lend or Duriron, and 
have proven entirely satisfactory. Sixty-degree acid ~r stro~ger, 
free from dissolved oxides of nitrogen, can be handled m speClally 
designed cast-iron centrifugal pumps. 

Coolers.-The hot G0°Be. acid from the base of the Glover 
tower mw~t be cooled. The coolers consist of a series of water
jacketed le;dtlibS;·.filled with lead cooling c_oils. This design of 
cooler facilitates the removal of sulfur camed from the base or. 
the -Glover tower; and as the Glover acid is quickly mixed with 
partially cooled acid, corrosion of the lead is. minimized. 

Special Systems.<Dl-ln the previous discussion, ~t has been 
developed that acid formation in the chamber process depends 
on the mixing of gases and spray in the chambers, and on the 
dissipation of the heat liberated by the reaction. In the ordinary 
lend chambers, mixing takes place chiefly by diffusion and con
vection, and the heat of reaction is dissipated by radiation from 
the walls to the surrounding air. Such chn~bers use from 6 to 12 
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cubic feet of chamber space per pound of s'ulfur burned per 24 
hours. It is obvious that the rate of reaction could be increased 
and the aniount of chamber space decreased if devices were added 
for n:ixi~g the gases, for removing heat, or for bringing the gas 
and hqmd phases more thoroughly into contact with each other. 

A number of systems have been devised .for accomplishing 
s?me of these aims. None of them has been adopted to the exclu
s.lOn of the s_t~ndard process, and some of them have found very 
httle recogmt.10n. The only one that has met with great favor 
in the United States is the lVIills-Pncknrd system. It employs 
len~ chambers in the form of truncated cones, of 7,000 to 18,000 
cub1c feet each. The particular feature of the process is that a 
film of water is allowed to trickle do,vn the outer surface of these 
cones to remove the heat of reaction. This results in rapid cool
ing and condensation on the inner surface of the chambers so 
that Mills-Packard systems operate with 3 to 5 cubic feet of 
chamber space per pound of sulfur burned and a niter rate of 
about 3 per cent. 

~urifi~a~on .of Sulfuric Acid.-Wl1en acid of high quality is 
desired, It 1s usually sufficient to specify that it be ronde from 
brimstone. If acid of the highest purity is needed, it can be 
obtained by specifying that it must. be made by the contact proc
ess. The very rigorous purification that the gas receives in the 
c:?ntact process means that contact acid will always be apprc
etably purer than chamber acid. In some cases where chamber 
acid is made from pyrites or blende, it may have to be treated to 
remove arsenic. 

?-'his is best carried out by passing hydmgen sulfide through 
n.Cld of 50 to 53°Be. It may be done in towers, or in special 
apparatus in which rapidly rotating paddles subdivide the acid 
and bring it into contact with the gas. The sulfide precipitate 
is then removed by sand or coke filters. There are uses for 
impure acid, and in most plants in the United States. purification 
is not necessary. ' 

CONCENTRATION OF SULFURIC ACID 

· •: Usually,- chamber plants arc so located that they dispose of 
most of their acid at 53 or G0°l36. The demand for acid of QQ 0 

or stronger is URunlly met with contuc:t ueid. 'Hll!r,c nrc cas<~<; 
however, where it is desirable to ~onccntrnte either chainLer u<:itl -- -·- - - --
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OIL FURN/1CE 

F1a. 17.-Chemico concentrator for sulfuric acid. (Courteau Chemical Con• 
11truction Company.) 
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or 91ovcr tower acid to GG0
• This is usually done by methods in 

wluch hot gases arc brought into direct contact with the acid. 
and may ~c illustrat;d by the Chemico concentrator (Fig. I7).<D{ 
Other vanants of tlus system differ only in structural details. 
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~IG .• 18.-:-Concentration o( sulfuric acid in vapor at tho boiling point. 

The ~cid to be ?onccntrnted is fed at the top of the tower. The 
tower .Is filled With quartz or stoneware packing, and delivers 
the ac1d at the bottom to a pan. ~rhis pan is lined with tLcid--- - - - - - -
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proof masonry, and is heated by the products of combustion 
from a gas or oil burner. At the back of this pan the concen
trated acid overflows to coolers and a storage tank. The gas 
leaving the top of the tower contains considerable sulfuric-acid 
mist, 'and is therefore conducted through a Cottrell electrical pre
cipitator. The acid collected by the precipitator drains back 
into the towei·. 

Tower concentrators are similar in operation to a Glover tower, 
and have a correspondingly large capacity with low cost of main
tenance. When fired with gas or oil, the purity of the acid is not 
dccrensed in passing through the concentrator, and -the product 
may be wo.ter-white if the tower is fed with chamber acid. 

Figure 18<10> shows the equilibrium concentration of sulfuric 
acid in the vapor phase, corresponding to various concentrations 
in the liquid phase, at the boiling point at one atmosphere. It 
will be apparent that the vapor from boiling G6°Be. acid would 
contain about 30 per cent sulfuric acid, whereas the vapors from 
50°B6. acid will be acid-free. Inert flue gas in the tower system 
lowct"H tho parLin! prc:;~;ure of the :wid vapor and thcruforc <:on
ccntrntion takes place at much lower temperatures. This results 
in a lower concentration of acid in the gas phase than that called 
for by Fig. 18. Tower concentrators possess a further adva.nt~ge 
in that they function in much the same manner as a rcctlfymg 
column. ~\.citl vaporized in the lower part of the tower is largely 
absorbed in the cooler and more dilute acid descending_ in the 
upper portions of the tower. . 

Sludge Acid Concentration:-In the petroleum industry con
Ridern.ble quantities of sludge acid are produced. This is acid 
that hus occn·useu· to trent various petroleum fractions and con
tains organic material dissolved in the form of sulfonn.tes or 
suspcmlcu in the fOl'm of emulsions. S~fficicnt quu.iltitics of _this 
mn.lcrinl nrc prouuccu so that .it must be reconcentrated. Vanous_ 
othm· organic industries may produce waste· acid contaminated 
with organic matter. Such mn.terin.ls arc usually recovered, not 
so much bccn.us·e of the value of the acid as to elimiun.te waste-
disposal problems. . . . 

One common form of concentrator is shown m F1g. 19. It 
consists of a horizontal, cylindrical steel shclllin.cd with acid-proof 
brick. This is divided into a furnace -chamber at -one end and 
two conccntrn.ting chambers at the other end. The furnace .is 
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fired with oil or gas under sufficient pressure to cause .the hot 
products of combustion to bubble directly through the inaterial 
to be concentrated in the other two chambers. The weak acid is 
fed i_nto. one of the concentrating chambers and then flows by 
grn.vtty mto the other. The reason for this separation is that tho 
weak acid very often foams, possibly due to a reduction of the acid 
t~ sulfur dioxide by tho organic matter which mo.y reduce the 
yteld to 70 to 75 per cent of tl~e acid entering. 

The gases pass from the' drum into which the dilute acid is 
fed, to a mist separator. This consists of n. short layer of packing 

WEAK ACID ELEClRIC MIST 
lA"'K PRECIPITAlOR 

F1a. l!J.-Conccntrntor for sludge ncid. (Courtesy Chemical Construction 
Company.) 

supported on acid-proof brick arches and followed by a Cottrell 
electrostatic sepo.l'O.tor. 

Various oth~r types of sludge acid concentrators are in usc in ~t 
least one of. which the ucid is co~lccntratccl at a high vacm:m· by 
n;~~ns·.of lugh-p_rc:ssure stc.mn in lead coils or in tubes of high
siliCon non. Ongmully, th1s concentmtor was run with a vacuum 
o~ about 28 inches. 'l'his took steam up to 250 pounds and did 
n~t result in the highest concentration of acid. The particular 
dtfficulty, ·however, was that under o. vacuum of 28 inches the 
temperature of the acid was high enough to cause a reaction 
between t~w organic m~tter n.nd the acid, resulting in foaming and 
loss of nctd by rcductwn. Later, these conccntrn.Lors were run 
under very high vacuum (5 to 10 inillimcters). 'l'hiR gives, fin;t, 
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a low enough boiling point so that 120-pound steam can be used 
and, second, a low enough boiling point so that there is no reduc
tion of the acid by organic matter. Yields are of the order of 
95 per cent of the incoming acid. 

Sometimes special steps are taken to break emulsions or to 
coagulate the organic matter, thus leaving an acid containing 
less organic matter to go. to the concentrators. The organic 
material is either discarded, or, if large quantities are available, 
it may be treated by a process in which all the acid it contains is 
reduced to sulfur dioxide and this is then sent to a contact plant. 
The carbon dioxide in this. gas is objectionable in the contact 
plant only because it lowers slightly the concentrations of sulfur 
dioxide and oxygen. 

THE CONTACT PROCESS 

Many . industrieS, especially those organic industries that 
involve nitrations, require high concentrations of sulfuric acid. 
While 6G0 Be. acid may be. obtained by the concentration of 
acid from the chamber process, sulfuric acid of 100 per cent or 
:-;tronger cannot be made in this way. Such strong acids are 
made by absorbing sulfur trioxide in 66° acid. Sulf~r trioxide 
was first obtained by the ·dry distillation of ferric sulfate or 
shale containing alum or other heavy metal sulfates. Difficulties 
in the production of large amounts of sulfur trioxide by these 
methods crcn.ted a demand for a method for making it directly 
fro~ sulfur or 'pyrites. The successful development of the 
oxidation of sulfur dioxide directly to sulfur trioxide, which was 
accomplished between 1890 .and 1900, laid .the foundationa..(o~· 
what is now known as the contact process for the manufactm:e 
of sulfurfc-acid:...,.·'l'hc design of a successful contact acid plant 
was accomplished, however, only after a satisfactory understand-: 
ing of the cquilibrimn between sulfur dioxide and sulfur trioxide. 

Theory of the Contact Proc'ess.-F1·om a .considemtion of the 
equation 

(8) 

it is obvious that at equilibrium the relative concentrations of 
the reacting substances nt any p1uticulnr tempcro.ture, arc 
defined by 

r Pso, x· 1 
J~ = -- ---, 

Pso, ~ 
(9) 
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where these pressures refer to the ·t' I . 
gases ex ressed in . pal Ia pr~ures of the vanous 

This p t' . atmospheres, after equilibrium is obtained c•o 
reac IOn IS exothermic and · 

of Le Chatelier'~:~ theorem shows tha~ot~seque;~ly aJfl application 
rium must shift with in . t le posJ ~on o the equilib

creasmg emperature m such a ' 
;o ctallfforllower c~nversions of su.lful,' dloxide to trioxide v:fuas 
lea o t le reactwn at an o t . le 

heats of the reacting subs[anc:: a~~~~~~~~~~~e .n.n? the ~pecific 
calculate. the variation of]( with tempci·att ' /t· ~s possible to 
With the best val.ues for the constants it is ;~~n~~~l~a:ccurately. 

I 8,775 
ogto ]( = -t- - 4.46 (10) 

wher~ t is temperature in degl·ecs Rankine. Tabl X . ' 
~ series. of values. of ]( calculated from -this equnt~on :~~s~~~~.~ 
lespondmg expenmental values obtained by Kn' t I d 
Bodlander. . 1e sc 1 an 

TABLE X E ,- 'I•'FECT OF TEMPERATURE· '0 _. V-
" .1!.\~UI!.lDntUM CONSTAN'l' IN 

TifF; CONVEUSIO'tf OF SO TO SO 2 J 

t° C, I t° F. t• K K 
Uankine calculated ob:;ervcd Observers -

450 842 1,302 191.4 187.7 500 932 1,392 70.0 
Knietsch 

515 ' 72.3 · Knietsch 95!) 1,419 53.2 553 65.4 Dodlanclcr 1,027 1,487 27.5 24.1 Dodlanclcr 600 1,112 1,572 13.3 610 14.9 Knictsch 1,130 1,590 11.5. 10.5 Dodlander 700 1,292 1,752 3.55 4.84 Knictsch 800 1,472 1,932 
900 1.21 1.81· Knietsch 1,652 2,112 0.20 0.57 Knietsch 

If 100 mols of burner gri.s containing a mols of SO b I f 
02, nnd c mols of SOa nrc brought into equilibri ~~ mo.s o 
temperature, x mols of SOa will be formed T t.un ~ any gtvcH 
disappearance of 0 5x mol f 0 l . Ius Will cause the 
Jr . ' • O 2 llll( X mols of S02. If the total ! essme IS 1 atmosphere, the partial pressure of SO . tl I 

mg gas will then be a m 1e resu t-

x -1- c 
100 - 0.5x' 

because there hns been n net COJl~nu:Lion in volume of 0.5x. In 
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the s~mc way the pn.rtial pressure of S02 in the resulting gases 
a-x b- 0.5x · 

will be 100 - o.sx' and of 02, 100.- o.sx· 
Substituting these values in the equn.tion for 1( above we 

hn.ve the following: · 
. x+c (11) 

.• 
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sulf~ric acid ~f the sulfur. trioxide so formed. When sulfm is 
the taw mn.tenn.l, tl~c gns 1s sufficiently pure so that removal of 
wn.ter. vapor and a stmplc filtration is all that is necessn.ry. The 
filter IS usually merely a layer of the same inert material that is 
used to carry the catalyst. 

Figure 2? is a flow sheet of a som~what idealized contact process 
pl~nt burnmg sulfur. In actual practice no two plants nrc exactly 
ahke, ~nd the~·e m~~Y be no plant ti_tat contain~ exactly the equip-
ment shown lll l'Jg. 20. Sulfur IS melted and he!·' n ~ I t t 

1 
• u "'" sue 1 a 

, ?I~pera ure t tat s.ohd impurities settle and water is vaporized. 
I Ius melted sulfut·ts then pumped ton sulfm· bumer which how
cV<?t', l?mst.be. supplied with dry air. 'l'his ah· is dried with ~trong 
sulflll'tc amclm tt drying towm·, mHl tho blower which carries tho 
pressure ou the system is usually between the drying tower ami 
the Lumers. 

In Fig. '20 the gus is-c~olcd ·aiH(fifi~i·~cl bcf~~·e going to the 
catalyst chambers. These coolers al'C similar to those described 
on page 69. In more recent plants operating on sulfur the sul
ftu· burner may be followed by a waste-heat steam boile~· instead 
of n eooler. 

The conversion is carried out in two stages and there are usu-
ally two hcnt interchangcrs. CooJ gus from tho filt~r . 
through both heat interchangers in series and then to th~a~~.~~ 
converter at abput 400°0. This converter operates at a higher 
average ~emperature, contains a relatively thin catalyst bed, and 
acco~pl~shes most of the conversion. During this conversion 
heat 1s hbera.te?, aud.the gus issues from the first converter at a. 
temp~rature sltghtly under 600°0. It goes .through one of the 
heat mtercha.ngers to give up some of its heat to the incoming 
gas stream, and then to the second converter at about the same 
temperature ns at the entrance to the first converter. This con
verter operates at a lower average tempera.tme,. hns a much 
dcepet· catalyst bed, and accomplishes the final conversion 
From the second ?onverter the gas, at about ,160°0., goes througl~ 
tho second heat mterchanger and finally to a cooler where it is 
brought down to a temperature of about 100°0 I t t' ·I ·. . . • n s ar mg up 
a co d plant, a du·ect-fired preheater may be interposed between 
th? ~lters and the heat interchnngers to start the operation, but 
this IS cut out of the process us soon us the cycle comes t 
temperature. · up 

0 
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'!'he gas, which now contains about 95 per cent of its sulfur as 
so3, is absorbed in oleum and the feed of oleum to the tower is so 
regulated that a rise of not over 0.5 to 1.0 per cent in acid strength 
occurs in passing through the tower. All the 803 cannot be 
absorbed in such strong ncid and, therefore, the gas goes next 
to a towct· fed with nhoul !}7 per cuuL add. The 1Leid fed to t!Ji~:~ · 
tower is so regulated that the acid strength increases about l 
per cent in passing throi.tgh the tower. The product from this 
tower is cooled and part of it may be sold as such, part of it goes· 
to oleum storage to be fortified in the oleum. tower, and part of 
it is feci to the· stomgc tank thut supplies acid to the air-drying 
tower. This last storage tank may or may not have water added 
according to the amount of moisture present in the air. 

In those plants where the gas is not cooled after the burner 
but passes through a waste-heat boiler, the boiler is operated so 
that the exit gas is at n proper tempcrnture to be sent directly to 
the first converter. The heat-interclumgci· system then dis
nppenrs and is replaced by a simple cooler, which cools the gu.s 
between the two stnges of c:onversion. · The prchcmter also dis
appears, and the system is brought up to opm;nting temperature 
by fil-ing oil ot· gn.s in the sulfur bmuct·. 

Pyrites Contact Plants.-Sulfm· is preferred to pyrites o.c; a ruw 
material for the· contac:t process because it gives a purer burner. 
gas. Pyrites. introduce iuto the go.c; dust, arsenic audother metal
lic oxides, nnd sometimes halogens. Consequently, the purifi
cation of gas from pyrites burners is always more complicated 
than a purification of sulfur burner ga.c;. Where nn elaborate 
purification system is to be· employed, as in the treatment of gas 
frotn pyrites buniers, the bumer gas must be cooled· to a rather 
low temperature before the purification system. This is done 
by pnssing the gas through unlined cast iron or steel pipe, usually 
arranged in either horizontal or verticalS-bends. This is t1sually 
designed to r.ool the gas to about 275°0., ·nt which point a hot 
Cottrell prccipitatot· may be intwcluccd. Beyond this the gas is 
usually cooled in lead, and these lead pipes may either be spmyed 
with water m· partially sprayed and partially submerged in water. 

No stmidard flow sheet can be drawn for the pmification of 
pydtcs go.c; because the methods employed arc quite varied. 
Thny nil employ, howovnr, c~ooliup;, );C')>amling the dust (citllllr ill 
clust chambet'li or in Cottt·cll dus.t c:ollcc:tors), scrubbing. with. 
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Hlllfn..iu neicl, un<l filLmLion. If hnlogcus m·o Lo be removed, Lhe 
t~urullhing a will iH UHually undm· oo )HI I' <:ou L. . . 

AlLhough the scrubbing system give!:! neo.rly complete ptmh
co.tion it is necessary thut the g!l.':l he n.bsolutcly free from suH
pcndcd mist or solid po.rticlcs. The usun.l wo.y of removing these 
is by filtration. Vo.rious styles of filters hn.ve b?en used, but the 
most common one is n. rectangulo.r box of rcln.ttvely large croH.'-1-
section, lead lined, and filled with coke which has beenfcar~!ully 
screened and washed. In a plant that makes 30 tons o amu per 
day the filter may be 30 to 40 feet wide, 50 to GO feet l.ong, and ~5 
feet deep. It should have a sloping bottom from wh1ch the aCld 
which is collected may be drained. The coke should be gradu
ated in size and may range from ,%-inch lumps at the bottom to 
pieces as small as ~ inch or even 10 mesh at the top. ~mall 
filter boxes packed with sawdust and asbestos fiber or mmeral 
wool have also been used successfully. . 

The gas leaving the filter must be thoroughly dry. Unl.ess 
strong acid was used in the scrubbi~g syste~, the final drymg 
follows the filters and is usuo.lly done mo. cast-uon tower, po.cked 
with quartz or stoneware shapes which are sprayed w_ith 97 to 
98 'per cent acid." From here on the flowsheet of a pyntes plant. 
is the same as Fig. 20. 

Heat-transfer System.-After purification the' gas is heated 
to the reaction temperature either by a direct-fired preheater or 
by heat interchangers. Since the gas is dry, these and .subs:
quent units in the system may be made of steel. Cast non ~s 
less suitable, as the graphite in it is acted on by hot sulfur ~1'1-
oxide. The heat interchangers are ordinary tubular heaters wtth 
steel shells and boiler tubes. The gas to be heated usually passes 
around ti{e£Ub-e8:·- Baffies are placed inside the heater to prevent 
short circuiting, lengthen the gas path, and increase the r~te. of 
heat transfer. The gl!S which is supplying the heat passes mstde 
the tubes and generally goes through all_ ~he tubes in· p~ral!el. 
'l'hc direct-fired prcheater consists of a large number of bmlcr 
tubes connected in series and arranged in the flue of an oil or 
coke fire. · 

Catalysts.-The most vital part o( a co~tact.plo.nt, o.nd the one 
about which most discussions have centered, 1s the ~y?e of co~
tact mass used. Originally this was always finely d1v1ded plati
num and the processes were classified according to methods of 
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pmpaml.iou of l.ho l:aLal.YHI. or Lim IJOIIHLnu:Liou of L110 <:aLLaLiyHt 
1duuu hm·. A(, l.hn pa·c!.'lnu L (,j 111n i 11 (.1m llui (.I'd Sl.ni.I'H l.ho ouly two 
lH"OI:oHHI:H gtllll:a·adly n:1:ognhwJ m·c Lhu p{al.iuum coutawL JlroueHH 
lL~ld Lhc VILI~mlium COli Lat:t lH'OCCH.'i. 'l'!wm lllay !Je UOIIHidcmiJlu 
<.hfferciH:cs lll IJow shce(.s and equipment uctween itH.lividuul 
pla!tts .or each typo, !Jut none of these is of general significance. 

llu.tmum contact musses usually consist of finely divided pluti
·num suspended on asbestos mats or on gmnular silica gel. '!'he 
amount of platinum used in modern plants is 4 to 0 'l'roy ounces 
of metallic pln.tinum per ton of 100 per cent acid made per 24 
~lours. Altho.ugh the first cost of the platinum seems high, this 
IS largely oiiset by the fact that 90 per cent of the platinum cun 
be recovered when the mass is discarded. 'l'he platinum contact 
~ass can oper.ate with higher gas concentrations, gives slightly 
higher conversiOns, and is possibly more flexible in operation than 
the vanadium mass. - . · 

There are several vanadium contact masse~, covered by closely
held pat:nts. The contact mass is sold by the holders of these 
patents m the form of porous granular material. · About 20 
pounds of the mass are used per ton of 100 per cent acid made 
per 24 hours. Although the actual cost of the vanadium com
pound and the preparation of the mass is a fraction of the first 
cost of the platinum, royal.ty charges at present make the equiva
lent first cost of the vanachum mass higher than that of the plati-
num mass. · 

The greater superiority of the vanadium contact mass is its 
freedom fr~m poisoning. The activity of many catalysts is 
decreased, If not totally destroyed, by the presence of traces of 
materials called poisons. The platinum contact mass (at least 
that on ~bcstos) ~s particularly susceptible to such poisons, th~ 
most .serwus of wluch are arsenic and fluorine. As a consequence 
of ~hts, tl~e gas for a platinum system must be very carefully 
.P.U~Ified, smce 1 or 2 parts per million of arsenic in the go.s will 
quwkly destroy the activity of the co.talyst. If the platinum hn.~ 
become poisoned, the catalyst mass must be removed and 
reworked. 'l'hc apparent major advantage of the vanadium 
cata}yst ~s that it is not subject to poisoning. However, the 
spe~Ificatwns for c?nta~t acid are such that the gas must be 
pu.nfie~ to an. extent that neither catalyst would suffer from 
potsonmg. Both types of cn.talyst are rendered inactive by dust. 
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·Therefore the gas must be carefully filtered in either case. If 
dust gets into the catalyst mass, the mnss ·must be removed an<l 
l{Cl'CCncd. 

-

The balance of advantages and disadvantages of the platinum 
nnd Lhc vau~;Ldium masses is at present a controversial sub
ject. O.l3l Advocates of the vanadium mass claim that its long 
life olTscts .its slightly higher first. ~ost. Advocn.tcs·of the plati
num mnss insist that with a properly operated plant the life of 
the platinum is long enough to make the net cost per ton of acid 
less than with the vanadium catalyst. They also point out that, 
whcrcn.'> the valmdium catalyst works best on gases ·containing 
7 to 8 per cent S02, the platinum catalyst operates satisfactorily 
on gas containing up to 10 v.c.r cent .so2, thereby reducing the 
size of the equipment and the cost of the plant. Both types of 
catalyst are in use in a considerable number of plants in this 
country, with no indication of a general preference for either type. 

Converters.-Thc converter, or chamber in which the catalyst 
mass is contaiucd, is simply a cylindrical sheet steel shell, usually 
with a cone bottom. If the catalyst is platinum on asbestos, the 
shell contains a number of impregnated asbestos mats, 10 to 13 
in a unit, supported by wire netting and held in a steel frame. 
If the catalyst i$ a vanadium mass, it is carried on wire screen 
or perforated metal in somewhat thicker layers. 

In the case of a plant in which the sulfur bumcr is followed by 
n waste heat boiler so rcgtilatcd that the gas may be fed to the 
converter at the proper temperature, the gas filter and the two 
stages of conversiou may be combined in one shell. In this case 
the gn.'> will enter the bottom of the converter, first through the 
filter, thcn.t}lrough the first catalyst bed, out to a cooler, and then 
hack to the ;;;;;Qi}(l catalyst bed. . 

Another method of controlling the temperature of the reac
tion i~ to embed a series. of vertical tubes. in the catalyst bed. 
Through these tubes air is blown; and the u.mount of this air is 
so coutrollcd that the average tcmperatme of the catalyst bed 
is kept at the desired point. In one type of apparatus these 
tubes may serve as heat intcrchangers. · · 

Absorption Systems.-The oleum n.bs01~ption towel'S are usun.py 
coustmctcd of n sheet steel shell, .lined with removable sections 
of cast iron or with acid-proof brick, and packed with quartz 
or stoneware shapes. The 98 per cent absorption to~ve1'S are 
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usually cnst-iro11 to . · .1 1 we1s sum ar y pacl·cd TI . 1 both for oleum and for 08 per ceJtt n.cJ"d ' . d le a<at coolers 
I • 1 • nrc ma e of cast-·. · 

W liC 1 CIUTJCS the acid in the Ulllltl ' I. II Oil pipe, 
I m· spncc uetwecn 't 1 

Sl~nller cast-ir~n pipe supplied with cooling water. . I ant n. 
The nhsorptwn towPrs may be fed "tl . 1 f 

• WI 1 ncH o any ·t. Ll . over 97 per cent. If oleum is to be I tl ' s tcng t 
through a tower over which oleum is~~~~i~~ llC gas '~i,'l first pnss 
tration of the n<;id fed to the towCI· ism . L l~ nt~d. I he conccn-
ccnt less than the desired exit conc~ntr~~~i~~mcS~tlnctll0.5L .to 1.0 ~>cl'l' 
exert · bl · ' s 10ng ucu s 

. . nn apprect~ e. vnpor pressure of sulfur trioxfde and . 
for~, the absorptwn Ill such a towct· will be incomplct . r' th~:·c
to msme rccovct·y of !.he finnl truces of sulfur trioxidec. n m t cr 

~~,:~~er~eJ,:~~:~~:~~~s!f b9e7utse~9, and thetn.bsorption. 0011~1~0\~~ti~~~; 
o " pe1· ccn so that the . · 1 1 

press~H·c of sulfur trioxide in the absorbing liquid wil~ ~SH un /~f;t" 
Amds more dilute than !)7 per cent cannot be c ldlcgb tgt c. 

they exert an n.p . · bl 1 · usc ccn.usc 
In the prC.~ence of~~~~~"uclr' L. lto.~tg~~ llow, vap~r pressure of water. 

., m IJOXH e even mmute t · 
of wut~t·. vapor eondense to fotm n. mh;t of sulfuri~~~~~n .~~t.'t~~ 
~cr~ ~tfficult to rc?ovcr .. If sulfur trioxide gn.'> is to be al:~~:.~ 1, ;s 

ICIC ~s ~n ~pprcctn.ble t.hffcrencc in vapor pressure between ~~~~ 
gas and hqmd phase which causes it to diffuse to tl ·f 
~h~ ubsot:bh~g liquid. If, on the other hand instea:lo ost~ ace of 
su ur .tnoxide, finely divided liquid sulf~ric 'd . aseous 
~~covere?, there is no such potential difference te~~in~~o t~ri~c 

le partwles to the surface of the absorbing liquid TI e 
~va?' th.ese particles may be removed is by causing the~ to s~~t~nl~ 
q unp.mge on n. surface, but both of these nrc difficult . . ;. ot 

and mist formation must be avoided. m plac Icc 

The. n.~sorption of sulfm· trioxide is strongly exothermi 
large nse m temperature of the absorbing . d. f c. A 
is undesirable; for in the oleum towers tl~~'m';~~~:~ ithc. towe_rs 

t~le vn.p~r pressm:e of sulfur trioxide with n. con~~qucn~~::.c~~n 
o capn.mty, and m the final towers it menus an incren.'>c i tl c 
vapor pressure of water with n consequent tcndcnc ton . ~e 
!;::~'~tau~~~;,~:. are therefore provided in the ncid-~rcul:~~:~; 
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Problems 

1. What is the composition of the gas obtained by burning pure FeSa 
with 50 per cent excess air, a.Ssuming that all the iron goes .to ~~e20a? •. 

2 A Glens Falls sulfur burner is operated on atmosphenc a1r conta.mmg 
son;c moisture. 'l'he atmospheric pressure is 753 millimeters of Hg and 

, the p:utinl pressure of _the water v~por is 13 millimeters of Hg. The gas 
leaving' the primary chamber contams only Na, SO,, S4, a~d water vapor. 
The totnl pressure of this gas is 753 millimeters and the pnrt111.l pressure of S4 

is 76 millimeters. · . . 
How much secondary o.ir, expressed as mols per mol of prunnry o.1r, must 

be added in the secondary combustion chamber t~ burn the sulfur an.d 
a. Yield n gas containing the theoretical reqmrement for convertmg nil 

SOa to SO a?' . 
b. Yield o. gas containing 10.5 per cent SOa, dry ~asiS? 
c. Yield o. gas containing 8 per cent SOa, dry basiS? . 
3. Ueferring to Problem 2, how many mols of wo.ter vapor Will be presc~t 

in thc-gas .. leo.ving the secondo.ry combustion chamber, per mol of SOz, m 

each of the three co.scs sto.ted? 
' 4. A sulfuric o.cid plo.nt mo.kes 100 tons of 60° acid per day. How mo.ny 

}Jl\IIS three by six feet will be needed to burn the sulfur? How mo.ny Glens 
Fnlls burners, of what size, would do the so.me work? 

6. Specify the size of the Glover tower for the plo.nt P~ Problem 4. . If 
the inlet gas tempernlure is 1000°F., who.t will be the actual mlet gas veloc1ty 

(calculated on the empty tower)? • • . 
6. Specify the total volume of the chamber~ o.nd the s1ze. of the Gay-

Lussnc tower, for this plnnt, j£ the plo.nt is des1gned for max1mum output 
per cubic [oat. of cho.mber volume. . · · 

7. How much wo.ter must be supplied to !he.chambers: 
8. Eo.ch of two plants makes 50 tons of 66 o.ctd per day m a tower .concen

trntor. One takes 60° acid. from the Glover tower for concentratiOn, the 
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other f~nds it ne.cess~ry to send cho.mber acid to the concentrator nt 53°Dc. 
What 1s the snvmg m water evaporo.ted in the first plant? 

.'iJ •• Three~ brimstone burner gases, A contnining 14 per cent. S01, lJ con
tammg lO.o.> per cent S02, nnd C contnining 8 per cent 802 bnlnnce in ench 
co.se Oa o.nd N a, nrc available. Cnlculatc for each gas: ' 

a. ~oneentration of SO, .nt equilibrium nt 4so•c. nnd 1 ntmosphere. 
b. I he per cent convers1on ~f SO, to SO, nt equilibrium nt 450°C. nllll 

1 atmosphere . 
. 10. A coninct sulfuric ncid plnnt in the tropics wlshes to muuufnet111·c 

uc1d o.s strong o.s possible. The humidity is such tho.t the partio.l pressure of 
water ~apor_in the air is ~8 millimeters of Hg. This wo.ter is removed hy 
scrubbmg With strong O.C!Clj the dilute ncid resulting must be included in 
the product (it is ull used for dilution in the o.hso!"}>iion system nml furnishes 
all of th? wn~er in the product). '!'he burner _gas contaii!S G per cent S02 
(dry bnsts). Assume 98 per cent conversion of S02 to 801 and 100 per cent 
conversion S02 to ncid. Total pressure equn\s 71i0 nun. 

a. What is the strength of the product? 
b. Whnt is the minimum percentage of S02 in the gas that will permit 

mnnnftu:inre of 1 O!i per cent ec(nivulent. II 280 4? 
11. ~>rcclict the incrc1L~C in elliciency whieh could he cxpcdetl if tim 

opero.tmg pressure of n contact sulfuric: acid pl:mt were iru:rcnse<l from J to 8 
ntmosphercs (absolute pressure). The burner gus ·coiJ'tnins 8 per ccuL SO 
and the converters opemte at nn outlet tcmpcrnLmc of 450°C. Assum

2

~ 
equilibrium'in exit gases. 

12. A c01i.to.ct plnnt is to produce 10 taus of 20 per cent oleumnnd .JO tous 
of 98 per cent ncid per do.y. The 98 per cent tower is fed with 97 .per cent 
o.eid obtained by diluting part of its output. The oleum tower is fed with 
19 per cent oleum obto.ined by diluting part of its output with 98 per ccnL 
neid obtained from the 98 per cent tower. 

Cnleulatc: (on u per day basis) 
a. Tons of 98 per cent ncid going to oleum tower system. 
b. Tons of 19 per cent oleum entering oleum tower. 
c. Tons of 97 per cent acid entering 98 per cent tower. 
13. A conto.ct sulfuric ncid converter uses the heat of reaction ir1 tho 

?rst stage for preheating the incoming gas. The heo.t of reaction (libcro.ted) 
lS 

SOa + Y202 = SO, - 22,850 co.lorics per grnm mol 

, Sufficient conversi?n is obto.ined to p~eheut the_ gus from 400 to 4G0°C. 
The gas from the brimstone burner contains 8 per cent S02• If nil of the 
heat libernted goes into pre-heat (i.e., none is lost in radiation, o.nd there is 

. no chun?e in temperature of the converted gus), \vhat fraction of the S02 
present IS converted in this stnge of the converter? 

Specific heo.ts (mean, between 400 and 590°C.) 

-
Air: 0.25 B.t.u. per pound per dcg1·ce Fahrenheit. 
S02: 0. ~9 ll.t.u. per pound per degree Fahrenheit. 
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CHAP'l'Jiat HI 

SULFUIUC ACID 

Sulfudc acid is the most ilupoi·l.anl, prmluct of the inorp;u.nic 
clmmical illllusLI'ics. H. nni.Prs into so au:my dil'fcrenL pmcessos 
iu laq!;n :uumm(.:-; (.hal. l.lw :-mlfnria:-ac:id nmrkBl. I lilLY lm cou:-;idnmcl 
a bdLcH' IJ:u·mue(.c!r of IHtHiJH:ss eondiLions !.hun cvcm Lhn irma 
nml sLnelnuLrlwt. This is no I, only lmcuwm sulfuric neil! lms fully 
us muny applications as ironallll sl.col, but also Lecausn, siucu it il:! 
rarely stored, il.s Jll~oduc:Liou allll consnauption respond moro 
quickly Lo ch:Lilp;es in hw;iucss ucl.ivil.ius. Sulfudc ucid uoL 
only represents Lhc condition of llUUlllfacl.ming inclustrics, LuL 
Lccause of il.s use iu fc~rLilbwr umnufac:Lum it is ectually significant 
us n Laruuwtm· of ngricultuml coudiLions. H has even heeu 
said LhaL tho ilnlustriul dnvdoJmHmt of ,, ny country can Le 
m~msurml hy i(.s consuanpl.iou of sulfuric: t..:ad. 

The l.uchnolop;y of sulfuric: :~cit! is n·umrkable iu that the 
chumue1· pmcess has henn opm-a· ed u•1til n~ccmt years with 
pmctically 110 sip;uilie:LHL changl'3 : oquipnJuuL oa· uwthod 
ueyoncl those whida WCJ'Il IJIILde al. tllll very lmgiuning. In Lim 

lust few years many uaoclifica~ivus have bnen suggc,stcll, allll in 
sonw cases llllopl.ed. In a(; lnasL one of these, although the 
mactious :u·e (.he s:uuc :ts in Llw sL:uul:ml proc:css, the plant 
hears uu physicalresnmhlanc:n to l.h(: classic aaTangc~aucnL. 'l'lws<! 
c:hunges have c~Jinciclecl wil.h, and at !Pas!. in somn dnp;rm: am Lo 
uc: uscriuod Lo, n n1uro l.homugh funclaanc:nLal knuwh:dge of such 
unit processes us· coanuustion, fluid flow, hPaL flow, gas absorp
l.ion, and the uwch:mism of heLerogc~aw<ius .n:acLious. Whih~ 

these dcvclopment.s cn.nuot uc dcscriuc<l in detail in this Look, 
UIC Lrcml will ue ILJlJl:Ll'llliL from l.he nwnl.ion of !.he rccnnt special 
modifications of the cluunlmr process. The e!Tect cif u better 
knowledge of fuud:uncnL:ds is also apparent in the gcueml 
unification of the conl.acL proccsse~;. 

Production and Distri!Jution.-Tlw clistrihution of sulfurit: acid 
in the United SLuLc~ iu 1 U27 was as follows: 
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'I'AJII,J·: l.X.-U:H:~ OJ•' Hut.nuuc Acu.> 
l'crccn Luge 

Fl'rlili:r.l•rs ..........................•..........•... 27 .R 
l!lll'llli1·als ................................. · · • • • · · · 211. !J 
J'd.ruh~11111 nlliui11g ......•••..........•.•..••.• • .• •• l!l.5 
Htcod pit:kliug und mclu.llurgicul. ................••... 211.0 
l'ninl.o.; and pig111cnl.ll ..•.•••....•.•••....•.•••••• · ·• · 3.0 
E.xplusivcs ................................... · • .. · 2.6 
'l'cxlill's ............•..•........• · · · · · • · · · · · · · • • • · · 2 · 0 
1\lisccllanl:uus •..•...••.•..•.••••....•••.• '.' .•. • • • • 4 • 2 

'!'he enorlllous consumption of acid in the fertilizer industry 
usua.lly results in acid plants and fertilizer plants being in the 
s:uu<l loca!iLy. In numy cases, the acid plant is operated by the 
fmtilii~<lr factory. 'l'he fcrtilizct· plant onlinn.rily l.tses an acid 
of fi0° Be. aml is, therefore, supplied directly with this dilute 
acid. ' Otht•r industries either need concentrated acid, or need 
small enough tonnages so thn.t they mo.y purchase con
cenl.mLPd acid and dilute it. Jlcncc, they do not need to be 
loc:tt.rd at producing centers. · 'l'he riw.nufacture of cxpl~sives, 
and some branches of the chemical industry, use aCids of 
extrenwly high strength an<.l may operate their own plants to 

product\ t.hesc. . . . 
Sulfuric acid is ordinarily sold. as 50° D6. or chamber aCid 

(G2.18 per cent H 2S04), 60° D6. o.cid (77.67 per cent H2S~4), 
and Qli0 llc. acid, or oil of vitriol (93.19 per cent lhS04). ACids 
stronp;P.r Umn QG0 De. arc usually spoken of by their per cent 
acid concentration, aml 100 per cent sulfmic acid is commonly 

called monohydrate. 
Sulfur t.rioxide. _dissolves in monohydrate to give fuming 

acids or oleum. 'l'lic strength of these may be expressed in 
various ways. An acid containing 20 pounds of free· SO a dis
solved in SO pounds of H 2S04 might be spoken of as 20 per cent 
olt•um, o1· as acid containing 85.3 per cent tot:tl SOa. If to 
1()() pounds of this mixture sufficient water (4.5 pounds) be 
:uhletl to combine with the free S03, there will result 10<1.5 
pounds of 100 per cent JhS04. From this point of view such 

acid would he called 104.5 per cent acid. . 
In Hl2!i, t.he production of these difTercnt grades in the Umtcd 

Stall'S waH as follows: 

- - - - - - - -
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Equivnlcnt 
l'cn:cnl.n~.tc Lnns of 50" 

nc:id 
of Lutal 

5o• Be ....................... 2 , lliG , 1100 ao.u 
GO" •.....•....... , ...•.• , •.. , 1,()03,1100 2l.4 
GG" ..............•.....•... ,, !JG7,000 :.W.G 
Oleum and stronger ........... 1 '161 ,000 27.1 

'l'ot.al. ..................... 7,012,000 

NoTJ~: Tim nvci·n.wl HLrciiJ.tiJl of Lhc ndd iu lhc nntry cut.illcd Oleum nnd 
sl.ruugor add:;, ill 101.5 pnr c:cnt. 

The total estimated production, expressed as tons of 50° 
·acid, in 1927 was 6,935,000 tons. 

RAW MATERIALS 

The earliest commercial raw material for the n;anufncturc of 
sulfuric acid was sulfur from Sicily. Later many plants turned 
to imn pyrites (FcS2) as their ru.w material. This trend increased 
until at the beginning of the present century.thc larger proportion 
of sulfuric acid made in this country was made from pyrites. 
When cheap sulfur of high pmity from American sources became 
available, more and more plants tumcd to sulfur; until in 1920 
about 80 per cent of the acid made in this country was made 
from sulfur. At present the margin of cost between the two 
raw materials is small, and a relatively slight change of prices 
may turn the lmlauce in favor of pyrites. 

Sulfur.-llefore 1900, the world's production of sulfur co.mn 
entirely from deposits in volcanic regions, the most important 
of which was in Sicily. Sulfur was mined in the form of n pomus 
rock which contained up to 40 per cent free sulfur. The methods 
employo<~were crude and usually consisted in piling the ow in 
heaps, sf;arl.ing a fire at the bottom, and allowing the heat from 
the combustion of part of the sulfur to melt the rest, which was 
collected in molds below the heup. 'l'he recovery wns inciiinpletc 
and in recent years more economical apparatus has bct\11 used. 
Even so, the yield is small and the cost high. A small amount 
of sulfur wn.s imported into the United States us late as IOlG 
but since thut Lime there hn.ve been practically no imports. 

- - -·- - - - - -
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'l'he produdng areas in the United States consisl. of scatt.el'Cd 
dept>sits, e:wh covering n. relatively small n.rea, in the Louisiana
Texas coasl.al plains. Although these deposits were known in 
18li!i it was not until the development of the Frasch process in 
18~)1 that production was possible. The Frn.sch process was so 
successful thn.t in n. relatively short time it wn.s producing almost 
all the sulfur used in this country. . 

In these Louisin.nn. {leposits, sulfur occms distributed through 
n. liiiH~sl.ollc rock, which is covered by thick ln.ycrs of alluvial 
tleJ>osits nml quicksand t.lmt cffcct.ively prevent its recovery by 
ordinary mii1ing methods. The Frasch Process <1

•
21 consists in 

p1m 1 ping highly heated water into the rock to mc~t the st~lf~u·, 
and then raising the melted sulfur to the surfo.cc w1th an mr-Jet 
lift.. A 10- or12-inch hole is drilled to the sulfur-bearing lay,er 
·allll casmi to the surface of the rock. Inside this casing are 
lhn•e other pipes, about 0, 3, n.nd 1 inch in diameter respectively. 
-Wah~1· superlwated to 3:10 to 350° F. is pumped down through 
the 3-inch pipe and distributed through the rock mass. The 
moll.en sulfm· collect.s in tlic bottom of the well and is lifted by 

. air sPnt down t.hrough the l-inch pipe. Various modifications 
of (.he process have been made to control the inflow of water 
·from tlw quicksn.nds and to distribute the hot water through 
the sulfm-b<•aring rock, but the process i·emains essentially as 
dt~scrihNl. The sulfur, as it issues from the well, is piped to 
large bins m:ulc '!f rough plank, where it solidifies. These 
blocks of sulfur, which may contain several thousand tons, arc 

'I' Am.~-: X 1.-l'lulllUCTION m· HuLFUIL IN 1\IETIUC TaNH 

Unill:'l Hl:~tcs United Stntcs World 
Y!!:ll' I im JIUI'L'I production production 

··-··----~. 

IR!I!i ............. 12li,7GO 1,G7G 308,01G 

.1 !lllO ....... · ....•. l!i7 ,328 4,G30 581,282 

I !llll .......•..... 17!i,3111 G,!l77 G04,!l30 

I !10~ ..... , ...•... 17li,ll51 7',565 5521 !)!){j 

l!IO:J ............. l!lll,!l31 35,GGO 031,035 

l!l!J.l .......... ; •• 130 ,·121 10G,.588 767,24!) 

1!1115 ......•...... S·l,57!l 218,440 830,60!) 

1!1111 ............. 30 ,5H 250,G!l!l 787,732 

I !II !i ..•• ••••••••• 2·1,6·17 2!l!l,133 8GO,OOO 

1!1:!11 ............. ·1·1 l,li-12,05!1 1 • !l·il • 052 

1!1~5 ............. 102 1,431,!)12 2,213,330 

- - - - - - - -
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ln.ter broken up with explosives und shipped. The sulfu1· so 
produced is 09.5 to 99.8 pet· cent pure nml is free from arsenic 
and selenium, but docs contain small amounts of n.sphull.ic 
ma tcriul. 

The effect of the Frasch }n·ocess on l.hc sit'tmtion in the Unit.<'d 
States is strikingly picLurcu in Table XI. 

Pyrites.-Iron pyrites is usually represented by the formula 
Ji'cS2, and if pure should contain 53.'1 pm· cent sulfur; hut the 
mineral actually mined is variabln in composit.ion. lVT ost 111anu
fucturcrs tlem:mcl pyrites containing ovm· 42 pel!" cent sulfur. 
Dming the 'Vorlcl War, umtmialas low ItS ao pc~r e<:nt sulfur waH 

accepted. In 1926 the domestic production, which cnnH' m:~inly 
from Co.liforniu and Virginia, was uhout :30 }Hlr cent of the total 
consumption. Most of the import-ed pyrites come from Spain, 
although in some yen.rs considerable amouilts have been importml 
from Canada. 

Other Raw Materials.-In the ~11wtalhu·gy ·of most .of thn 
non-ferrous metals there is a step which involves roasting a 
sulfide ore, and this opcrution produces sulfur dioxide which 
might be used as a raw material for sulfmic acicl umnufnctme . 
At present, however, this materit~l is important only at zinc 
smelters, where considcl'Ub)c muounts of sulfuric acid arc mauc 
from the wustc gas from roastiug zinc sulfide. lf!Jl. ·few cases, 
sulfuric acid is mn.dc from the waste gas of copper smelters, but 
such plants n.rc usually too far from consuming centers or else 
they produce g&.s so variable in composition as to he unsuitable 
for sulfuric acid manufacture. 

In 1918 tho production of acid in the Uuitcll States hom 
different sources wns us follo\vs: 

'l'AULE Xli.-SULI'UH!c Amn Puonuc.'TION AccoHDINU TO HAw l':IATgHIALH 

Tonl:! l'<.!r ccut 
From sulfur ........•................. : .......... . 
Fran~. pyrites: 

3,580,000 •18.0 

Hjmni:-;h ....................................... . 
Domestic ..••.................................. 
Cnnadinn ..................................... . 

F1·om zi nri smelters ......•...•..................... 
From copper smelters: •....•••.................... 

570,000 7.li 
!1511,000 12~7 

555,000 7.5 
1,200,000 ](j. 1 

000,000 8. 1 

'l'hcsc do.Ln. rcprcsenL unusual conditions due to the World War. 
More recent figures are not avuilahlc, but ut present the pro-

-- - - - - - -
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. portion of acid nt:~<lo from sulfur is much hip;hr.r than this 
I ahl1• Hlwws. 

CHAMBER PROCESS 

Sulfuric acid mny be made by several processes, of which the 
JIIOHL i111 po1·LanL arc the cham her process and the contncL pwcess. 
A p;~nwml out.lino of the clw.mbtw process is given in Fig. 12, which 
is purdy diagnunmatic and indicates only the most important 
elPuwn(.s .ii1 (.he process. Sulfur is burned with sufficient excess 
ail· so that the concentration of oxygen is slightly greater than 
ilmt of sulfur dioxide. Sulfuric n.cid ami sodium nitrate arc 

· mbw<l in the niter iJot, which is placed in the flue currying the 
hot l.nu·mlr gas. '!'he nitric acid vapor so formell is curried into 
t.lw 8l.n•am of gas n.nd re1luced to oxides of i1itrogcn. The gas 
mixlm·,. then passes to the base of the Glover tower, uown which 

-

·:wid is flowing. The gas rises through this tower, concentrating 
Jlw :wi<l, thereby becoming cooled and picking up considerable 
\\'al<•1· \':t)Hlr. From the top of the Glover tower the gn.scs arc 
cmulncl<~<l· t.o tho lead chambers, of which there may be from 
Jour to Pip;ht, although only two arc shown in the diagram. 
·lull'rliH'llialo to\vers may or may not be placed between the 
ehamb<n·s. Wnter is introuuccd into the top of the chmnbcrs, 
l•ii.IH•r in tho form of spray or stcn.m. In the chambers sulfur 
dioxhln, oxygen, water, and the oxides of nitrogen react to form 
sulful'ic acid, which collects in the bottom of the chambers and 
is clmwn oJT ns chamber acid of nbout 50° De. At the end of its 
Imssap;c t.hrough the elmmbers, the gas has lost most of its 
sulfur <lioxille, but still contains oxides of nitrogen. These nrc 
l'llcovmcd in the Gny-Lussac tower by absorption in o. stream of 
epld G0° acid introduced ut the Lop. 'l'hc resiuual gn.s, consisting 
larp;nly·oLnitro.gcn and oxygen, is discharged into the air from 
a sLack. . 

Tho chamber n.cid is fed to the top of the Glover tower, and 
in its passap;n down this tower is concentrated to about G0° De. 
Fro1n t.hc base of the Glover tower it passes through n series 
uf cooh•i'S. ParL of the cooled :tcid is drawn off n.s product, but 
a conshlnrablc lli'Oportion is sent to the top of the Guy-Lussn.c 
t.owt~r l.o absorb oxides of nitrogen. 'l'hc t~.eiu dmwn from the 
base of tho Gn.y-Lussn.o tower is called "nitrous vitriol." '!'his 
is tnlwn to the loll of the Glover tower; and in its passage down 
t.hrough the Glovc1· tower the oxides of nitrogen arc displn.ccd 
nml rctumed to the gus stream. Consequently, oxides of - - - - - - - - -

SUU'URJU ACI JJ 

nil.mp;on whidt am ndded hy Llw nil.m· poL mnrcly snrvc Lo makn 
lip losses and nrc only n small fmcLiou of the total 1u1101111 t of 
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50o acid, clmmher ncid is withtii;awn ns Lhc pl'inciiml product 
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and is no!; Rc~nr. to tlw Clovcw tower. In such cu.ses, w:i.ter is fed 
to '!.hn Lop of the Clover Lower to supply the water which would 
otherwise bn :ulcJn(l in the form of clmmbcr acid. 

Sulfur Burners.-A successful sulfur burner must fulfil several 
requirc!mnnts. As n. consequence of the low heat of combustion 
:mel the hi~h vapor pressure of sulfur, the burner must expose 
a l:u~e surface of molten sulfur; minimize loss of heat by rutli
nticm; provide sc!conclu.ry air in (;he zone of l1igh temperature to 
hurn sublimed sulfur; and fo.cilitatc the removal of non-com
bus!.ihle flou.tin~ impmitics such us ash o.nd asphaltic mutter. 

These conditions are met in a wide variety of apparatus. 
Po~sibly the simplest sulfur burner consists merely of o. lo.rgc 
brick chamber. A cast-iron pan about 5 inches deep, into which 

· sulfur may be charged, is set in the front of this chamber. The 
pan should have an area of about 30 square feet per ton of 
sulfur hunwd )H'J' day. Air for primary combustion is admitted 

· ·11\'l'r !lw pan. This air not only burns sulfur in the pan; but 
t!:UTil's from tlw pan consitlcrublc sulfur vapor which burns in 
tlw n•:u· of I.Jw dmmbc•1·. Secondary ail· is mlmittml under the 
pan :mel mixc•s ,rir.h the primary products in tho rc:u-. lly 

· rC'p;ulat.in~ t.he dis!.rilmt.ion of air from these two inlets, it is 
pos:>iblo t.o control t.hu tc•mpemtme of the molten sulfur, and 
int.rochwe any dc•sirCll)u·oportion of secondary air. 

Tlw older humers, in which the pun wns set on the floor, were 
Jiot. RuccPssful lwcause it is not 1;ossible to secure complete 
cmnhustiuu if all the air is :uhnittcd as primary air. As the 
quant.it.)' of ai1· enterin~ ove1· the sulfur is increased, this merely 
incJ·easPs the total quantity of sulfur bumcd o.nd sublimed. At 
any given Lempcmh1re, there will be n.n equilibrium between 
uir and sulfur, in accordance with which the nir will curry n 
cPrtaiJi-proporLiqn of sulfur vapor. Increasing the volume of 
primary nir increases the quantity of air which can carry sublimed 
sulfur .. This also increases the mtc of combustion, thereby 
incrc•asing the tl'mpcmturc and consequently the vapor pressure 
of t.hc sulfm·, with correspondingly increased sublimation. 

A ml'Lh~d of bumiug sulfur, which hns been recently introduced 
but which has iwt yet become general, is to spro.y molten sulfur 
inl.o a combustion chamber exactly n.s fuel oil is spro.ycd. Here, 
it. is )lOssible to admit all the air in one stage, because t!10 sulfur 
may be fp<J at a regulated rate, so that o.n excess will not be 
available for sublimation. 

- - - - -·- - -

I 

I 
I 
) 

I· 
1 

J 

-·-

SULPUUJC ACll> 

The Glens Fulls sulfur burnm· (Fig. 
13) consists of a horizontal steel cyl
inder with conical ends, r'cvolved on 
two sets of rolls. Sulfur is fed n.t 
one end through u. worm-feed mech
anism, o.ud primary air is admitted 
at the same place. The heat of 
combustion melts the sulfur within 
the cylinder. The rotation of the 
cylinder distributes this sulfur in a 
thin film on the inside of the appa
ratus, and o.lso causes it to shower in 
drops through the hot gas. The dis
charge end of the cylinder fits into 
a combustion chamber, o.nd sec
ondary air to burn sublimed sulfur is 
introduced hero by a slidiug dmit)HH'. -

The agitation of the sulfur prevents 
the formu.Lion on its surface of n film· 
of impurities which might slow down 
combustion. The cylinders vm·y 
from 20 inches by 4 fcct-0 inches to 
4 fee t-O inches by 20 fee t-O inches; 
and have a capacity of ono ton of 
sulfur per 24 homs for each 24 cubic 
feet of cylinder volume. 

The 1' esuvius sulfur bumcr is 
shown in Fig. 14. It consists of a 
number of superimposed shallow cast
iron trays A set in o. brick-lined steel 
shell. Sulfur is charged into n. melt-· 
ing chamber B o.t the top, and is fed 
intermittently to the burner by open
ing the plug valve C. Each tray is 
provided with openings D. Suc
cessive tro.ys nrc so placed that their 
openings ·come on opposite sides of 
the bu1-i:1Cr1 so that the sulfur cascades 
from tray to tray. Air is admitted 
under the bottom tray null rises 
through these snmc openings. A.t. 

-- - - -
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t.Jw ln.vd of each tray there is n. door E through which som'e air 

111ay htl admiLlec.l ut each level. 'l'he exit pipe contains n. 
d:uliJI<'r 1•' to :tth11it secuml:u·y ail· into' the flue. This flue len.cls 
int.o a firebrick-lined secondary combustion chamber G whore 
1\Uhlinwtl sulfm is burned. This burner is mn.de in sizes from 4 
to G ft•d insitlc diameter, n.nd burns 1 ton of sulfur per 24 hours 
fur overy 15 to 20 S<JUarc feet of tray area. 

FIU. 14.-Vcsuvius sulfur burner. 

Pyrite Burners.-'l;he type of burner which is used depcn.ds 
upon Uw si?.o of the pyrites, course lumps n.nd fine matcnn.l 
n•quiring .. diffcrcnt types of -burners. 

], 1111111 11yrilc bw·ners nrc simply brick-lined fire boxes about 
u feet long and 4 or 5 feet wide, with grates constructed of 
::;t.mip;ht st1uarc bars. Since the production of u~if~rm gn.s ~nc.l 
t.lw yit•ltl of :L maximum amount of sulfur dtoxtde rcqmros 
c:m•f.ul· n.tl.tmt.ion to the fires, the individual furnaces arc made 
:>mall. 'l'ludll'at of combustion of pyrites is low and hence it 
is l'Ss~ntial tlmL rmlintion losses be minimized. The furnaces 
am t.hmdorn :;d in Jmt.t.eries, each battery consisting of, two 
rowx, hack t.o Jmck,with tL Hue between. In onl~~~· to secure 
uniform a1111 cot11plete combustion, the depth of fire bed must 
btl consilltlmble uml the o.ir must be preheated. This latter is 

- - - --- - - -
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accOlliJllishccl by maintaining n. layer of hot cinders on t.he 
~r:LLtls. Aboul; !ill squarn fed of ~mte area is requin•tl (.o bmn 
I Lon of 4!i pm· cent sulfut· om pet· day. · 

lJ!Lliters for jiuc 11yritcs have uceu made ju a witle vnricty of 
designs. The principu.l fcu.turcs ure shown in Fig. 15. The 
furnace consists of u. brick-lined s'ted shell in the form of a 

vertical cylinder 10 to 25 feet in diameter, in the axis of which 
stu.hds 11 slowly rotating shaft. In the interior of this cylinder 
nrc consLrucLetl t1 Humber of SllJlCrimposed . firebrick hearths. · 
'l'he centrul shu.ft cm·ries two ot· more urrns for every hemth. 
}t;tiJqlt;s ou 1.hcse arms arc set n.t such an unglc that they tlraw 
t.he ore toward n. ccntrul opening in every alternate hearth, nml 
push it toward an opening ncu.r the circumference of the ollwr 
hearths. The shn.ft und the muule arms arc cooled, and Lhc 
tliffcrcnL designs differ in the m~thod of cooling, the Jlrovisions - - - - - - - -
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fm m:tkin~ repail:s, and similar details. l\1ost of the nir for 
comlmstion is introduced at the bottom hen.rth nnd rises counter
current to the flow of material.. The air is preheated by the 
burned cinde~· Oil t.ltQ lower hearth. Combustion takes place on 
the intermelliute heurths and the descending pyrites are pre
heated. by the hot gases Oil the upper hearth. If the burner 
(.I'JII)ll'mt.ure becomes too high, n.tlditiollal air is introduced ut 
intermediate hc:uths. These furnaces require about 100 square 
ft~et of hc:i.i-th n.reu per ton of ore per day. 

Experience has shown that the best results in the chamber 
I>lant nrc obtained when the gus from the sulfur burners contains 
S.fi to !J.O 11er cent sulfur dioxide. This corresponds to 12.0 to 

. 12.!i Jllll' cent free oxygen. 1u the buming of pyrites, purt of 
the oxy~en of the air is combined with the iron. Maintenance 
of the propci· rutio of sulfur dioxide to oxygen, therefore, results 
in pyrites burners being operated to give a gus of 7.0 to 7.5 per 
cent sulfm· dioxide. 

Niter Supply.-Thc usual method of replacing losses of oxides 
of ni trogcn is to charge ·sulfuric acid and sodium nitrate, in 

. appwximntely cquimolcculu1; proportions, into a cast-iron vessel 

. known as u nilc1· hog. This is set in the flue currying the hot 

-

gas from the burner to the Glover tower, to supply the heat to 
cany out t.ht~ mn.ct.ion and vaporize the nitric acid. 'Vhen the 
nitrit: acitl vapor mixes with the bumer gus it is reduced. The 
n·act.ion is Jlrobably · 

21IN03 + 3802 = 2NO + H20 + 3803. (I) 

Sometimes in J>ln.cc of the niter hog, chambers lined with acid
Jlroof masonry arc used; or if the plant is large, retorts such as 
am used for the manufacture of nitric acid (p. 91). 

ln · Uw-.muuufacturc of nitric acid, a certain amount of Lhn 
pr()(luct is obt;tined in the form of solutions too dilute to be 
umrlwtable. This dilute acid may be added directly to the 
Glover tower, where it is decomposed by sulfur dioxide according 
to tiw reaction already given. 

ln recent years there has been a pronounced tendency to 
SliJlply oxides·or nitrogen to the chamber process by the oxidation 
of uumwnin. C4•5> (sec p. 111). 

In this process u mixture of n.mmoniu. and air is passed over 
ht•al1•d platinum gauze, and if the Jn·opcr conditions are muin
tainetl the uitrogen of the anu11onia is almost quu.ntitutively 
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oxidized t.o NO. The npparn.tus is compuet and easily OJHlml.ed. 
The supply of oxides of nitrogen to the process can be accurately 
and instantly regulated by-turning n. single valve; uud ut present 
prices of mmnonia and saltpeter, it is mqch cheaper than the 
older methods. 

The apparatus consists of a blower for furnishing n.ir, a catalyst 
chamber, and n Iicnt iut.erclmngcr. If liquid nn•monia is used, 
the air is preheated in the heat interchanger, and t.hc anunoni:L 
is introduced through a control valve just before the mixture 
enters the catu.lyst. 'fhe heat of reaction is sufficient to preheut 
the incoming gases to the reaction tcmperatm'c. If aqua 
mrunonia is usecl, the air first. pn.ssns up a small column down 
through which aqua lliiiiiiiHlia i:; Jl:Llilil!ll. 'l'lw mixture of air 
nnd ~J,inmonia is then preheated, but to avoid decomposition of 
the ammonia the heat cxchu.nger must be made of nickel or 
aluminum. 

The losses of oxides of uitrogcn in the whole process, calculntr.d 
as sodium nitrat.e, amount to nboi1t 4 Jlcr ce-nt of the total 
weight of sulfur humed. This holds true for plants operating 
on sulfur or a good grade of pyrites. Plunt.s operuting on metal
lurgical gases of varying compositions may usc ns high ns 8 or 
9 per cent sodium nitrate. The niter loss also varies with the 
method of plant operation, since forcing the plnnt to high 
eapu.cities results in a proportionately incrnnsnd loss of oxitks 
of nitrogen. With uniform operation at moderate mtcs the loss 
mtLy be held down to 2 per cont. 

Dust Collectors.-When pyrites nrc hnrned, if the fine mtLtcrial 
carried over with the gases were not removed, it would soon 
clog the Glovm· tower. The usual method is to introdu~c, 
between t.he burners and the Glover tower, n ch!Lmbcr whose· 
moss-section i:; considoraiJiy larger than the gas lluc. 'l'his 
chamber may be empty and depend merely on a clccrcasc in gas 
velocity to drop the suspended particles; or it may be provided 
with ba!Ilcs. 'l'hc cross-section should be such as to reduce tho 
gn.s velocity to about 3 feet per second, and it should be long 
enough· to give the gases a total time in the chamber of 0.5 to 
0. 75 minutes. 

: ~ll some plants, especially those operating on smelter gases, 
tho Cotl.mll sysf.Pm of <'lnel.ric:al pna:ipitat.ion is u:;c!d. 'l'his 
requires cooling :uul humidification of Lhe gases. It cousists in 
passiug the gnsns f.hrough pulhs o~. relatively smnll CI'OSs-sccLion, 

--- - - - - - -
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each carrying n. central electrode. Between this electrode n.nd 
the \Vall of the· conduit a. high-potential unidirectionn.l electro
static field is maintained. The solid particles nrc electrified nnd 
attracted to one of the poles. Provision is made for jarring the 
electrodes at intervals so that the n.ccumulatcd dust falls into 
n hopper below. 

The Glover Tower.-From a study of Fig. 12 n.nd the descrip
tion which accompanies it, it will n.ppcar that the Glover tower 
has severitl functions. Among these may be mentioned: 

1. Cooling the burner gases. 
2. Concentrating chamber n.cid. 
:~. lteLmning to the system oxides of nitrogen which hn.ve been 

recovered in the Gay-Lussac tower. 
4. Supplying water vapor to the first chamber. Defore 

proceeding to n. more dctn.ilcd discussion of these it will be 
· .nncessary to consider some rcn.ctions of gcncrnl illlllOrLance. 

· The reactions which take place in the chamber process hn.ve 
'bc•en the subject of mn.ny controversies, but the theory advnnced 
by Lungc(G) hn.s had the widest acceptance and has withstood 
criticism. · Nevertheless, it is not complete, and there arc many 

·details of the opcrn.tion of the chamber process which arc not 
yet fully understood. According to Lunge, a very important 
place is held by a compound called nitrosyl-sulfuric acid, whose 
relation to sulfuric acid is shown by the following structural 
formulas: 

Nitrosyl-sulfuric 
acid 

O=N-O~s-1'0 

H-o/ ~o 

· Sulfuric acid 

II-O)s-1'0 

H-0 ~0 -- ..... ~-..:.--~· 
ln. the presence of sulfur dioxide nnd some free oxygen, this 

ncid c:in be formed by the following reaction: 

2802 + 2NO + H20 + %02 = 2(0NO)(OH)802. (2) 

This ~ompound is easily hydrolyzed, libcro.ting sulfuric acid 
a~d N203 according to the reaction 

2(0NO)(OH)S02 + H20 = 2H2S04 + N203. (3) 

·It is also easily reduced by 802 nccording to the rcn.ction 

2(0NO)(Oli)S02 + S02 + 2Ih0 = 8H2S04 + 2NO. (4) 

- - - - - - - -
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High Lcm11Cmtures not only fn.vor a more rapid ruLo of maction, 
but ulso give an equilibrium corresponding to more complete 
decomposition of the nitrosyl-sulfuric acid. It is obvious that 
both reactions (2) and (4) nrc favored by high. conccntrn.
tions of sulfur dioxide; reaction (2) taking illncc where concen
trations of NO nrc high, and reaction (4) where they m·e low. 

It will be apparent, therefore, that the Glover tower is adapted 
to accomplish the recovery of nitrogen oxides from Gay-Lussnc 
acid by hydrolysis in the upper part of the tower, and by reduc
tion by means of sulfur dioxide in the lower portions of the 
tower. Gp.y-Lussac acid is fed into the top of the Glover tower 
aml in tuldiLion there is added the comparatively dilute chamber 
acid; or shouhl the chamber ncid be taken ofT n.s a separate prod
uct, ':Vater is added in its place. Hot burner gases entering the 
bottom of the Lower and carrying n relatively high content of 
sulfur <lioxille nrc able to decompose, nccoi·ding to reaction 
(·:1), any nitrosyl-sulfuric acid which_ muy have reached the 
bottom of the Lower. Thus, the acid- issuing from the base 
of the Glover tower should contain only n trace of oxitlcs 
of nitrogen. Afl the burner gas rises through the tower, it 
carries not only the nitric oxide from the niter pot, but increasing 
amounts of nitric oxide liberated from Gny-Lussac acid. This 
makes possible the direct synthesis of nitrosyl-sulfuric acid 
by reaction (2) at certain intermediate zones in the tower. 
Decnuso of the high tempemture of the ·gas it is o.ljJe to 
concentrate the acid which it· meets and, therefore, as it 
ascends, it also carries increasing concentrations of water vapor. 
This, combined with the dilution caused by chamber ncid or 
water nt the top, gives a zone in the upper part of the tower 
where nitrosyl-sulfuric n.cid is decomposed by hydrolysis. .Thus,. 
i~ will be seen that in nddition to the. functions previously 
mentioned, the Glover tower has another and very importnnt 
one; namely, the synthesis of sulfuric acid. The acid formed 
in the tower may be n.s much n.s 20 per cent of the total output 
of the system. · _ 

The construction of the Glover tower varies considerably, hut 
present practice favors a tower built of acid-proof brick, sheathed 
with-lmid and resting inn lend pan (Fig. lOa). On this lend pnn 
is laid an acid-proof masonry floor, which supports the walls of 
the tower and also arches, which in tum support packing matmiul 
with which the tower is nearly !illed. A special distriuutiou 

- - - - - - - -
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tlevice ut the Lop of the tower insures uniform wetting of the 
pa~~king with the ·acid. 

All the reactions Laking place in the Glover tower involve the 
intcri.Lctioil of a liquid and a gas. It is, therefore, necessary that 
these two phases be brought into as intimate contact as possible 

F111. lOa.-lJetnil~ of ch:mtber-plnnt construction: Glover tower. 

in countcrcurren.t. · For this purpose, the liquid is filmed out 
over the packing material in the tower while the gus is forced 
to puss up through this packing. 

At the high temperatures of the Glover tower all these reac
tions .nrc very rapid uml u relatively short time of contu.ct is 

- -·- -·- - - - -
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sufficient. Consequently, n rather co:m>e packing with rela
tively large free spaces and filling only a short section of the 
tower (15 to 25 feet) is satisfactory. Ordinary practice calls 
for 0.10 to 0.15 cubic feet of packed S}mcc .per pound of sulfur 
burned per 24 hams, and n. gas velocity of approximately 1 
cubic foot per second per square foot of tower cross-section. 

The gas inlet at the bottom of the tower opeus into nn empty 
space, which is provided to give more uniform distribution of 
gas through the packing. For the sume purpose nn unpacked 
space is left at the top of the tower. The packing consists of 
broken quartz or stoneware sha11cs, supported on arches of 
acid-proof b1:ick. Since the cross-section of the tower is :great 
compared to the height of the packed section, special devices 
mus!i also be employed to insure cotnplef.e distribution of Lim 
cluunbcr ncid and nitrous vitriol over the packing. These 
usually consist of a considcmblc munl>er of O}Jcnings in the to11 
of the towm· ancl :L lllllllllllr of pip1~s leading to tht!SC from a 
central distributing I.Jox. · ·- ·- - - -· · ·- ~ 

Lead Chambers.-Tho _ lend ehmnlwrs are nss1m Ually largo 
vessels which nllow S}men, llllll LIHH'efom time, for the major 
reactions to take place before the gases leave tho system. The 
gases entering the first chamber from the Glover tower contain 
wn.tcr vn.por, und n rclntivcly high conecntmtion of sulfur dioxide 
and free oxygen. Tho oxides of nitrogen ut this poinl; arc 
almost entirely NO, ns shown by the fac!i Umt the contents of 
the first chamber nrc usually without :my trace of red oxides. 

The 1·en.ctions by which sulfuric acid is made in the chambers 
result in the evolution of heat, so that the central portions of tho 
chambers n.i·c ulwnys warmer than tho ot1tcr portions which arc 
exposed to the cooling influence of the surrounding air. The· 
chambers arc filled with small flouting particles of mist which 
circulate about with the chamber gases, rising in the central 
portions of the chmnbm·s n.nd falling ncar the sides. These 
mist particles consist of nitrosyl-sulfuric acid and.s'ulfuric acid 
of varying dilutions. Since the partial pressure of water vapor 
within a given chamber is more or less uniform, and since these 
pn.rti~le.s arc hoLLer in the centml }lOrtion of tho chamber, they 
\vill, therefore, be more concentrated in the central part of the 
chamber and more dilute toward the walls. In the central arcus 
sulfur dioxide, nitl'ic oxide, nnd oxygen can unite to form nitrosyl
sulfuric uc.id; wlwreas at Llw walls, where the tempcml.ure is 

- -- - - -- -
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lower, water vapor condenses on the drops, tlilut.ing thmu, 
hydrolyzing the nil.ri>syl-l:mlfurit: acid, nntl liiH'ml.ing oxides of 
nitrogen. Any N203 which is liberated must recombine with 
great 1·upidity with sulfur dioxide uud water, ·forming more 
nitrosyl-sulfuric acid; for the gus in the first chamber is sub~ 
stan tinily colorless. 

J\1uch of the difliculty in assembling n coherent theory of the 
chamber process centers around the question of which oxides 
of nitrogen n.re present and what their various functions mny 
be. 'l'he oxides of nitrogen involved in the process are commonly 
considered to be three in number; NO which is colorless, N02 

which is reddish, and N203 which is deep red. At the tempera
ture of the chmnbers, N 203 cannot exist except in very small 
concentrations. If it is formed by the hydrolysis of nitrosyl
·sulfuric acid n must almost completely dissociate according to 

· thn waction: 
t5) 

That N021 except such as rcsult.s from this dissociation, docs 
;·not enlt~r into rea.ct.ions in the chambers, is evidenced by the 
~·-fact Umt n.n excess of N02 over NO is never found in the chmnber 
:gases. Any N02 which is present probably reacts uot ns such, 
but by combining with NO to form N20a. Consequently, the 
n.ssumt~tion that only NO n.nd N203 or its equivalent arc present, 
giws a satisfactory explmmtion of the reactions in the chambers. 

It has been observed that the contents of the cm·Iier chambers 
n.re white· or colorless, while the later ones show an increasing 
reddish color. This indicates the absence of N 20 3 from the 
first; t:h:uuher. 'l'his is usually explainPd by nssuming t.hn 
fomml.ion of nitrosyl-sulfuric acid ncconling to the equation: 

.... ···N;o-;:+ 2I12SOo~ = 2(0NO)(OH)S02 + I!aO. (G) 

As the gas }n-occeds through the chambers, its temperature is 
lowered and nt the ·s:ime time the sulfur dioxide concentration 
is decreased, the llncomt)()sition of nitrosyl-sulfuric acid necording 
to cqmition (4) decreases, its hydrolysis by water with the 
formation of' N 20 3 increases, and thus the increasing color is 
explained. Equation (2) culls for the syn q10sis of nitrosyl
sulfuric acid by nitric oxide and oxygen. In the presence of 
lower concentrations of sulfur dioxide and at lower temperatures, 
the NO in this equation may be replaced by N203 us follows: 

2S02 + N203 + 02 + Il20 = 2(0NO)(OH)S02. (7) -------- -
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lL has h<~tm sl.al.e<l uhovo that. uL Lmnpomtures existing in tho 
t:h:unlwn; N20a nxh;t.::; only in v<•ry small concent.rations. Thn 
residunl cont:nul.mt.ion of N 20 3 nt equilibrium is sutrident for 
reaction (7), thereby removing N203 fro111 the gus phase and 
causing NO and N02 to react with the formation of more N 20 3

• 

Tho reactions which hn.ve b<~cn discussed result in the removal 
of watm· from t.lm ehn.111lwr gasns t.o form sulfuric acid. The 
water vapot· supplied by the Glov!'r tower is usually sufficient 
for the first chamber, but in succeeding chambers water must 
be added as steam or fino spray. 

At various times small intermedin.tc towers sometimes empty 
and sometimes packed, have been built between the chambers. 
The original theory wns that the pmposc of these towers was 
to cool the gases, but this hns been proved incorrect. Probably 
their most inl{HH"tant function is to scrub out sulfmic-ncid 
mist.- If this mist- it\ th_e_cliiiliilirirs- becomes too concentrated 
or too cold, it nmy absorb N203 directly ncconliiig to reaction 
(G). This increases the quantity of nitrosyl-sulfuric aci!l 
in the liqui<l tuul dncmases the concentration of oxides of 
nitrogen in the gas. By reducing the proportion of acid rnlst 
in thn gas in t.lm later eh:unbors, n larger concentration cof l.lwse 
oxides is ldf; in l.llll v;as pltasn, llJI(I the usn of an intnruwdiate 
tower therefow increases the quantity of acid muuo in the 
following chamber. 

Chamber Construction.-The usun.l"lcncl chnmbcr is n rectangu
lar vessel of sheet lead supported on a suitable frumework. 
These· clmmbers mny be 50 to 150 feet long, IG to 2G feet high, and 
20 to 30 feet wicle. There nrc usually three to six chambers; 
mul I.IIIT may all lw of t.lm s:mw siw, hut. it is morn conuuou Lo 
nmlw l.ho first daamlwr longer than the of.llcrs. Fm· a given 
methotl of working, t.hc total capacity in cubic feet of chamber 
space per pouncl of sulrm· IHH'nocl is fairly constant. The older 
clu~.mhers had t\ wood fr:uucwork, but motlem construction 
mi'ltlloys sl.eel. Bnc:utHn of the tnllllnncy of le:ul t.o ern.wl (dC'for
mntion beyond the claslic limit) it must be securely fastened at 
frequent intervals .. This is usually accomplished by burning 
~nbs of lead to tho side wn.lls at intervals not less than 3 feet 
apa1·t ·each \vay, and securely fnsLening these tn.bs to tho support
ing framework (Fig. 1Gb). The top of the chamber is hung in 
n. similar nuuuwr. Through the top project sprn.y nozzles for 
tho int.roduetion of water mist· or, preferably, steam. The - - - - - - - .. 
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bottom of (.he chamber is n pan with upturned edges which nrc 
bm11Pd to the bottoms of the side walls. At intervals along 
the side walls n gutter is burned on the inside with n small 
connection to l.he outside of the chamber. A portion of the 

.... _,. ·- ............. __ ._ 

F1a. Hil•.-))1llails of chnmbcr-pl:mt construction: chamber construction. 

nchl comlcnsml on the chamber· wnlls drains into th~s gutter 
anti tlriJis fnull :\ spout outsido tho chamber. . 'l'he density of. 
t.hcsn tlrips, together with the temperatures of tho chambers, 
fumish tho information by which the process is usually controlled. 

- -- - - - -
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Gay-Lussac Tower.-lf (.ho chnrulwrs m·n JH'O)I<'rly opPraLt•d 
there will bn a V<'J'Y small coHcnHtmtioH of sulfur dioxidu· i11 t.he 
gn.s leaving the final churnber, und there shoultt··hnvc bce11 no 
loss of oxides of nitrognu up to this poiut. · Since tho Gay-I~ussac 
tower is fed at thn to11 with colt! G0° acid, conditions am 
favorable to nmction (G). It is obviously important that Uw 
concentration of sulfur dioxide be ke11t low, otherwise CCJUntioH 
(4) would take pla.co with loss of oxides of nitrogen. On the 
other hand, if the sulfur "dioxide be exhausted before the gus 
leaves the la.st chmnbcr, nitric acid will form in the lust chamber, 
condensing on the chamber walls and corroding them. · Exhaust
ing the sulfur dioxide will nlso permit the excess oxygen, required 
for tho churubm· reactions, to oxidize nitric oxide to nitrogen 
dioxide in excess of ilmt eoncst>Olllling to N

2
0

3
• 'l'he excess 

nitrogen dioxide ,\rill not fot·m nitrosyl-sulfuric nc:id, and is only 
~slightly soluble in sulfuric uciu. ~The function of the Gay-Lussac 
tower is, therefore, relatively simple rind is represented in normal 
working by equation (G). Some oxides of iiitrogcn me ulways 
lost from the top of the Gay-Lussac tower, due purtly to the 
presence of S02 (equation (4)), partly to inability to Cll.l'l'Y 

equation (G) to completion, and partly to the presence of an 
oxccsf? of N02. 

'l'ho Gay-Lussac tower is usually about tho same cross-section 
as the Glover tower, but since the tompcrnturc is low und the 
reactions arc -less rapid, a longer time unci a more intimate 
contact betwco11 gn.s nnd liquid arc rcc1uired to bring them even 
approximately to completion. Therefore, the packing is finct; 
than in the Glover tower so as to expose more surface per unit 
volume, and the length of this packed stmcc is usually at least. 
twice that of the Glover tower. Since it is inconvenient to 
bi.tild · o. single tower so high, there nrc usually two Gny-Lussa.c 
towers operating in series. The volume of the packed space. in 
the Gay-Lussac depends on the cfTcctivcness of the packing. It . 
is also inversely pt·opor-tionnl to the volume of chamber spnce · 
per pound of sulfur bmncd per 24 hours. 'l'he product of this 
volume !llld tho volume of packed space in the Gay-Lusso.e should 
be ~. fo; average stoneware shatJos. 

'1'110 voluiuc of G0° acid Plllll)led over the Guy-Lussac is Clll!l 
to tht·eo tirues t.llll vohuun of at:icl lllacln iu t.hn c:luunllClrs, tlw 
actual ttunntity llCling so adjusted t.hat; the acitlleu.ving the tower 
will co11tuin 1 to 2.!i per t:ent of N2<)3 l>y weight. Mol'll intensive -- - - - - -
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working of the chambers, which requires o. higher conccntru.tion· 
· o( oxides of nitrogen in the chambers, ,.,;m therefore require 
more acid for the Gay-Lussnc. 

Movement of Gases.-lt is necessary to provide some means 
for moving the· gases through the chambers and towers and 
creating a draft for the burnr.rs. This may be done by inter
posing 0. fan at some place in the system, as between the burners 
and t~1e Glover tower, or on the exhaust gases from the Gay
Lussac tower. In place of a fan, the gases from the Gay-Lussac 
tower may be conducted into the boiler stack. This has the 
advantage of climino.ting the maintenance of fans. 

Transportation of Acid.-Sincc very large quantities of acid 
must be handled in a chamber plant of even moderate size, the· 
aJll~aratus for moving this acid is of importance. One very 
simple device, formerly used almost entirely and still extensively 
used, is thc.!l,cid egg. This is u. cast-iron vessel provided with 

· three necks. One of these serves us an acid inlet, ano'thcr is 
provided with a pipe d.ipping to the bottom of the egg and 
serving as an acid outlet, and the third serves as an air inlet. 
Acid is allowed to How in until the egg is filled, when the supply 

·-of acid is cut ofT, air is turned on and the charge blown out. The 
. valves necessary for carrying out these operations may be 

entirely mu.nuully operated, but in more recent designs they arc 
semiautomatic or entirely automatic so that the egg operates 
without attention. Many modern plants handle acid entirely 
with centrifugal pumps. These pumps are available in a 
number of designs, either in hurd lead or Durh·on, and have 
proven entirely satisfactory. Sixty-degree acid or stronger, free 
from dissolved oxides of nitrogen, can be handled in specially 
desigucd oust-iron centrifugal pumps. 
· Cooi~rs.:.:..:!fhe hot 60° De. acid from the base of the Glover 

tower must be cooled because the larger proportion is to be sent 
to the Gay-Lussuc. tower. The coolers consist of a series of 
water-jacketed loud tubs, filled with lead cooling coils. This 
design ·of cooler facilitates the rcmovn.l of sulfur carried from the 
base of the Glover tower; and as the Glover acid is quickly mixed 
with pn.rLinlly cooled acid, corrosion of tho lead is minimized. 

Special Systems.(7)-Ju tho previous discussion, it has. been 
developed that ucid formation in the chamber process depends 
on the mixing of gases and spray in the chambers, u.nd on the 
dissipation of the heat libemt.ecl by the reaction. In the ordinary 

- - - - - - - -
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lcn<l c:hambers, mixing Lalws plncn chiefly by diffusion nud 
convecLiou, null t.Iw heat of nmcLion is dissipated by ra<liaLion 
fron~ the walls to the sunourHling air. Such chambers usc from 
12 to 30 cubic feet of chamber space per pound of sulfur bumed 
per 24 hours. It is obvious that the rate oh·caetion could be 
increased and the amount of chamber space decreased if devices 

(a) 

(c) 

(d) 
l~ro .. 17.-Spccinl chnmbcr systems. · (a) Mills-Pncknrd; (/•) Meyer Lnngenlinl; 

(c) Pmlt; (cl) Anaconda. , 

~ere added for mixing tho gases, for removing heat, or fot· 
bringing the gas and liquid phases more thoroughly into contact 
with each other. A number of systems huve been devised for 
accomplishing some of t.hnse aims; nn<l while none of them has 
hc~!l ·n~lopto(l to Lhe exclusion of the standard process, they all 
show marked advantages over t.ho usual chamber system. 

The Mills-Pac:kanl system (Fig. 17a) has been uscclmuinly in 
England, though to some extent on the continent and in the 

-- - - - - - -
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United Stutes. It employs lend chambers in the form of trun
eutml cones, of 7,000 to 18,000 cuLic feet each. The particular 
fentmc of the process is that n. film of water is allowed to trickle 

. down the outer surface of the cone to remove the heat of reaction. 
This results in rapid cooling and condensation on the inner 
surfacct of the chnnibers, so that Mills-Packard systems operate 
with 3 to 5 cuLic feet of chamber space per pound of sulfur 
hmiwd. · · 

'l'he Meyer tangential chambers (Fig. 17b) nrc in the form of 
vertical cylinders 33 feet in diameter. '!'he gases arc introduced 
1war the Lop by a t:mgeuLial inlet mid nrc removed from the center 
of the Lot.Lom. The resultant whirling serves to mix the gases 

· more intimately and results in a high rate of working; requiring 
only G to 7 cuLic feet of chamber space per pound of sulfur 
.humed. 

'l'hc.above systems have not been used to nny great extent in 
.Uw Unil.ml States, Lut there have been certain developments in 
this country along similar lines. In the Pratt system (Fig. 17c) 
the chambers arc reduced to three ot· four in number and 80 per 

·.cent of the total chamber space is in the first chamber. · Follow
·:iup; t.his first ch:unLer is a "converter shaft" nbout 25 feet high 
.anti 25 feet square, packed with Lroken quartz. \Vater for the 
proecss is spmyed in nt the Lottom of this shaft. A fan dmws 
gas ami mist from the bottom of the first chamber, passes the 
mixtme up through this tower, and returns gas to the head of 
the first clnunLor. There is also, of course, the usual circulntion 
from the first clmmLer to the later ones. The Pratt system 
results in :L higher -velocity of the gus in the first chmnLor, and 
a thorough mixing and scrubbing in the converter. The average 
plant mnniug on the Pmtt system uses 7 to 0.5 cubic feet of 
chnn;b'cr·simcc-·pm· pound of sulfur burned. · 

'l'hc most rmlicn.l development is the Anaconda packed cell 
system (Fig. 17tl}. <8> This is Lased ou the logical assumption 
thn.t since tho formation of sulfuric acid results from reactions 

I ' ' 

· Lctwecn the gus phase nnd the liquid phase, the logical thing to 
do would Lc to make the contact between the two phases as 
intimate us possiLle and to subject the gases to the mnximum 
possible nmount of mixing. In order to insure that the reaction 
should proceml niorc rapidly, between two and three times the 
usunl concentration of oxides of nitrogen is nmintnincd in the 
system. 

- - - - - - - -
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The burner, niter hogs anci Glover tower nrc tho sarno ns for 
m1 ordinnt·y cluunhm· plant. Instn:ul of tho cluunbers, t.Jwrn arn 
five towers or cells, packed with acid-proof brick set on edge, ami 
with either lend or acid-proof mo.somy wnlls. .These five tower~ 
are built as one common· block to decrease space and cost of 
construction. Following these arc four Gay-Lussac towers of 
the ordinary type. 

The cells have nn acid circulation system consisting of n. 
receiver at the bottom, n pump, nnd n. distributing tank at the 
top. W atcr is added to these tanks as mn.y be necessary to 
keep th_c concentration at nLout 50° lle.; so thn.t no sulfur 
dioxide or oxides of nitrogen will dissolve in this acid. Some 
of this acid is drawn ofT to the Glover tower, nnd in ail other 
respects except the circulation of acid over the cells tho opm·ution 
is exactly like tlmt of the onlin:u·y ch:uu Lor plant.. The wactions 
lll"Ocecd so r:LI>idly that this plant will operate with less than 1 
cuLic foot of chnmLer space pet· pound of. sulfur hmued. The 
loss of oxides ofuiLrogeu is, however, mthqr high; umouutiug to 
possibly 4.5 per cent. 

Purification of Sulfuric Acid.-Whcn ncid of high quality is 
desired, it is usually sufficient to specify that it be made from 
Lrimstone. If acid. of the highest purity is needed, it e"un be 
oLtaincd Ly specifyiug that it IIIUSt be w:ule by tho contact 
process. The very rigorous purification which tho ·gas receives 
in tho contn:ct process means that contact acid will always be 
appreciably purer than chamber acid. In some cuscs where 
chamber acid is made from pyrites or blonde, it may have to Le 
tmatcd to remove arsenic. 

This is best carried out by passing hydrogen sulfide thmugh 
ncid of 50 to 53° llc. It may be done in towers, or in Sl>Ccial 
apparatus in which rapidly rotating paddles subdivide the neid 
and bring it into contact with tho gas. The sulfide precipitate 
is then removed by sand or coke filters. There nrc uses for 
!tnpurc 1wid, and inmost plants in the United States, purification. 
is not necessary. 

CONCENTRATION OF SULFURIC ACID 

; Usually, chamber plant.s nrc so located thn.t they dispose of 
most of their acid at m or 00° Bt'i. Tho demnncl for acid of (}Q 0 

or stronger is usually IIIPt with coutacl. acid. Them am cases, 
however, whem it is dmlimhln (.o (!OIIC(~Iltratn nitlwt· ch:IJu)w1• 

--- - - - - -
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acid or Glover tower acid to 66°. This is n.t present done by 
OllC of two methods. One of these (tho cascade system) employ::: 
indirect heating; in the other (the tower system) hot gases are 
brought into direct contact with the acid. 

The Cascade System.-Figurc 18 shows a type of cascade 
syst<mi . comn\only used in this country. This consists of n. 
number of dishes of fused silica set one above the other in 
rcfructory brick, so that the acid flows from dish to dish in 
series. These n:rc mounted over a firebox in such n way that 
the products of cmi1bustion pass up under the cascade in counter
curr~nt. 'l'hc upper pans in the series mn.y be rectangular and 

Fw. 18.-Cnscndo conccntrntor for suiCuric ncid. 

JlaL-bot.tomcd, but the greater proportion nrc approximately 
hmuisphorical basins, from 12 to 18 inches in diameter, with a 
projecting lip on one· side. Bccnusc of the low coefficient of 
thermal expansion of fused silica, these dishes may be set so 
that their bottolus nrc in direct contact with flue gases. 

lf Cli:tiitbel'-tteid is being concentrated, the upper t\1ird of the 
cascade may be uncovered, n.s these dishes then give off practi
cally only water vapor. When concentrating chamber acid, the 
lower two-thirds of the cascade (and when concentro.ting Glover 
acid, tl~c whole of the cascade) must be· covered, as the vapors 
·from this part of the system carry too much acid to be discharged 
into the air. These vapors, under carefully controlled condi
tions, can he largely condensed to yield a dilute acid of the 
highest purity, suitable for storage batteries. The residual 
fumes will be passed to towers, absorbed in water, and returned 

· to the system. At the end of the cascade, the acid overflows 
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F1o. 10.-Chcmico concentrator for snHuric ncid. (Courtesy Chemical Con-
. · struction Com;Jany.) 
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inl.o n Rnrirs of ln.rge fuHl'd silimt bnalwrs sot in vessels of water 
t.o cool t.he acid. 

lu Home plants the fused silimt purLs of this system may be 
replaced with Duriron; and combinations arc found of lead pans 
above ~nd silica· or Duriron vessels in tho lower part of tho 
.ca .. <>calll~. · Duriron or lead must be set in sand and not exposed 
to direct fire. · 

The Tower System.-The tower system, in which acid is 
brou~ht into direct countercurrent contact with hot flue gas, may 
be illustmtml by the Chemica concentrator (Fig. 19).<9> Older 
vari:ml~ of this system arc the Gaillard and Kessler concentra
tors.<•n> These all operate on tho same principle, and differ 
only in ~;t.ructural detn.ils. 

-

Tho acid Lo bu conc1mLmtcd is fed at the top of the tower. Tho 
tow1~r is lil!Oll with qun.rtz or stoneware packing, and delivers 
t.ho aehl :LL l.lm bottom to n: 11an. This pan is lined with acid
proof lll_asonry, aml .is heated by the products of combustion 
fru111 a gas or oil burner. · At the back of this pan the concen
l.rni.Pd add ovnrflows to coolers and a storage tank. 'l'he gas 
lmwiu~ llw l.op of Lhc · tuwm· contains considembln sulfuric-achl 
mist., :uul is Uwrefore conducted through u. Cottrell electrical 
prcciJlilal<H'. The acid collected by the precipitator drains 
hack into the tower. . · 

Tower concentrators arc similar in operation to a Glover 
towl'r, and have n correspondingly large capacity with low cost 
of mainL1numce. When fired with gas or oil, the purity of the 
achl is not dccrcasl~U in passing through the concentrator, and 
tlw prmluct may be wntcr-whitc if the tower is fed with chamber 
ncid. 
· Fi~urc-20t~~~shows the equilibrium <;oncentration of sulfuric 

nchl in I Im vupor ph:tSc, corresponding to various concentrations 
in l.lw liqui1l t>lmsn, at the boiling point at one atmosphere. It 
will lm appamnL !.hat the vapor from boiling QG0 Be. n.citl would 
contain about ao per cent sulfuric ncid, .whereas the vapors from 
fi0° Bu. iwicl will be acill free. This explains why the upper part 
of a cascade system nmy be left open, while the lower part must 
hn so· l'nclosed that the vapor from it may be condensed anti 
the acill I~l!COVl'rr.d. Inert flue gas in the towm· system lowers 
tim partialrm•ssm·o of tho acid vapor and therefore concentrn.tion 
l.ak1~s placn nt much lower tcmpcrutures. This results in u. lower 
concentration of acid in the gus phase thnn thn.t cn.llcd for by - - - - - - - -

07 

Flig. 20. Tower concenLrat.ors posseRs n further advantage 1.11 
t mt the f t' · ' • ' Y u.nc Jon 11~ mu~h t.hc stunn murmer as n rcctifyin~ 
column. ACid vn.ponzed · 111 Lhc lower pn.rt of the tower is 
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Jo'w. 2U.-Cunccntmtion of sulfuric uci<l in vupor nt tt10 o. 'J' • · ~ UOI lllg JlOIIlt. 

~nrgcly; absorbed in tho cooler and more dilute ncid c.lcscendin . 
m the lll1llCr t>m'Licms of the tower. .g 

'l'h~ t~we~· cc~nnnnLra.t.ors, Lherdore, produce kss fume to be 
condensed us dilute neal, cool the combustion gus to .. 1 . · •• OWeJ· - - - - - - - -
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t.Pnl)wmturo, ami dischurgc the concentrated acid at n. lower 
·t.tnnpcrn.Lure, than the cusctl.llo system. 

TIIE CONTACT PROCESS 

!VInny industries, cspccin.Ily those organic industries which 
involve nitrations, require high conccntru.tions of sulfuric acid. 
While GG0 Be. acid mn.y be obtained by the concentrn.tion of 
acid from the clmmher process, sulfuric n.cid of 100 per cent or 
stronger c:.umot ·be made in this wn.y. Such strong acids nrc 
made by n.bsorhing sulfur trioxide in GG0 acid. Sulfur trioxide 
was first obtained by the dry distillation of ferric sulfate or 
shale containing n.lmn or other hcn.vy metal sulfates. Difficulties 
in tho production of !urge n.mounts of sulfur trioxide by these 
motliods created n. demn.nd for n. method for making it directly 
from sulfur or pyrites. The successful development of the 

· -~oxitln.Lion .of sulfur dioxi<lo directly to sulfur trioxide, ·which was 
accomplish!ld betwccn.1890 and 1900, laid the foundations for 
\\;hat is' now kno,~n· as the contact process for the manufacture 
of :mlfuric :will. 'l'hc design of a successful contact acid plant 
was accmnplislwd, however, only after a satisfactory undcrstund-

.'in~ of t.ho equilibrium between sulfur dioxide and sulfur trioxide. 
Theory of .the Contact Process.-From a consideration of the 

. equation 
so2 + H02 = SOa, (8) 

it. is obvious tlu1;t at equilibrium the relative concentrations of 
l.ho roucLing substances n.t uny particular temperature, arc 
defined by 

Pso, 1 
](=--X--= 

Pso, · v'Po, (D) 

where these prrssurcs refer to the partial pressures 'of the various 
g:t.SCS;-cxprcssed in atmospheres, after equilibrium is obtained. <12> 

This reaction is exothermic and consequently un application 
of Lc Clmt.clicr's thcorcni shows that the position of the cquilib- · 
rium mm;t shift with increasing temp~ll:nhu·c in such n way as 
(.o call for lower conversions of sulfur dioxiclc tQ trioxide. If the 
heat of l.lu) reaction ali any one temperature nntl the specific 
lwal.s of t.he reacting suhst:me<~s nrc known, it is possible to 
enlculnt.e tho variation of ]( with tmnperutm·c fairly accurn.tcly. 
With the best values for the constants it is found that 

I . Ji( s .. ! 7t75 - 4.4a .. of! to = (1 O) 

- - - - - - - - ·I -
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wh!'l'~l i h; tompomtmc in drgi'Ccs Iln.nldnc. Table XIII presents 
a serws. of values of I\ ealculuLecl from I. his equat.ion aJHI ;:or
I'OHporHIIn~ exporimnnl.al vahw::; ohhirH'd uy 1( ' L I I 
llotllunder. ' · 1110 sc 1 :uH 

'1'AuLt1 Xlll.-Er··t·'gC'l• ot·· 'l't·:Au•NttATum~ ON E<lUtLtnmuAt CoNRT. N 
" U · · • A T IN 
I liN uNvtmHI!lN 1w HO To H<) 2 I ~ 

l 0 U. t° F. lo K K I Hank inc calculated ohscrvctl Obscn•cn; 

450. 842 I ,:!02 1!11.4 187.7 500 1132 Knicl:·wh 
1 ,3!12 70.0 72.3 Knicll;eh 515 !15!) 1,41!) 53.2 G5A Budlatuler . 553 1,027 1,4H7 27.5 24.1 Bodlatuh~t· GOO 1,112 1,572 13.:! 11.0 Knict:>eh Gill I , 130 1 ,5!10 11.5 10.5 Bodlandet· 700 1,2!)2 1, 752. 3.55 4;8-1 Knictsch 800 1,472 l,!J32 - - 1.21 .. 1.81 1\nictsclt !JIJIJ 1,052 2,112 0.20 0.57 Knictsch 

If 1(;0 mols of bumcr gus containing a mols of S02, b mols of 
02, and c mols of so3 arc brought into equilibrium at uny·given 
t~mpcraturc, X mols of so3 will be formed. Thrs·wm cause tho 
dtsappeurnnce of 0.5x mol of 0 2 and x mols of SO '1'1 t' 1 

· . f SO · 2· w pur ta ptessmc o 3m the resulting gas will then be 

x+c 
Too- 0.5x' 

because there has been a net contraction in volume of 0.5x. In . 
the sumo way the partin.l pressure of so2 in the resulting gases 

a-x b o~ 
will be ··---· . -- and of 0 -. --: :ax_ 

100 - 0.5x' 2' 100 - 0.5x" 

. Substittttlng these values in the equation for J( nbovc wo. 
h:_~ye the followiug: 

· _ x +c 1\. - ... --- "----... -. ·--
( 

( 
{J - 0 ~J•t: ·)--!~ 

(£- :t:) .. . •. 
IOU - O.li:c 

(11) 

l~or n pilrticulur value of ]( the corrc:;pomling value of x. is must. 
sunply found Ly the lltct.ho<l of !.rial :tllll error. Severn! valttl'S 
mu.y .be ,assm~wcl f ~~·. x aucl suhsl.i tu l.ncl iu tltn l'i~h L-hand IIH~tnlu~t· 
of l.htH 'qual.ton. I hal. v:L!tw of :F wltidt ~i\'!'H l.ltn ciPHii'Pcl vahw 

- - - - - - - -
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fill' K is l.lul solution. Graphic intl'rpciln.tion mo.y be used to <liiToron[: I•lnnt.., using l.ho s:uun Hy~;l.mt i:; a:; l!;l'l'n[. as l.hncliiTc•n!llt:o 
shOI'ten t.lw work. between systems. . 

Rate of Reaction.-Thc above discussion is based on conditions Platinum Contact Plants.-The essential steps in a platimuu 
wl;ich ,\rould obtain if equilibrium were reached, and says nothing contact process arc (1) burning sulfur or pyrites, (2) purification 
about the time necessary to reach that equilibrium. Numerical o_f th? gas, (3~ pa~sing the gus over the catalyst, and (4) ahsorp-
tlat.a for these rates arc sLill too fragmentary to include here, (13) b.OI~ lil sulfunc aCid of l.lw sulfm· trioxide so formed. The mosl; 
but all reactions incrense in vclocil;y considern.bly with moderate dlfTICult problem is to obtain~~ suitably puriliml gu..c:; to pass ovet· 
increases. in temperature. In this particular case, even ut the c:~tu.ly~t. J\'luny su~stanccs such us dust, halogens, allll 
temperatures above llOOo F., the rate of reaction is very slow. mctulhc. oxtdes, when present even in minute uiiiounts, }10ison 
Although at higher temperatures the reaction may be more the platmum contact mass, greatly reducing the rate of reaction 
rit})id, ·equilibrimn,·if reached, is at low concentrations. of sulfur and making it ncccssmy to replace the catalyst. 
trioxide. l3y the usc of n. cn.talyst, however, the vclomty of the Figure 21 is a flow sheet of n. somewhat idealized contact 
reaction can be increased, so that n.t low tcmpcrn.turcs ~vhc~c process plant. Gas from the burners (usually operated on 
favorable. equilibrium conditions exist, practical opcrn.twn lS sulf~r~ passes to coolers in which some dilute acid may be 
possible. · premptt~tcd. It next goes. to n. scrubber where suspended 
... l\lnny subsL:mces catalyze this rcn.cUon more or less: . In matter IS removed b:y ~ca~c sul~uri_c__~cid, _and_ then through 

hurninp; sulfur, practically no catalyst is prcscn~ n.nd n:-ghgtblc filters for final purifi~aLion. The dripsJrom coolers, scrubbers 
. amounts of sulhir trioxide arc formed. In burnmg pyntcs, the and the filters nrc collected in the wcn.k.;acid tn.nk to be rccircu~ 

~·--~~--En2l>a act.s_ns_:t.sJ!.talyst to n. certain extent and small a~~~~n!s ____ 1 ~_:.., __ I_at~?· This acid is mnintn.inJld_at_tluw.lcsirccLconccntmt.ion-by--_ 
of sulfm trioxille appear in the burner gas. Finely dtvllled ~ddmg water n.nd overflowing weak acid. After the lilters there 
)Jlat.inum is the best catalyst; and with this. substance i~ an Is a second scrubber in which the gas is dried with 9G to 

99 
per 

:wl.iVll comlition, equilibrium can be substnntmlly reached m n. cent sulfuric acid. This conccnt.rution is maintained by adding 
fnw Sl'contls at tem}lemtmcs from 750 to 850o li'. Tcmperatur?s oleum. S?mcwhcrc in the system, but usually following this 
of this order correspO!Hl to an equilibrium so fuvorablc tlu:t m scn:Lbcr, IS a blower which llloves the gas through the system. 
actual }lructicc conversions of 98 per cent or better nrc posslbl~. 'lhc gas must be heated to the initial reaction temperature 
ltecenlly vanadium silicates have been used as a catalyst m before being brought into contuct with the catalyst. In normal 

' . b . d 'tl 1 t' (!4) t' tl . 1 t . . one }1lant, with results equal to those o tame Wl 1 p a mum. opera. Ion us leu IS ~uppl~ed by the heat of reaction through 
Obviously in 11ractical operation the catalyst is n. factor of. heat .mtcrchangc~'S. 'I he dtrcct-fircd prchcatcr is provided for 

}lrime impo/tn.ncc. The commercial procc.sses ~re classified on startm.g up and to compensate for occusionu.l irrcgulo.rities in 
the_ busis..i!L.thc c:i.to.lyst used. Iron-ox1de cmder f~·om the operation. The exact ·arrangement of the heat exchangers the. 
hmning of pyi·itcs is used us n. catalyst in the Mannhcm~ p~·oc- converters, and their interconnecting piping, varies from ~lant 
css. os> ·This gives a pal'tial conversion of the sul_fur dblO~tdcd. to plant, but the arrn.ngcment shown is fairly typical. The go.s 
The resulting go.s is then purified and further convcrston o ~amc first passes through both heat intcrchangcrs in order to heat it 
wfth ~~ platinum cntalys~ .. This procc~s involves n. comphcatcd to- the reaction temperature. It then passes· through the first 
11Jmlt niHl is 1iot used in the United St3:tcs. . converter where, because of the high temperature the reaction 
· The other processes usc o. platinum catalyst only. Vanous procccd_s rapidly but the equilibrium will not corr~spond to the 
ll:tn.es, such us Badischc, Schroder-Grillo, and Tcntclcfi, h~vc ~cs~ conversion. Most of the sulfur trioxide is formed here 
lll'ell np}llirll to systems iitVolving di!Tercnt meth~~ls of ~H·~p:u-~ng 1 'l'ho re~ultiug hot gas is sent through the second heat interchange; 
!.he cal.alyst ami specific pln.nt flow sheets. Ihc dtstmctwn where Its temperature is lowered. It then goes to the second 
l.IPtw<•cn these llroccsscs, ns they arc exemplified in more modern converter which operates at n. lowm· tempcrn.tmc than tho 
t•ltmts, is no lougl~r pronounced; and, in fttct, variat.ions between first, and, therefore, completes qw 1:onversion undnr the most - - - - - - - - - - - - - - - - - - -
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Fxo. 21.-F~t o£ contact process Cor su!Curic acid. 

- -- -- - - - -

·~.~c·r==···-··· -

SULFURIC ACID 73 

favorable cquilibt·ium conditions, but at a.· slower reaction 
velocity. The gas then goes through the first heat interchangcr 
where it is further cooled by the incoming stream of sulfur 
dioxide, and then to a final cooler. Here air or water bring the 
gas down to n. moderate temperature. The stream of gas, which 
now contains nearly all of its sulfur as sulfur trioxide, goes to 
the oleum tower. This is feu at tho top wit.h acid stronger than 
100 per cent, which absorbs sulfur trioxide to make still stronger 
oleum, leaves the tower through a cqolcr and goes to the oleum 
storage. .Suflicient 97 to 98 per cent acid is added to this 
tank to give oleum of the desired final conccmtmtion, part of 
which is withdrawn for market and the rest circulated over the 
tower. The remaining gas, still containing some sulfur trioxide, 
goes to two acid towers, which arc feu at the top with !.17 per 
cent acid. These absorb tho remainder of the sulfur trioxide, 
and arc so regulated that they produce approximately 100 per 
cent acid, which passes through a cooler. Part of this acid is 
withurn.wn for the market, and the rest go~~ to _the storage-~-_ 

--tank, whcroosufficicnt 9<rto97})crcentUcid or water .is added to 
maintain its strength between 97 and 98 per cent. This system 
of towers is not followed in all plants. There may be more m· 
less than thmn towers and the flow of acid Lhi'Dugh them may 
be more complicated than shown in this flow shoot. Tho 
absorbing sysLom is vnriod according to the concentrations of 
acid to be marketed. It should ulso be noted that practically 
no two contact plants arc identical, n.nrl this flow sheet must be 
considered as merely illustrative. 

Burners and Gas Purification.-13urners for tho contact 
process do not difTcr from those described on pago 46, except · 
that a few pl11nts making high concentration oleum have the 
burners s0 n.rmngcd that tho air supply cn.n bo dried with strong 
sulfuric acid. In any case the gas is cooled to about 120° li'. by 
pa~siug through a series of lead pipes, which may be submcrgou 
in water or sprayed with water on the outside. 

Pyrites arc not commonly used as tho raw material in the 
contact process because of the impmil.ics which they introduce 
into thc·gas._ . When pyrites arc used, dust chambers arc provided 
between tho bmners and the gas coolers; and the subsequent 
purification system is more extensive. 

Tho next step in the process involves the further cooling of the 
gus, the further removal of suspended matter, and the elimination - - - -----
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of :my halogens which may be present. All of these may be 
accomJllishr.d sinmltancously by scrubbing with sulfuric acid, 
which onlinnrily is not stronger than 55 per cent if halogens arc 
to lm reuwved. The simplest w:ty of fulfilling these conditions 
is Lo usc one or more packed towers over which the acid used· as 
tho scmuhing mndiUJil is circulated. If more than one tower is 

· u'sccl t!H; operation is so adjusted that the acid in the last tower 
is 1 ie~~:Iy OS pet· cent in order that the gas may be dry. It is not 
necessary that these towers operate strictly in countercurrent, 
since tlw;c'oncmitmtion ·of moisture or halogens in scrubbing acid 
is kept v:cry low. Consequently, the acid used in one tower is 

· recirculntml over that tower and only a fraction drawn. off to 
tho next 'tower in the series. 

In order to remove the heat, the circuln.ting n.cid may be 
coolml oltLside the ·tower in lead coils immersed in n. tn.nk of 

-water; and in this case the amount of n.cid circulated must be 
Iarp;e to keep down its average temperature in the tower. There 
mi~ht. seem t.o be advantages in placing lead cooling coils in the 

.. ·-·JJ.mver itself,.buf; the-saving in:ncid circulation is-o.ITset by diffi- -··· 

1:i1ll.it•s of eonstmction. In some iustn.lln.tions, however, the 
j)ncking is completely replaced by closely spaced lead coils, 
i.hroup;h which cooling water circuln.tcs. 

Although Uie scrubbing system gives ncn.rly complete purifi
en.l.ion, it is tHlC<\Ssn.ry that the gas be absolutely free from 
suspended mist or solid particles. 'fhe usun.l wn.y of removing 
these is by filtmtion. Vn.rious styles of filters have been used, 
!Jut. t.lw most common one is n rectuuguln.r box of relatively largo 
cross-section, lead lined, n.nd filled with coke which has been 

-

· cai•efnlly scn\mw<l nllll washetl. In :1. plant which mn.kcs 30 tons 
of acid.pcr..day thc·filtcr may be 30 to 40 feet wide, 50 to 60 feet 
long, nnd Hi feet deep. It should have n. sloping bottom from 
whi-ch the achl which is collected mn.y be drained. The coke 
should be graduated in size and may rn.nge from ~~-inch lumps 
nt the bottom to pieces as small n.s 34 ·inch or even 10 mesh 
nt t.hci top. Smn.ll. filter .boxes packed with sawdust and 
nsbr.sl.os fiber or mineral wool have also been used successfully. 

The gas leaving tho filter must be thoroughly dry. Unless 
98 per cent :tei1l was used in the scrubbing system; the final 
dryin~ follows the filters and is usually done in a cast-iron 
tower, packed with quartz or stoneware shapes which p.re 
sprayed with 07 to 08 per cent acid. 

- - -- - - - -
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Heat-transfer System.-After purification tho gas is heated 
to the reaction temperature either by n. direct-fired prcheater or 
by heat intcrchangers. Since tho gus is dry, these nnd subse
quent units in tho system mn.y be umdu of steel. Cast iron is 
less suitn.blc, as the graphite in it is acted on by hot sulfm tri
oxide. The heat interchnngers nrc onlinnry tubular heaters with 
steel shells ami uoiler tubes. The gas to be heated usually passes 
around tho tubes. Balfles nrc ))laced insido tho heater to JmlVIlll t 
short circuiting, lengthen the g:ts path, ami increase the rate of 
heat tra.nsfcr. 'l'he gas which is SIIJlplying the heat passes inside 
the tubes and generally goes through all the tubes in parallel. 
The direct-fired prchen.tcr consists of a l!u·ge number of boiler 
tubes connected in series n.nd armngcd in tho flue of an· oil or 
coke fire. 

Converters and Catalysts.-'l'ho cln.ssification of contact pln.nls 
is usually based on the type of catalyst mass. ·A ptocess in 
which the pln.tinum is supported on asbestos mats· is called a 
Badische ])Tocess, n.nd a process in which tho pln.tinum is carried 
on grn.nulntcd -nnhydrous-Jilu.gi!csiiTillSiilfiite, :~ (h:illu 7;~:occss. -- · · 
'l'hesc two nrc the oucs principally used in the United Stutes. 

The convm'Lcrs consist of vertical, cylindrical steel shells with 
supports at intervals on the inside. In Lhe Badischc process, 
mats of loosely woven asbestos cloth uro held in frumes which 
rest on these supports. A mnL is first dipped in· solut.ion of 
platinum chloride and is then carefully dried and ignited, taking 
particular cure not to contaminate the mnss with poisons. In 
the Grillo system, elaborately purified magnesium sulfate is 
dl'icd and ignited, broken up, and the lumps carefully sc:recncd. 
'l'heso.lmii))S nrc them moistened with a solution of ))laLinum 
chloride n.nd agn.in ignited. This granular muss is loaded on 
perforated steel trn.ys which fit into the converter shell. 'l'hc 
average contncL pln.nt in the United Stu:tes contains 14 to IG 
t_r9y ounces (370 to 500 grams) of platinum for each ton of daily 
output, cnlculuLcd as 100 per cent sulfuric ncid. 

'When the contact mn.ss becomes poisoned, if the contamination 
is slight, the efficiency may .somoUmes uo rostomd by merely 
misiug tho tenwcratur~ of the incoming gns. Sometimes, if tho 
JlOisoiiing-is ·due to small amounts of nrscmic, it umy be overcome 
by filling the converter with chlorine. If the poisoning is 
serious, tho catalyst must be reworked. This is quite simpltl 
in the case of Lhc Grillo muss, us it merely involves dissolviu~ - - - - - - - -
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't.heuln.ss with water and aqua regia and then drying mulrcgranu
Iating. With the 13adischc contact mn.ss the usbestos fiber 
usually. hns become so brittle that it will not stand handling. 
The platinum .must be dissolved and a new mat prepared. 

Absorption Systems.-The oleum· absorption towers nrc 
usually constructed of a sheet steel shell, lined with removable 
sections of cast· iron or with acid-proof brick, and packed with 
quartz · or stoneware shapes. The 100 per cent absorption 
towers nre usually cast-iron towers similarly packed. The acid 
coolers both for oleum and for 100 per cent acid nrc made of 
cn.st-iron pipe, which carries the acid in the annular space 
between it and a smaller cn.st-iron pipe supplied with cooling 
water. 

'l'hc absorption towers may be fed with acid of any strength 
c1ver 97 per cent. If oleum is to be made, the gn.s will first pn.ss 

. through a tower fed with acid of 100 per cent or stronger. Such 
·strong acids exert an appreciable vapor pressure of sulfur trioxide 
and, therefore, the abs'orption in such a tower will be incomplete. 

·-:hi imler to- ins~i·crccovcry of the final traces of sulfur trioxide, a 
·'countercurrent system must be used, and the absorption com
-pletcd in a tower fed with acid of 97 to 99 per cent so that the 
rrsi(t\ml vapor pressure of sulfur trioxide in the absorbing liquid 
will be negligible. · 

Acids .more dilute than 97 per cent cannot be used because 
they exert an appreciable, though low, vapor pressure of watci·. 
In the presence of free sulfur trioxide even minute concentrations 
of water vapor condense to form n mist of sulfuric acid which is 
very ,difiicult to recover. If sulfur trioxide gn.s is to be absorbed, 
there is an appreciable difference in vapor pressure between the 
~as":"fi1d""liquid phase which causes it to diffuse to the surface of 
tlw nbsorbing liquid. If, on the other hand, instead of gaseous 
sulfur tl'ioxide, finely divided liquid sulfuric acid is to be absorbed, 
there is no such potential difference tending to drive the particles 
to the surface of the absorbing liquid: The only way ·these 
pnrticlcs may be removed is by cn.using them to settle or to 
impinge on a sui·facc, but both of these arc difficult in practice 
and mist formation must be avoided. ' 

'l'he absorption of sulfur trioxide is strongly exothermic. A 
rise in temperature of the absorbing acid in any of the towers is 
undesirable; for in the oleum towers this means an increase in 
the v'n.JiOI' pressure of sulfur trioxide "\vith a consequent dccrc.nsc - - - - - - - -

., 
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of cupacil;y, o.nd in the final towers it means nn increase in tho 
vnpor _J>I'C'ssure of water with n. conseC]UPnt tendency to mist 
formatwn. Coolers arc therefore provided in the acid-circulating 
system of all towers. · 
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Problems 

.1. What is the comp~silion o£ the gas ohtnincd by burning pmc FcS2 
wtth 50 per cent excess mr, rLSSmning that nil the iron gor.s to Fc

2
Q

3
? 

2. A sulf.mic--nci_cl plant. makr.s 100 tuns of 60° acid per day. How mnny 
pans 3 by 6 feet Will he nccdecl to hurn tho sulfur? How many Glens Fnlls 
hurncrs ot· how runny Vesuvius burners, o£ whnt size, would do the same 
worlc? 

3. Specify the size of the Glover tower for the pln~;i. of Problem 2 
Assume lUI inlet ~ns tcmpcmLurc of 1000° F. and n gns velocity of 1.5 fL. pr; 
::;ceoiHI. hnsccl 011 the iHict gns volume. 

4 •• Specify the size of the ehnmhcrs for this plu11l. 
· 6. How much wntm· must he supplied to the chambers? 

6. For your solution of l'whlcm •1, specify the size of the Gny-Lussnc 
tower. 

7. Bnc:h of two plant.':! mnltes 50 t.u11s of 06° acid per day in a tower con· 
c:cntmtor. One Lakes 00° acid fl'fllll the Glovc:r tower for c:onccntrntion the 
nLhcl' limh1 it m:c:cll.':!nry tu semi c:hmuhcll' nr:icl to the c:onc:cntmtnr nt 53~ Bo. 

-mti~twil~nLcr-JrnLc-lclir-lt?- -
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8. Two burnnr gnsr.s nrn oht.nincd hy tho comhnstion of pure sulfur, ono 
with 50 per cent nnd one with 100 per cent excr.'>S nir. Wlmt will be tho 
concentmlion of S03 in cac:h at eqnilihrinm aL 41i0° C.? W1mt will be Uw 
percentage conversion of SOz to 803 in ench case? 

9. A co.ntnct plant is to produce 10 tons of 20 per cent oleum nnd 40 tons 
of 98 Jler cent ndcl per d:~y. The oleum tower is fed with 98 per cent acid. 
The 98 pm· cent tower is fed with !l7 pnr cent ncid obtained by diluting pnrt 
lJf it..'l llliL)lUL. Calmliatc the !IIIIOUnt ur ar:id ft:tl to C:IU:h Lower. 

- - - - - - -· - -
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MEMO 
BATE: January 13, 1999 

.File 
I 

TO: 
I rOM: Jeanette Stanley 

Environmental Chemist 
NC Superfund Section 

RE: VC Chemical-- Wadesboro 
Wadesboro, Anson Co., NC 

On December 17, 1998, Serafino Franch, Environmental Chemist, and I visited the VC 
G:hemical Wadesboro site. This site was originally recommended for investigation by Irene 
Williams, NC Superfund Section. We obtained a key to the gate from Al Scarborough at 
Scarborough Hardware. The property was posted and inaccessible by vehicle. Mr. Scarborough 
shld he owried adjacent property and had found it necessary to restrict access due to trash dumping 
ahd wild parties. Mr. Scarborough said that the current property owner, Mr. Weston, had lived in 

I , ' 

the on-site house trailer at one time. 

As we entered the property, we walked near the former lead acid chamber area (as indicated 
on the Sanborn maps) and noted the characteristic magenta-colored soil (indicating lead 
cbrrtamination) in the vicinity. We noticed that there were nearby residents and that one resident was 
i~ her yard. ""'1\'e walked to her yard and introduced ourselves. She gave us her name and address: 

Mrs. William T. Wall 
Rt. 2 Box 9 
Wadesboro, NC 28170 (704) 694-35.60 . 

Mrs. Wall said that her husband was recovering from a recent stroke. She sairi that her 
neighbor, Reverend Leon Tyson was also recovering from a stroke. The other house close to the site 
~as vacant at the time of our site visit, but Mrs. Wall said she anticipated that someone would be 
n;toving into ~e home. I called today and she said that the home was now rented and it appeared as 
if the residents were still moving. She did not know if the new residents have children. All three 
hbmes use groundwater wells for drinking. Mrs. Wall said tha,t another neighbor closer to Stanback 
~erry Road was named Robert "Patchie" Clark. She: sai? that tlie three homes that were occupied 
during our site visit housed two residents each, all elderl.y couples. Mrs. Wall said that she did not 
1cfow of anyone who ever entered the former fertilizei: property. She ha~ never been on the adjacent 
property. We noted a vegetable garden between the ~all home and the nearby vacant home. We 
then began out tour of the site, taking a number ~f pHotographs: . 

, I· • I 

Photo #1 Looking north toward former acid chambers 
Photo #2 Characteristic magenta-coloreli soil and sulfur. Area within 200' of garden 

Photo #3 
Photo #4 
Photo #5 

'i I 

and closest drinking water well. · 
Outfall of old terra cotta pipe, 1~acant residence in background 
Note well house to left of house. · 
Acid Chamber area, looking wbst from yard of vacant home. Note comer of 
concrete wall. 

,.~ --.-·-----~ 

L ,Ref.6~ 
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Photo #6 
. Photo #7 

Photo #8 

Small Brick buildings to the South of the former acid chambers building 
Small Brick buildings to the South of the former acid chambers building 
Small Brick buildings to the South of the former acid ch~bers building 

We then walked up the berm on the east side of the facility and found that the facility 
included a concrete wall that had been constructed to' support a two-story- high bank of dirt which 
supported a former railroad track. Photo #9 was taken looking west from the top of the berm toward 
the edge of wall. We then walked down the northern end of the berm and toward center of the 
pr~perty. We noted a vacant, uninhabitable house trailer, Photo #10. We then walked to the front 
of the trailer and photographed the old reservoir and water tank in background (Photos #11 & 12). 
A well was 'noted about 15' northwest of the reservoir. The well had a short concrete culvert as 
housing with no top. (During a telephone conversation, Mr. Weston said that he had used this well 
for drinking when he lived on the property.) There was no visible tap or labeling on the well. 
Proceeding northward along the western perimeter of the former facility, we noted a white, granular 
substance that looked like old fertilizer (Photos #13 & #1 (roll2)) filling the former railroad bed. 

The area was very thick with briers and undergrowth. We found an opening and, in a 
northeasterly direction, crossed over the concrete pad of the former dump shed and fertilizer mixing 
building. Small trees and other vegetation were growing in the cracks of the pad throughout. There 
wa.s standing water in some areas of the pad. There were signs of past "recreational use" of the 
property such as beer cans, but no signs of recent use. 

·Y· Photo #2 (roll2) was taken from the rear of the former building, standing in the former road 
bed and looking south toward the degraded pad., Photo #3 (roll2) was taken of the ditch draining 
the. rear (north) or the building. Photos #4, #5 &#6 (roll 2) were taken of the former railroad bed 
and loading platform at the northwest corner of the facility. Proceeding along the western perimeter 
of the property, we attempted to locate a surface water' outfall. Serafino located a culvert under the 
former railroad bed and the outfall into the unnamed tributary (UT) to Brush Fork. Photos #7 & #8 
(roll 2) were taken of the stream the receives the overland flow from the northern half of the 

I 

property. ' 

We had then essentially circled the prop~rty .. We 'located the magenta-colored soil again 
(Photo #9 (roll2)), and then followed the overland pathway from this area of soil. We noted a large 
dog running loose and decided to return to the vehicle ~d attempt to locate. the PPE for the southern 
half of the property from the vehicle. We determined that there were no additional culverts under 
the former railroad bed on the north side of Stanback\ Ferry Road. The overland pathway follows 
a ditch to the west of the nearby homes and to the east of the former railroad bed and then enters a 
culvert under the road: On the south. side. of Stan?a~kJFerry Road, the ove:land pathway follows a 
low area along the penmeter of a residential property and then enters a flowmg stream at the rear of 
the home. This stream flows in a westerly direction,· tHrough a culvert under the fanner railroad bed 
and into the UT to Brush Fork. 
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. While investigating the overland pathway, we noted a "backyard garage" facility that was 
operating and an additional home on the north site of Stanback Ferry Road not discussed by Mrs. 
Wall, making a total of five homes and a garage on the north side of Stanback Ferry Road. The one 
home on the south side of Stanback Ferry home near the site would makes a total of six homes, three 
homes within 200' of the facility and another three .homes and a garage in close proximity to the 
overland pathway and downgradient from the site. All homes use wells for drinking. 

I called Mrs. Wall today and she said that one of the two homes close to Stanback Ferry Road 
on .the north side is unoccupied. The other home is occupied by Mr. and Mrs. Robert Clark. The 
brick home ~n the south side of Stanback Ferry Road is occupied by "Boot" Clark, a relative of Mr. 
Robert Clark's. Mrs. Wall said that Mr. Robert Clark operates the garage. 
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Memorandrnn 

DATE: June 1, 1999 

TO: File 

FROM: Scott C. Ryals ~ / ~ 
Environmental Chemist '{ .... 
NC Superfund Section 

SUBJECT: Site Investigation Reconnaissance (May 27, 1999) 

Virginia Carolina Chemical Company (VCC Company) 
Wadesboro, Anson County, NC 
EPA ID: NCD TBA 

On Thursday, May 27, 1999, Mr. Scott Ryals and Ms. Jeanette Stanley of the North Carolina 
Division of Waste Management SuperFund Section, conducted a site reconnaissance ofthe 
former VCC Company site in Wadesboro, North Carolina. 

Upon arrival in Wadesboro, we stopped to acquire a copy of the City of Wadesboro public water 
lines from Mr. Hugh James. Mr. James informed us that to the best of his knowledge that the 
creeks alongside the property were not used for fishing. After leaving Mr. James, we stopped at 
Scarborough Hardware to inform Mr. Scarborough (a citizen who owns land in the area and acts 
as the contact person for access to the property) that we were going to be on the site and if he still 
had the key for the gate to the property. He informed us that the gate had been changed to a 
reinforced steel access gate due to people breaking into the property for the purposes of dumping 
refuse and illegal narcotics activities. Unfortunately, he also informed us that someone had run 
into the new gate in an effort to force it open and had damaged it so severely that it no longer 
functioned. Mr. Scarborough again expressed Mr. Weston ' s concerns as to the structural 
stability of some of the remaining buildings and of the possibility of uncovered elevator shafts 
and/or wells. 

On arriving at the entrance to the site, we noticed that the gate had been hit and rendered 
unusable. We proceeded down an adjacent dirt road on which five houses that border the facility 
are located. Ms. Stanley and myself talked with each of the residents (list in the following table) 
and received verbal permission to return to sample their drinking water wells. None of the 
residents indicated that their water tasted or smelled out of the ordinary. Mr. Leon Tyson 
repmied that his water was hard and that he had at one time used a treatment system, but the 
system had been removed. See attached aerial site map for the location of the houses . one of 
the houses are on city water. 

Ref 7 
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Residences and Wells 
Name Address 

1 Leon Tyson 
2 William Tyson 
3 Bunyon Tyson 
4 Robert Clark 
5 Lucinda Maske 
6 Robert James 

Wadesboro 28170 
Rt2 Box 10 
Rt2 Box 9 
Rt2Box 9 
Rt2 Box 8 
Rt2 Box 8 

Phone # (704) 

694-3805 

694-3943 
no phone 

Number in 
Home I Children 
210 
210 
4 I 2 (lyr & 6yr) 
210 
3 I 1 (pregnant) 

WellheadAccess 

y 
y 
y 
y 

On Clark Well 
N 

After talking with the residents, we proceeded through the underbrush that has grown up around 
the facility. Several pictures (see attached photos) were taken of the remaining buildings, the 
elevated RR track bed, the fire water pond and nearby well, a large separator and what looked to 
be a bagging room with a large roller conveyor line. Within this room, there was evidence of 
smelting activities (small kiln and two molten metal transfer buckets, what appeared to be metal 
(lead) slag on the floor and ceramic molds). 

Becuase of the possibility that phosphate ore contains naturally occuring Radon 225, a radiation 
survey was conducted. The highest radioactive readings were observed near the separator tower. 
The readings were taken on a Micro R Meter, Model 19 manufactured by Ludlum Measurements, 
Inc. of Sweetwater, Texas. The off-site background reading was 5 micro Rlhr. Near the stained 
soil outflow from the lead-acid chambers and around the general site except as mentioned, the 
reading was 15 - 18 micro Rlhr. The open area between the abandoned trailer and the separator 
was 40 micro Rlhr. and immediately near the separator the readings increased to 110 micro Rlhr. 

There was no evidence of any uncovered wells or elevator shifts as indicated by Mr. 
Scarborough. The entire site was densely overgrown with grasses, small to medium pines and 
hardwoods and briars. 

We proceeded to locate the two probable points of entry (PPE) to the surface water from the site. 
The outflow pipe leading from the lead-acid chambers empties along the old railroad bed. The 
old RR bed leads in a southerly direction. The pathway flows under Stanback Ferry Road, 
crosses the Robert James property and turns sharply to the West and enters an un-named tributary 
CUn to Brush Creek, the PPE. The second PPE was located north of the fire pond. There was a 
lined channel that seemed to follow the remaining fol.mdation of the concrete pad. The channel 
and a pipe which lead from somewhere under the pad, lead to a natural channel which feeds into 
a flowing stream. The use of this lined channel is unclear, but the best estimate would be for 
storm water management off the roof of the structure that once existed. Both PPEs fed into an 
UT which feeds into Brush Creek. After walking thci length of the 2 PPE, the creeks did not 
indicate the presence or capability of supporting fishJ ·There were several deer tracks and one 
turtle observed during the reconnaissance. i 

, I 
I 

Before leaving Wadesboro, Ms. Stanley and myself stopped in the local public library to try to 
find some pictures or other history concerning the operations at the VCC Co. site. We were not 
able to find any picture, but did manage to find a reference which indicated that the plant opened 
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in 1911 (See attached reference). We then searched the library copies ofthe local paper that was 
published in 1911, but there was no reference to the plant. We then proceeded to the local paper 
which has been in buisness since the turn of the century with the hope that they would have a site 
picture. Unfortunately, the paper did not have a computer index and we did not have the time 
available to search through the back issues of the paper. 
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NORTH CAROLINA DEPARTMENT OF 
ENviRONMENT AND NATURAL RESOURCES 

June 29, 1999 

Ms. Jennifer Wendel 
NC Site Management Section 
US EPA Region IV Waste Division 
61 Forsythe Street, 11th Floor 
Atlanta, Georgia 30303 

Subject: Virginia Carolina Chemical Company 
Wadesboro, Anson County, NC 
NCS FNO 406 924 
Combined P A/SI Sampling 
Date: July 15-16, 1999 

Dear Ms. Wendel: 

DIVISION OF WASTE MANAGE:MENT 

The follmving is a summary of proposed P A/SI sampling at the former Virginia 
Carolina Chemical Company (VCC) site on Stanback Ferry Road in Wadesboro, 
Anson County, NC. This sampling plan is based on P A research in progress, on-site 
and off-site reconnaissance and a historical investigation of the processes used at this 
site and others operated by the same company within NC by the NC Division of 
Solid Waste Superfund Section. 

Site Background: 

The VCC site is located approximately Y2 miles west of the town of Wadesboro, NC 
on Stanback Ferry Road in Anson County, NC. The site was a former fertilizer 
manufacturing facility that operated from 1911 through the end of World War IT and 
occupies approximately 10.38 acres of land (See figure 1). The site remained 
inactive until it was purchased from the county in action by Mr. Carl Weston in 
1980. Mr. Weston did not develop the site. The land is heavily overgrown and 
surrounded by woodlands, few of the original structures remain (See Figure 2) and 
apart from the gate on the access road, there are no access controls at the site. 

Based on investigations at other fertilizer manufacturing facilities throughout NC, the 
potential contaminants include lead (Pb) from the large lead lined acid mixing 
chambers, other metal contaminants from the pyrite and phosphate ores used in the 
production of the fertilizer, potential chlorinated and phosphate fertilizers 
manufactured on-site and nutrients (sulfates and nitrates) . 

401 OBERLIN ROAD, SUITE ISO, RALEIGH, NC 2.7605 

PHONE 919-733-4996 FAX 919-715·3605 

AN EQUAL OPPORTUNITY I AFFIRMATIVE ACTION EMPLOYER· SO% RECYCLED/I 0% POST-CONSUMER PAPER 
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Groundwater Pathway: 

The site is located in a rural area surrounded by woodlands and small agricultural fields. There 
are three residences served by drinking water wells that are adjacent to the property and three 
additional residences and a small auto repair business that lie down gradient from and in close 
proximity to the overland flow pathway. All residences are within a 1!4 mile of the facility. 
According to both county and city officials, there are no water lines serving these residences. 
The city public water supply, which serves approximately 3,800 people, is not threatened by the 
site. Table I lists the groundwater samples to be collected. Samples will be collected at each 
well for metals, volatiles, semi-volatiles and nutrients. 

T bl 1 VCCW d b G d a e . a es oro roun water . 
Sample Number Location 
VCC-01-PW, N Figure 2 
VCC-02-PW, N Figure2 
VCC-03-PW, N Figure 2 

VCC-94-PW, N Figure 2 

VCC-05-PW, N Figure 2 

VCC-06-PW, N Figure 2 
Trip Blank Figure 2 
Pre-Preservative Blk Figt!I"e 2 
Post-Preservative Blk Figure 2 
PW =Groundwater Well 
V = Volatile organic compounds 
SV =Semi-volatile organic compounds 
N =Nutrients 

Soil I Source Exposure Pathways: 

s r L ampJmu ocat1ons 
Analytes Comments 
Metals, V, SV, N Private well 

Metals, V, SV, N Private well 

Metals, V, SV, N Private well closest to lead 
stained soil. 

Metals, V, SV, N Not shown on figure, but 
there is a small business and 
home. Shares well with #5. 

Metals, V, SV, N Private well directly across 
Stanback Ferrv Rd from #5. 

Metals, V, SV, N To be Determined, Bkgd 

V,N Organic QA/QC 

Metals Inorganic QA/QC 

Metals Inorganic QA/QC 

Based on our on-site reconnaissance and limited operational history of the site, six potential 
source areas have been identified for sampling. These include a large area of magenta stained 
soils that are believed to be from the lead-lined acid mixing chambers, an area of soil from a 
former pole treatment and storage facility, soil from the pyrite and phosphate storage area, soil 
from the acid mixing area, soil from the fertilizer mixing and bagging operations area and a 
surface water sample from the on-site water reservoir. There is evidence that the nearby area has 
been used for clandestine gatherings and potentially as a recreational area for the nearby children. 
Table 2 lists the soil I source samples to be collected. 
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T bl 2 VCCW d b s .• , s a e . a es oro 01 ource . 
Sample Number Location 
VCC-01-SL See Figure 2 
VCC-02-SL See Figure 2 

VCC-03-SL See Figure 2 
VCC-04-SL See Figure 2 

VCC-05-SL See Figure 2 
VCC-06-SL See Figure 2 
VCC-07-SL See Figure 2 
VCC-08-SL See Figure 2 

VCC-09-SW See Figure2 
V- Volattle organ1c compounds 
SV = Semi-volatile organic compounds 
N =Nutrients 
SL= Soil 

Surface Water Pathway: 

A S rea r L t· amp1102 oca IODS 
Analytes Comments 
Metals, V, SV, N Background #I 

Metals, V, SV, N Source I. Stained soil 
source, composite sample 

Metals, V, SV, N Background #2 

Metals, V, SV, N Source 2. Near auto repair 
shop 

Metals, V, SV, N Overland flow southern PPE 

Metals, V, SV, N Source 3. Pyrite storage area 

Metals, V, SV, N Source 4. Acid-mixing area 

Metals, V, SV, N Source 5. Fertilizer mixing 
area 

Metals, V, SV, N Source 6. On-site reservoir 

There are two probable points of entry (PPE) to the surface water at two points in an unnamed 
tributary to Brush Fork. The northern PPE (PPE I on Figure 3) is approximately IOO feet west of 
the site. The southern PPE (PPE 2 on Figure 3) that receives runoff from the potentially 
contaminated soil area is approximately 750 feet south·ofthe site. The wetland inventory map 
shows the nearest wetland to be located approximately I.S miles downstream of the southern 
PPE; however, vegetation observed during the site visit and the topography of the area adjacent 
to the stream bed approximately I 00 feet below the southern PPE indicates the potential for a 
wetland area much closer to the site. Table 3 lists the sediment and surface water samples to be 
collected. 

T bl 3 VCCW d b s f: w t a e . a es oro ur ace a eran . 
Sample Number Location 
VCC-01-SD, SW See Figure2 
VCC-02-SD, SW See Figure 2 
VCC-03-SD, SW See Figure 2 

VCC-04-SD, SW See Figure2 
VCC-05-SD, SW See Figure 2 
VCC-06-SD, SW See Figure 2 

VCC-07-SD, SW See Figure 2 

VCC-08-SD, SW See Figure2 

VCC-09-SD, SW See Figure 2 
V =Volatile organ1c compounds 
SV = Semi-volatile organic compounds 
N =Nutrients 
SD = Surface Sediment 
SW =Surface Water 

d s d. e 1men tS r Lo r amp nne ca IOnS 
Analytes Comments 
Metals, V, SV Background, northern PPE 

Metals, V, SV NorthernPPE 

Metals, V, SV Upstream of roadbed, below 
northemPPE 

Metals, V, SV Background of southern PPE 

Metals, V, SV SouthernPPE 

Metals, V, SV Upstream of roadbed, above 
southernPPE 

Metals, V, SV Downstream of roadbed, above 
southernPPE 

Metals, V, SV Background of creek between 
residences and site 

Metals, V, SV Creek between residences and site 
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Please fell free to contact me at (919) 733-2801 ext. 316 or ryalssc@wastenot.enr.state.nc.us if 
you have any questions. 

Attachments 
. i 

cc: ,. File 

Approved: 
Jennifer Wendel 
NC Site Management Section 

Thank you. 

J~c-~L--
scott C. Ryals 
Environmental Chemist I Toxicologist 
NC Superfund 

Date: ______ _ 
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Please fell free to contact me at (919) 733-2801 ext. 316 orryalssc@wastenot.enr.state.nc.us if 
you have any questions. 

Attachments 

cc: File 

Approved: 

Thank you. 

d~--~.L--· 
Scott C. Ryals · 
Environmental Chemist I Toxicologist 
NC Superfund 

~~---- Date: ;J,(~ /9 2 ·---··· .. 
I endel 

S · c Management Section 
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Ref. t3l 
NORTH CAROLINA DEPARTMENT OF · · - - ·-

ENVIRONMENT AND NATURAL. RESOURCES 

October 22, 1999 

Mr. Myron D. Lair, Chief 
Emergency Response and Removal Branch 
US EPA Region IV Waste Division 
61 Forsyth Street, 11th Floor 

.Atlanta, Georgia 30303 

Subject: 

Dear Mr. Lair: 

Immediate Removal Evaluation Request 
V.C. Chemical- Wadesboro (VCC) 
NCSFN 0406 924 
Wadesboro, Anson County, NC 

DIVISION OF WASTE MANAGEMENT 

The NC Superfund Section requests that the EPA evaluate V.C. Chemical -
Wadesboro site for a possible removal action. The site is located approximately Y4 
mile off highway 74, on Stanback Ferry Road in Wadesboro, Anson County, NC 
(Attachment 1). The site is comprised of approximately 10.38 acres of woodlands. 
There are several remaining buildings in various stages of decay. The most 
pronounced feature is the fire pond. The geographic coordinates of the site are 34 o 

58' 22" north latitude by 80° 03' 26" west longitude (Attachment 2) as measured 
from the fire pond. The area is_ mixed commercial/residential. 

Mr. Carl Weston (903-813-1950) currently owns the site. This site was formerly 
owned by the Virginia Carolina Chemical Company (1908 to 1945) who operated a 
fertilizer manufacturing facility utilizing lead-lined, acid chambers. An operational 
history of the site from 1945. to the time that Mr. Weston purchased the site at 
auction from Anson County in early 1980 is not available at this time. The site has 
been abandoned for approximately 1 0 years. 

The site was discovered by Ms. Irene Williams of the NC Superfund Section during a 
routine site investigation of another property previously owned and operated by the 
V.C. Chemical Company. Analysis of the magenta colored soils found at that site 
indicated the presence of elevated lead and arsenic levels. Further investigation lead 
to the discovery that the lead in the soils was due to the processes used to make 
super-phosphate fertilizers utilizing lead-lined, acid chambers. On May 26, 1999, 
NC Superfund conducted a site inspection of the Wadesboro site and discovered the 
same magenta colored soils. On July 26, 1999, NC Superfund conducted a combined 

401 OBERLIN ROAD, SUITE I SO, RALEIGH, NC 2760S 

PHONE919-733-4996 FAX 919-7IS·360S 

AN EQUAL OPPORTUNITY I AFFIRMATIVE ACTION EMPLOYER • SO% RECYCLED/I 0% POST•CONSUMER PAPER 
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Mr. Lair 
October 22, 1999 
Page 2 of3 

P A/SI sampling trip in which surface soil samples were collected from an area of discolored soil, 
absent of vegetation, approximately 20 feet wide by 60 feet long. The results of the sample 
analysis (Attachment 3) revealed elevated concentrations of lead (3361 mg/kg), arsenic (92 
mg/kg) and copper (1042 mg/kg) . 

The site investigation indicated that the area adjacent to the magenta colored soils was being used 
as a dump. Local citizens who own the adjoining property have complained about the teenagers 
and others who were "visiting" the area during the night. The adjoining property owners erected 
a gate across the access road to prevent access, but it was quickly tom down. Also adjoining the 
site are three residences. The residence closest to the site, within 250 feet , has two small children 
(one and six years of age) and the mother is expecting. There are no barriers between the site and 
the residences and the magenta soils are visible from the closest residence. 

City and County water lines do not service this area. Sampling analysis of the potable wells did 
not indicate the presence of any elevated metals or other compounds. 

Due to the high levels of lead and arsenic detected in the surface soils at the site, the proximity of 
the site to neighboring homes and the evidence of public access to the site, the NC Superfund 
Section requests that EPA evaluate the V. C. Chemical - Wadesboro site for a removal action. 

State funds for this removal are not available at this time. Please let us know if and when a field 
evaluation can be conducted so we may coordinate your site visit with our staff. Please feel free 
to contact me at (919) 733 -2801 ext. 290 or Dan.LaMontagne@ncmail.net if you have any 
questions. 

Attachments 
1. Road Map to Site 
2. Site Lat. I Long. Worksheet 
3. Metals Analysis Results 

ZJ:~-
Dan LaMontagne, Head 
Site Evaluation and Removal Branch 
NC Superfund Section 
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Mr. Lair 
October 22, 1999 
Page 3 of3 

cc: w/ attachments 
File 
Scott Ryals, DWM 
Don Rigger, US EPA 
Mr. Carl Weston, Property Owner 

letter only 
Jack Butler, DWM 
Charlotte Jesneck, DWM 
Phil Vorsatz, US EPA 

Carol Gibson, Anson County Health Department 
Jennifer Wendel, US EPA 
Ken Mallory, US EPA 
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Attachment 2 

,. 

LATITUDE ~D _!..ONGI~_::iJo:E.,CM_·_···:GULATicn{·woRKSHEET. 12 ~-: 
LI USING-ENGINEER's:_SCALE:"(l/60). ~: 

lk cb,~d .,;'~~!£g~t>-•--c~~c~rs #,-11csfi'711 o<foG' cnc(.d " SITE NAME: 

AKA: - ·>: :. ·~:j~~~-~=-~-- .... SSID: .•. ~ --- .. .• . -- ·- · · ·
7
···"' .. -

ADDRESS: O:fA-plat,.~)( :p~~-~~ficl:~--~- ·· ~ 
CITY: (t()0 du 'boea STATE;::(I>·c_. .. ... ZIP CODE: _______ _ 

SITE REFERENCE POINT: at-t.fc e.cJ7;,; .1 fJz(JJ( 4-r-zj 
USGS QUAD HAP NAME: . TOWNSHIP: __ N / S 

.HAP DATE: j'j ~ (o l1t1 SECTION: 

RANGE: __ E/W 

__ 1/4 -__ 1/4 __ 1/4 SCALE: 1: 24·, 000 
I 

¥.AP DATUM: .@ 1983 (CIRCLE ONE) 'MERIDIAN=---------------
. . 

COORDINATES FROM LOWER RIGHT {SOUTHEAST} CO~ER OF-7.5' HAP (attach photocopy): 

LONGITUDE: ~ \J .. ? C)Q ' 06 " - .·~--:~~-LATITUDE: "'3-~o 2.2.' _.TQ .. ··. _ 
~ ... /~~:. ~ 

cooRDINATES FROM "LoWER RIGHT · (SOUTHEAST} coRNER OF 2. 5 ,. GRID cELL! 

LONGITUDE: . ~~ 07_··. JCy•_ . . -:·jATJ:Xri~~-: "'J"f o 5'"=f' "30" 

CAL~ULATlONS: .~L~TITUD.E ·-(=7T~CQ'UAPE.AJJGLE MAP} 

... 
.. ·-

A) .. NUMBER ·aF.·:.;.;~i!i;ER:GRADUATI·O~~ !~~R~~ .:k~~I-~llDE. GRID LINE· TO SITE REF POINT: 

B)· ··MuLTIPLY-.· (:h~.· .B~:- 0. 3304 --'!O~ONVE~~-~?~o. ~-ECONDS: . 

I I-. 

/S"C,. :(_>· 

A X 0.3304-=-~ :j I . 5"'/.. . . -·_.::~t~': .: - .· 
-~ .. -- .. - ---~-~-~-~ 

C) EXPRE.:iS IN M-INUTES·AND SECO.[I)DS (l_/;i,,'·60"): 

D) ADD TO STARTING LATITUDE: :J·~ o :fJ·, .fo .. _" + _'.5Z. __ = 

, 5~ 

SITE LATITUPE:. 

-·.-::-:.1.~::· ... : .. 
-~::_~-!-~":.. 

{ 7 • : ~ :~ QUAi?'JW:iGLE ... HAP) 
- . -· · .. : .. -~~~-~; . ; . . , .. 

·.A) NUHBER OF RULER GRADUATIQNS FROM RIG~T LONGITUDE LI_N£ TO SITE REF POINT: 

CALCULATIONS: .LONGITUDE 

B)· MULTIPLY _(A) BY 0.3304- TO Ct?"!NE~~;~:~~/sEC_cJ:;~s: .. 
A~ x o. 3304· = 5~ 8~" · :··- ._·:z---~~f:~~;L .:.·: :· · .. · · 

.-:: ... ··~~~s;;:~;::::Su::;N~~~~~~\.;~::!5: ·' ~&-. __ = 

1:-:L::.:,:·- ~-~---.:....~~. 
_._ 7;"_-"-" - . •• . •. J .lr 

. -.· ::.:. 
i 
\ 

- ·-

I .·· . · · · ·· rNV"Es±rGATciR·=~.-::::...._-_,...--~~c...;..;.;:=~--_;._- D~T~: L 0 ;;to;[?: 
- . /I 

( 
'· 

I 
··--···-':(•'. 



. ~ 
SITE NAHE: 

. ·--------~---·-- ········------···---·-· _.;. _______ _ .. -· ...... --·---~_,_, ... ----------

I ·-

I 
I 
I 
I 
I -. 

1-

I 

·. 



I· Ground Water (1) . 

1- Surface.Water (2) 

:/Soil (3) 

~-.. - Olhe~ (4) 

Liquid (6) 
.. 

Sludge (7) 

Other (8) 

Organic Chemistry 

r ... N r...t .'· __ YSIS R.EQl:.JEST 

Inorganic Chemistry . 

Attachment :J 
Sute wbor>lOrj or •..• w:.Ailh 

P.O. Dox :!30~7. 306 t~. Wilmin~:ton St. 
R&lei~:h; North CArolina 27611-8047 

mercury 
selenium 
silver 

------~--...:.- . ' 
~ . 

)-
r--------------~----4-----------------; 

Parameter .Resu!ts(m~!!@ ; Organic Compounds Parameter 
_ __: _:P&T:GC/MS 

Acid:B/N Ext. 
2,4-D 
2, 4,5-TP(Silvex) 
chlordane 
heptachlor 
be:o:chlorobe;uene 

Results (mg/1) 

------
hexachlorobul..adiene 
cncirin 
lindane 

1-· methoxychl?r 

1
__ toxaphene 

-~-

-------
·------=-., 
' 

---·-----

I l-OR LAE USE 0!,-:l ,""'!' 

Date Re.c~ived 
L~-;~::Extr4cted----------

. . '.:.·: ·.. ' ..... :-. -------

-r~~\~t~~~~~~- .. 
Rcn·or!cd Ev:-.. . . . 

J~t~:po~~~ - ;:>.;, /1 . . 
T b N . OiOg8·3 J ~ 2799 

1:.J: .:~:~~nw! 1~!93) 

· antimony . . I benze::e . 

V arsenic _<._4__~-- i = carbon tetrach!o:id:: 
~barium __;;)__() .: ·- chlcr~e . 

_::: beryllium < (p ! cWorobeUUllt~ 
'-"""' c:t?mium <21 - ! = chlo.-oform 

chloride n i - o-cre:;ol 
!..--' chrordum r1 m-c:-,.sol 

cobaH. p-<.;r::so, 
'-'"" copper 

fluoride 
iron 

1..---)cnd 

<tO 

--~---

cres.:>: 
i ,4-dichlon:.•Lt.l:l.Z.e::-:. 
1,2-d!cbh')rt)~thfi..:t·! 

Results(mg/1) 

j = ··1,]-d;r.h.loroc-!byient · 
2, 4-dich lor.~ethylenG -------I= 

1-

thal!it::.:J 

zinc ---·----
pH 
conducciviry_· ------
TOS ._-: ... 
nash 'p~i~t ... _ -------

~---

hepl.:l.c'i-..!or 
heX<:,dtloroh=~~:::;;. 

!:'':.:X:acfllorobutadieue 
hcX<:('hJoroctbane 
mc:!Dy1 ethyl kr:ton!!' 

nitrob~nzene 

p'enf.achlorophenoi 
pyridine 
tetrachloroethylene 
tri~hlorocthylene -·. 

_. ·2.<5-ftichlorophenol-------

2, 4;67tricWorophenoi 
·\;UiyJ'cWO"ii8c<' .. ·: · .------'---
::ndrm · ··::·.: · · · 

mciho~ycW~r 
toxaphene 
2,4-D 
2,4;5-TP (Silvex) 

I 
'I 

I 
I 

I· 
I 
I 
I 

I 



1'/C:Dcp•nl":lcnf oi Environment, 

Hulth, & N&rural R~ourcc: 

Solid W"~ M•rufcinent Divi•ion 

1- Surface.Water (2) 

/soil (3) 

1·· Othe; (4) 

.... 
.·· 

Liquid (6) 

Sludg~ (7) 

Other (8) 

Organic Chemistry 

Parameter 
_ __: _:f'&T:GC/MS 

Acid:B/N Ext. 
2,4-D 
2,4,5-TP(Silv~x) 
chlordane 
heptachlor 
bexachJorobenzeqe 

Results (mg/1) 

-------
bexachlorobut.adieoe 
endrin ,:.:. ;;._--,.-----

Jiodane .T-
methoxy.~hJor. 
toxaphene 

------- ;... ______ ._ 

I FOR LAB USE Ot\'L y 

Date Received 

~~,~:;Extracted----------
•• ·.:.···...... • • ··7". -----------: 

SAlvrPLE Ai'fALYSIS REQUEST SLAte wbor:lOry cf ?ublic Ho:.ah.h . 

?.0. Box ::!80-17, J06 N. WilminlJlon St. 

Ralci~:h; North c~rofina 2761.~-8047 

Inorganic Cheffi:istry 

-· chromium 
lead 
mercury 
selenium 
silver· 

Parameter .Results(mg/1~; Organi~ Compotmds 

•. ·. ·~ . 
•••• ··'Y. . · .... 

. ~ ;. ,• 

Results(mgll) 
_ antimony · .. . 1 

._ benz.ene · . 

V arsenic ~ 4 carbon tetrachloride 
---------I 

. \..,/'""barium f19> chlc:·dane . -:-----·--r ! . 
--=:::- beryllium <~ chlc..robec.zeot 

...,..... cadmium ··..:::::_ chloroform 
chloride o-crt;so! 

1.---- chromium {p 
cobalt 

'-" copper . ~0 
fluoride 
iron -

~lead I~ 
_ manganese----
~ mercury < D, ;?,0 

nickel 
· ._.-nitr~te{a.Ht)L---'<"-'-1=0 __ _ 

v-- selenium L:::J. 
V'""" siiver zzr 
'-"""sulfa"tes <SO 

thallium 
. ~anadium ·10 

zmc 

pH 
_·_ conductivity _______ _ 

_. TDS .·:·: .... . 
~- flash ·p'~i.n_t"~_· -------. ··. :·· -:-... 

m··f',..~ol 

p-cresol 
cn:.:;o! 

i, 4-:lichlorobc:nz.eoe 

: . -- --.--------

-----
.1 ;2-<iichloroeth::no: -------
1,1-dichJoroeth~!coe 

:l,~-dicblorodbyleoe ·------
heptachlor 
hexachloroh::::.7.::n;. 
hexacp.lorot-utadieoe 
hexachloroethan::. 
methy! :'..hy! ~.etun:: 

nitrobenz.ene 
p·enlachloropbenol 
pyridine . 

-------

--·-----

telrachl ... roethylene 
tri~hlorcethyleoe · 
2, 4,5-irichlorophenol 
2, 4; cS;trichloroohenol-'-------
viJiyi""chla·~i-i~·..::., · ... _:· ·_· _· _· · ___ · _· __ 
endrin · 
l~~e 
mei~·a~ycl:J~r 
loxallhenc 
2,4-D 
2.4;5-TP (S!Ivex) 

i 
! 
i 

""----------,--------'---------------·-



l'I'C. Dcp•nmcnl oi Environment, . 

Hc..allh;.&. N•cural Ruourccs 
Solid Wu11: Muurcmcnt Division 

SAlviPLE A...1"\TALYSIS REQUEST St.uc ubontory of Public Hc..allh 

P.O. Box :!80·17, 306 N. Wilmington St. 
Raleit;h, ·Nonh Cuolina 27611·8047 

A'C c:::cn, ,....._, 'o' G:., ~ 1 vc-oo2-sL o7 /26/99 1~_9_ s· GRAB. I Sit.cNum~er IV Jf IV -v.-r \0! ~I Sa.mpleiDNumber/N. VC072699, NC S. RYALS .. 

Nam~of~it.e Vh-j~:nln CAeo~f/lt ("_h(ti!KIJ/ Collected By ·. INORG-CLP METAkS_. .-·::,:~soiL. 
I Site~~tion.CJru/46oro i t\}G ~at.eCbllected vcw-

31 
.. :: r~-~7 

·. I Agency: Hazardous W~t.e Solid ·.Waste X- Superfund 

I 
I 
I 

Sample Type 
Environmental Concentrate 

·. 
Ground Water (1) Solid (5) 

Surface Water (2) Liquid (6) 

?oil (3) Sludge (7) 

Other (4) Other (8) · 

Organic Chemistry 

Comments 

Inorganic Chemistry 

Inorganic Comp_ounds · ·•· :R.es'ulis(mg/1) 
<O.p~··· , v- arsenic 

barium 
cadmium. 
chromium 

V lead 
_ mercury 

selenium 
silver 

Parameter 
_ _: J'&T:GC/MS. 

R. est•!ts (mg/1) II Parame~er Results(mg/1)@ 
anttmony . 

Organic Compounds 
benzene 

Results(mg/1) 1 

• 

_._ Acid:BIN Ext. 
24-D 

---- .---. \...-""'.arsenic _7$~!-------
...k barium __._.349~-L----. = 2:4,5-TP(SHvex) 

chlordane 
heptachlor 
hexacl-Joroben.z.ene ----
hexachlorobutadiene 
eodrin ~:. ~---..,.--. .. -~~ .. 
hndane;::; 
methoxY,fw or 
toxaphene · 

-- ------'--

L-_ -
I FOR LAD usE or'rLY 

I 

.:::::: beryllium _<~(or-----
_:::" cadmium . _<...::_.4...__ ___ _ 

chloride 
~ chromium <4 

cobalt 

~copper 95 
fluoride 
iron 

...k:: lead' _3DDd., 
manganese 

v mercury 0.30 -
nickel 

\./""nitrate{~ N) <10 
........ selenium fa --
~silver /0 
.:::::;:: suliates f),t:)9 

thallium 
.. 

...k::. vanadium <(p 
zinc -
pH 

_.conductivity 

TDS ·:' 
_ ._.·. ···flash point 

carbon tetrachloride.- I ------.-
chlordane 
chlorobenzeoe 

j 

I chloroform 
o-cresol 
m-cresol 

------'1 

p-cresol 
cresol 
1 ,4··dichlorobetl1.ei:!e 

------
_ .1 ,2-dichloroethane 

_· 1,1-dichloroethyleoe -·---··-·--
- 2,4-dichloroetbyleoe ------

heptachlor · 
hexachlorob~nz=ne 

hexacp.Jorobutadi~ne .. ----
... hexachloroethane 

methyl ethyl k!!t~~!! 
nitrobenzene 
p"e_ntachloropbenol 
pyridine . 
tetrachloroetbvlene - . ..• . --------
trichloroethylene 
2,4,5.:.[tichlorophenol · 

_ .2,4,6~tri4i§rpphen~i-... --.-.. ___ ...;..__ 

- ~:::w.~1{~,'- -~-: ::· . -, _ 
methoxychl~r 
toxaphene· 

2,4-D 
2,4;5-TP (Silvex) 

. ~. 

I 
! 
i 
i 



. 
NC Dqunment oi Enviro~cnt, 

H*ullh,,J:. N•OJr&) R~ouree: 
Solid Wut.: Marurernenl Divi,ion 

SAlviPLE At':i.ALYSIS REQUEST St.::e wbo~>lOry of Public Hc.ah.h 

·P.O. Box ::!.80·17, 306 1-l· Wilmington St. 
R&leich; Nol'\h c~rolina 2.161_1·8047 

• 0 • :-.:.(~··.... ·, :. ~. • I SitcNumber. f\)c·.s .fruo· L.1oCo ~'4 · .~ap:tp,Ielp.~-~·~~.er/N VC:-102-SL 07/26/99 1305 -GRAB · 

Namcof~i~ \it~·~~-.. ( ~fb\·171??. [\,t;;~~}:~~:~~:~t~By:.-~-:·· VC072699, NC S. RYALS 

I ~·l ~-·~:-.. :.~~;t;~~:·tt;_\:·:~~~:::~:~:·.:~·;;-:~~#iifii~i!~~if~:::.. IN~~G~=~~ METAlS S~ii·~ 

I :g:nc; .. ':~ .. · ~~~~tis ~~~~ :/:· . · s~i;;~~l,ii:t.: .SJ~&d . '. ~:;·,· ··;CL; to~~~Ci.~~ji~~ 
· Sarn.'ple Type Inorgani_c Comppun. ds "R~iiJ~~(ci· ~if):~; ~i .. ... g ... 

1·. Environmental . Conce~trate Comments aricnic · 

I 
I 

Ground Water (1) Solid (5) 

Surfacc.Watcr (2) Liquid (6) 

Soil (3) . ; Sludge (7) 

Other (4) Other (8) 

Organic Chemistry 

Parameter 
_....: _}'&~:GC/MS 

Acid:B/N Ext. 
:1,4-D 
2,4,5:TP(Silvcx) 
chlorda.oe 
heptachlor 
hcxachl oroben:renc 

. Results (mg/1) 

------
hcxachlorobutadicne 
cndrin ~7'. ~-----

. Ji.ndan~·f.-i~ 
1- ;··.-J. - methoxychlor 
~-···toxaphene 

• ,-
1 FOR LAB USE ONLY 

. . .. 

~~a~~--~cccived _ 

Dat.c:ExtrD.cted · ..... :.··. :-----------: ..... 
IDate A.naly.zed . 

4 .:~:.._.:·· •••• -.:~·: T.··_.-.-'-_ -----,=--------.-. 
.. ,_ ... 

DHS Ji9! CR~·:iscd 1~193) 

Inorganic Chemistry 

Parame~er .Results(mg/1~ 
antimony .. 

V arsenic -~;3-c;-D~---
~barium --::A4h'-.._l ___ .;... 

--=::' bcry lli u m <li; 
....,.... cadmium --'<=-4_.._ ___ _ 

chloride 

I/' chrorillum _<.=..4-L----
cobalt 

~copper . _.L.:IO,_....f)"---
fluoridc 
1ron 

\./"")cad __:33la'"-'-l __ _ 

\....-o""'\lan::.dium - . 
zinc 
pH 
c~>nduciivity ______ _ 

TDS .•. · ... 
fl:i.sh 'p~int. ---------

. . .· .. .. ,:::~.-::: .... ·. ~ .·: , ··:: ::_ 
~arium 
cadmium 
chrorrnum 
lead 
mercury 
selenium 
silver 

·:.: .. -. 
------=---~ ·,, ·~· 

-.. -..• · ----.....:.....--.:....:...:._ _ _:_,;_.:- : 
. . :·~<-

Organic Compotmd.S" 
benzene 
carbon tetrachloride 
chlord::.ne 
chi oro benzene 
chloroform 
o-crcsol 

Resulfs(mg/1) 

------L. 

- I 
m-cresol I 
p-cresol i 
cresol ! 

_-_ 1 ,4-dichlorobco.ze~e ---------- "j.. 
. ·1,2-dichlorocthane ! 

1, l -dichlorocthyleoe ----....:......--
. 2, 4-dichloroetbyleuc = heptachlo! · ----------· 

hcxacWo:-:>b::uz.:ue ----------
hexac!llorobutadiene __ _ 

... bcxacl..!oroetbanr. · 
mctbyl elhyi l:e:one 

pentachlorophenol 
_ pyridi.n:. · 

tetrachloroethylene 
_ tri~hlorocthylenc . 
_. 2,(5~ftichloroph:.nol -------

. 2,4;6~trichlorophcnol 
~ ·viriyl"~chlorfoc·-:' · .. :··· .. - --'-----'---

c:ndrin · 
!incline 

meiho~ychl~r 
toxaphene 
2,4-D 
7.,4;5-TP (Siivex) 



I ... 

I 
I 

N~ Dcp~nmcnl oi Environmcnl, 

• Hulth, &.. Nllllrtl Ruourccs 

Solid Wu~ Marurcmcnt Divi,ion 

SA1v1PLE Al'\l'A.LYSIS REQUEST Sutc Libera tory of Public Health 

P.O. Box :!80·17, 306 N. Wilmington St. 
__ Ralci.:h; Nonh c~rolina 27611-8047 

I. Agency: 
.· 

Hazardous W~te . · Solid Waste )t.._ Superfund 

I 
Sample Type 

Environmental Concentrate 

•. 

I 
Ground Water (1) Solid (5) 

Surface.Water (2) Liquid (6) 

I ~oil (3) Sludge (7) 

Other (4) Other (8) · 

Organic Chemistry 

Parameter Results (mg/1) 

~ 
_ _: _"P&T:GC/MS. 
_ :Acid:WN Ext. 

2,4-D ·, · 
. _ 2,4,5-TP(SJivex) 

-· chlordane. 
heptachlor 
hexacrJoroben.z.ene ------
bcxachlorobutadiene ;-,--_ __;_ __ _ 
endrin' ,. , ... 
I in dan e•:: : 
methox§chlor 
toxaphene .. 

Comments 

Inorganic Chemistry 

Par.une!er Results(mg/'@ 
ant1mony . 

V arsenic ~ 

v barium· ===J~3~~4~======= 
'-- beryllium _ _5:-:>--:jp_FF------

--v cadcium· _<:..::::....lf..L----
chloride 

-~ cmo~um ~~(~a~----
cobalt 

__:::- coppc:r --'$~/,_ __ _ 
fluorici:: 
iron 

....k:: lead ....:....-..•'-'5'-l9u..l_-:--_ 
rruo_'lgam:se --<--,-,.O".-=::==-o=----

v mercury ~-

nickel 

'--"'ill trate. Q.o N )<._I =Do:::-----
~ stleruum ---'-{""--':2~----

----------------.-i, V .silver _<.~4::'------
FOR LAB USE 0?\TLY _~ulfa.tes 90 

thallium ·· -., ...... v..---· ... 
v- vanadium 

cruomiuni 
~lead':' 
_mercury 

selenium 
silver 

--=s;;:-. -;:::o"?Co___ · ·-

Org:mic Compotmds 
benzene 
carbon tetrachloride 

. chlorda:Oe 

chlorobenzene . 
chlorofo~ 

· Results(mg/1) 

------

i 
a-cresol I 
m-cresol 

_ p-<:resol ---·---- I 
cresol j 

_ 1 ,4:.dichlorobeozene I 
_: 1,2-dichloroeth3lle . 

1,1-dichloroethyleoe 1 

-
- 2,4-dichloroetbyleoe I 

_heptachlor · -------- j: 

· hexachlorobenzeoe 
bexacpjorobutadiene 

.... hexachloroethane 
m~thyl ethyl ketone 
nitrobeoz.en~ 

p·c:~tachloropbcnol 

pyridine -
tetrachloro·e_t?ylen~ ~'---'----
trichloroethylene .. 
2,4,5-hichlorophenol :· 

. 2,4,6-trichi~;ir.ophen~I-.. '-. :.-.. -_ .-----

vinyl'c~~~d~~;f~~:-~~~~:: .::-~··· ... ·-····:"·.~ 
endri.n' -·:·· ,_:_·:. · : -::. ··· 
lindane · ... . >. ··• --=-------
methoxychl~r .:. '· 

--:-----· 
toxaphene 
2,4-D 
2,4,-5-TP (Silvex) 



Ne Dc:p,•nmcnt oi Environment, 

• HulLh, &:. Nawnl Ruourccs· 

Solid Wuie Muu~cment Division 

SA1YIPLE A.l\TALYSIS REQUEST St.ste Ltboratory of Public H c..al:.'". 

P .0. Bcx ~8G47, 306 N. Wilrrungton St. 

Ralci~:h, North Carolina 27611-8047 

SitcNumber AIC Sf="N o.cfo~ ctiz.J· SamplelDNumberli VC-008-SL 07/26-/99 
·. . . I . . . . . . . . VC072699 I NC s' RYALS 

1240 GRAB 

NameofSitc l/;n:;-/nllt (fi(b1(1'! ?"ktritc11/ ~ollectedBy_._·: ·.-_.:;.~:··. ··~· :: · .·· .. · 
. .. ;;;-_: ... :.·.:.:. .. ~··-·: ... -·:·-- .. INORG,,CLP .. METALS Soil 

TCLP Compounds 

SiteLoc:ttion'.Cc/Ad-4 6o r6 i . ~:c. . . pate Collected~·---v_c-;:w=-:::::5=1====:::.::.:-~~~..:1~1:..::6:.__ _ __, 

I. Agency: Hazard~~ W~te · · · .. ".~;~Iid:Waste ~ S~pe~d ·.· ... 

I 
I 
I 
I 

Sample ·Type 
Environmental Concentrate Comments 

·. 
Ground Water _(1) Solid (5) 

Surface.Water (2) Liquid (6) 

$oil (3) Sludge (7) . 

Other (4) Other (8) · 

Organic ChemiStry 

Parameter Results (mg/1) 
_ _: ,'P&T:GC/MS. 

:Acid:BiN Ext. 
2,4-D 
2,4,5-TP(Silvex) 
chlordane 

· heptachlor 
bexacJ-Jorobenzene 
hexachlb~obutadiene _____ _ 

Inorganic Chemistry 

Parame~er , ResuJts(mg/9 
anllmony · .. 

v arsenic\ q tJ, 
· \/ bariuin

1 3~ 
'-- beryllium ~ __ _ 

___::::cadmium · ... ~___:·· 
chloride 

\./ chromium _<..=..4...L----
cobalt 

Inorganic Comp_ounds · ResuJts(mg/1), 

~arsenic <o .. o;;?. 
barium 
cadmium 
chromium 

~lead 
mercury 
selenium 
silver 

Organic Compotmds 
benzene 

0-0~ 

Results(m_gll) 

carbon tetrachloride 
chlordane' 
chlorobenzene 
chlorofqrm 
a-cresol 
m-cresol 
p-<:resol 

------

endrin ~.:; '." ~ copper I 04~ _ cresol ---·---

~ 
limlan·it:: fluoride 1 ,4~dichloroberi.zene 

- methox9~h1or 1ron =.- 1 ,2-dichloroethane ------

- toxapbe'tie ·. v lead 3C}9 1,1-dichloroethylene =====----'-= manganese 2,4-dichloroethylene ________ _ 

' 

I V mercury -<.0. f7..0 - heptachlor -= .: . _·___ ~- nickel I f ----- hexachlorobenzene 
.. -'D,jtrate(.ltbN < ID ._ _ hexac)l.lorobutadiene ------

... ~ seknium ~ ... hexachloroethane 

I --------- V silver· 4~,...-:::---- .: . .--.-methyl ethyl ketone------
FOR LAB USE ONLY : ...........-sulf:ite5 TJJ}BQ . nitrobenzene 

DHS 3 191 (Reviled 1:!/93) 

· thallium .. p·entachloropbenol 
(p pyridine 

_ zmc 
_pH 
·_·_: conductivi~,------

TDS ..... 

_ .. · flash p~int -------

tetrachloroethylene·~·-----
trichloroethylene 
2, 4,5-hichlorophenol --'------

-. 2,4,6-trichlC?rpp_henol:--.-···-·-----_. -. :~:~~~~~~b:;•·-~:'·~~:--_··_.,. __ ._· ----
lindane :· · 

'methoxychl~r 
toxaphene 
2,4-D 
2,4,5-TP (Silvex) 
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- ~--Page B-65 - . 
··scoH Data versi~n:-·JUN96 

19 AUG 96 

-i 

~· : I ' 

substance Name 

Ammonium picrate 

Ammonium sulfamate 

Aniline 
·' 

Anthracene 

Antimony 

Arsenic 
~· . 

Asbestos 

Atrazine 

Azinphos- ethyl 

A~inphos- methyl 

Azi ridine 

Barium 

Bariun cyanide 

Benz( a) anthracene 

Benzene 

Benzene ~arbonyl 

Benzidine 
.• 

Benzo(a)pyrene 
J. ,._ 

chloride 

- - - - - =D RAi:·>-j SYS~ 
Hazardous Substance Benchmarks 

376 Substances 

-
Reference Dose 
Screen Cone 

CAS Number Cmg/kg) 

000131-74-8 

007773-06-0 1.6E+04* 

000062-53-3 

000120-12·7 2.3E+04* 

007440·36·0 3.1E+01* 

007440-38-2 2.3E+01* 

001332-21-4 

001912-24·9 2. 7E+03*-

002642-71-9 

000086-50-0 ••• ·. 

000151-56-4 

007440-39·3 5.5E+03* 

000542-62-1 * 

000056-55-3 

000071-43-2 

000098-88-4 

000092-87-5 2.3E+02* 

000050-32-8 

SOIL PATH\./AY 

Cancer Risk 
Screen Cone 
Cmg/kg) 

1.1E+02* 

4.3E-01* 

2.9E+OO* 

8.8E-01* 

2.2E+01* 

2.8E-03* 

8.8E-02*· 

- -

*_.!• Indicates dlff~~nce between previous version of chemical data C JUN94 ) ancicurrent··.-:-rsion -of chemical data ( JUN96 )~ 
** Indicates ne~( . )rdous substance fn current version of" chemical data ( JUN96 ). '· · .. : ·. !_:;, 

- - - - -
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Page B-68 l .. ··. 
SCDH Data Version:· JUN96 
19 AUG 96 

Substance Nome 

Chlorine cyanide 

Chloro-3-methylphenol, 4-

Chloroanilfne, p

Ch l orobenzene 

Chlorobenzilate** 

Chloroform 

Chloromethane 

Chloromethyl methyl ether 

Chtoromethyloxirane, 2-

Chloronaphthatene, 2-

-

Chlorophenol, 2-

Chlorophenyl-phenyt ether, 4-** 

Chloroprene** 

Ch l orpyr i fos 

Chromiun 

Chromiun(lll) 

Chromiun(VI) 

Chrysene 

- - - - - - - -
ltAzARD ~iEJ.:G SYSTEM 

ltazardous Subst~~ce Benchmarks 
376 substances 

. : .:·. 

Reference Dose 
Screen Cone 

CAS Nunber (mg/kg) 

000506-77-4 3.9E+03* 

000059-50-7 1.6E+05* 

·000106-47-8 3.1E+02* 

000108-90-7 1.6E+03* 

000510-15-6 1.6E+03 

000067-66-3 7.8E+02* 

000074-87-3 

000107-30-2 

000106-89-8 1.6E+02* 

000091-58-7 6.3E+03* 

000095-57-8 3.9E+02* 

007005-72-3 

000126~99-8 

002921-88-2 2.3E+02* 

007440-47-3 3.9E+02* 

016065-83-1 7.8E+04* 

018540-29-9 3.9E+02* 

000218-01-9 

SOIL PATII\.IAY 

cancer Risk 
Screen Cone 
(mg/kg) 

2.4E+OO\ 
' 

1.0E+02* 

4.9E+01* 

6.5E+01* 

8.8E+01* 

-

* Indicates difference between previous version of chemical data ( JUN94 ) and current version of chemical data ( JUN96 ). 
** Indicates new.hazardous substance in current version of chemical data ( JUN96 ). 

>··<) 
·.· ... ·: .'~ 

- - - -::.:.), 
· ... ·· 

-
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Page B-76 \. ,; 
SCDM Data VersIon:-· JUN96 
19 AUG 96 

substance Name 

lsophorone 

KENZENE** 

Kepone 

Lead 

Lindane \ 
. I 

Magnesluni 

Malathion 

Maleic anhydride 

Maleic hydrazide 

Manganese 

Mercury 

Methacrylonltrile 

Methanol 

Methomyl 

Methoxychlor 

Methyl chlorocarbonate 

Methyl ethyl ketone 

Methyl Isobutyl ketone 

Methyl methacrylate 

- - - - - - - - -
,.;:.< : .. \ 

.· HAZARD Rt(~~~1 SYSTEM 
Hazardous Substance Benchmarks 

· 376 Substances 

Reference Dose 
Screen Cone 

CAS Number (mg/kg) 

000078-59-1 1.6E+04* 

00000000000 

000143·50·0 

007439-92·1 

000058·89-9 2.3E+01* 

007439-95-4 

000121-75-5 1.6E+03* 

000108-31-6 7.8E+03* 

000123-33-1 3.9E+.04*. 

007439-96-5 1.1E+04* 

007439-97-6 2.3E+01* 

000126-98-7 7.8E+OO* 

000067-56-1 3.9E+04* 

016752-77-5 2.0E+03* 

000072·43-5 3.9E+02* 

000079-22-1 

000078·93-3 4.7E+04* 

000108·10·1 6.3E+03* 

000080-62-6 6.3E+03* 

SOIL PATH\IAY 

Cancer Risk 
Screen Cone 
(mg/kg) 

6.7E+02*. 

4.9E·01* 

-

* Indicates difference between previous version of chemical data ( JUN94 ) and current version of chemical data ( JUN96 ). 
•• Indicates new ""'t:ardous substance in current version of chemical data ( JUN96 ). :-::::_,:·· .. ) 

- - - -
.. , .' : ·~) 
:.;y, 
- -



- -\ 
~age 8·80 • .~ 
SCDH Data Version: JUN96 
19 AUG 96 

Substance Name 

Phosphor! c acid 

Phosphorous (elemental) 

Phthalic anhydride 

Plutoniun 

-

Polychlorinated triphenyl 

Potassiun** 

Potassium silver cyanide 

Pronamide 

Pyrene 

Pyridine 

auinol ine 

Radium 

Radon 

Resorcinol 

Ronnel 

Safrole** 

Selenium 

Selenourea 

- - - - - - - - -
HAZARD. RA~L;!) SYSTEM 

Hazardous substance Benchmarks 
376 Substances 

. ... : 

Reference Dose 
Screen Cone 

CAS.Number (mg/kg) 

007664·38·2 

007723·14·0 1.6E+OO* 

000085·44·9 1.6E+05* 

007440·07·5 

012642·23·8 

007440· 09· 7 

000506·61·6 1.6E+04* 

023950·58·5 5.9E+03* 

000129·00·0 2.3E+03* 

000110·86·1 7.8E+01* 

000091·22·5 

007440·14·4 

010043·92·2 

000108·46·3 

000299·84·3 3~9E+03* 

000094·59·7 

007782·49·2 3.9E+02* 

000630·10·4 3.9E+02* 

SOIL PATHilAY 

Cancer Risk 
Screen Cone 
(mg/kg) 

5.3E·02* 

-

* Indicates difference between previous version of chemical data ( JUN94 ) and current version of chemical data ( JUN96 ) • 
.. Indicates ne~· · ... ardous substance in current version of chemical data ( JUN96 ). · .. 

. ) 
· ... ,• 

- - - - - -· . .J .. 



- -
age B-83 
COM Data Version: JUN96 
9 AUG 96 

Substance Name 

Trichlorophenol, 2,4,6-

Trichlorophenol, 3,4,5-

- -

Trichlorophenoxyacetic acid, 2,4,5-

Trichloropropane, 1,2,3-

Triethanolamine 

Trifluralin 

Trinitrobenzene, 1,3,5-

Trinitrotoluene 

Tris (2,3-dlbromopropyl) phosphate 

Vanadiun 

Vanadiun pentoxide 

Vinyl acetate 

Vinyl chloride 

\Jarfarin 

Xylene, m

Xylene, o-

Xylene, p-

Zinc 

- - - - - - -t" • ao 

.:::: ::; 
HAZARD RAt.:~·:·~G SYSTEM 

Hazardous Substance Benchmarks 
376 Substances 

SOIL PATHIJAY 

-
Reference Dose 
Screen Cone 

CAS Number (mg/kg) 

Cancer Risk 
Screen Cone 
(mg/kg) 

000088-06-2 

000609-19-8 

000093·76·5 7.8E+02* 

000096·18·4 4.7E+02* 

000102-71-6 

001582-09-8 5.9E+02* 

000099-35-4 3.9E+OO* 

000118-96-7 3.9E+01* 

000126-72-7 

007440-62-2 5.5E+02* 

001314-62·1 7.0E+02* 

000108-05-4 7.8E+04* 

000075-01-4 

000081-81-2 2.3E+01* 

000108·38-3 1.6E+05* 

000095-47-6 1.6E+05* 

000106-42-3 

007440-66-6 2.3E+04* 

5.8E+01* 

9.1E·02* 

8.3E+01* 

2.1E+01* 

3.4E-01* 

-

* Indicates dl( ~nee between previous version of chemical data ( JUN94 ) and curre· ··erslon.of chemical data ( JUN96 ). 
** Indicates r. zardous substance In current version of chemical data ( JUN96 ). , · .. 

. ··.l .. 

- - - - - -
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AND f'".JATURAL ,RESOURCES 

North Carolina Department of Environment and Natural Resources 
Division of Waste Management 

Superfund Section 
Inactive Hazardous Sites Branch 

401 Oberlin Road- Suite 150 
Raleigh, North Carolina 27605 

Telephone: (919) 733-2801 
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Table D-1: Soil Remediation Goals (RG'sl 

• Hazardous substances identified with an asterisk exhibit both carcinogenic and non-carcinogenic effects. The carcinogenic 
remediation goal is listed because it is more stringent at the 1.0£:6 risk concentration than the remediation goa/for non-carcinogenic 
effects. See Appendix Efor procedures to calculate remediation goals for chemicals not listed on the table. Cleanup below method 
detection _limits, using analytical methods prescribed in the guidelines, is not required. · 

Acetone 67641 

Acetone cyanohydrin 75865 

Acetonitrile 75078 

Acetophenone 98862 

Acrolein 107028 

Acrylamide * 79061 

Acrylic acid 79107 

Acrylonitrile * 107131 

Aldicarb 116063 

Aldrin* 309002 

Allyl alcohol 107186 

Allyl chloride 107051 

4-Arninopyridine 504245 

. Ammonium sulfamate 7773060 
Aniline . · .. : ... 

62533 
' 

Antimony and compounds (not listed below) 7440360 

Antimony pentoxide . ~.- . 1314609 

• Antimony potassium tartrate '304610 

Antimony tetroxide 
.. 

. 1332316 

Antimony trioxide · 1309644 
ArSenic·-.,·~l:.:;-~ ··, .. :. ,•• . ,7440382 

Benzene· . 71432 

Benzenethiol ·108985 

Benzidine* 92875 

Benzoic acid 65850 

Benzotrichloride . 98077 

Benzyl chloride 100447 

Beryllium and compounds * 7440417 

alphaBHC 319846 

betaBHC 319857 

gamma BHC (Lindane)* 58899 

I 
2 

Adapted from USEPA Region Ill Risk Based Concentration Table, except as noted. 
The RG is I ppm from 0-10 inches and 10 ppm below 10 inches. . 

-. 

.:,. .... , 
·.'· 

c The RG is based on the carcinogenic endpoint and corresponds to an excess lifetime cancer risk of 1 in 1,000,000. 
L 
N 
.NA
p 

The RG is based on USEPA guidance on lead cleanup levels. . 
The RG is based on the non-carcinogenic endpoint and corresponds to a hazard quotient of 0.2. 
NotAvailable. · 
The RG is based on USEPA PCB spill policy. 

D-7 

1560 N 
1100 N 

94 N 
1560 N 

320 N 
0.14 c 
7800 N 

1.2 c 
15.6 N 

0.038 c 
78 N 

780 N 
0.32 N 

3200 ·N 
110 c 
6.2 N· 

.. 7.8 -N 
. :. 14 ·N, . 

6.2 ·N 
- 6.2 N 

...... ; 4.6 ·N .··· .. 

22 c 
0.156 N 

0.0028 c 
62000 N 
0.049 c 
. 3.8 ·c 
0.15 c· 
0.1 c 

0.35 c 
0.49 c 
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. T~ble D-1:. Soil R~mediation Goal~ (RG~s)~ -(Cont.) 

• Hazardous substances identified with an asterisk exhibit both carcinogenic and non-carcinogenic effects. The carcinogenic 
remediation goal is listed because it is more stringent at the 1.0~ risk concimtration than the remediation goa/for non-carcinogenic 
effects. See Appendix Efor procedures to calculate rem-ediation goals for chemicals not listed on the i~ble. Cleim~p belo~ method 
detection limits, using analytical methods prescribed in ~he guidelines, is noi required. · · 

Chlorofonn * 
Chloromethane 
beta-Chloronaphthalene 
o-Chloronitrobenzene 
p-Chloronitrobenzene 
2-Chlorophenol 
o-Chlorotoluene 

:·. Chlorpyrifos 

.::.; Chromium III and compounds 
. :;~J Chromium VI and compounds 

i- · Copper and compounds 

Crotonaldehyde * 
Cumene 
Cyanide 
Cyclohexanone · .::,:. . .. ·. 

2-Cyclohexyl-4,6-dinitrophenol (4,6-Dinitro-o-cyclohexyl phenol) 

67663 
74873 

9I587 
88733 

100005 

95578 
95498 

2921882 
16065831 

I8540299 
7440508 

123739 
98828 

57I25 
10894I 

'I3I895 
: ... 

100 c 
49 c 

1260 N 

26 c 
35 c 
78 N 

320 N 
46 N 

I5600 .N 

78 ·N 
620 N 
0.34 c 
1560 N 
320 N 

78000 .N 
.~. :: 32 N 

· \·. ·' .· Dalapon · '· ·'" .-~.--::-· : : · ·. 
. i ·.· ~~~~----------------------------------------------------------------------------------------~~~~-r----------------------------~~----~ 

75990 . :. -::: " i . ~,-.. 460 :~N: 
· .. DDD . ·. 72548 ... ' ... 2.7 .• c . . . t---------------------------------------------------------------------------------------------------t--------------+--'--------------------------lt------1 ... 

\ -~.~- DDE . . ~ .:.- 72559 . -~ : ... '. 1.9 c 
·. !'':'·:· 1------------------------------------------------------------------------------------------------------t--------------+----------------------------:--lt------l - • -·- ... < ·· DDTI ... .-;. .. · 

I 
. --~ ···>: .... rz ;·_;~~~-~-·:.·.- .• ·).:· _:._ . · .· : .,jf.i;,·: .· Diallate.:::.:.-; .... , :;,~~ .'-·--···:>. ·.. . ... ·'·-:.·:<"· ~- :-.·:<·. - -· ... ·- .. ""•'~: l------------------------------------------------------------------------+-----------+-----------'--1---t 

.. ,;.r · Diazinori . ,. '· , ·.•· ...... ·.. ... :; .. 

. ·. Ji; ~~-,;;.;~..;;~.;;;7;;:.b0;;.;r~;.::m::.;,;;;o-;;.;3_-c_. h-1-or_o_. p,;,..·r-op_an_e_,;_ ______________________________ ~_..;;--------t--------------------------+----, 

·. 50293 ''1.9 :·c 
: 2303I64 -~ ·-· -·,.~· r.,::: ·,~~.:!':o.:'~. I 0 rc 
. 333415 14 ·-N 

I 
I. 
I .. 
I 
I 
I ··--' 

I 

I 
2 

I ,2-Dibromoethane 
Di-n-butyl phthalate 
Dicamba 
I ,2-Dichlorobenzene 

I,3-Dichlorobenzene 
I,4-Dichlorobenzene 
3,3'-Dichlorobenzidine 

Adapted from USEPA Region m Risk Based Concentration Table, except as noted. 
The RG is I ppm from 0-IO inches and 10 ppm below 10 inches. 

I32649 .. 

. 96I28 

. 106934 
84742 

I9I8009 
95501 

541731 
I06467 
9I94I 

c 
L 

The RG is based on the carcinogenic endpoint and corresponds to an excess lifetime cancer risk of I in 1,000,000. 
The RG is based on USEPA guidance on lead cleanup levels. 

N 
NA
p 

The RG is based on the non-carcinogenic endpoint and corresponds to a hazard quotient of0.2. 
Not Available. 
The RG is based on USEPA PCB spill policy. 

D-9 

62 N 

0.46 ·C 
0.0075 c 

I560 N 
. 460 -N 

1400 N 
1400 N 

27 c 
1.4 c 



I 
I Table D-1: Soil Remediation Goals (RG's)1 -(Cont.) 

• Hazardous substances identified with an asterisk exhibit both carcinogenic and non-carcinogenic effects. The carcinogenic ( ·. 

I remediation goal is listed because it is more stringent at the 1.0£6 risk concentration than the remediation goa/for non-carcinogenic 
effects. See Appendix Efor procedures to calculate remediation goa/sfor'chemicals not listed on the table. Cleanup below method 
detection limits,. using analytical methods prescribed in the guidelines, is noirequired. · 

I ~~~~r~~~,~~~~~f:~'0f;·:~i~i;~:~~;:reij:LS:~Chemica1~~MJ{~~~~~ :-.·.·;:;:ji~:f::Y;~~,~:~~;1J· CASRN ::::'/ft:~'.~\t;RG.(fjlim)~:~';i!ll:~·;:}' 
Ethyl ether 

I Ethyl methacrylate 
Fonnaldehyde 
Fonnic acid 

I Furfural 
Glycidaldehyde 

I 
Heptachlor * 
Heptachlor epoxide * 
Hexachlorobenzene* 

I
. . · ·:· Hexachlorobutadiene * 

Hexachlorocyclopentadiene 
Hexachloroethane * 

60297 
97632 
50000 
64186 
98011 

765344 
76448 

1024573 
118741 
87683 
77474 
67721 

3200 N 

1400 N 

3200 N 

32000 N 
46 N 

6.2 N 
0.14 c 
0.07 c 
-0.4 c 

8.2 ·C 
110 N 
46 c .·. t--------------------------+----f----------l---1 

I " ... ·~: t-H_ex_a_c_hl_o_ro...!p"""h-:-e_n_e_. ____ ...:.... ______________ f----lf--------1---1 70304 4.6 N 
. Hydrazine ..:' .'. .:_ • :;-.:: ... ;. f-...::.... __ _.;.. ________ ~~---------1-----+--------+-....;_--l 302012 0.21 c . 

- · · · ' · Hydrogen sulfide .. : 

~ 1: · ~:··{=.'~':';·1-. I_s-::"op~h_o-:r_o_ne_ . ..;.~_-:.:...._.:~:....··,_·~:_· .. _ _;, ___________ ~------t-__;...;..;;..;...:.+--------+__.:;~ 
· ·. ~:§~·~;::·!~~ ·:.Kepone ,:·~·':~ · +.:c:·,. ·,- ' · · ..... 

7783064 ' .. 46 :N·,. 

.'· 78591 .. ··- ·.670 c-. 
. 143500 _ .. :- 0.035 ·c-· 

.,:. ·~·: : t-L-e..:.a-d-·';-,.,.~_: ,-_., -,.:--. -.-. -_--------------.. -.----+----+--------t---1 

'~······; ___ .·_.(_-_-._;.1 __ :_,_i :~~:;dride 
7439921 ' ·:.:c .:• ''· ..... 400 ·L 

121755 320 .N 

108316 ' 1560 N 
.. , -!;:.: ·~Maleic hydrazide:..~£- · · --· · 123331 ·.- ·c.--•;:··: :·;. .:·.-:-i::=-7. 7800 :·N 

109773 ! . 0.32 N ·--~,:~~·.'~::~: -:Malononitrile- · 
. ' .. ({'' t---:------------------------+----f---------t---1 

: Mercury (inorganic) 7439976 4.6 ·N ··--:':· 
· ... : .. 

1--

I 
I 
I 
I 
I 
I 

Methacrylonitrile ·-: 126987 
Methanol 67561 
Methomyl 16752775 

1 

Methoxychlor 
2-Methyl benzenamine (2-methylaniline) 
2-Methyl benzenamine hydrochloride (2-methylaniline hydrochloride) 
Methyl chlorocarbonate 
4,4'-Methylene bis(2 chloroaniline)* 

Adapted from USEPA Region m Risk Based Concentration Table, except as noted. 
The RG is 1 ppm from 0-10 inches and 10 ppm below 10 inches. 

72435 
95534 

636215 
79221 

-101144 

2 
c 
L 
N 
NA 
p 

The RG is based on the carcinogenic endpoint and corresponds to an excess lifetime cancer risk of 1 in 1,000,000. 
The RG is based on USEPA guidance on lead cleanup levels. 
The RG is based on the non-carcinogenic endpoint and corresponds to a hazard quotient of 0.2. 
Not Available. 
The RG is based on USEPA PCB spill policy. 

---
D-12 

1.56 N 

7800 N 
400 N 

. 78 N 
2;7 ·C 

3.5 ·c. 
15600 N· 

4.9 c 

~ .... 

.. 

... 

.,..._ .. c·· . 

.. 

'J 

G . . 
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Table D-1: Soil Remediation Goals (RG's)1 -(Cont.) 

*Hazardous substances identified with an asterisk exhibit both carcinogenic and non-carcinogenic effects. The carcinogenic 
remediation goal is listed because it is more stringent at the 1.0£4 risk concentration than the remediation goa/for non-carcinogenic 

- effects. See Appendix Efor procedures to calculate remediation goals for chemicals not listed.on the table. Cleanup below method 
detection limits, using analytical methods prescribed in the guidelines, is not required. · · 

,:...~<::.' ;~"-: §'''"''+:1f1,i~6'' :&t:::;. ~£; -~. ·- Chemlca1~Wll~':r,.~~<··BD1~{£~~~:0C:'fis~~~~:r~.c:~ CASRN ~,-1:J'i¥~~.R G(ppm) Jfl1·~t::.i, " 
Propazine ·I39402 320 

Propylene oxide 75569 2.7 

Pyridine - I 10861 15.6 

Quinoline 91225 0.053 

Selenious acid 7783008 78 

Selenium 7782492 78 

Selenourea 630104 78 

Silver and compounds 7.440224 78 

Sodium azide ... 26628228 62 

Sodium fluoroacetate 62748 0.32 

Strychnine 57249 4.6 

Styrene 100425 3200 

. ·1 ,2,4,5-Tetrachlorobenzene 95943 4.6 

. I, I ,2,2-Tetrachloroethane 79345 
... 

3.2 .. 

I,I,I,2-Tetrachloroethane * 630206 : .. 
25 . .. 

·Tetrachloroethylene (PCE)* - .. 
I27I84 .. . ....... 

12 .. -. ' 
.. .··. 

:. 2,3,4,6-Tetrachlorophenol . · . :58902 
.. .. ·:· :-... ~-- 460 - ..... · ... . .· ' . . . ~ . . ... . . .., .... .. 

· · p,a,a,a-Tetrachlorotoluene _· .. ,. ... - ... .. 5216251 

· -Tetraethyldithiopyrophosphate - 3689245 

·Tetraethyllead .. .- : .. .. 78002 

-. Thallic oxide ·.':~·:.: :! .. ~ ·• -~ . . 
.. : ~--- . . . . . ... .. · ... -.· ~ · . . , •, .. I314325 

Thallium ... .. NA 

Thallium acetate .. -563688 

.. Thallium carbonate . 6533739 

Thallium chloride 7791120 .. 

Thallium nitrate IOI0245I 

Thallium selenite I2039520 

Thallium sulfate 7446I86 

Thiofanox 39I96184 

Thiram I37268 

Toluene 108883 

Adapted from USEPA Region Ill Risk Based Concentration Table, except as noted. 
The RG is 1 ppm from 0-10 inches and 10 ppm below 10 inches. 
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The RG is based on the carcinogenic endpoint and corresponds to an excess lifetime cancer risk of 1 in 1,000,000. 
The RG is based on USEPA guidance on lead cleanup levels. 

NA -
p 

The RG is based on the non-carcinogenic endpoint and corresponds to a hazard quotient of 0.2. 
Not Available. 
The RG is based on USEPA PCB spill policy. 
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Table D-1: Soil Remediation Goals (RG's)1 -(Cont.) 

• Hazardous substances identified with an asterisk exhibit both carcinogenic and non-carcinogenic effects. The carcinogenic 
.remediation goal is listed because it is more stringent at the 1.0~ risk concentration than the remediation goa/for non-carcinogenic 
effects. See Appendix Efor procedures to calculate remediation goals for chemicals not listed on the table. Cleanup below method 
detection limits, using analytical methods prescribed in the guidelines, is not required. 

. . 

•.·:•:~:;,~h·~s:;~j,J,f::;?:i~~~:;·.;~'~?·'~'Y"i:'f:r{clltiliilcai~::~~\F·~c~ · · • · ... ·;~~::::'~-::u.~·.~::i·~c~;.:;,;' C.ifSRN :·~::.'~':!·~iz:::·R."G (ppm)'';~:::~,;~~, .·.'~ 

Toluene-2,4-diamine -------· 95807 0.2 

Toluene-2,6-diamine 823405 3200 

p-Toluidine 106490 3.4 

Toxaphene 8001352 0.58 

1,1 ,2-Trichloro-1 ,2,2-trifluoroethane 76131 200000 

1 ,2,4-Trichlorobenzene 120821 156 

1,1, 1-Trichloroethane 71556 320 

1,1,2-Trichloroethane • 79005 11 
Trichloroethylene (TCE)* 79016 58 

Trichlorofluoromethane 75694 4600 

2,4,6-Trichlorophenol · 88062 58 

2,4,5-Trichlorophenol 95954 1560 

2-(2,4,5-Trichlorophenoxy)propionic acid · 93721 126 

2,4,5-Trichlorophenoxyacetic acid 93765 '· 156 

1,1 ,2-Trichloropropane : .. ... 598776 ... ·-···-· 78 

1 ,2,3-.Trichloropropane • .., ... .. ~ 96184 . 0.091 . 

·1,3,5-Trinitroben'iene · - 99354 ' 
: 0.78 ·. . :. . .. .. .. V anadiuin pentoxide 1314621 ... . . 140 

· Vinyl acetate ... 108054 

Vinyl chloride 75014 

.. Xylene (mixed)···. 
.. -. .. 

' 1330207 -
·Zinc . :. ~-. · .. 7440666 !.f 

·Zinc phosphide 
' 

. 1 Adapted from USEPA.J~egion m Risk Based Concentration Table, except as noted • 
. The RG is I ppm from 0-10 inches and 10 ppm below 10 inches. 
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The RG is based on the carcinogenic endpoint and corresponds to an excess lifetime cancer risk of 1 in 1,000,000. 
The RG is based on USEPA guidance on lead cleanup levels • 
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The RG is based on the non-carcinogenic endpoint and corresponds to a hazard quotient of0.2. 
Not Available . 
The RG is based on USEPA PCB spill policy. 
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reservoir for the bedrock. 
The Glaciated Central region and the Northeast 

and Superior Uplands region are similar in that the 
unconsolidated material in both consists of glacial depos
its. However, the bedrock'in'the two regions is different 
The bedrock in the. Glaciated Centrai·region, as we have. 
already seen, consists of consolidated sedimentary rocks 
that contain both steeply dipping fractures and fractures 
along bedding planes. In the Northeast and Superior 

8. PIEDMONT BLUE RIDGE REGION 
(Thick regolith over fractured crystalline and 
metamorphosed sedimentary rocks) 

The Piedmont and Blue Ridge region is an area of .. 
about247,000 km2extendingfromAiabamaon the south 
to Pennsylvania on the north. The Pi~dmont part of the 
region consists of. low, rou.nded hills~and lcirig, 'rolling, 
northeast-southwest tranding ridges whose sum-mits range 
from about a hundred meters above sea level along its 
eastern boundary with the Coastal Plain to 500 to 600 m 
along its boundary with the Blue Ridge area to the west. 

Uplands, on the other hand, the bedrock is composed of 
intrusive igneous and metamorphic rocks (non bedded) in 

. which most water-bearing openings are steeply-dipping 
fractures. As a result of the differences in fractures, the 

· bedroc.k in the Glaciated Central regio!l is, in general, a 
more productive and more important source of ground 
water than the·bedrock in the Northeast and Superior 
Uplands region. 

The Blue Ridge is mountainous and includes the highest day-1. The major difference in their water-bearing char-
peaks east of. the Mississippi. The mountains, some of acteristics is their porosities, that of regolith being about 
which reach altitudes of more than 2,000 m, have 20 to 30 percent and that of the bedrock about 0.0 I to 2 
smooth-rounded outlines and ·are '!>ordered by well- percent (fig. 37). Small supplies of water adequate for 
graded streams flowing in relatively narrow valleys. domestic needs can be obtained from the regolith through 

The Piedmont and Blue. Ridge region is underlain large-diameter bored or dug wells. However, most wells, 
by bedrock of Precambrian and Paleozoic age consisting especially those where moderate supplies of water are 
ofigneous and metamorphosed igneous and sedimentary needed, are relatively small in diameter and are cased 
rocks. These include granite, gneiss, schist, quartzite, through the regolith and finished with open holes in the 
slate, marble, and phyllite. The land surface in the Pied- bedrock. Although, as noted, the hydraulic conductivity 
mont and Blue Ridge is underlain by clay-rich, unconsol- of the bedrock is similar to that of the regolith, bedrock 
idated material derived from in situ weathering of the wells generally have much larger yields than regolith 
underlying bedrock. This material, which averages about wells because, being deeper, they have a much larger 
I 0 to 20m in thickness and may be as much as I 00 m thick · available drawdown. 
on some ridges, is referred to assaproiite. In inany val- All ground-water systems function both· as reser-
leys, especially those of larger streams, flood ·piains are voirs that store water and as pipelines (or conduits) that 
underlain by thin. nioderaiCiy weli-sorted alluvium de- transmit water from recharge areas to discharge areas. 

· posited by the streams; .Wheri,the distinction between The yield of bedrock wells in the Piedmont and Blue 
saprolite and alluvium is not important, the term regolith Ridge region depends on the number and size of fractures 
is, used to' refer to the i'ayer 'of unconsolidated deposits. . penetrated by the open hole and on the replenishment of 

. . . :The regcmui conbii~s \vater in pore.spaces between the fractures by seepage into them from the overlying 
rockpartiCies; Th~:b~d~o~k; ·on the other hand, does.not . regolith. Thus, the ,ground-water system in this region 

. hav~:a~y'sig~ifi~~t .in't~~grari~iar porosity.~ itcont~in~ ' • can be viewed,. from the standpoint of ground-water 
/.\Vater/~nst~adiin.sheetliice'd'peniiigs' formed:iilong frac- .. development, as a terrime in .which. the reservoir~nd 

. : ';ttires (that is,i!)f~~ks in the 'otherwis~;''solid": rock) .(fig. . pipeline functions are effectively separated. Because ofits 

I :· :.36): The.hydr~uiic~c6rid~ftiyiti6s of the{ regolith and the ..... larger. porosity, .the; regolith functions as· a reservoir .. 
: .. < b~Ciiock-~re~~irit,if~r'a~d;fange)ro~ ab~.ut o:·oof.io'.l·m . '.'which slowly feeds 'w~ter do~nward into the fractures in ' 

·· ·:; ... ·. · ·. '·?:·=:-~r~~.:=:-·r:,:~:~:tt;:~::.\~·::r ·_~_· .. ·:· · · -- ·· · ·· I · · 46 'Groun-d-Wat~r'Re8ion.s'of tfie ~oiled states .. .,:· 
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Figure 36. Topographic a~d geologic features of the Piedmont and Blue Ridge >egion. 

the bedrock. The fractures serve as an intricate intercon
nected network of pipelines that transmit water either to 
springs or streams or to wells (fig. 38). 

, Recharge of the ground-wa.ter system occurs on the 
areas above the flood plains of streams, and natu~al 
discharge occurs as. seepage springs that are common 
near the bases of slopes and as seepage into streams. With 
respect to recharge conditions, it is important to note that 
forested areas, which include most of the Blue Ridge and 
much of the Piedmont,· have thick and very permeable 
soils overlain by a thick layer of forest litter. In these 
areas, even on steep slopes, most of the precipitation 
seeps into the soil zone; and most of this moves laterally 
through the soil in a thin, temporary, saturated zone to 
surface depressions or streams to discharge. The re
mainder seeps into the regolith 'below the soil zone, and 
much of thiS ultimately seeps into the underlying bedrock. 

. . Becaus{theyie!d of bedrock wells depends on the 

valleys of perennial streams where the bordering ridges 
are underlain by substantial thicknesses of regolith (fig. 
36). Wells located at such sites seem to be most effective 
in penetrating open water-bearing fractures and in inter
cepting ground water draining from the regolith. Chan-

5 
0 
t:J 
w 
a: 

. number of fractures penetrated by the wells, the key 

I 
-ele~ent in seiecih1g well sites .is recognizing the relation 

.. · , ·. · · be'tween the present surlace topography and the location 
·of fractures· itt. the. bedrock. M 6st of the valleys, draws, 

- ~ .. 1· .. ··-.·.·· ·and. othedurl~ce 'depressions: indicate the presence of. 
', more iritens'eiy'fr~ctured zcmes'in the bedrock which are 

· ··. "-·-.·-:· :· ···~·~:"'1·-r <·· 't···-.:,..· -· . · · · . 
_;, .II!?/~~-~scep,t,i~,Ietq,V.:e~th_ering ari~.erosion than are the ·, BEDROCK 

I 
I 

• intervening: areas::~ Because frachires ·in. the bedrock are 
·- · tJl~~·Pii~'Cipai.:i~erih.ds'alon·g.i.hich ground water moves, 

' ' ·: ... ~-.i.~_~.R.~~~:~~~~ ~}ies app~.a}i_o be)n draws on the.sides of the 
" . ~··.' .··J..·.' :' . - •.. ~-· ...... • .j,'_ ' • . . \ :::~:~··· -- :~_ ; ;·, ··:': . 

.· .. 

Figure ~7. Differences in. storage capacity of regol_ith and 
bedrock. · . _. ;·.. · · · · 

. . . . . . . - .. ·' ... -~ ' . " ·, . 
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Figure 38. Separation of the storage and pipeline 
functions in the Piedmont arid Blue Ridge region. 

9. NORTHEAST AND SUPERIOR UPLANDS 
(Glacial deposits over fractured crystalline 

. rocks) 

The Northeast and Superior Uplands region is 
mace up of two separate areas totaling about 415,000 
km2• The Northeast Upland encompasses the Adiron
dack Mountains, the Lake Champlain valley, and nearly 
all of New England. The parts of New England not 
included are the Cape Cod area and nearby islands, 
which are included in the Atlantic and Gulf Coastal Plain 

'ces of success seem to be somewhat less for wells on the 
flood plains of perennial streams, possibly because the 
alluvium obscures the topographic expression of bedrock 
fractures. The poorest sites for wells are on the tops of 
ridges' and mountains where the regolith cover is thin or 
absent and the bedrock.is sparsely fractured. 

As a general rule. fractu~es near the bedrock sur
face are most numerous and have the largest openings, so 
that the yield of most wells is not increased by drilling to 
depths greater than about I 00 m. Exceptions to this occur 
in Georgia and some other areas where water-bearing, 
low-angle faults or fracturecrzones are present at depths 
as great as 200 to 300 m. 

The Piedmont and Blue Ridge region has long been 
known as an area generally unfavorable for ground
water development. This reputation seems to have re
sulted both from the small reported yields of the numer
ous domestic wells in use in the region that were, 
generally, sited as a matter of convenience and from a 
failure to apply existing technology to the careful selec
tion of well sites where moderate yields are needed. As 
water needs in the region increase and as reservoit:sites on 
streams become increasingly more difficult to obtain, it 
will be necessary to make more intensiv~ use of ground 
water. 

I region, and the Triassic lowland along the Connecticut 
River in Conne~ticut and Massachusetts, which is.in- anorthosite, and other intrusive igneous rocks and meta-
eluded in the Glaciated C~ntral region .. The Superior. · · morphosed sedimentary rocks consisting of gnei~s. schist, 

I Upland encompasses most of the northern parts of Min- . quartzite, slate, and marble (fig. 39). Most of the igneous 
nesota and Wisconsin adjacent to the western end of and metamorphosed sedimentary rocks have been inten-
Lake Superior. TheN oriheast and Superior Uplands ~re · sely folded and cut by numerous faults. 

I 
' characterized by rolling .h·i.lls and low_ ·mountain-s. Land- The bedro-ck is overlain by unconsolidated deposits 

surface altitudes in the l'{oriheast Upland range from sea -. ·laid down by ice sheets that covered the areas OJ1e·ormore. 
level to m·ore than I ,500 rri on some of the peaks in the times during the Pleistocene (fig. 40) and by gravel, sand, 
Adirondacks and White),{ ountains. ·In contrast to the silt, and clitylaid. down by meltwater streams and in lakes 

I mountainous areas in thei'{o~rtheasL" the Supericir"i.Jp.lind · .. ··_that formed during the melting of the ice (fig. 39). The 
. is in an area of rolling hills whosesuirimhs reach altitudes. . thickn'ess~fihe glacial deposits rang~s-frorn a few meters 

of only 300 to 600 m .. -~~--~ · .: . _· : -· · ." on the higher mou~tains, whi~h also have·f~rge expanses 

I -Bedrock in the region rariges in age from'Preca~~. -- ofbarre·n-rock, to·more than 100 in in some-valleys; The 
·brian to Paleozoic anci consisis m·ostly or granite, syenite; .• most e:icterisive glaciill deposit is tiii, which was laid down 

· ··• · Hr· :. · -· ·. ::-·-~- ·•· ·.·. ::·· ... ,,... •·· ~·- ~ -··. . .. ~· -.. -~ ··- : .. ~---. _.;._ · · .... ·· 
--~ . 
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Rock Units and Aquifers 
in the Piedmont and Mountains·: 
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'Tiie rocks underlying the Piedmont and 
mountains can be divided into two groups: 
(l) ·bedrock, and (2) saprolite (or residuum). 
The saprolite underlies the land .surface and 
r~:lnges in thickness from a foot or two near 
b'~drock outcrops to more than 100ft. Bedrock 
underlies the saprolite and is the parent rock 
from which the saprolite was derived in the 

· process referred to as weathering. 
Many stream valleys, especially those of 

larger streams, are underlain by a layer of 
·material similar in composition to saprolite. 
This material. which has been deposited by the 
streams during floods, is correctly referred to 
as alluvium. However, to avoid unnecessary 
complications, we will lump the alluvium in 
with the saprolite for the purpose of this 
discussion. 

·The bedrock underlying the Piedmont and 
mountains consists of many diffe.rent types of 
igneous and metamorphosed igneous and 
sedimentary rocks. The. Generalized Geologi
cal tliap of North Carolina accompanying the 
discussion of V•/ATER-BEARING ROCKS 
divides the bedrock in the Piedmont and 

v 
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mountains into six units. The 1:500,000 scale 
Geologic Map of Nort'1 Carolina, published in 
1958, divides the bedrock in the same area into 
48 different units. But, a much larger number of 
·units have been identified and are shown on 
large scale geologic maps. 

ThP. bedrock units differ from each other in 
mineral composition and other geologic 
characteristics. Fortunately, these differences 
do not result in large differences in hydraulic 
characteristics so that it is possible to combine 
the bedrock units into a relatively small number 
of hydrogeologic units. 

The accompanying map shows the hydro
geologic units into which the bedrock in the 
Piedmont and mountains has been divided by 
the U.S. Geological Survey and the North 
Carolina Groundv1ater Section. 

The most productive hydrogeologic units 
are the Great Smoky Mountain belt and the 

. Blue Ridge-Inner Piedmont belt. The least 
productive units are the Carolina Slate Belt and 
the Triassic Basins. The Charlotte Belt is 
intermediate in productivity. 
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Ground..;\AJater Situation 
in the Piedmont and Mountains 

, Th8 saprolite (vteathered rock) that forms 
·the land surface in th~: Piedmont and 

mountains consists of unconsolidated granu
; lar material. It thus contains water in thJ pore 
; ~paces between rock particles. 
' The bedrock, on the other hand, doe:; not 
:...~ave any significant intP.rgranular .(primary) 

.• : porosity. It contains watur, instead, in sheet
·.,~ like oper;lings formed along fractures (that is, 
.:~·breaks in the otherwise "solid" rock). Fractures 
: ·in bedrock are of two types: [1) joints, which 
·:·,are breaks along which there has been no 
~ differential movement; and (2) faults, which are 

breaks along which the adjacent rocks have 
undergone differential movement. 

Faults are fo;mcd during earthquakes ::~nd 
generally contain larger and more extensive 
openings than those developed along joints. 
Joints, however, are far more numerous th<;n 
faults. 

Fractures (joints· and faults) are more 
abundant under valleys, draws, and other 
surface depressions than under hills. In fact, 

27 

geologists assume that it is the presence of 
fractures that determined the position of 
valleys in the first place. Fractures tend to be 
more closely-spaced and· the openings 
developed along them tend to be larger near 
the surface of the bedrock. Most fractures 
appear to be non water-bearing below a depth 
of 300 to 400ft. Large water-bearing openings, 
penetrated beloW this depth are probably 
associated with faults. 

The ground-water system in the Piedmont 
and mountains is recharged by precipitation 
on the interstream areas. A part of the 
precipitation infiltrates through the unsatu
rated zone to the water table, which normally 
occurs in the saprolite. 

Ground water moves laterally and downward 
through the saprolite to points of ground
water seepage (springs) on the hillsides and to 
the streams in the adjacent valleys. Some of the 
water in the saprolite also moves downward 
into the bedrock and, thereafter, through the 
f_ractures to the adjacent valleys. 
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Hydraulic Characteristics of the 
Piedmont and Mountain . 
Ground-Vvater System 

,.--STORAGE 
IN 

BEDROCK 

tlEDROC:K 

Ope of the most basic concepts of ground
water hydrology is that aquifers function both · 
as reservoirs, fn which water is in storage, and 
as "Pipelines, which transmit water from one 
point to another. This is referred to' as the 
reservoir-pipeline concept. This concept forms 
a useful basis ori which to discuss the hydraulic 
characteristics of the Piedmont and mountain 
ground-water system. 
. The reservoir (storage) function of aquifers 

depends on the porosity. The pipelin·e function 
depends on the hydraulic conductivity and the 
thickness of the aquifer. The approximate 
range in porosity and hydraulic conductivity 
for the saprolite and bedrock is shown in the 
following table~ 
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WELL-+-LJ 

Rocl: type· Porosity In percent 
Saprolite 20-30 
Bedrock .0.1-1 

Hydraulic 
conductivity In 
feet per day 
1-20 
1-20 

The above values suggest that the principal 
difference between saprolite and bedrock is in 
water-storage capacity. In other words, the 
saprolite has the capacity to store a much 
larger quantity of water than does the bedrock . 
This is not the entire story, however. 

As we noted above, the capacity of an aquifer 
to transmit water depends both on hydraulic 
conductivity and on aquifer thickness. The part 
of the bedrock. containing water-bearing 
fractures is several times thicker than the 
saprolite. 
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We can then, without great error, view the 
ground-water system in the Piedmont and 
mountains as consisting of a saprolite reser
voir overlying a bedrock pipeline consisting of 
numerous small, interconnected pipes. In the 
·.ricinity of a pumping ·well the bedrock 
tractur_es ("pipes") convey water from the 
saprolite reservoir to the well. 

The yield of a well drawing from fractured 
bedrock depends on several factors. The most 
important of these are believed to be: 

1. The number, size, areal extent, and 
degree of interconnection of the fractures · 
penetrated by the well, · 

2. The thickness of saturated saprolite in the 
vicinity of the well and the specific yield of 
the saprolite, and 
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3. The hydraulic conductivity of the sapro
. lite and the nature of the hydraulic con
·neiction between the saprolite and the 
bedrock. 

The number and the size of the· fractures 
control the rate at which water can enter the 
well. The areal extent and degree of intercon-
nection of the fractures control the size of the 
area that supplies water to thewell. 
· The thickness and the specific yield of the 
saprolite determines the volume of water 
available from storage in the saprolite. The 
hydraulic conductivity of the saprolite and the · 
nature of the hydraulic connection between 
the saprolite and the bedrock determines the 
rate at which water can drain from the 
saprolite into the bedrock fractures. 
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Most grou.nd-water supplies in the-Piedmont 
and mountains are obtained from wells that are 
cased through the saprolite and finished with 
open holes in 'the bedrock. The yield of these 
wells depends on the number and size of the 
fractures they· penetrate. Therefore, where 
mo·derate to large supplies of water are· 
needed, well sites should be select~d at the 
places where fractures appear to be most 
abundant. 
· H. E. LeGrand, of the U.S. Geological 
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thickness 

Survey, attempted in 1967 to indicate the 
relative favorability of well sites in the 
Piedmont and mountains by assigning point 
values to areas on the basis of saprolite thick
ness and· topographic position. The point 
values assigned by LeGrand to features of the 
land surface that suggest thickness of saprolite 
and to different topographic positions are 
shown below. Selected values of each are also 
indicated on the above sketch. 
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ABSTRACT 

The Monroe area includes Anson, Stanly, and Union Counties 
in the south-central part of North Carolina. It has an area of 
1,575 square miles and had a population of 109,746 in 1960. The 
economy is both agricultural and industrial. 

The area consists mainly of low rounded hills with gentle 
slopes in the southeastern part of the Piedmont province. The 
altitude of land surface ranges from about 150 feet to 936 feet 
above mean sea level, and the land surface slopes generally 
toward the southeast. 

The surface is underlain mahily by metamorphic and igneous 
rocks, chiefly tuffaceous argillite, laminated argillite, tuff, phyl
lite, gneiss, granite, and diorite-gabbro. A belt of Triassic rocks 
in Anson County contains sandstone, shale, and other sedi
mentary rocks. 

The tuffaceous argillite is the chief aquifer of the area be
cause it has a relatively high permeability and wide areal extent. 
The yield of individual wells in this aquifer averages about 13 
gpm (gallons per minute), and may be as much as 200 gpm. 

The yield of wells in the area is related to topography. The 
average yield of wells on hills is about half the average yield of 
wells in valleys. The majority of the wells in this area are 
drilled on upland sites where conditions are unfavorable for 
obtaining more than 5 to 10 gpm from a well. 

Generally, the yield of wells is determined by the secondary 
permeability of the rocks, which decreases with depth. There is 
usually little increase in the yield of wells below a depth of about 
250 feet. 

The present utilization of ground water in the area is only a 
fraction of that available from the aquifers. Recharge and dis
charge are apparently in natural balance because there is no 
evidence of perennial lowering of the water table. 

·- - - - - - - - - - - - - - - - - - -
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Topography 

'l'he Monroe area lies within the upland section of the Pied
mont phy.siosn·aphic province, which is an uplifted, submaturely 
to maturely dissected pcneplane. 

The sedimentary rocks in the area strike generally northeast
southwest. 'l'he igneous intrusives are generally elongated and 
strike northeast-southwest. The relative resistance of different 
rock types to erosion controls the topographic expression in the 
area. 

Average altitude of the upland surface ranges from about 150 
feet above mean sea level in the southeastern part of Anson 
County to about 800 feet in western Stanly County. The highest 
altitudes of the area are in northwestern Stanly County, in the 
Uwharrie Mountain range. The highest of these hills is Morrow 
Mountain, which has an elevation of 936 feet above mean sea 
level. 

Drainage 

The area is drained by the Pee Dee and the Wateree Rivers 
and their tributaries. Most of Anson County is drained to the 
north by the Rocky River, which flows into the Pee Dee River, or 
to the east by the Pee Dee River, which forms the eastern border 
of the county. A small part of southwestern Anson County is 
clt·aincd to the south hy scvcml small streams that empty into 
the Great Pee Dec Rivm· in .South Carolina. The southern part 
of Stanly County is ch·ained by the Hocky River, which flows 
along its southern boundary. Most of the eastern part of the 
county is drained into Badin Lake, the Pee Dee River, and Lake 
Tiller, which forms the eastern boundary of Stanly County. 
About three-fourths of Union County is drained in a north
t':tsh••·l.r din•dion to the Hocky Ri\·cr. Approximately 20 percent 
of the county, the southwestern part, is drained to the south
west into the Wateree River in South Carolina. The remainder 
is drained to the south into Lynches River, which empties into 
the Great Pee Dee River in South Carolina. The courses of the 
individual streams within the area are diverse, and the drainage 
pattern is largely controlled by the geology of the area. . 

8 

GEOLOGY 

Introduction 

During the fall and winter of Hl61-62 a reconnniHsunce survey 
was made of the geology in the area. With the exception of the 
mapping of the Albemarle quadrangle (Conley, J. F., 1!>62) ,. 
little geologic mapping in the area had been pone prior to this 
time. The existing geologic maps were inadequate for the pur
poses of this investigation; therefore, reconnaissance geologic 
mapping was a necessary part of the project work. (See fig. 7, 9, 
11). The rock units shown on the maps are generalized in some 
cases and usually contain more than one type of rock. The differ
ent rock types were grouped into mappable units on the basis of 
similarity in age, petrology, or water-bearing· properties. They 
are discussed in the following section in the same order as they 
appear on the geologic maps. 

Area Distribution and Character of Rocl' Units 
Sands and clays of Quaternary age 

Sand and gravel of Quaternary age are considered generally 
to be the youngest geologic unit in the area. The unit occurs at 
elevations ranging from about 400 feet above mean sea level in 
the vicinity of Lilesville to about 250 feet east of Morven. Out-· 
crops are in isolated patches and pockets of various size through
out the southeastern part of Anson County. The unit consists of 
varicolored, laminated, crossbedded, kaolinitic sands and clays 
and deposits of well-rounded stream gravels, all apparently of 
continental origin. The gravels of this unit raugc from pea size 
to small boulder size. The thiclmess of the deposits ranges from 
a feather edge to more than 50 feet. Excellent exposures of this 
unit can be seen along Highway 74 about 3.5 miles east of Liles
ville and, in the same vicinity, in a commercial gravel pit where 
the gravel is mined for road metal. 

Triassic (Newark Group) 

Rocks of the Newark Group were named for Triassic expo
sures near Newark, New Jersey. In 1875, W. C. Kerr (1875) 
correlated these rocks with the triassic exposures in North Caro
lina. Three formations are distinguishable within the Newark 
Group (Campbell, M. R., and Kimball, K. W., 1!>23). In descend-
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centration of greater than 3.0 ppm is generally considered to 
indicate the presence of a source of pollution. Dug wells and 
improperly cased wells are most subject to nitrate pollution by 
infiltration of surface water. 

The presence of small seams of coal and other organic mate
rial in the Triassic rocks may be the cause of higher than nor
mal nitrate concentrations in water samples from three wells 
in Anson County. 

Hardness 

Hardness is the property of water attributable to the pres
ence of dissolved alkaline elements, and is expressed in analyses 
as equivalent calcium carbonate (CaC03). Calcium, magnesium, 
and other polyvalent cations are responsible for the hardness of 
water. Hard water is objectionable because of its soap
consuming properties and because it forms scale in boilers and 
containers in which it is heated. The hardness of water samples 
from the Monroe area ranged from 8 to 1,160 ppm. The harder 
waters were from Triassic rocks. 
· The U. S. Geological Survey classifies water with respect to 
hardness as follows: 

Hardness as CaCO., (ppm) 
0-60 

61-120 
121-180 
181+ 

Classification 
Soft water 
Moderately hard water 
Hard water · 
Very hard water 

ROCK UNITS AND THEIR WATER-BEARING 
PROPERTIES 

Introduction 

There are seven principal water-bearing rock units in the 
Monroe area. Tables are presented and discussed to allow com
parison of the water-bearing properties of the various rock 
units and to illustrate the effects of well depth and topographic 
location on the yield of wells in the Monroe area .... 

The comparisons discussed in this section are believed to be 
representative of the rock units mentioned. However, compar
isons based on such a small number of wells ·cannot be consid
ered highly accurate, mathematically. 
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Tabie 1. Average Yield of Wells According to Rock Type. 

No. of Average Yield rullons oer minute) 
wells deptll Range Average Per foot 

(feet) of well 

All Wells 407 120 \·200 14 0.11 

Rock unit 

Sand fOuaternary} 2 28 5 5 0.18 

Sandstone _{Triassic) 26 156 3/4-65 16 0.10 

Granite 15 95 1-100 18 0.19 

Pllvllite and mica schist 5 236 2~-90 37 0.16 

Tuffaceous argillite 302 119 \-200 13 0.11 

Laminated arRillite 39 113 H-75 15 0.13 

Lower Volcanic unit 18 128 1-60 12 0.09 

Relative Water-Bearing Properties of the Roclc Units 

Data on depth and yield were compiled for 407 wells in the 
Monroe area. Table 1 shows the average yield per well and per 
foot of well for both the total number of wells and the number 
of wells in each rock unit. 

As shown by the data in Table 1, the 407 wells inventoried in 
the Monroe area have an average depth of about 120 feet, an 
average yield per well of about 14 gpm, and an average yield 
per foot of well of 0.11 gallons per minute (gpm). 

Comparison of the average yield values in Table 1 indicates 
that the highest average yield per well is obtained from wells 
in the phyllite and mica schist unit and that the lowest average 
yield per well is obtained from wells in Quaternary sand. The 
~ighes.t yield per foot of ~ell is obtained from wells in tl:lf gran
Ite umt and the lowest yield per foot of well is obtain6d from 
wells in the lower volcanic unit. 

Sands and Clays of Quaternary Age 

The sand and clay unit of Quaternary age covers most of the 
southeastern part of Anson County. It consists of interbedded 
kaolinitic sands and clays and well-rounded stream gravel. The 
gravel ranges from pea-size to large cobbles. The thickness of 
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miles. The unit contains several types of related rocks, the most 
common of which are interbedded fell~ic and mafic tuffaceous ar
gillites, fine-grained tuffs, breccias, and flows. The tuffaceous 
argillites are overlain in some areas by graywacke sandstones 
and siltstones with some interbedded mafic tuffs, breccias, and 
conglomerates. The rocks of this unit are largely made up of fine 
ash and other volcanic ejecta which were deposited in water 
with very little reworking and sorting. · 

Because of its areal extent, the tuffaceous argillite unit is the 
most important aquifer in the Monroe area. The movement of 
ground water in this unit is along cleavage planes, bedding 
planes, joints, and quartz veins. 

Adequate ·supplies for small municipal and industrial users as 
well as domestic users are available in all parts of the unit. Data 
collected on 304 wells in this unit indicate that yields of up to 
200 gpm may be expected and that the yield per foot ratio de
creases below a depth of about 150 feet. 

Topographic location is also an important factor in selecting 
a well site in this unit. The best yields have been obtained from 
wells drilled in draws, valleys, and on slopes, respectively. 

Table 5 illustrates the results of the tabulation of pertinent 
data for wells in the tuffaceous argillite· unit. 

Analyses of several water samples from this unit show that 
the water is generally hm·d and contains moderate amounts of 
iron. Apparently, much of the objectionable-iron reported in the 
water by some well owners is secondary and is derived from 
rusting of the well casings and pipes in the water systems. 

.. _ 
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Table 5. Average Y!eld of Wells In Tuffaceous Argillite 

Accardi t d th ns 0 ee 
No. of Average Yield [gallons per minute) 

Range in depth wells depth Range Average Per foot 
-(feet) (fee~\ of well 

0-100 148 75 \-90 12 0.15 

101-150 91 118 \-100 12 O.ll 

151-200 41 180 3/4-90 13 0.07 

201-250 6 235 1\-15 6 0.03 

251-300 ll 278 1-30 5 0.02 

Greater than 300 7 353 \·200 68 0.19 

All welh 304 ll9 \·200 13 0.11 

Accardi g t t n 0 oeos,rae hi 1 t1 c oca on 

No. of Average Yield r gallons ll-er minute)· 
Topographic location wells depth Range Average Per foot 

(feet\ of well 

Hill 163 llO \·75 10 0.09 

Flat 34 109 \·95 11 0.10 

slope 24 123 2·180 20 0,16 

Draw 6 75 7\-90 29 0.39 

Valley 7 194 5·200 46 0.24 
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Memorandum 

DATE: May 28, 1999 

TO: File 

FROM: Scott C. Ryals 
Environmental Chemist 
NC Superfund Section 

SUBJECT: City of Wadesboro Water Lines 

Virginia Chemical Company 
Wadesboro, Anson County, NC 
EPA ID: NCS FNO 406 924 

On May 27, 1999, Ms. Jeanette Stanley and myself conducted a site assessment of the subject 
property. During the investigation, we contacted Mr. Steve Natoli with the Wadesboro City 
Water Office. The attached document provides a graphical representation of the location of the 
city maintained water lines near the subject property. According to the information supplied by 
Mr. Natoli, the City of Wadesboro does not supply water to the residents in the vicinity of the 
subject site. 
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Memorandum 

DATE: May 28, 1999 

TO: File· 

FROM: Scott C. Ryals 
Environmental Chemist 
NC Superfund Section 

SUBJECT: Anson County Water Lines 

Virginia Chemical Company 
Wadesboro, Anson County, NC 
EPA ID: NCS FNO 406 924 

On May 27, 1999, Ms. Jeanette Stanley and myself conducted a site assessment of the subject 
property. During the investigation, we contacted Mr. Hugh James with the Anson County Public 
Works Department. The attached document provides a graphical representation of the location 
of the county maintained water lines. Areas that are highlighted in yellow indicated that no 
county water lines are maintained. According to the information supplied by Mr. James, Anson 
County does not supply water to the residents in the vicinity of the subject site. 
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Urigin;1lty fourxk:d in l948 by ;an Okbhorn:l City t:DCicib dri\..:t. ;"1osht.'f·.-\darm has grown inm a nationwide: 
k-.ukr in Chaml:>c r of Comml'rce and custom designed slngk: ou.ln.'1"liM:r and map appliaUon publiaDom. 

"We go the extra mile ... 
... because we draw It!" 

BB&T 
l6u can tell we want your business. 

704-694-6521 
119 W. Wade St. • Wadesboro, NC 28170 

~·\ hil!!tt ~~ , . .~ .• 
.__ - ~ PIZZA 

"We Deliver" 
Take Out Special: Buy 1 

Get Next Smaller Size "Free" 
PAPA JOE'S PIZZA 
1013 E. Caswell St. RICHARD MELTON 

Wadesboro, NC 28170 (704) 694·6666 "Manager" 

WAL*MART® 
WE SELL FOR LESS! 

~ 
ANSON STATION, U.S. HWY. 74, WADESBORO 

(704) 694-6530 

NOTHING RUNS
LIKE A DEERE®-

l\lartin Bros. Equipment, Co., Inc. 
Box :2:20 • Wadesboro, NC 28170 

Farm Credit •.• 
An Agricultural 
Lending 
Cooperative 

~ 

U.S. Highway 52 South 
(704) 694-6516 

As a cooperative, Farm Credit undersrands rhe 
ralue of members owning a pan of the business. 
Fann Credir offers comperirively-priced loaru for 

purchasing land, equipmtnt, paying operating 
e.tpetues, and a whale lot more. 

For mon injormQ/ion about Fann Cndil loon.s please con-

tact: Piedmont Farm Credit 

.•. 10. 0.• Pan uf titt Busintss . .. .. 
Ci) 1114 E. Caswell St., P.O. Box 711 • Wadesboro, North Carolina 28170-0711 
mm (704) 694-5127 • (704) 694-5128 Fax 

PEE DEE ELECTRIC • 
MEMBERSHIP CORPORATION W' 

Highway 52 South 
704·694·2114 P.O. Box 859 
1·800·992-1626 Wadesboro, NC 

.. 
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MEMO 

TO: 

FROM:-

Superfund Sectibn Staff 

Jeanette Stanley . · +
Environmental Chemist~ '?11vl£(); · 
NC Superfund Section § . /, 

DATE: April23, 1999 

SUBJECT: Update on Status of Wellhead Protection Programs in N.C. 

I spoke with Mr. Gale Johnson, Public Water Supply (919) 715-2853 on April13, 1999. He 
said that there are still no state-approved wellhead protection areas within North Carolina. 

The two earliest applications will likely be the first ones approved. The Town of Biack 
Mountain has defined an area, conducted an inventory, and submitted an application. A privately-· 
owned public water system, JAARS, in Waxhaw, NC also submitted one of the two first 'applications 

... To date,·fifteen.applications:have been received. 

. Mr. Johnson said that the lack of a state-approved wellhea~ 'protection area does not preclude 
· a Public Water Supply system from setting their.own setback (or protection) criteria, such as up to · 

I ,000' from· a hazardous waste disposal site aha 500'. from a UST. · 

Mr. -Johnson suggestedthat:ifthere.is a _question about whether or not a nearl1y public water 
supply has any set-back criteria, it is best to contact the operator directly~ 

.: 

I 
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ie 5 Household Family and Group Quarters CharaCteristics: 1990 I I 

erl."''i1io~s of \ttml and mtOnin;s of sym~ ..... IH 1u~; 

I fomoly hovstholds Nonfo:nily hov>eholds P!tiOnS Pl'f- Ptrt.."YYS in group quontrs 

re I .. 
I • it~seholder 'vi119 olonr 

l"ty ! --
ftmolr nty Subdivision house• - 65 voo'' _ond over Olher per· 

Alorriocl· holder;no lnstilu· sons in 
:e I 'tiSOf\l i~ All hoi,, ... --- -- ·--· couple husbond tionotizrd group 

r .,ou~l\ot:s - hold> -· To1ol ·- fom~v prrsent Tolol To1ol To1ol frmolr Hov>ehold fomily 1olol prnons \IUOrltfS 

' 
The Slall ••••••••••••••••••• 

r 
: 1(14 167 2 517 026 1 an os3 1 424 206 301 876 701 973 596 9S9 226 384 1!2 329 2.54 3,03 224 470 13400 141 070 

. .. 

I 

nco COUI\ry •••••••••••••••••• ~ ••• i' ICS 3:~ •2 652 30 145 24 295 s 130 II ?07 10 li>1 4 S98 3 74a 2.47 2.9~ 2 aa6 1 173 1713 
""'fooip 1. Pantrst'lft ............................ , 2 s.:·: I 078 847- 715 94 231 :m liS 86 2.60 2.9a . - -
"""'~~ £. ( ·~~'·.. ... .... ....... .. .. .... ...... .. ... .. : 3 2:' I n4 _?94 871 es 780 2S4 lOb 63 .- 2.S: 2.92 - - -
:.lomonct ¥iUCQI ...................................... •. 2:: 112 80 67 II J1 3~ 17 13 ~.20 2.76 - - -lrhi;> l. soon• s1o1ion •••••••••••• : 13 lh s 228 3 8S3 3 361 3aO 1 375 1 0~1 A-:5 3S2 2.SI 2.91 1 7S9 liS I 6-44 
.,..,.100 ,;ry (pl.) •••• ~ ••••••••••• : • .u: I 7a2 I 409 I 269 117 373 340 131 102 2.SO 2.as - - -
on (~h<;t lown ••••••••••••••••• 27:"- I 066 683 581 71 3a3 213 n. 58 2.S9 3.00 I 637 12 -1 62S 
.:1bs~le t:wn (p'.) .......................... I :F· se3 404 324 6S 179 .. '126 •3 32 2.~ 3.00 - - .. 
;It:\ '-.~ .. n COP (J:<t.) ........................ I .. .. : ~13 :06 3AS 40 107 VS 63 5' - 2.53 2.Sb . - -

...n'lsi".i~ ~. t.\o:1or. .............................. • l:· I 650 I 3<10. I 114 173 310 ml 127 97- •. 73 3.0~ : : -

.Utorr.:~o:~w.OS!i>tf co; ....................... 1 C~: 424 307 233 57 i17 Ill S6 44 2_54 3.06 - - -
:r.s.h:;J !. Fcucrtlt ........................... 3 r·:· I 13S .937 ·_ SIS 93 1V8 118 84 69 2.65 2.95 - - -
.'!Ish';>~ G:ahcm ............................... ~s e;· 7 6JS 5 1<31 l 408 988 1214 I 90 837 709 2.ll 2.87 ~5:: 4~3 7 
urlir.;:oo c;ry (:1.1 •••••••••••••••• ' ....... 2 472 I S2l I :SI 291 6SI S!7 2i0 177 2.46 2.87 I' iS -. " 

,ro!lo"' ciry (pl.) ··--······-··---· 9 t~· 4 22a 2 ~13 2 205 572 I 315 I itl 539 4S6 2.33 7.85 ~J: 425 7 
riow ~'-'tr 1own 1~1.1 ••••••••••••••• ~:-= 90 so 21 20 40 3$ 6 5 v 2.32 l.08 - - -
NIIShi: 7, IJbriqhl •••••••• ••••••••• 2 5:" I 002 7VC 671 e3 212 1a1 63 58 2.56 2.91 - - -
••• ,., ... ""~ (t:.) ••••••••••••••. - - - - - - - - - - - - - -

.shipS. hev.ii:\ .............................. 3 z:: I 269 980. sse 90 2a9 21.4 II a 95 2.60 3.tl2 - - -
oxo:chow COP (~1.) •••••••••••••• .- .£!! 168 134 109 19 3l 31 13 9 2.73 3.10 - - -

s!';i~ ; • Thc.n~~n ................................ .: '1:-: I 781 I 3S2 I 116 203 399 lJ? 125 ICC 2.67 3.07 4; .. s 
Soxop:t.cw COF (ol.) •••••••••••••• ....... 257 210 156 47 47 41 10 a 2.80 3.13 - - ·-... 
S,...~,..,.,;ne COP :Pr.) •••••••• ~ ••••• : t'!: ~IS 312 .69 32 103 67 32 27 2.57 3.00 - - -
NfiSh;~ 10, 1/.Pivill! •••••••••••••••• 9 ::: 3563 2 661 2 ISS l07 902 815 33J 264 2.56 3.02 p• 138 -
•Aebor.e cirv (pl.l ···---·-··-·-···· " t:= I 697 I 229 939 251 468 l32 196 16S 2.51 3.01 IC 10 -
iwtps~lfe co~ (p1J .............. ;. ........ •z= Sl 46 44 2 s s 2 2 2.53 2.70 - - -
..-nshi: 1 t P\tos~nt Crt;.t .................... 2 --· 999 602 623 125 197 182 7a 60 2.78 3.14 5 s -. -
~nsh;~ '12. Burftr.~loh •••••••••••••• 32 ::: 13 898 9 oes 6 536 2 110 4 813 4 289 I 9i9 1 639 2.33 2.91 47: 414 57 
;urs..,;:.,n city t;:~t.) ............................ ·a , .. 12 373 7 ?£7 s 746 I 877 4 386 3 ~0! I e2l I S16 2.30 HO 4S'I lC•2 57 
:;len """'' (CP (pl.) ••••••••••••••• ·, i:: 509 3S3 277 Sl 126 109 46 39 2.S7 l.C'O 12 12 -
vnshi~ 13. ~ .... IO>tr ········"·--·· .: ;·· I V30 I .:.43 I OS2 299 ....... 487 (22 .. 167 136 2.SS 2.95 IC I~ -
3urb).:m c.itt (;.t.l ............................ - - - - - - - - - - - - - -
:;rc!'i:..., city {J,'It.) ................................... ·=: h2 40 32..-·- ~ n 21 II 7 1.9S 2.43 - - -
iow ~"rr t,wn (:~.) ............. :. ... ; ........... 

,. 
~: 696 ~C2 3&2 .96 l'i'.S :~9 

., 
85 70 2.36 2.82 - - -

Swe:s.:!:Vi!le cor lpt.J ...................... - - - - - - - - - - - - - -

I 
I 

-
27 :;:: 6 715 952- 2 282 651 :nder c •• .,ry ···---·····-~·-·····- 10 331 a (149 2 Oll 839 2.6-4-- 3.02 291 299 -

~nao:e :ownship .......................................... 3 (;.:" I 125 e97 · 773 77 ~28 202 87 Sa 2.71 3.07 - - -
·o!t·lf'fS towns.tU~ ................................... I C!-: 684 543 417 39 141 122 58 43 2.72 3.07 - - -
it Nvrr township ................................... f'" 230 187 160 19 ~3 41 17 IS 2.74 3.10 - - -
ierJ townshi~ .................... :' ................... I •:: 422 33S 279 lS 87 79 2? 23 2.75 3.1S - - -
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:tenbtrg 1owns~i~ ................. 7 •••. 2 780 2 257 I 946 215 523 .us m 91 2.67 2.97 - - --.. 
oetl.le~•m CD? ••••••••••••••••••• '! • ~! I leo 966 248 as 2:0 Iii 47 3S 2.6? H9 - - -

I 
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I 
Cou;,rt' ............................... ~ ......... ;: ~ . .., 8 53( ~ 35i 4 5S2 I :75 2 17_;! 1-.. .l. {.:2 I 075 860 2.71 3 .• 3 3~7 2t.C lj 

sonvir.t tOV~o'Tlsh:' ............. ~ ......................... I ::· 573 l54 333 92 119 110 ss l8 2.76 j 16 - - -
~SO!'t"'1if lo-Nn ...................... -... ................ ~ . .: 20~ !6S 106 J7 36 36 20 16 3.02 3.45 - - -
:-r.svil~e '"""'-nship ................................. I ... 5)0 :21 3Sa .:.: 109 104 63 47 2.~5 3.CI4 - - --.. 
;frd~t l;wnshig .................................... t :·::. ml 570 ::;o 113 ISS u~ 6t 50 2.E? 3.33 . - -
"f!~o:.~c. lo"-nsl'.;;, ........ ~ .................... j ;: I 31i 652 126 23S 22~ 126 i] 2.77 Hl 1:1', 110 .. 
llto::-t~~d ro...n .................................... ::: ll) 107 81 23 28 2! 17 IS 2.~ 3.33 I - - -
.,,ti::te:o~ town .................................. ~:; 136 '~S 110 l6 ta ~ •O 28 2 81 3.42 - - -
''villt •cwnship .......................................... l .::·-

I 261 I w 6e6 2~~ I 3~1 2$-: lSI 124 2.76 3.n - - -
li\tsv::Ot tO'Wn ..................................... .:-:: I&~ :;s 96 t.O ~) S3 16 2.S3 3.U - - -
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Jies!:;c.~c, towns!",;: .................................... ~ p~ 2 ~97 I 7:4 719 l CJ6 

~~~ I 50S 4~8 H2 3.2? 11' jjl . 13 
Wodtstr?'O ION:'• .................................... I l07 V:3 597 3:>0 4/--4 <35 197 2.50 · 3 IS J;l: 119 13 
Utr St'!l~t rcw:atu:~" ................................. :::: 136 101 83 17 2? ·; It 7 2.8S 

3.321 - - -
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1990 Census Lookup (1.4a) bttp://venus.census.gov/cdrom/Iookup/930759540 
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.. 
(URL reload) 

1990 US Census Data 
Database: C90STF1A 

Summary Level: State--County 

AnsonCounty:FIPS.STATE=37, FIPS.COUNTY90=007 

PERSONS 
Universe: Persons 
Total .•.........••.............•....•..•................................ 234 7 4 
PERSONS PER OCCUPIED HOUSING UNIT 
Universe: Occupied housing units 
Persons per occupied housing unit .......................................• 2.71 

6/30/99 I2:I9 PM 
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(42} heptachlor: 8.0 x 10-6 · 
(43} heptachlor epoxide: 4.0 x 10-6 

(44) heptane: 2.1 
(45} hexachlorobenzene (perchlorobenzene): 0.00002 
(46) n-hexane: 0.42 
(47} iron: 0.3 
(48) lead: 0.015 
(49) lindane: 2.0 x 10-4 

(50) manganese: 0.05 
(51) mercury: 0.0011 
(52) metadichlorobenzene (1,3-dichlorobenzene): 0.62 
(53) methoxychlor: 0.035 
(54) methylene chloride (dichloromethane): 0.005 
(55) methyl ethyl ketone (MEK; 2-butanone): 0.17 
(56) methyl tert-butyl ether (MTBE): 0.2 
(57) nickel: 0.1 
(58) nitrate: (as N} 10.0 
(59) nitrite: (as N) 1.0 
(60) orthodichlorobenzene (1,2-dichlorobenzene): 0.62 
(61) oxamyl: 0.175 
(62) paradichlorobenzene (1,4-dichlorobenzene): .0.075 
(63} pentachlorophenol: 0.0003 
(64} pH: 6.5 - 8.5 
(65) radium-226 and radium-228 (COJ?bined): 5 pCi/1 
{66) selenium: 0.05 
(67) silver: 0.018 
(68) styrene (ethenylbenzene): 0.1 
(69) sulfate: 250.0 
(70) tetrachloroethylene (perchloroethylene; PCE): 0.0007 
{71) toluene (methylbenzene): 1.0 
{72) toxaphene: 3.1 x 10-5 
(73) 2, 4, 5,-TP (Silvex): 0.05 
{74) trans-1,2-dichloroethene: 0.07 
(75) 1,1,1-trichloroethane (methyl chloroform): 0.2 
(76) trichloroethylene (TCE}: 0.0028 
(77) trichlorofluoromethane: 2.1 
(78) vinyl chloride (chloroethylene): 1.5 x 10 -s 
(79) xylenes (o-, m-, and p-): 0.53 
(80) zinc: 2.1 
(h) Class GSA Standards. The standards for this class shall be the same as those for 

Class GA except as follows: 
(1) chloride: allowable increase not to exceed 100 percent of the natural quality 

concentration. 
{2) total dissolved solids: 1000 mg/1. 

(i) Class GC Waters. 
(1) · The concentrations of substances which, at the time of classification exceed the 

. . standards applicable-to Class GA or GSA groundwaters shall-not be-caused to 
increase, nor shall the concentrations of other substances be caused to exceed the 

NORTH CAROLINA ADMINISTRATIVE CODE' ·; 10/19/93 • - "'>,• I 
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FLOOD INSURANCE RATE MAP 

TOWN OF 

WADESBORO, 
NORTH CAROLINA 
ANSON COUNTY 

(ONLY PANEL PRINTED) 

COMMUNITY -PANEL NUMBER 
370006 0005 B 

EFFECTIVE DATE: 
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Certain areas not In the special flood hazard areas (zones -A•and·V.J-<41 .... --~r~~~~~::::~ 
--may be protettecf by flood control structures. . '. 

This map is for flood insurance purposes only; it does not neces· 
sarily show all areas subject to flooding in the community or 
all planimetric features outside special flood hazard areas. 

I • 

INITIAL IDENTIFICATION: 

DECEMBER 28, 1973 

FLOOD HAZARD BOUNDARY MAP REVISIONS: 

JULY 2. 1976 

FLOOD INSURANCE .R.A TE MAP EFFECTIVE: 
AUGUST 19,1986 

FLOOD INSURANCE RATE MAP REVISIONS: 

To determine if flood insurance is available in this community, 
contact your insurance agent, or call the National Flood Insurance 
Program, at (800) 638:6620. 

APPROXIMATE SCALE 
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KEY TO MAP 

500-Year Flood Boundary-----

1 00-Year Flood Boundary-----

Zone Designations* 

100-Year Flood Boundary----

500-Year Flood Boundary----

Base Flood Elevation Line 
With Elevation In feet** 

---513-......... -

Base Flood Elevation in Feet 
Where Uniform Within Zone** 

(EL 987) · 

Elevation Reference Mark RM7x 
Zone D Boundary-------

River Mile •M1.5 

**Referenced to' the National Geodetic Vertical Datum of 1929 

*EXPLANATION OF ZONE DESIGNATIONS 

ZONE 

A 

AO 

AH 

A1·A30 

A99 

B 

c 
D 

v 

V1-V30 

EXPLANATION 

Areas of 100-year flood; base flood elevations and 
flood hazard factors not determined. 

Areas of 1 00-year shallow flooding where depths 
are between one (1) and three (3) feet; average depths 
of inundation are shown, but no flood hazard factors 
are determined. 

Areas of 1 00-year shallow flooding where depths 
are between one (1) arid three (3) feet; base flood 
elevations are shown, but no flood hazard factors 
are determined. 

Areas of 100-year flood; base flood elevations and 
flood hazard factors determined. 

Areas of 1 00-year flood to be protected by flood 
protection system under construction; base flood 
elevations and flood hazard factors not determined. 

Areas between limits of the 1 00-year flood and 500· 
year flood; or certain areas subject to 1 00-year flood
ing with average depths less than one (1) foot or where 
the contributing drainage area is less than one square 
mile; or areas protected by levees from the base flood. 
(Medium shading) 

Areas of minimal flooding. (No shading) 

Areas of undetermined, but possible, flood hazards. 

Areas of 100-year coastal flood with velocity (wave 
action}; base flood elevations and flood hazard factors 
not determined. 

Areas of 1 00-year coastal flood with velocity (wave 
action); base flood elevations and flood hazard factors 
determined. 
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Memorand um 

DATE: 

TO: 

FROM: 

SUBJECT: 

May 14, 1999 

F ile U 
Scott C. Ryals ~ ~ L----
Environmental Chem ist 
NC Su perfund Section 

Natural Heritage Program Trip Report 

V irg inia Chem ica l Company 
Wadesboro, Anson County, NC 
EPA ID: NCD TBA 

On Monday, May 10, 1999, Scott Ryals and Dan LaMontagne of the NC Superfund Secti on reviewed the 
topographi c maps located at the NC Heri tage Program in the Archdale B uilding in downtown Rale igh, 
NC. The purpose of the tr ip was to identify and record the locations of the endangered or threatened 
species, speci a l concern spec ies, prior ity areas and sensitive environments w ithin the 4.0 mile rad ius of 
the subject s ite and a long the 15 mile downstream surface water pathway. 

The a lphanumeric des ignations ( i.e. B4) refer to the co lored c irc les on the map and indicate the location 
of each of the endangered or threatened species, spec ial concern species, priori ty areas and sens itive 
env ironments w ithin the 4.0 mile radius of the subj ect s ite and along the 15 mile downstream surface 
water pathway. 

A plant species, Sedum pus ilium, B 1 ,2,3,5, (Puck' s Orpine), c lass ifi ed as NC-E, S 1 (Endangered in NC, 
Critical Imperiled) was identi fied at severa l locations w ithin the 4 .0 mile radius of the subject s ite-
approx imate ly 2 .5, 3.5 and 4 .0 miles. 

l?.ef 25 

A plant spec ies, M inuarti a uni flora, B4, (S ingle-F lowered Sandw011), class ifi ed as NC-E, S 1 was 
identified immediate ly outs ide of the 4 .0 mile radius. The location of the habitat of this plant (margins of 
a surface water body), a lthough outs ide of the 4.0 mil e radius, was bi sected by the 4.0 mil e radiu s and 
therefore coul d be potent ia lly impacted. 

A Registered Natural Her itage Area, R l , (Millseat Outcrop) was ident ified to be located approximate ly 
2.75 mi les from the s ite . 

A prominent geo logica l feature, Br1 (GFR-Fyb.OOl ) and a sensitive environment, G l &2, (Grani te 
F latrock) were identi fied to be located approximate ly 4 miles from the s ite w ith G 1 bei ng approx imately 
2. 5 mil es from the s ite. 

A NC Priori ty Area, 0 1, (Martins Rock) was ident ifi ed to be located approximate ly 4.0 miles from the 
site. 

No additional endangered or threatened spec ies, specia l concern spec ies and sensitive environments were 
fo und to be located w ithin the 4 .0 mil e radius of the s ite or a long the 15 mile sUiface water pathway. 

- - - -~------ ------- -~-
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SITE DISCOVERY FORM 

Part I: Information necessary to add a site to CERCLIS 

ACTION: A 

EPAID: 

SITE NAME: VC Chemical-- Wadesboro' 

STREET: Stanback Ferry Road 

CITY: . Wadesboro 

CNTYNAME: Anson Co. 

LATITUDE: 34° /58' /22" 

. . . . . . 

SOURCE: T (R=EPA, T=STATE) 

CONGDIST: 8 

-ZIP: 28170 

CNTYCODE: 4 

LONGITUDE: 80° /03' /26" 

INVENTORYIND: Y REMEDIAL IND: Y REMOVALIND: N FEDFACIND: N 

RPM NAME: RPM PHONE: - - (EPA Project Officer) 

-~- .. -.. "' ' • ~ 1 
Ref. 26. _ 

SITE DESCRIPTION: The 10.38-acre site operated as a fertilizer facility from approximately 1908 to 1945. 
A 1930 Sanborn map ofthis site shows that lead chambers were used to· manufacture sulfuric acid. The current 
owner, Mr. Carl Weston, purchased the property from Anson County in the early 1980s. The site is about Yz mile 
from the town limits of Wadesboro, population 3,820. The nearest water lines are located Y2 mile from the site. 

The property is vacant, unused, and unfenced with no signs of recreation. There is uninhabitable house trailer c•n 
the property ~nd an old well. Near the well is a 100,000-gallon fire protection reservoir containing water: Some 
of the railroad beds contain a white, granular substance. Several small brick buildings anci the support structure 
for the old lead chambers remain on the site. There is magenta-colored soil, characteristic of lead contamination, 
in the vicinity of and downgradient from the chamber area. This discolored soil is on the ·site property but within 
200' of a drinking water well serving an uninhabited residential property. 

Thei·e are thr~e residences served by drinking water wells on property adjacent to the facility. Another three 
residences and a small business, all served by drinking water wells, lie downgradient from and in close proximity 
to the overland pathway leading from the site. All residences within Yz mile appear to be served by drinking water 
wells. · 

There are two probable points of entry (PPE) to surface water at tv;o points in ar. unnamed tributary to Brush Fork. 
The northern PPE is about 100' west ofthe site. The southern PPE that receives runofffiuru the magenta-colored 
soil area is about 750' south of the site. The wetland inventory map shows the nearest wetland about i !tS miles 
downstream of the PPE; however, vegetation observed during the site visit and the topography of the area adjacent 
to ~he stream bed approximately I 00' below the southern PPE indicates the potential for a wetland area much 
closer to ·the site. 

Part 2: Other site informat10n 
,. 

DATE SITE FIRST REPORTED: I I REPORTED BY: State (NC Superfund Se·:::tion) 

REASON FOR LISTING: Based on the potential for this site has a potential to release lead and other 
contaminants to six residential drinking water wells and wetlands. 
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MEMO 
DATE: January 13, 1999 
TO: File 
FROM: Jeanette Stanley 

Environmental Chemist 

RE: 
NC Superfund Section ~ 
VC Chemical-- Wadesboro 
Wadesboro, Anson Co., NC 

On Decemb~r 17, 1998, Serafino Franch, Environmental Chemist, and I visited the VC 
Chemical Wadesboro site. This site was originally recommended for investigation by Irene 
Williams, NC Superfund Section. We obtained a key to the gate from Al Scarborough at 
Scarborough Hardware. The property was posted and inaccessible by vehicle. Mr. Scarborough 
said he owned adjacent property and had found it necessary to restrict access due to trash dumping 
and wild parties. Mr. Scarborough said that the current property owner, Mr. Weston, had lived in· 
the on-site house trailer at one time. 

As we entered the property, we walked near the former lead acid chamber area (as indicated 
on the Sanborn maps) and noted the characteristic magenta-colored soil (indicating lead 
contamination) in the vicinity. We noticed that there were nearby residents and thai. one resident was 
in her yard. We walked to her y?fd and introduced ourselves. She gave us her name and address: 

Mrs. William T. Wall 
Rt. 2 Box 9 
Wadesboro, NC 28170 (704) 694-3560 

Mrs. Wall said that her husband was recovering from a rece.1t stroke. She said that her 
neighbor, Reverend Leon Tyson was also recovering from a stroke. The other house close to the site 
was vacant ~t the time of our site visit, but Mrs. \Vall said she anticipated that someone would be 
moving into the home. I called today and she said that the home was now rented and it appeared as 
ifthe residents were still moving. She did not know if the new residents have children. All three 
homes use groundwater wells for drinking. Mrs. Wall said tha,t another neighbor closer to Stanback 
Ferry Road was named Robert "Patchie" Clark. She said that the three homes that were occupied 
during our site visit housed two residents each, all elderli couples. Mrs. Wall said that she did not 
know of anyone who ever entered the former fertilizer property. "She had never been on the adjacent 
property. We noted a vegetable garden between the Wall home and the nearby vacant home. We 
then began out tour of the site, taking a number of photographs: 

Photo #1 
Photo #2 

Photo #3 
Photo #4 

' Photo #5 

Looking north toward former acid chambers 
Characteristic magenta-colored soil and sulfur: Area within 200' of garden 
and closest drinking water well. 
Outfall of old terra cotta pipe, vacant residence in background 
Note well house to left of house. 
Acid Chamber area, looking west from yard of vacant home. Note corner of 
concrete wall. 
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MEMO TO: File 
DATE: January 13, 1998 
page2 

Photo #6 
. Photo #7 

Photo #8 

Small Brick buildings to the South of the former acid chambers building 
Small Brick buildings to the South of the former acid chambers building . 
Small Brick buildings to the South of the former acid chambers building 

We _then walked up !...1.e berm on the east side of the facility and found that the facility 
included a concrete wall that had been constructed to support a two-story- high bank of dirt which 
supported a former railroad track. Photo #9 was taken looking west from the top of the berm toward 
the edge of wall. We then walked down the northern end of the berm and toward center of the 
property. We noted a vacant, uninhabitable house trailer, Photo #10. We then walked to the front 
ofthe trailer and photographed the old reservoir and water tank in background (Photos #11 & 12). 
A well was noted about 15' northwest of the reservoir. The well had a short concrete culvert as· 
housing with no top. ·(During a telephone conversation, Mr. Weston said that he had used this well 
for drinking when he lived ori the property.) There was no visible tap or labeling on the well. 
Proceeding northward along the western perimeter of the former facility, we noted a white, granular 
substance that looked like old fertilizer (Photos #13 & #1 (roll2)) filling the former railroad bed. 

The area was very thick with briers and undergrowth. We found an opening and, in a 
northeasterly direction, crossed over the concrete pad of the former dump shed and fertilizer mixing 
building. Small trees and other vegetation were growing in the cracks of the pad throughout. There 
was standing water in some areas of the pad. There were signs of past "recreational use" .of the 
property such as beer cans, but no signs of recent use. 

Photo #2 (roll2) was taken from the rear of the former building, standing in the former road 
bed and looking south toward the degraded pad. Photo #3 (roll 2) was taken of the ditch draining 
the;rear (north) or the building. Photos #4, #5 & #6 (roll 2) were taken of the former railroad bed 
and loading platform at the northwest comer of the far.ility. Proceeding along the western perimeter 
of the property, we attempted to locate a surface water outfall. Serafino located a culvert under the 
fanner railroad bed and the outfall into the unnamed tributary (UT) to Brush Fork. Photos #7 & #8 
(roll 2) were taken of the stream the receives the overland flow from the northern half of the 
property. 

We had then essentially circled the property. Vle located the magenta-colored soil again 
(Photo #9 (roll 2)), and then followed the overland pathway from this area of soil. We noted a large 
dog running loose and decided to return to the vehicle and attempt to locate the PPE for the southern 
half of the property from the vehicle. We determined that there were no additional culve!ts under 
the former railroad bed on the north side of Stanback Ferry Road. The overland pathway follows 
a ditch to the west of the nearby homes and to the east of the former railroad bed and then enters a 
culvert under the road. On the south side of Stanback Ferry Road, the overland pathway follows a 
low area along the perimeter of a residential property and then enters a flowing stream at the rear of 
the home. This stream flows in a westerly direction, through a culvert under the former railroad bed 
and into the UT to Brush Fork. 
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MEMOTO: File 
DATE: January 13~ 1998 
page 3· 

.While investigating the overland pathway, we noted a "backyard garage" facility that was 
operating and an additional home on the north site of Stanback Ferry Road not discussed by Mrs. 
Wall, making a total of five homes and a garage on the north side of Stanback Ferry Road. The one 
home on the south side of Stanback Ferry home near the site would makes a total of six homes, three 
homes withjn 200' of the facility and another three homes and a garage in close proximity to the 
overland pathway and downgradient from the site. All homes use wells for drinking. 

I caJl~d Mrs. Wall today and she said that one of the two homes close to Stanback Ferry Road 
on the north side is unoccupied. The. other home is occupied by Mr. and Mrs. Robert Clark. The 
brick home· ~n the south side of Stanback Ferry Road is occupied by "Boot" Clark, a relative of Mr. 
Robert Clark's. Mrs. Wall said that Mr. Robert Clark operates the garage. 
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Memorandum 

DATE: 

TO: 

FROM: 

May 20, 1999 

File 

ScottC.Ryals ~-C /~ 
Environmental Chemist 7 u;~ 
NC Superfund Section 

SUBJECT: Community Well Usage Within 4.0 Mile Radius 

Virginia Chemical Company 
Wadesboro, Anson County, NC 
EPA ID: NCD TBA 

The Public Water Supply Database was queried for community wells within the 4.0 mile radius 
for the site. No community wells were identified within the target distance. A surface water 
intake for the City of Wadesboro, Anson County, North Carolina serving 6510 people was 
identified within the 4.0 mile radius (See site topographical map, figure 1). 

Ref. 27 



-------------------
Virginia Chemical Company 

1 
\ 

-~------------------------~---~-------~----Wadesboro,AnsonCounty,NorthCarolina ___ ~-~-----~-------~----~~--------~----~---

PWS J.D. 
0304020 
0304432 

System Name 
Town of Wadesboro 
Olivet United Methodist Ch. 

NCD#TBA 
Public Water Supply Database 

May 20, 1999 

~ Pop. Phone No. Source Name 
C 6510 704-694-5171 City Lake 
N 25 704-848-4694 Well # 1 

PWS J.D. =Public Water Supply System Identification Number 
Type: C = Community, P =Private, N =Non-Community 
Pop.= Population served by Water System 
Source Type: S = Surface Water Intake, G = Groundwater 
Source A vail: P = Permanent 

Source Source 
~ Avail 
s p 
G P 

Latitude 
345523 
350130 

Longitude 
800451 
795930 
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S1teName: 
Sit

1

e Number: 
I 
I 

Site Location: 
f Latitude: 
1Longitude: 
I 
I 
I 

Date: 

Di~tance from 
Site Location 

I 

! 

0 :to 114 mile 

I 
>1/~ to 112 mile 

i 
I 

> 112 to 1 mile 

I 
>1 to 2 miles 

I 
>2 to 3 miles 

>3 to 4 miles 
i 

V.C. Chemical- Wadesboro 
NCDTBA 

Wadesboro, Anson County, N.C. 
34 57 30.0 

080 02 30.0 

May20, 1999 

Calculation Results 

Population 
Per Ring Cumulative 

142 142 

163 305 

856 1,161 

2,571 3,732 

4,623 8,355 

2,262 10,617 

Number ofHouseholds 
Per Ring Cumulative 

55 55 

57 112 

317 429 

1,048 1,477 

1,822 3,299 

846 4,145 

i 

Note: The populations and number of households within specified target distance rings were 
calculated for the NC Superfund Section by the NC Center for Geographic 
Information and Analysis using the 1990 US Census data. These values were calculated 
by summing the population and the number of households data for each census block 
located within each target ring. For census blocks lying only partially within the ring, the 
per cent area of the block within the ring was multiplied by the population and household 
densities of the block. 
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Memorandum 

December 21 , 1999 

To: 

From: 

Subject: 

File 

Scott Ryals 
Environmental Chemist 
NC Superfund Secti ~H~- _ 

Wetlands Along 15-Mile Pathway 
VCC-Wadesboro 
Wadesboro, Anson County, C 
EPA ID: CSF 0406 924 

Using an American Map Corp. Map Measurer and the 1 :24000 scale USGS topographic 
map for the Wadesboro region, the 15-mile pathway was identified from the VCC
Wadesboro site to a point approximately 0.5 mile east of where Jones Creek passes 
underneath NC Hwy. 145. The pathway follows an unnamed tributary of Brush Fork 
Creek for approximately 0.4 miles before it merges with Brush Fork Creek. The pathway 
follows Brush Fork Creek for approximately 2.3 miles until it merges with Bailey Creek. 
Bailey Creek flows for approximately 1.9 miles before merging with Jones Creek where 
the pathway terminates. The fust Hazard Ranking System (HRS) identifiable wetland 
(palustrine forested (PFO)) occurs 1.14 miles downstream of the site within Brush Fork 
Creek. There are 4.5 miles of PFO wetland frontage along the surface water pathway 
within four miles of the site. Additional wetland frontage was not determined due to the 
analytical results of the July 26, 1999 NC Superfund Section P A/SI sampling which 
indicated that there was not an observed release of the contaminates from the site to the 
surface water pathway. 



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

Memorandum 

Date: 

To: 

From: 

Subject: 

December 29, 1999 

File 

Scott Ryals ~)~L 
Environmental Chemist 
NC Superfund Section 

Flow Rate in Brush Fork Creek 
VCC-Wadesboro 
Wadesboro, Anson County, NC 
US EPA ID: NCSFN 0406 924 

On Wednesday, December 29, 1999, Scott Ryals and Harry Zinn ofthe NC Superfund 
Section calculated the average runoff of the drainage basin for Brush Fork Creek. Using 
the Wadesboro, USGS topographic map and a Planix Digital Planimeter, the area of the 
drainage basin was determined to be 388 acres or 0.606 square miles (See attached 
worksheet). Based on the equation described in the US Geological Survey, Water
Resources Investigations Report 88-4094, the runoff coefficient for the Wadesboro area 
is 14 inches 1 and the mean annual discharge to the Brush Fork Creek is calculated to be 
approximately 0.625 cubic feet per second (cfs). 

1 US Geological Survey, Water-Resources Investigations Report 88-4094. Map of the Mean Annual 
Runoff for the Northeastern , Southeastern and Mid-Atlantic United States, Water Years 195 1-80 . 

Ref. 30 
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sions that the methods that used the area-we ' ht d 
average of the drainage area or the centroid 
drainage area produced somewhat better correlations
that is, the interecept was closer to zero, the standard 
errors were small, and the correlation coefficients were 
larger. These methods have slightly greater power to 
predict actual runoff 
Additional statistical investigation found no significant 
differences in reliability of the runoff estimates among 
the areas. No significant differences existed in the errors 
for stations with drainage areas of differing size. 

USE OF MEAN ANNUAL RUNOFF MAP 

Mean annual runoff for a site can be estimated from 
the runoff map by several methods. The simplest 
method of estimating the runoff is to locate the site on 
the runoff map and to identify the runoff contour 
nearest the site. This method, however, is less accurate 
than other methods. The most accurate method is to 
draw the drainage basin on the runoff map, and use the 
runoff contours to divide the basin into bands of differ
ing runoff. The area of each of the bands within the 
drainage basin_ is then determined. The areas of the 
separate bands are then used to compute a weighted 
average runoff for the basin. For example, if 50 percent 
of the basin is in an area of 18 in/yr (inches per year) of 
runoff, 30 percent in an area of 20 in/yr of runoff and 20 
percent in an area of 22 in/yr of runoff the mean annual 
runoff would be calculated as follows: 

0.5 X18 + 0.3 X 20 + 0.2 X 22 = 19.4 

Runoff estimated from the map is in inches per 
year, a\·eraged over the entire drainage basin. ~lultiply 
this value b~· the drainage area, in ~--uare miles, and 
dhide by 13.58 to convert to mean annual discharge. in 
cubic feet per second. In the abm·e e.x::.nple. assume the 
drainage area of the site is 100 mF. T=re mean annual 
discharge, in cubic feet per second. wouid be: 

19.4 x100/13.58 =H3 

The runoff map was prepared to allow estimation of 
mean annual runoff at sites where no me.amflow data 
are a\-ailable. The map represents me:.n a.nnuai runoff 
for areas "ith natural land cm·er. C...7Ution should be 
used in appl~ing the map to estimate nmoff for areas 
that are not natural land areas. The nmotf map should 
not be used for areas, such as large uman areas. ·where 
the land cover has been altered in ""i'&ays that would 
change the amount of runoff. The ::::1off map is not 
applicable for lakes or bays. forcoastali'a-e·dands affected · 
by tides, for streams controlled byresenuirslarge enough 
to influence the total annual streamflow. or for streams 
with substantial dh·ersions. 

Local features could cause the rune if at a particular 
site to differ substantially from the rm:.off indicated by 
th~ runoff map. The geology of the drainage basin 
might cause substantial amounts of "'"i~ter to enter oi 
leaYe the basin as ground water. T.O..:S .:auld substan
tially increase or decrease the runoff. :?or example. a 
stream '\ith a small drainage area that ndudes a laree 

'-' -
spring probably would haYe higher aYc:<lg-e stre:unflow 
than indicated by the runoff map. 

Table 5.-Descriptive statistics of errors iu estimated nmoff 
at 93 test statio1lS 

Method Mean Standard Stand2.r.i 
absolute Mean error of derotf-!Xl 

value mean 

Error. in inches 

Area-weighted 2.0 -0.35 0.30 :s 
Centroid 2.2 -.71 .33 .=.1 
GIS 2.7 -1.74 .37 .=.6 
Nearest-inch 2.8 -1.77 .38 : ... ; 

Nearest contour 2.8 -1.79 ~o • .;>. 3 .. S 

Percent error 

Area-weighted 9.0 -0.54 1.3 l:S 
Centroid 9.8 -.71 1.-! 13.5 

GIS 12.0 -6.42 1.6 159 
Nearest-Inch 12.1 -6.20 1.6 15.6 
Nearest-contour 12.2 -6.26 1.6 1.5.S 
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North Carolina's 303(d) List 

White Oak River Basin 

• The Newport River was originally listed as impaired due to violations of DO and pH· 
standards. However, the Newport River is a swampy, slow moving river that would 
naturally be expected to have low DO and pH values. North Carolina's regulations allow 
for water quality below the standards if it is due to natural conditions (15A NCAC 2B 
.0205). This river should never have been placed on the 303(d) list and was removed for 
1998. - ' .. 

• Southwest Creek was not included on the 1996 303(d) list. It was added to the 1998 list 
based on updated use support information. 

• Fifteen acres of estuarine waters located near Sneads Ferry and the Newport River were 
removed from the 303(d) list for copper since current use support information does not 
show impaim1ent from copper. Other acres were modified in the estuarine areas based on 
shellfish closure data and the area impacted by nutrients. 

Yadkin-Pee Dee River Basin 

• Several waters were included on the 1996 303(d) list that have been removed from the 
I 998 303(d) list since updated use support information indicates that the water is meeting 
its uses. These waters include: South UT, An:1.rat River, Toms Creek, Danbury Creek, 
Carter Creek, Barkers Creek, Little Creek, Abbotts Creek, Back Creek, Long Creek, one 
segment ofLong Branch, one segment of Richardson Creek, and two segments of Marks 
Creek. 

• The listing for Rich Fork Creek has been combined into one long segment. 

• Several waters were not included on the 1996 303(d) list that have been included on the 
1998 list based on updated use support information. These waters are: Reynolds Creek, 
Salem Creek, Fourth Creek, Grants Creek. Brushy Fork, Lick Creek, Pee Dee River, 
Little Mountain Creek, Rocky River, Coddle Creek, Goose Creek, Crooked Creek, North 
Fork Crooked Creek, South Fork Crooked Creek, Lanes Creek, Brown Creek, Cartledge 
Creek, Hitchcock Creek, North Fork Jones Creek, and South Fork Jones Creek. 

• Long Lake, Hamlet City Lake, and Rockingham City Lake have been added to the list 
based on updated use support information. Long Lake was rated as impaired because it 
has been drained; however, there is a plan in place to restore the lake. Hamlet City Lake 
is rated as partially supporting its uses, but a local plan has been developed to restore the 
lake. Hamlet City Lake is also currently drained under an Army Corps of Engineers 
project to repair the dam. . Since Long Lake and Hamlet City Lake have been drained, a 
priority ofN/ A has been assigned to them. 

• Ledbetter Lake was added tot he 303(d) list based on a fish consumption advisory for 
mercury. Ledbetter Lake is privately owned and DWQ has no further physical, 
biological, or chemical information on the lake. 

NC DENR-Division C![Tf'ater Quality page22 
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Surface Freshwater Classifications 
Used in North Carolina 

CE WATER CLASSIFICATIONS? 

Surface Water Classifications are designations applied to surface water bodies, such as streams, rivers 
and lakes, ~hich define the best uses to be protected within these waters (for example swimming, 
fishing, drinking water supply) and carry with them an associated set of water quality standards to 
protect those uses. Surface water classifications are one tool that state and federal agencies use to 
manage and protect all streams, rivers, la_J(es, and other surface waters in North Carolina. Classifications · 
and their associated protection rules may be designed to protect water quality, fish and wildlife, the free 
flowing nature of a stream· or river, or other special characteristics. 

HOW DO THEY AFFECT ME? 

Before you buy property, plan a new development project, construct a new road or undertake other land 
use activities, you should check with local, state and federal agencies about the assigned surface water 
classification for the waterbody on your property. Many of the newer classifications, especially those 
designed to protect drinking water supplies and certain high quality waters, have protection rules which 
regulate some land or disturbance other human activities. 

WHY DO THEY SOMETIMES OVERLAP? 

Many streams, rivers and lakes may have several classifications applied to the same area. This is because 
surface waters are classified to protect different uses or special characteristics of the waterbody. For 
example, a stream or specific stream segment may be classified as Class WS-III Tr HQW by the NC 
Division of Water Quality (DWQ). This protects it as a drinking water supply (WS-III), as Trout Waters 
(Tr) and as High Quality Waters (HQW). The stream segments upstream or downstream may have 
different classifications based on other water uses or stream characteristics. 

STREAM'S CLASSIFICATION? 

DWQ classifies all surface waters. A waterbody's classification may change at the request of a local 
government or citizen. DWQ reviews each request for a reclassification and conducts an assessment of 
the waterbody to determine the appropriateness of the reclassification. DWQ also conducts periodic 
waterbody assessments which may result in a recommendation to reclassify the waterbody. In order for a 
waterbody to be reclassified it must proceed through the rule-making process. 

If you would like to obtain a Schedule of Classifications for a river basin, or a complete set of schedules 
(17 schedules), or if you need assistance in determining the classification of a waterbody, contact the 
DWQ central office in Raleigh, (919) 733-5083, or any of the regional offices. You should also contact 
other agencies listed in this brochure for any of their classifications which may apply. 

Ce:::1t:::al Office 
Al:::idge Renn 
Wate::: Quality Section 
Planning Branch 
P.O. Box 29535 
Raleigh, NC 27626-0535 
(9l9) 733-5083, X 564 
F~X (919) 715-5637 

Moo:::esville Regional Office 
Keith Overcash/Reg. Supervisor 
Rex Gleason/WQ Supervisor 
919 North Main Street 
Moo:::esville, NC 28115 

Asheville Regional Office 
Roy Davis/Reg. Supervisor 
Forrest Westall/WQ Supervisor 
Interchange Building 
59 Woodfin Place 
Asheville, NC 28801 
(704) 251-6208 
FAX (704) 251-6098 

Washington Regional Office 
Jim Mulligan/Reg. Supervisor 
Roger Thorpe/WQ Supervisor 
1424 Carolina Avenue 
Washington, NC 27889 

Fayetteville Regiona 
Tommy Stevens/Reg. S 
Mike Wicker/WQ Supe::: 
Wachovia Building 
Suite 714 
Fayetteville, NC 283 
(910) 486-1541 
FAX (910) 486-0707 

Wilmingtin Regional 
Rick Shiver/Reg. Sup 
Dave Adkins/WQ Super 
127 Cardinal Drive E 
Wilmington, NC 28405 

12/24/1999 1:41PM 
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(704) 663-1699 
FP~ (704) 663-6040 

(919) 946-6481 
FAX (919) 975-3716 

Raleigh Regional Office 
Ken Schuster/Reg. Supervisor 
Judy Garrett/WQ Supervisor 

(910} 395-3900 
FAX (919) 350-2004 

Winston-Salem Regional Office 
Larry Coble/Reg. Supervisor 
Steve Mauney/WQ Supervisor 
585 Waughtown Street 
Winston-Salem, NC 27107 

3800 Barrett Drive, P.O. Box 27687 
Raleigh, NC 27609 

(910) 771-4600 (919} 571-4700 
FAX (910) 771-4631 FAX (919) 571-4718 

HOW CAN TillS BROCHURE HELP ME? . 

This brochure provides an overview oftlie ~arious.surface freshwater classifications (excluding. Swamp 
Waters) used in North Carolina and their effect on different land uses or other human activities. It is 
based on the classifications and their associated rules as of September 1, 1992. Classifications and their 
rules are regularly updated and revised, so check with the appropriate agencies before starting any 
project. 

The rules presented in this document are based on the minimum protection rules of state and federal 
agencies. Local governments, in most cases, can adopt more stringent land use or water resource 
protection rules. Check with the local government(s) that has jurisdiction over your land for any local 
rules and procedures that may apply. 

WHERE CAN I GET MORE INFORMATION? 

More detailed information is available in a handbook entitled, High Quality What? A Guide to Surface 
Freshwater Classifications in North Carolina or by reviewing additional information on this website. 
Written copies of the Schedule of Classifications and surface water quality standards may be obtained 
from the NC Division of Water Quality, Water Quality Planning Branch, P.O. Box 29535, Raleigh, NC 
27626-0535, or by calling (919) 733-5083, extension 564. 

DWQ PRIMARY CLASSIFICATIONS 

All surface waters in North Carolina are assigned a primary classification by the NC Division of Water 
Quality (DWQ). All waters must at least meet the standards for Class C (fishable I swimmable) waters. 
The other primary classifications provide additional levels of protection for primary water contact 
recreation (Class B) and drinking water (Water Supply Classes I through V). 

*\Vater Supplv I (WS-1) 

Waters used as sources of water supply for drinking, culinary, or food processing purposes for those 
users desiring maximum protection for their water supplies. WS-1 waters are those within natural and 
undeveloped watersheds in public ownership with no permitted point source (wastewater) discharges. 

*\Vater Supplv II (WS-II) 

\Vaters used as sources of water supply for drinking, culinary, or food processing purposes for those 
users desiring maximum protection for their water supply where a WS-I classification is not feasible. 
WS-II waters are generally in predominantly undeveloped watersheds. 

*\Vater Supplv III (WS-111) 

Waters used as sources of water supply for drinking, culinary, or food processing purposes for those 
users where a more protective WS-I or II classification is not feasible. WS-III waters are generally in low 
to moderately developed watersheds. 

12/2411999 1:41PM 
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*Water Supply IV (WS-IV) 

Waters used as sources of water supply for drinking, culinary, or food processing purposes for those 
users where a WS-1, II or III classification is not feasible. WS-IV waters are generally in moderately to 
highly developed watersheds or Protected Areas. · 

Water Supply V {WS-V) 

Waters protected as water supplies which are generally upstream and draining to Class WS-IV waters or 
waters used by industry to supply their employees with drinking water or as waters formerly used as 
water supply .. WS-V has no categorical restrictions on watershed development or wastewater discharges 
like other WS classifications and local gqvernments. are not required to adopt watershed pr6tection 
ordinances. · · ·· · · ·· · · · 

For numerical information regarding water supplies in North Carolina, please go to our statistics pag:e. 

Please see the Water Supplv Watershed Protection home pag:e for more information regarding waters 
classified as water supply. 

Class B 

Waters used for primary recreation and other uses suitable for Class C. Primary recreational activities 
include swimming, skin diving, water skiing, and similar uses involving human body contact with water 
where such activities take place in an organized manner or on a frequent basis. There are no restrictions 
on watershed development activities. discharges must meet treatment reliability requirements such as 
backup power supplies and dual train design. 

Class C 

Waters protected for secondary recreation, fishing, wildlife, fish and aquatic life propagation mid 
·survival, agriculture and other uses suitable for Class C. Secondary recreation includes wading, boating, 
and other uses involving human body contact with water where such activities take place in an 
infrequent, unorganized, or incidental manner. There are no restrictions on watershed development 
activities. 

*Wastewater discharge and stormwater management requirements are applicable. 

DWQ SUPPLEMENTAL CLASSIFICATIONS 

Supplemental classifications are sometimes added by DWQ to the primary classifications to provide 
additional protection to waters with special uses or values. 

Future Water Supply (FWS) 

Supplemental classification for waters intended as a future drinking water source. FWS would be 
applied to one of the primary water supply classifications (WS-1, WS-II, WS-111, or WS-IV). State 
permitting requirements applicable to the primary water supply classification become effective upon 
reclassification. However, local government water supply protection ordinances are not required until 
after the FWS supplemental classification is removed. 

High Quality Waters (HQW) 

Supplemental classification intended to protect waters v.ith quality higher than state water quality 
standards. In general, there are two means by which a water body may be classified as HQW. They may 
be by definition or they may qualify for HQW and then be supplementally classified as HQW through 
the rule-making process. The following are HQW by definition: WS-I, WS-II, SA (shellfishing), ORW, 

I 2/24/I 999 I :4 I PM 
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and waters for which DWQ has received a petition for reclassification to either WS-1 or WS-11. The 
following waters can qualify for the supplemental HQW ciassification: water rated as Excellent by 
DWQ, Primary Nursery Areas, Native trout waters and Critical Habitat Waters. There are associated 
wastewater treatment and stormwater runoff controls enforced by DWQ. 

Nutrient Sensitive Waters (NSW) 

Supplemental classification intended for waters needing additional nutrient management due to their 
being subject to excessive growth of microscopic or macroscopic vegetation. In general, management 
strategies for point and nonpoint source pollutjon control require no increase in nutrients over 
background levels. 

Outstanding Resource Waters (ORW) · 

Supplemental ciassification intended to protect unique and special waters having excellent water quality 
and being of exceptional state or national ecological or recreational significance. To qualify, waters must 
be rated Excellent by DWQ and have one ofthe following outstanding resource values: 

1. Outstanding fish habitat or fisheries, 
2. Unusually high level of waterbased recreation, 
3. Some special designation such as NC or National Wild and Scenic Rivers, National Wildlife 

Refuge, etc. 
4. Important component of state or national park or forest, 
5. Special ecological or scientific significance (rare or endangered species habitat, research or 

educational areas). 

No new or expanded wastewater discharges are allowed and there are associated watershed stormwater 
controls enforced by DWQ. 

Swamp Waters (Sw) 

Supplemental classification intended to recognize those waters that generally have naturally occurring 
very low velocities, low pH and low dissolved oxygen. 

Trout Waters (Tr) 

Supplemental classification intended to protect freshwaters for natural trout propagation and survival of 
stocked trout. Affects wastewater discharges but there are no watershed development restrictions except 
stream buffer zone requirements ofNC Division of Land Resources. DWQ's classification is not the 
same as the NC Wildlife Resources Commission's Designated Public Mountain Trout Waters 
classification. 

OTHER AGENCY CLASSIFICATIONS 

Federal Wild and Scenic Rivers 

A federal government river designation intended to protect certain free flowing rivers or segments with 
outstanding scenic, recreational, geologic, fish and wildlife, historic, archaeologic or other values. There 
are three river classifications: Wild, Scenic, and Recreational. The designation restricts or prohibits 
certain "water resources projects." It places no federal land use or development regulations on private 
lands. Some controls apply to federal lands and are administered by the federal land management 
agencies (e.g., US Forest Service, National Park Service). 

NC Natural and Scenic Rivers 
' 

A state government river designation intended to protect certain free flowing rivers or segments with 

12i24/1999 1:41PM 
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outstanding natural, scenic, educational, recreational, geologic, fish and wildlife, historic, scientific and 
other cultural values. There are three river classifications: Natural, Scenic, and Recreational river areas. 
The designation places no Ian~ use or development regulations on developments on private lands except 
on the construction of dams and other water resources projects. The program is administered by the NC 
Division ofParks and Recreation. 

Designated Public Mountain Trout Waters 

A state fishery management classification administered by the NC Wildlife Resources Commission 
which provides for public access to streams fQr fishing on private and public lands. It regulates fishing 
activities only (seasons, size limits, creel limits, and bait and lure restrictions) and is not the same 
classification as the DWQ Tr classificati~n~h!ch pr.~tects water quality. ' ·· 

Appreciation is given to the Land-of-Sky Regional Council which prepared the original version of this 
document under a Section 2050) grant from the US Environmental Protection Agency administered by 
the NC Department of Environment, Health and Natural Resources -- Division of Environmental 
Management. Some modifications have been made for this reprinting. 

(Last Updated: January 7, 1997) [Webmaster) 

12/2411999 1 :41 PM 
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I 
YADKIN-PEE DEE RIVER BASIN 

SUB MAP 
STREAM NAME BASIN INDEX NUMBER NUMBER CLASS 

----------- ------------ ------

I ABBOTTS CR ARM OF HI RO LK YAD04 12-118.5 D18SW7 WS-V&B 
ABBOTTS CREEK YAD07 12-119-(1) C18SE5 WS-III . 
ABBOTTS CREEK YAD07 12-119-(4.5) D18NW6 WS-III CA 

I ABBOTTS CREEK YAD07 12-119- (6) D18SW2 c 
ADAMS BRANCH YAD14 13-17-36-2 H16NE8 WS-IV 
ADAMS CREEK YAD12 13-17-11-7 F16NE6 c 

I 
ADDIES BRANCH YADOi 12-11 C12SE5 c TR 
AFTON RUN YAD1.~. 13-::.17-6-6 F16NW5 c 
ALEKS BRANCH YAD15 13-25-31-4 G19NW3 c 
ALLIGATOR BRANCH YAD14 13-17-32-1 G18NW1 c 

I ALLISON BRANCH YAD13 13-17-31-5-5-1 G17NE2 c 
ALLS FORK YAD08 12-133-(1) E18SE7 WS-IV 
ALLS FORK YAD08 12-133-(2) E18SE7 WS-IV CA 
ANDERSON CREEK YAD12 13-17-13 F16SE9 c 

I ANDREWS POND YAD10 13-22 G18SE3 c 
ARARAT RIVER YAD03 12-72- (1) A16SE7 WS-IV TR 
ARARAT RIVER YAD03 12-72-(4) A16SE8 WS-IV 

I 
ARARAT RIVER YAD03 12-72-(4.2) Al6SE8 WS-IV CA 
ARARAT RIVER YAD03 12-72-(4.5) A16SE8 c 
ARARAT RIVER YAD03 12-72-(18) B16SE2 WS-IV 
ARNETT BRANCH YAD15 13-25-20-7 F19NW6 CHQW 

I ARNOLD BRANCH YAD02 12-84-2-2 C15NE5 WS-III 
ASHEWORTH BRANCH YAD15 13-25-11 E19SE9 c 
AUSTIN BRANCH YAD14 13-17-36-15-1 G17SW9 c 
BACK CREEK YAD06 12-108-20-4-2 D15SW7 c 

I BACK CREEK YAD06 12-108-21-1-(0.5) E15SE3 WS-II 
BACK CREEK YAD06 12-108-21-1-(2) E16NW6 WS-II CA 
BACK CREEK YAD09 13-2-3-3-(0.3) D19SE7 WS-II 

I 
BACK CREEK YAD09 13-2-3-3-(0.7) D19SE7 WS-II CA 
BACK CREEK YAD09 13-2-3-3-(1.5) E19NW3 c 
BACK CREEK YAD11 13-17-7 F16SW7 c 
BACK CREEK LAKE· YAD09 13-2-3-3-(0.7) E19NW3 WS-II CA 

I BADIN LAKE YAD08 12-(124.5) F18NW3 WS-IV&B CA 
BAGGETTS CREEK YAD16 13-40-3-2 H19SE1 c 
BAILEY CAMP CREEK YAD01 12-5 C12SW3 c TR 

I 
BAILEY CREEK YAD02 12-93-2 D17NW2 c 
BAILEY CREEK YAD17 13-42-1-3 H18NE6 c 
BALDWINS POND YAD16 13-39-12-10.5 H20NW4 c 
BALES CREEK # YAD17 13-47-2-1 H17SE3 c 

I BARKERS BRANCH YAD14 13-17-40-10 H17NW6 ws-v 
BARKERS CREEK YAD04 12-94-1 B17SE7 c 
BARNES CREEK YAD09 13-2-18-(0.5) F19NW2 CORW 
BARNES CREEK YAD09 13-2-18-(2.5) F19NW4 WS-IV ORW 

I BARNES MILL CREEK YAD15 13-25-15-6 F19NE4 c 
BARNETT BRANCH YAD01 12-18 C12SE9 c TR 
BASHAVIA CREEK YAD02 12-81 C17NE4 c 

I 
BASIN CREEK YAD01 12-46-2-2 B14NW6 c TR ORW 
BATTLE BRANCH # YAD04 12-121 E18NW4 c 
BAXTER CREEK YAD06 12-108-18-4 D16SE1 WS-IV 
BEAR BRANCH YAD06 12-108-16-2-2 C15SW1 WS-III 

I BEAR CREEK YAD02 12-63-15 B16SW4 c 
BEAR CREEK YAD06 12-108-18-(1) D16NW3 c 
BEAR CREEK YAD06 12-108-18-(3) D16NE7 WS-IV 
BEAR DEN BRANCH YAD01 12-40-2-2-1 B13SE4 WS-II TR 

I BEARPEN BRANCH YAD01 12-24-8-1-2 C12NE5 c TR ORW 
BEARSKIN CREEK YAD14 13-17-36-6 G16SE7 c 
BEAVER CREEK YAD01 12-25 C13SE7 c TR 

'of25 12/2411999 1:41PM 
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I 
BILL BRANCH YAD04 12-94-5 C17NW9 c 
BILL BRANCH YAD12 13-17-24-2 G17NW5 c 
BISHOP CREEK YAD15 13-25-20-8-1 F19SW2 c HQW 
BLACK BRANCH YAD16 13-40-1 H19NE9 c 

I 
BLACK JACK BRANCH YAD16 13-20-3 H17NE6 c 
BLACK ROCK BRANCH YAD15 13-25-16 F19NE7 c 
BLACK RUN CREEK YAD12 13-17-11-4 F17NW3 WS-II . 
BLACKS CREEK YAD02 12-87-1-1 C17SW5 WS-IV 

I BLACKWELL BRANCH YAD14 13-17-40-16 G17SE9 c 
BLAKE CREEK # YAD15 13-25-20-13 F19SW3 c 
BLANKET CREEK YAD02 12-90-(1) C17SW9 c 

I 
BLANKET CREEK YAD02" 12-90-(2) C17SW6 WS-IV 

YAD1.9. ' BLEWETT FALLS LAKE 13-:_(15.5) G19SW9 WS-V&B 
BLOOD CREEK YAD01 12-30 C13SE3 WS-IV&B TR ' . 
BLUE BRANCH YAD06 12-108-18-2-1 D16NE4 c 

I BLUE BRANCH YAD15 13-25-36-6 G19NE4 c 
BLUE CREEK YAD01 12-23-1 D13NW2 c TR 
BOLES CREEK YAD17 13-47-2-1 H17SE3 c 
BONES FORK CREEK YAD16 13-39-5 G20SE7 WS-III 

I BOONE CAMP BRANCH YAD01 12-24-4 C12NE2 B TR ORW 
BOSS BRANCH YAD04 12-124-1 E18NW2 c 
BOST CREEK YAD12 13-17-12 F16SE6 c 

I 
BOWLIN CREEK YAD01 12-40-2-2 B13SE4 WS-II TR 
BOWMAN MILL CREEK YAD02 12-68 B16SE7 c 
BOWSAW BRANCH YAD14 13-17-43 G18NW9 c 
BOYDS LAKE YAD16 13-45-(2) H20NW8 c 

I BRADY BRANCH YAD06 12-108-20-4-1 D14SE6 c 
BRANDON BRANCH YAD14 13-17-36-14-1 G17SW2 c 
BRENDLE BRANCH YAD02 12-62-14-1 B15SE5 c 
BRIDGERS CREEK YAD15 13-25-24 F19SE5 c HQW 

I BRIER CREEK YAD01 12-47 C15NW7 c 
BRIER CREEK YAD09 13-2~1-1 D18SE7 WS-III 
BROOKS BRANCH YAD01 12-46-2-2-3-2 B14NW8 c TR ORW 

I 
BROWN CREEK YAD10 13-20 H17SE4 c 
BRUSH FORK YAD17 13-42-1-3-1 H18NE2 c 
BRUSHY CREEK YAD06 12-108-16-3 C15SW8 WS-III 
BRUSHY FORK YAD03 12-72-9-7-1 A16SW6 WS-IV 

I BRUSHY FORK YAD04 12-94-12-6 C18NW7 c 
BRUSHY FORK YAD07 12-119-5-(1) C18SW9 WS-III 
BRUSHY FORK YAD07 12-119-5-(7) D18NW8 WS-III CA 

I 
BRUSHY FORK BRANCH YAD04 12-94-12-6-1-1 C18NW8 c 
BRYANT BRANCH YAD05 12-102-10 C16SE8 c 
BUCK BRANCH YAD06 12-108-9-2 D15NW4 WS-IV 
BUCK BRANCH YAD07 12-119-5-1.5 C18SW9 WS-III 

I 
BUCK BRANCH YAD07 12-119-5-6 D18NW5 WS-III 
BUCK BRANCH YAD14 13-17-36-4-1-(1) H17NW4 WS-IV 
BUCK BRANCH YAD14 13-17-36-4-1-(2) H16NE6 WS-IV CA 
BUCK BRANCH YAD14 13-17-36-15-2 H17NE1 c 

I BUCK CREEK # YAD02 12-64 C16NW2 c 
BUCK SHOALS BRANCH YAD06 12-108-16-5 C15SE4 WS-III 
BUCKWHEAT BRANCH YAD01 12-40-4-2 B13SE6 WS-II TR 

I 
BUD CAGLE BRANCH YAD15 13-25-20-2 F19NW3 c HQW 
BUDDLE BRANCH YAD04 12-121 E18NW4 c 
BUFFALO CREEK YAD01 12-19 C12NE7 c TR 
BUFFALO CREEK YAD05 12-102-14 D17NW4 c 

I BUFFALO CREEK YAD10 13-18-1 G18NE7 c 
BUFFALO CREEK YAD15 13-25-38-(0.3) G19NE7 c 
BUFFALO CREEK YAD15 13-25-38-(0.7) G19NW9 WS-IV 
BUFFALO CREEK YAD10 13-32-(1) G19SW8 WS-IV 

I BUFFALO CREEK YAD10 13-32-(2) G19SW8 WS-IV CA 
BUFFALO CREEK YAD14 13-49-2 H16SE3 c 
BUFFALO CREEK, NORTH PR YAD10 13-18-1-1 G18NW9 c 
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I 
JOHNSON CREEK . YAD03 12-72-3 Al6SE4 WS-IV TR 
JOHNSON CREEK YAD02 12-91 C17SW9 WS-IV 
JONES CREEK YAD01 12-31-1-7 C12NE2 c 
JONES CREEK YAD17_ 13-42 H18NE9 c 

I 
JONES CREEK, MIDDLE FORK YAD17 13-42-2-2 H18NW9 c 
JONES CREEK, NORTH FORK YAD17 13-42-1-(0.1) H18NW9 WS-II 
JONES CREEK, NORTH FORK YAD17 13-42-1-(0.3) H18NE7 WS-II CA-

JONES CREEK, NORTH FORK YAD17 13-42-1-(0.5) H18NE5 c 

I JONES CREEK, SOUTH FORK YAD17 13-42-2 H18SW3 c 
JONES POND YAD04 12-94-7-1-2 C18NW7 c 

I 
JONESVILLE CREEK YAD02 12-55-1 C15NE1 c 
JOSHUA CREEK YADO.;L. 12-::.42-1 B14SW1 c TR 
JUMP AND RUN BRANCH YAD04 12-110-5 E16NE6 c 
.ruNIPER CREEK YAD16 13-39-8-4 G20SW5 WS-III 

I KANNAPOLIS LAKE YAD12 13-17-9-(1) E16SW9 WS-III CA 
KELLY BRANCH YAD10 13-20-4-2 H17NE3 c 
KENNEDY MILL CREEK YAD07 12-119-7-2 D18NE4 c 
KERNERS MILL CREEK YAD04 12-94-12-2-(0.3) C18NE7 WS-III 

I KERNERS MILL CREEK YAD04 12-94-12-2-(1.5) C18SW3 WS-III CA 
KERR BRANCH YAD06 12-108-21-3-1-1 E15NE7 c 
KERR CREEK YAD06 12-108-21-2-1 E16SW2 WS-II 

I 
KEY BRANCH YAD10 13-20-4-1 H17NE6 c 
KILBY BRANCH YAD01 12-40-7 B14SW7 WS-II 
KINDER CREEK YAD06 12-108-12-1 D15NE6 c 
KING CREEK YAD02 12-63-14-1 B15SE3 c 

I KINGS CREEK YAD01 12-23 D13NW3 c TR 
KINGS CREEK YAD15 13-25-7 E19SE5 c 
KINSMAN LAKE YAD16 13-39-12-11-2 H20NW7 c 
KIRBY CREEK YAD01 12-12-2 C12SE4 c TR 

I KRINSHAW POND YAD16 13-48-1 H20SW5 B 
LACEY BRANCH YAD14 13-17-40-15 G17SE8 c 
LADY BRANCH YAD11 13-17-6-8 F16SE1 c 

I 
LAKE BAGGET YAD16 13-39-5 G20SE4 WS-III 
LAKE BUNCH YAD09 13-2-3-3-2-2-(2) E19NE1 WS-II CA 
LAKE CONCORD YAD12 13-17-9-4-2-(2) F16NE1 WS-IV CA 
LAKE CORRIHER YAD04 12-110-1-(2) E16SE4 WS-IV CA 

I LAKE FISHER YAD12 13-17-9-4- (1) E16SE8 WS-IV CA 
LAKE LAUREL YAD02 12-62-11 B15NW9 C TR ORW 
LAKE LEE YAD14 13-17-36-(3.5) H16NE3 WS-IV CA 

I 
LAKE LYNN YAD12 13-17-9-4-6-2 F16NE9 c 
LAKE MAREE YAD17 13-42-1-3-1-2 H18NE6 c 
LAKE MONROE YAD14 13-17-36-4-(0.5) H16NE6 WS-IV 
LAKE MONROE YAD14 13-17-36-4-(2) H16NE6 WS-IV CA 

I 
LAKE STEWART # YAD14 13-17-36-9-(4.5) G17SW7 WS-III CA 
LAKE TILLERY YAD08 12-(136.7) F18SE5 WS-IV&B CA 
LAKE TILLERY YAD08 13-(1) F18SE5 WS-IV&B CA 
LAKE TWITTY YAD14 13-17-36-9-(4.5) G16SE9 WS-III CA 

I LAKE WRIGHT YAD04 12-110-2-(1) E16SW3 WS-II CA 
LAKES CREEK YAD09 13-2-13 E19SW7 c 
LAMPLEY BRANCH YAD17 13-42-1-1 H18NE5 c 

I 
LANES CREEK YAD14 13-17-40-(1) H16SE3 ws-v 
LANES CREEK YAD14 13-17-40-(12) H17NE2 c 
LANIERS CREEK YAD09 13-2-10 E18SE6 c 
LASATER LAKE YAD02 12-90-(2) C17SW8 WS-IV 

I LATHER BRANCH YAD10 13-16-2 F18SE9 c 
LAUREL BRANCH YAD01 12-26-2 C13NW5 c TR 
LAUREL CREEK YAD01 12-24-8 C12NE6 C TR ORW 
LAUREL CREEK, NORTH FORK YAD01 12-24-8-1 C12NE5 C TR ORW 

I LAUREL CREEK, SOUTH FORK YAD01 12-24-8-2 C12NE5 c TR ORW 
LAYTOWN CREEK YAD01 12-22 C12SE3 c TR 
LEAK CREEK YAD04 12-94-13-7 C18SW7 c 
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North Carolina Wildlife Resource 
Commission Information for Anson County 

:...--- ~----~ 

Public Fishing Access "Where can I go fishing without a boat?" is a question that is 
often asked of theN. C. Wil_dlif~ Resources Commission. Many North Carolinians do 
not own or have access to a fishing boat because of the expense or the storag~ space 
required. However, these~ people still enjoy fishing and actively participate iri the. sport 
when they can find somewhere to go fishing. 

Public Fishing Access for Disabled With help from the Sport Fish Restoration Fund, 
a federal excise tax and import duty on fishing equipment and motorboat fuel, the 
Commission has developed bank fishing sites and boating access areas across the 
state. Some of these locations are accessible to anglers with disabilities. 

1 The City Lake Fishing Information For North Carolina Central Region 
information concerns fishing in the central Piedmont city lakes. Municipal water 
supply reservoirs are an important water resource in the central Piedmont area of 
North Carolina. These reservoirs are located in the most densely populated areas of 
the state and thus receive extensive use which includes sport fishing. 

The Stream Fishing Information for North Caroina Central Region details 
information pertaining to the Central Piedmont area of the state's pond and city lake 
fisheries. However, a less publicized aspect of the fishery in this area is stream 
fishing. The Central Piedmont has hundreds of miles of warm water streams 
supporting populations of game and nongame fishes. 

The Count\• Fox Harvest Seasons has information concerning open season for 
taking foxes with weapons during the season for taking rabbits as established by 
regulation by the Wildlife Resources Commission. 
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The Record Fishing Listing shows the North Carolina Fresh Water Fishing Records. 

The Master Trout Stocking List pertains to stocking of Brook, Rainbow, and Brown 
Trout. • .. 

The \Varmwater Fish Stocking List pertains to stocking of Channel Catfish, 
Largemouth Bass, Smallmouth Bass Bluegill, Redear, Redbreast, Striped Bass, Bodie 
Bass, Threadfin Shad, Walleye, and Muskellunge. 
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Public Fishing Access Areas 

and Community Fishing Sites 

in North Carolina 

Bank Fishing Opportunities 

North Carolina Wildlife Resources Coirunission 

Division oflnland Fisheries 

The projects highlighted in this brochure were made possible because anglers and boaters pay special 
federal excise taxes and import duties on fishing equipment and on their motorboat fuel. The North 
Carolina Wildlife Resources Commission receives a share of these federal monies which is then matched 
with 25 percent state or other non-federal money and invested in important fishing and boating projects 
across the state. Without your support for the Federal Aid in Sport Fish Restoration Act, our agency's 
ability to provide fishing and boating opportunities in North Carolina could be severely curtailed. 

Your purchase of fishing equipment and motor boat fuels supports Sport Fish Restoration and boating 
access facilities. 
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Produced by the Division oflnland Fisheries 
N.C. Wildlife Resources Commission, 

512 N. Salisbury St. 
"Raleigh, N.C. 27604-1188 
Telephone (919) 733-3633. 

The N.C. Wildlife Resources Commission is an equal opportunity agency. 

Bank Fi~hing Opportunities 
' .. 

"Where can I go fishing without a boat?"As ~:questi6h that is often asked ·of theN. C. Wildlife Resources 
Commission. Many North Carolinians do not own or have access to a fishing boat because of the 
expense or the storage space required. However, these people still enjoy fishing and actively participate 
in the sport when they can find somewhere to go fishing. Even anglers who have a boat occasionally 
enjoy fishing from the bank when they don't have the time or the inclination to fuel, tow, and launch 
their boat. 

Fortunately, these people are in luck! The Commission has developed 38 public bank fishing access 
areas, and 21 community fishing program sites where the sport fisheries are intensively managed. Several 
more sites are planned for construction over the next few years. The degree of development varies among 
areas from simply clearing bankside underbrush to construction of fishing piers. Graveled or paved 
parking lots are available at most areas. Many of the facilities are accessible to persons with disabilities. 
Fishing is enhanced at many of these areas by the installation of artificial reefs or fish attractors and by 
baiting the areas with grain or fish feed to attract fish to the vicinity. Most community fishing program 
sites are stocked periodically with catchable size channel catfish during the fishing season. Catfish are 
fed several times daily by permanent solar-powered fish feeders. Fishing success at these intensively 
managed fishing areas varies depending on the species offish sought, time of day and year, and all of the 
other variables that are a routine and accepted part of fishing. 

Public Fishing Access Areas 

Public fishing access areas are developed by the Commission and funded primarily through the Federal 
Aid in Sport Fish Restoration program from monies collected as federal excise taxes on fishing tackle 
and accessories. This money is matched by state funds generated from fishing license fees. 

Public fishing acc.ess areas are open to the public at no cost; however, use is generally restricted to the 
activities associated with fishing unless noted.otherwise. The mooring ofboats and jet skis, swimming, 
and camping are among the activities prohibited at most public fishing access areas. 

Public Fishing Areas by County 

County r - Body of Water ll Pu~lic Fishing Area 

II Blewett Falls Reservoir !j b.BJewett Falls 
...... .J ····- . --··- ·-····-·· .. --···- --·- -- ------·····-··· ······----· ! ..... ,., ............ -..... ,_ .... _ .. ,_~_ - ________ ,,, ... . 

!I Ashe ] Chinquapin Trout Lake il &chinquapin Trout Lake 
,, 
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Balsam Lake (Jackson County): From Sylva, take NC 107 South and turn left on NC 281 at 
Tuckaseegee. Go approximately nine miles, turn left on SR 1756, and continue about five miles. The US 
Forest Service signs beginning at the intersection ofNC 107 and NC 281 can be followed to Balsam 
Lake. 

Fishing platforms have been constructed at several sites around the entire shoreline of this small lake, -
and an accessible pier has been built near the dam. This pier has a canoe loading site for persons with 
disabilities. Catchable size trout are stocked in Balsam Lake from March through June. This lake is a 
designated public mountain trout water and hatchery supported regulations apply. A special trout fishing 
license is required. Largemouth bass and blue.gill are caught during the summer and fall. Restrooms are 
located at the site, and a lodge that can house ·small groups is available through .the Highlands Ranger 
District office (828-526-3765). . ·- .. ~.. · :_ '· ·: · ... 

Bell's Church (Chatham County): From US 64 east of Pittsboro, take SR 1008 North at Wilsonville. 
Go 1.2 miles, and the area is on the right beside the church. 

Several sections of shoreline and access trails to them have been cleared of brush. Fish attractors have 
been established, and hardwood trees have been cut and cabled to the shoreline. Fish present include 
largemouth bass, sunfish, crappie, catfish, carp and Bodie Bass (striped bass x white bass hybrids). 
Poplar Point and Crosswinds state parks are located nearby with facilities for camping, picnicking and 
restrooms. 

Weaver Creek (Chatham.County): From US 64 east of Pittsboro, take SR 1008 South at Wilsonville. 
Go 3.4 miles, and area is on the right just past the intersection with SR 1972. 

An area of shoreline and an access trail have been cleared of brush. Fish present include largemouth 
bass, sunfish, crappie, catfish, carp and Bodie Bass. Poplar Point and Crosswinds state parks are located 
nearby. · 

Rock Quarry (Chatham County): From Pittsboro, take US 64 East. Go approximately six miles, and 
turn left on SR 1716 (Big Woods Road). Go 4.9 miles, and area is on the right. · · 

Brush bas been cleared from several areas of shoreline along a penin-sula that projects into the lake. A 
graveled parking area accommodates approximately 20 cars. Largemouth bass, sunfish, crappie, catfish, 
carp and Bodie Bass are the primary fish available. Poplar Point and Crosswinds state parks are located 
nearby. ' 

Blewett Falls (Anson County): From the intersection of US 220 and US 74 in Rockingham, take US 74 
West 6.3 miles and turn right on SR 1748 (Power Plant Road). Go 2.5 miles and the parking lot is on the 
right just before the entrance to Carolina Power and Light Company's Blewett Hydroelectric Plant. An 
accessible trail leads from the parking lot to the fishing area. 

An 8-foot wide barrier free concrete fishing platform is attached to the downstream wall of the power 
house. Anglers can fish downstream in the high current outflow throughout the 242-foot length of the 
power house wall. Migratory fish species, including American shad, striped bass, white bass and white 
perch, can be caught during the spring. Resident species such as catfish, largemouth bass and sunfish are 
available year round. 

Brice's Creek (Craven County): From the junction of US 17 and US 70 in New Bern, take US 70 east 
approximately three miles and turn right on SR 1167 (Williams Road). Go approximately 1.5 miles and 
turn left on SR 1094 (Madame Moore's Lane). Go 1.5 miles and turn left on SR 1143 (Perrytown Road). 
Go 1.3 miles and turn left on Forest Service Road 121A (at sign for boating access area). Go 1.2 miles to 
the area on the left at the end of the road. 

An accessible fishing pier is available at this site. Handicapped parking spaces are connected to the pier 
by a concrete walk.-way. Species available include largemouth bass, various sunfish, catfish, white perch 
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STREAM FISHING INFORMATION 

FOR NORTH CAROLINA 

CENTRAL REGION 

Roger Jones, Fishery Biologist 

Division oflnland Fisheries 

North Carolina Wildlife Resources Commission 
. 

Raleigh, :Nci-nh Carolina 

Randolpro 
B 

·Chall"o-:!To1 

1 £$t!ar Greek 
2. G~pe Fear River 
3. Dan Ri\ter 
4. Eno Rn-er 
6. Flat R ryer 

Introduction 

6 11aw P.iver 
i M:Jyc. R i'ler 
8 F! ocky P. iver 
9 T:!rf!iver 

... .. 
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Other Counties 

There is no information on Stream Fishing for any other counties. 
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Memorandum 

Date: 

To: 

From: 

Subject: 

December 28, 1999 

File 

Scott Ryals ~ /.J.----
Environmental Chemist r 
NC Superft.md Section 

Fishery Usage 15-Mile Surface Water Pathway 
VCC-Wadesboro 
Wadesboro, Anson County, NC 
US EPA ID: NCSFN 0406 924 

On Tuesday, December 28, 1999, Scott Ryals of the NC Superfund Section contacted Mr. 
Wayne Chapman, Wildlife Enforcement Officer for District 6, at (704) 982-9255. Mr. 
Chapman said that he did not know of any fishing in Brush Fork, Bailey or Jones Creeks, 
but that the Jones and Bailey Creeks were large enough to support a fish habitat. Based 
on this information, and the lack of further data, the nearest fishery has been determined 
to be located at the confluence of Brush Creek and Bailey Creek which is approximately 
3.43 miles downstream ofthe VCC-Wadesboro site. 

-------· - - --- - - -


