TABLE 1. - Record of operations, Grand Forks plant

the .
with ! . Lignite -
vad ;_ _Dete Totael | processed, | Gas made,
ised e - Bun From- | To- hours tons Mot
If- - Preliminary .| 2/27/45 577745 192 l," 2/
ng. TEL veeeeenneas ] 6/13/45 P 6/2h /4 okio L 665
&= C 2 sieearenena i 22/8/k5 1 12/16/45 204 / %,599
and S RO B Y LYY | 3/25/46 %/212 U/ 1/, 860
conl~ e evenensee | 5606 | B/E/ME Jfrao JlB) 10/871 89
he " Total ..., a9 281 16 1235
y Ligsnite measured by volume and charged. at rates of 550 to &40
. _ ) pounds per hour for TH hours.
3%f1‘ e g/ Gas made was not measurei for entire Derlod but rate ranged
n ' from 9,000 to 10,680 cubic feet per hour for 75 hours.
maxi- -© .3/ At en average rate of 59k pounde per hour during testing
ob- " . pericds.
‘ 4/ Bt an average rate of l),lLS\O cubic fect per hour.
_?/ ‘Excludes 2 days for installation of alloy recuperator,
£/ At an average rate of 5il pounds per hour.
n- 7/ At en average rate of 12,200 cubic feet per hour. '
1 ‘Fhe " 8/ Includes 72 howrs operaticn on char.
11 _ 2/ 648 hours at 575 pounds per hour average.
m;h 10/ At 12,620 cubic feet per hour average.
1i -
' uummary of Runs at Golden
qases -~ :Run lO was the first operatlon to employ the lé—inch retort tube and
off- the"2-inch armular reaction zons. The object was to study operating charac~
8thy eristice with respﬂct to nandllng naterials, Previous expsrimental work
steol! with the 12-inch revort had shown thet rot more than 2,000 cubic feet of
‘per hour couwld be handled withoul excessive carry-over of ungasified
O, bon due to the high veloeity in the center gas offtake pipe. The revised
i with tort for run 10 provided four times more area in the offtake nipe and 3%
, datz Percent more heated tube surface than that of the 12-inmch retors. A further
as object of the tesi was to gtudy improvements in the char-discherging arrange-
C ment. The test lasted gbout 100 hours, during wihilch tims many combinations
:? e variables wero atudlvd to find tne Lffbhfg of temperatures, sieam concen-—
until | %ratlon, and rate of removal of char. The plant operatcd Qmuc“nly and gus
/CQE was mede at rates of 3,260 cubic fsut per hour, but it was indicated that
t Zi?” ;Tain ChEnges Wa¥s necessary o improve char and gas-handling proccdures.
nt
Otalﬁq . Bun 11 wes made after revisions in the aystem “rOV1ddd for continucus
tend iy moval of char through & water- Sc:}lea gerew aigonxge.
' ' The arrangemunt aff "Cl"'b plant’ Tor +h1u run is shown in figure 22, It
. W 8 observed, however, that dusts blown into the center offtake increﬂsed
the.’ tHe pressure drop through the system after 50 houra' operetion, and it we
fee ;i,_(“-ﬁioated that provisions would have 6 be made to remove dusts ab this
v??méﬂ T, The run continued for about 100 hours, and several varisbles were
[ "

udled rarticylariy the effsct of rate of gasification vpon carry-over of
1nto the gas offtane. . .
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The interior arrengement of the rutorp-was revised for run 12 a8 . Shoy
in the November diagrem of Tigure 25. Yor this test the snnular gas of ftakds
was changed t© & number of individual peris or louvres. spaced diagonally :
around the inner cylinder and having s total area equal to that of the cepn
ter gas offtake pipe. Furthermore, provisions were made to dispose of - thel
char dusis thal were cdrried inlo the center gae zone. These chenges were
quite satisfactory, and the generator operated Smoothly for several-days, |
during which time natural lignite, subbituminous cosls, and predried: fuelsf
wery gusified and gas was made at high rstes, as shown in the summary~of
operating resulte. :

EXPERIMENTAL AND OBSERVED DATA

Coals,Tested

-

Natural lLignite from the Velve mine was used in the preliminary {teat
end in run 1. This lignite was sclected ‘becauss of its relatively low. ash -
snd sulfur contents. " Ttg physicol and chemicel properties are typical of
the North Dokota 11gn¢tes, which contein an average of about 37 percent
moisture znd 6.0 porcent ash. The heating velue of 6,830 B.t.u. per pourd -
is close to the aversge of lignite munﬂd in North Dakota. Table 2 gives = -
lhe proximate and wltimate enalyscs of the seversl somples gasified in the
large pilot plant during 1945-46, ! - R : :

Lignite from the Dakota Star mine was used for all runs subsequent to
No. 1 because of its favorable size consist as delivered from the mine.
Less over- and under-size lignite was discarded when using coal frem this
mine. As shown in table 2, Dekota Star lignite is slightly higncr in Bulf
content, snd ike heating value is elso 1 to.2 peruant higher

Caprock subbituminous coal fram the north@rn Colorado field and & Sanplé
of Velva lignite were uged in runs on the small pilot plant at Golden. - T
3 givea the proximate end wltlmate analyses of these fuels as- well o the
analyaes of chars end dwsts fram the severul runs,

The size consists of lignites used in runs 2 end 3 in the large pilot
plent ere given in tubls 4. For run 2, no sereening feclllties were avails
able end the run-of-car lignite was gosified. The size range is consider-
zbly greater than was used in run 3. No gize-consist data were obtained o
the lignite used in run 4, but it csn be nssumed thot it is close to that
shown for run 3 in table 4, beczuse the seme screening fecilitles were s
and the lignite wes vrepared at the sume mine., Teble 5 gives the size-contd
ahtu on all coels tested in the small pilot plant at Golden. It should be

oted that the size renge is predominently 0.5 by 1.0 inch, wnioh is consid-
6rcd to be the best size for the 2.0~ inch rutort annulus
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TARIE 4. - Size consist of lign,tes and chars,
Grand Forks pilot plhnt. B
Tignitel/ Char Iram rctort -
Loreen Percent retained |{Screen ’

size, 2.8 =nd, size, Percent retained
inche 2-C 52( lncheﬁ—/ ;l:&u 1-B ) 1-CG
1,05 vsuees; Lg,5 17.2 110.530 .....‘ o1, 0.8 0.0
T2 vl 265 | 2000010263 wauu) 7.3 ] 13.9] 'm0
st 18.3 26.9 1] 131 .o... ! 28,0 k2,0 2k.5
V263 L. L.0 13,814} .065 c.vve | 26,9 | 27.51 .30.2
263 e 2.9 Bl [-a065 cuouai- 36,7 1 15.81 40,3
Total .uai 100.0 10C.0 ! " Total .., 100.0 | 100, 0, 100.0

Sguare-nesh screecn sizes,

1/ Sampled from cars, representing 1 perccnt of llgﬂlLe charged. .
2 _ . .
3

A11 periods of run 5.

IABLE 3. - Size consist of cozls used in Golden pilot plant,

Screen size,
: inchesd

Percentags rebained

Run: number and poriod

£

l.‘06 S rrrr AN RA BN
0750 ..lll'.-n‘.-.‘t-
n550 LI T N TN I RN Y
8

L1331 aae..

S I X

Total ....

10-A and BV 13-A 12-A 1 1P-Re/ | 12-C3/
0.0 : . 0.0 0.01 0.0 G0
5.9 {7 ikol ‘9.0 2,0 8.0
52,2 56.0 h6,0 17.0 22.0.
38,1 28.0 h1.0 L5,0. | 53,0
ceeavvanas 2.k . 1.5 3,0 19.0- 2,0 -
1.4 - : ) 1,0 17.0 8.0
Cererans 100. 100.0 | 100,0 ! 100.0 100.0

1/ Standard squarc-mesh screen
2/ Coal uwsed in a1 periods of
Caprock subbituminous B.

bartly dried before cherging,

3/ Velve 1ignite.

A summery of the operating data ochbtained In runs .10, 13, and 12
Golden rilot plent is given in tablc 6.
ported on an hourly baesis, even though the runs mey have lasted 24 hours,

Thﬂ table summarizes the operating records teken every hour during the course’

_Oﬁefhﬁidg

Data

sizes, coarse serles, '
runs 10, 11, and through 12-B was
Coal for 12-B was pvehaated and

in the

As ghowm, thtde data are usually re-

1 the run and averages the observations durlrg the test perlod studied.

Table 7 prsgents operating data for all runs on the nilot plant, which

total 1,714 hours' opsrction,
testing periode lasting 24 hours,

1773

~ 24

The average hourly rates are reported for

The operating deta teken during the 24-hour
transition periods when a varisble was changed 'are not reported as several
hours are required to reach balanced coqditlons.
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Rl

- Summary data on gasification of subbituminous coal and

- natural lighit

L]

¢ in the Golden pilot plent.

I. 4128

and. pericd number: {1); 10-A | 10-B | 11-A ; 12-A . 12-B | 12-C
a,t - L] ".I".-'-' .......ll.'._!.._llil (2) ._ ? - T“'S . 18"19 6"7 ’ 7“8 9
puration, hours ......iieciesis 'Ezg. 6 - 19 ok 2k 2k L
“charged, pounds per hour: {531 104 118 105 116 117 30
joigture as charged, vercent2/, (6)122,0. |21.8 [23.0 |22.1 li2.9 |34:5
sh =8 charged, percent s...... (7)i 5.6 | 5.6 6.2 5.k 6.4 k,7
Percentage gasified .veveseesse (8)178.5 |73.4° (78.6. |71.8 '6b.3 64,2
¢ Pounds of coal per Mef of gas . (9)133.5 136.2 123.0 {36.7 1%5.5 |3Ll.h
iy residue, pounds per hour:3/ (10)120.4 T25.7 1187 (26,1 {33.8 [27.9
% Char out of bottom .v..eeeeen.. (11)16,6 (19,2 16,5 1240 i32.1 [23,8
2lown over at ges offta¥e ,.... (12) I - o
Dust with @88 ...idtevenreeeees (13)1 2.7 | 2.0 | 2.2 | 2.2 | 1,7 | 1.3
Ash in total residue, percent/ Elhg 20,9 |2h.h i32.6 j20,6 |21.8 |17.9
B _ 15 ' S )
mede SGC, Mef per ton: (16)59.62 |55.25 [€0.57 | ok, kB (56,51 | 38,98
lof Dexr HOUr sewssvsssessavecs.. (17} 3.10 | 3.26 | 3,18 | 3.16 | 3,30 | 2.55
,bal, per-cu. ft, observed, '
| ETOSS seusspessacecsasaasess (18} 313 215 300 21k 202 305
t.u. per cu. fi, calculated,
S 1-1 ) cereaeeees (19)] 281 284 268 282 271 277
pecific gravity, calculated .. (20)] .508] .518] .5220 .520) .521| .531
tlo Hp/CO tuvviennninnn. R Ezlg' 1.92 1 2,00 | 2,04 | 2,26 | 216 | 2,11
1 uged, pounds per hours: (2531 ' o
N oCOAL sarrecensrrescerseres (4} 18,8 |30,0 [23,0 (25.2 [51,0 115.9
Tl CRAY ZONE sevenayisaisaassss (25) 85,2 [49.0 (49,0 (48,6 -|L8.6 [h8.6 .
ndecomposed steam, 1b, per Mcf (26} &.2 13.% [12.4k [12, 16.9 (25,9
. _{e7) [ S
ing-system data; {28) E
et B.t,.u, used per cu. ft. gas é
BAQE sucreevaeracnasann eeess {23)] 138 L2 P12 iz ¢ 13 167
cat rg%eééed,'M B.t.u. per cu. I | '

_ EED i iieiieariieienea.. (30) 2R (2505 2208 |eb.7 23.7 [2B.0
tho @ gas used, Mci per hour ... (31) 11,57 | 1.63 1 1.56 [ 1.60 | 1.60 | 1.5%
y re C05 in Poe, percentl/ .veev.... (32) 16,7 07.1 h6.6  16.1 15.9 5.4

o Erimary air, Mcf per hour ..... (33) | 4%.25 | 4.33 | 4.25 | 4.48 [ 4.h3s | k.56
recirculated, Mef per hour. ( 4% §5.02 |9.23 | 5.7 | 6,55 { 7.65 | 8.32
' (35) I i ‘

footnotes on page 06.

- 25
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TABLE 6. = Swimary - data. n’ gasification of Subbitummous coai and
. patyral .‘Lignlte An’.the Golden pzlot pla.nt (_c;onft'd._f :

Temperatures, OF,; - ——— (56) e

Average combustion chamber.f}/ . . (37) 1,-805- 1;,800‘- 1, 76001,7551,750
Bottom of .combustion chamber Noy 1 ... (38){2,000|2,025]2,010 2,000(1,960/
Middle of combustion chamber -_2 .+ {38)12,060(2,035 1,8¢011 ,95; 1,965
Top of cambustion chember o Bl (40} ]1,68001 650 1,61011,565!11 1,59011;5
Outlet, from cmbustion chamber hoooo (B3)i1,4801 ,58071,540 1,500 l ;RO0 g
Inlet 1o fan’ : w0 Seed (2} 810 ';"820 8801 870 ”._855~
Alr and Poc to recupsrator T--ex {43)1 5750 heoy s05 .__510 L8050
Alr end Poc t¢ furnace =~ 8.es (B4)1,015)3,035 1,110)1,055{1,62011,
Gas lea.‘vm.g re‘bort S 12 s) 7051 T05( 8058  7ko| &0l :_
Staek - . o 5u L, (B8)] kool ‘201 800! 815! 1904 7

1/ The figures: shown are th:, day of the month. Furn 10 Was megde during Aug;a—”"-“:
1955, run 11 -during September 1945, and Tun 12 during N0vember 1945 -
The moisture was determined for each pericd, . '
Residue calculated from ash end carbon oalc)nce, includ.es losses gggh a8 d.ust
- carried away in- cooling wveter, .. L e s
From analyses of chars and dusts detem:z.ned_ at Golden usmg A S T M. method

for eoal e.nd coke. Ho corrections ware made for ‘8ulfstas 5. carbenates
_irom,

tormined by deduc ing the nol fre.ctlon of total hydrogen tlmes hg 6 P ¢ _
chgerved gross B.t.u
Caleulated on. net 'bas:.s using furnace volume of 18.% cu, ft. '
Celenlated. from the analyses of the neating gas and the volume of air and - gs.___‘
used, _ X o
Avez_'age of P:Qir_‘ts 1, 2, 3, and k. . Do ' ' .

. -

1773 - 06 .-
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TABLE T - Summary daxa on gaﬁillcation of nataral llgnluc in the
. .. e rand Forks pilot plant. _ .

I, 4128

- Fan apd period number: (1)] Pre=Al Pre~By l—A_ 1B 4. 1-C
1,750° DatE,t/ veeenresatecaiiianniesesens (2)10 700 7 11839 | 19-80 | 22- o
2010 ammnm,hmwaf..”.”.”.“,”, th T3/l Es e | ke
ifgﬁi fool charged, pounds per hour: _, - . {5} 600 638} 600 690 . 540
1?465 cigturs as charged, pércont_/ eeas (B)13T.5. 1375, | 37.8 | 5? 8 137.5.°
e sh' a8 charged, pereent.i,.<eesves. (7)1 6,00 | 6,84 5.2.0 .5.2 |. 6.0
RGE “Percentoge gosifisd: ...ilsicessane. (B)1H8.7 1550 47,0 "1 47,07 | 48,8
1'0d5 ounds of coal per Mel of g8 ...v. (9)165.1 (58.2 T70.8 68,6 | 65,0
% Try residue, pounds per hourd/ . oML 65,6 gk 6 1E5,8 .
oo Cher out OF BOLLOM %evvsveveevivae. (IL)1 1550 159 52 152 | 138
T “Blown over at gas offtels w.se..ees (12)7 ool Ll B L
o “Pust with gas .....................-(13) L L ' o
- -Ash in total residue, Dercen vee (AdY2e1 (2o | 16.3 isfh 18.0
o - (15)]: R .
usts Gas made SGC, Mcf per Lon ! (16)130.73 3436 | 28.23 29 12 30.78
od Mof per hour enrerseraerneennseens (17)] 9.22 12056 | 8.47 | 10.06 | 831
o JEelle pev cu. ft. cbsérved, gross  (18) 281 282 289 280 79
’ ot.u. pPer cu, fi. 11cu1ated neLE/(19) TLo2kg 252 255 2&7 2h5
m the pecific gravity, calewlatedl/ -.... (20)1 ° .562[. ,/550| .. .572)...365]| .550
“Ratio Hy/CO .................,....;_Egég 3.47 | 303 | 3.65 u 58 k.49
Stenm used, pounds per LoD (23} b L. . B
FEH COBL vevewennaonssrononnnennss L(2B)) TSGR IBG6L. 0 009 165 .0
‘T CRAY ZOBC +vsevsseseenescaneedne (E5)1 -3188] 296] k00 | 400 190
Uhdecomposed steam; 1b. per Mo ... E??%? - 56.5“ 3.8 28.3
o H . ' :
ating-system data: (28)i . .; o
let B.t.u, nsed per cu. ft. gas mede(29) ikl oasil wzs 1 130 [ 185
Heat re easéd, M B.,t.un, per cu., ’ R O N & -
T 257 S & L T O R P R 5.0
Meke ges used, Mof per HOUr s...... (31} 5:20-9 6.39- 4 L.77. | 5.30.{ k.23
002 in Poc, pelccnt9 .....,....;.. (32)!_—5lA{ - 17.9 4 17.9 | 16.2
Primary air, Mcf per hour ......... (33)i16:03 [17.17 | 11.27 ! 12.68 | 10.48
PO¢ reeiréulated, Mef pér hour ....'Eﬁéﬁ‘kl.ﬂa 138.0% | 37.40 !=5?.90 | 38.00.
Nt - . L .
s raturas oF ' (gg)"'f“ a T
fverage combusticn chumborlu/ .....-(5?) 1,850 1,8850 1,705 11,670 | 1,695
tioy of combustion chember No. 1 (38)1 1,980 1,995 1,85 11,805 | 1,800
Middie of combustich chamber 2 (39)4 1,885 1,935 1,775 ,7&5 1,765
Top of combustion chamber 3 (40) 1,7801 1,875 1,675 11,630, | 1,670
Outlet from combustion chember 4+ (B1)] 1,63511,730] 1,560 13505 11,545
Inlet to fan ' _ 5 (42)i 730 765 755 720" 725
AIP and Poc to recupera ator 7 (W31 bgs 505 545 520, 1 545
Alr end Poc to furnace 8 (s4)! 1,2501 1,360 1,250 {1,190 |1,225
Gs leaving retort 12 i (Ls5) 6001  Bhsl 615 605. e
taci 5a (46} S
gteam to chor zons 524 ; -
COM With CORL w'vasvseservoavensas LU
{49)
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TABLE 7.

- Summarv data on DﬂSlilCut am of nauural llgnite 1n.the
Grgnd Forks pilat plant (contfd ) '
hun nd 7r¢od T e (1),  2-A B &8 | 2-.C | 2b-
-..Da.t(",— +s4 P09y ..(cnu;ao&.no--d-o'.('2_]._'_- 9: s .1:0" .12_ 15
'Duratlcmq nours2/ .............;...f;§zg 10 3y e-1/2:
Cont ch5:;=d pounde per hour: {3} LsoT LBET 5601 &0
. Molsture 20’ chargsd; pexrcent?/ ....- (6)].38.0 38,0 138.0 35.0
Ash’as charged, vercent evieiesenes {7000.5,8 1 5.8 | 5.8 5.8
Porcentags gesified Juveeiaasovenn. (&) 85.1 L1857 8o 65.5
Founds of coal per Mef of gos ..u.s. (9)1.39.8 I|3o.4 .12 53,8
Dry residus, pounds per hcuni/ (0) V85,27 139.5 . [71.5° [Lo7.2
Char out of botbom +veevsieeeveeess (1)) 59.5 '187.% (57,9 l122.6
Blown over-at ges offteke J........ (12)( 1.1..]1.6 !z 33.9
Budt with @8 tusveesesravnearnenee (A3)k 0.6, 1706 | Du7 | 5.5
Ash. in total residus, pe“cunt_/ ees El@g 4,0 47 b7 h5.5 27:8 i
15 ' S N
' Ges madc aec Hof vor-ton: (1e)]'50.25 50,78 u8.5ﬁ 37416 |-
HOE DOT HOUT «vvernennniiesnsnnsens (17)1 10.95 112,35 113,55 | 14,86 15.5:
B.t.u, per cu. f£t: obasrved, gross. (18) 297 2967 303!~ 309 x4
- B.t.u. per cu. ft, caloulated, not®/(19)|  264| ookl 271} 276}
Spoeific gravity, calculatbd_/ cee. (20) LS2rl o U5561 (528 .541
“Retio da/cu seseuessccaraverasnasse (21)1 73,05 2B 2,15 ) 2.hy
(22) i o
Stomn usea, pounds per hour: (23) ' i
With COBL seveasussuenesrusnciinnse (2h) 100 651 .65, 0 -
IN CRAT ZORE vueirvsennresiascasase (85) 200{ 200] 200 200 | e
Undecomposed steam, 1b. per Mef ... (26% 21.0 15,6 (15.0 1,5 | 13C
Heating-system data: (28} -
Net Bit.u. used per cu. ft. gas made(29)| 129 i26 128, 131 | -1
ﬁoat rg%edsed, M Bitoa. peroou. ., @ : :
seesasaceciesnnrnndaanaaes {30)1712.3 0 113.6  {15.1° 1 17.0 174
Make ge8 msed, Mof per hour ....... (31)| 5. 37T i 5.91 | 6, o' |- 7.08 | 74
CJ, in Poc, ﬁerccnt9 Seevesensiene (32)127.87 I17.k 7.6 [18.5 | if«
Primary air, Mcf por HOUX so....... {33)] 12,67 [14.92 16.18 | 17.60 | 18.9
Poe recirculated, Mef per hour .., Eah} 30.88 131,18 {29.27 | 28.65 | 32:
. ' 35 ' -
Tumpurutures TF. (36) ' : -
"+ hverege combusticn chambe;%ﬁ/ eesse {3701 1,715 31,7701 1,881 1,780 Y
- Bottan of combustion champer No. 1 (38)| 1,705| 1,800 1,015 1,790 | 1,92
- Middle of combusticn chamber . 2 (39)| 1,8201 1,805 2,020 1,960 | . &
Top of combustion chexber 3 (BO)| 1,750} 1,800 1,905 1,800 | 1,T
Uutleot frem combustion chamber 4 '(41) [ 1,580 1, ;390( 1,690 1,570 | 1,5
Inlet to fan 5 {(42) 730 715 50 760 | -
Air ond Poc vo:rscuperator T (43) 550 510 520 | . 510 L8
Alr and Poc to furnace 8 (4k) 1,190 1,170{ 1,250 | 1,280 | 1,130
Gas leaving retort a2 (45) 620§ T7i0| ‘745 660 68
Stack S5a (L6} &0 kos 540 635
Bteam 10 chal ZONG cevvivvivressasns (47) L
Steum with eoel ................ZZZ'ILS) " BE0 . kiS5 Ls5s
(59

See

1773

footnotea on pogs 4.
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- Sunmary date on gasifica_tion of natural lignite in the

THBLE 7.

“Grend Forks pilot plant.  (Cont'd.)

3B

LT

.28, |z

LS

v T
o

i% . end period number: S 1)y 3-A
4 Tpite, R/ aeieviieieriieniiieenees (2)1,9770
3 . Puration, hoursZ ..........‘.,.;....‘;_‘EEJ“._._J_.’(_.

-57? fool charged, pounds per hour: _ : (? 500

O " Moisture as churged, pcrc_eniﬁ/ caeane (6} 37.5.

i‘-a _ Ash as chorged, Percent su:eesivesens (7). 5.9,

3 Percentage gasified «iveievecarscnces (81 58.8..

%l-?___- ~Pounds of coal per Mef of gus. seevese (9)1 5244

5‘3; Sry Posldnc, pounds per. howrl/ ~T{x0)| 91.6

/. . I C}iar Out of bottom IEEEEER R R R NN NE ¥ ll .?54:9..

2.2 Blovn over at gos offtake ....ie0eesta(l 2.5 .

ll-‘ﬁ - DUSt with #88 ciiiaiucisvirnersinesss{13}1. . 1,6
5 81 in total residue, percent?/ .....(14}1.25.8

L |_| -
O Ol

k}‘! .

. s

On i v W] =1 )
M o O | o S0 O

¥

i
'

3 ..
E'§§> Gas mode SGC, Mef per ton: . 38.1
;O. fof PET ROUT saeevvar-mrvangossnnaans 7.6
B.t.u. per cu. ft. cbserved, gross 27

AN Co=d NP RO IO

{t.u. per cu. ft, ccleuloted, -

Specific gravity,. caleulatedl/ oi...:
Reftio HE/C’OP l.¢l|.l.-.;clltltio-"ft‘.t-

e
.

N
©RY O

15,50

=1\ o\ NO

SO

™

‘Steam used, pounds per mour:
F.i.th Cﬂal"-I;I--.-.-..-..aa_oa.-.n--t-a.a';o;_
In. Chay ZON® sesecaveovarensensrreoes
Undecompoged steam, lb. per Mef .....

SAMIN D

)

we
o

1300

ek

13 Heating-aysten deto:

>t B.tou. used per cu., I, _
Heat released, M B.buai., per cu. ft.-_j
ake gad used, Mol pugp hour ca.ea..ll

[ PSR TSNS RS RO DO Do bt b bt it

g3 neds

DA Gl o

]

A

\i}I
e e et e N e AT N e e e S S B S S e S S et R N B S e
o W - a E o + " < .

Ry on

21 ‘*’ith CCE;L -‘C..-t..-hvtt'lla_-t_-.-.-n'll

(

(
]_-(_;j; An Poc,. z)ercentzx fereesavarassrs(32)0 18,5
18 *’PI‘ ary ain, Mef per hour .iaeees...(33)] 10.735
R Poc rocirculated, Mof. per Howmr .....s (3000 47,03

A : _ {(35)
Seiperatures, OF. . ; - {35)
1,7 rage combustion charberdl/ u.uvee. (3700 1,505
1,92 0ttom of ccmbustion chamber No. 1 ..(38) ! 1,545
1,89 ddle of combustion charber . 2 ..(39.).0 1,340
1,77 ©of combustion chomber 5 .. {(40)1 1,190
145 itlet from corpustion chember, 4 .. {&%L)| 1,015
; &t to fan 5. (k2) ! 390
and Poec to recupcrator 7 celBBLy 295
LT and Poc to furncce -8 La(Eh) Sh3
leaving retort 12 L.{45) £15
¢k - B .. (48) 290
% Bl L0 Char ZONE +ereeeovmssocnenssagT) .. 270
(bo) i, 283
(59)

123,
16.0

6.5k
L0
16:1
2R, 8
1,785
1,865
1,880 -

Ootnotes on Paﬁe 34,
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R, 1. hie8 o
TABLE T4 =i ummary dﬁih on gg51110atiop of nhtural Tignite in the
t.., . Grend FDMks pllot PLunt.- (cqntrd.3 -

3

Run‘ghd E?riod number. h-A

DPte,— ctot--t.l;cc--.v'-!!.a!llo.olq

I)u.rc«tim; bﬂursg-/ ll.llq.!t t...l..'IJ_‘

Coal charged, pounds. per hour:
Moigturse ag charged, bercen A
Ash os. oﬂargaa, parcent Vesieadsacass
Porcentage gesified. R T R S
Pounds of coal per.Fc; of gas ......;‘

Dry reslidus, pounds per hourit/ -~
Char’ out of” bottonm, .....-............'

lowvn over at gag offtoke cieasevdoas (12)
Dust with g8 Joiuveeovovaevaroaoscis (15)
Aﬂ1u1umizwmmm,pacmmy..“.(HU

_(15)
Ges mide SGC, Mot per tom:s ; (16)
Mcf Dor Hour ceeediiaiiines e eeein (17)
B.t.u, per cu. ft. observed, gross . (18)
Bitius per cus Tt Guluuluted, netm/ {19)
Specific. qrhvity, cﬁlculutcdi/ deveis (20)
Rotid 52 €O itssavininiininaisiviass (21) ]
- {22)
Stean uuud pounds per houz o {23)
hlt}* COul L P R (214')
In CHAY 2078 goavrberiasiovinassnsons (25)
UhdLGQEPOQL& steam, 1b, per Mef ....: (26)

. . (27)

Heating~syatamli&ta}ju ' — . (e8)
et B.t.u, used per cu. %, gos modg, {(29)
Heot rcleased, M B.t.u. por ou. ftm_/ (30)
Muke gos uwsed, Mot g/r hour,......... (31)
002 in :EOC, pGLCLIlt.. rrerEes s s s eea (32)
Primory eir, Mof DPer ROUY wiieeeivaye '
Poc rocirculatbd “Mef DEr hour 4. .ewe

R
- .
o

et e R R
oy
o
]
]
&

P!

|
TR
5 Bl

Lok n O

——
I~
[t

T

o o3

- 0%
Rl Sl
L |

L O oG DI O
Nl N0 Oy 00 OOl ONN. 00D
|_}

el el AU SREE AP

W
L]
B

Temporatures, OF.:

Average‘combu tion chenberdl / svanase
Bottom of combustion chomber No, 1 ..
Middle of combustion chamber 2 .
Top of -combusiion chcmbor s
Outlct frem corbusiion chkmboﬂ ve
Inlet to fen -
Air and Poc to rucuperhtow e
Air und Poc.to. furnace : e
Gag leoving rctort .

Stack .

Steun to chor zona'....,.............
Stecn wlth ool ................-.:-.

S e OO AN AN AN L AN
W =3 A EO S OO (o] OO
u\/w\dvuuwvuuw\.f\_«uawv

See footnotos on page 3&.
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TABLE 7. - Summary date on gesification of natural lignite in the L
. Grond Fomu Pilov plent, {cont'd. )

— Fan-and _?riod‘numbcr: Sl Ep Ty RE L-Fooo b-G
-C S DRBE,E aeviisgeesiiassirvsiveiniae ()1 2324 | 02.06 | 27-28 | 29.30
-2l m%ﬁuration hours= .....;.r.;.f..,;;,; (3} 2. 24 ol 2h
2 -f : (k) _
gl Gonl churged Pounds per hour: {5) 387 - 685 - 502 577
903 . " Moisture 2z chorged; puzcent._/ vessa. (B} 35,8 {.38.65 .8 | 25,6
"_._‘3‘,_'-_-:_-' “Ash 08 charged, DOrCENt ....eececsoess (3 - 5.8 . 5.9 1 5.9 2.5
-1 ‘Percentage gasificd' ..vvvvvveiceanres {(8)1::72¢3. £5.3 T8.% 78.5
I ~Pounds of coal per Mcf of_fps ceniaes O3V BT G 50,0 | k0,9 b1 .4
2 Dry residue, pounds per hour:#/ : (10)} 11bh.k 11479 &83.8. S/
-1 " ,Cher out of BOUEAR ivvssiinaeuvennens (12)]- 1.8 |120.5 T d 74,1
.8 “Blown over at gas ofitake cqersesada. (1231 . b8 g2 3.2 3.1 N
4 SDuSt VAL @98 uviiiansesietesneennes (13)10s Lo | 209 . | Dug 1.0 ]
_"8- : Ash in ‘tctﬂ. rosidue, _gc.rcunu_j PP flll-g 2,7 23.3 28,3 26,3 i
i - 15) ' ' 3
= "-Ge.s made SGG Mot per ton: ‘ (18)1 Wi,z H0.00. 1 #8.92 L8,32.
e MOZ DET HOUL +aseetinnnreaninseneens (17)1 -13.13%. ! 13.70 .| 12.28 | 31.53
367 B.t.u, per cu. £t, obscrved, SI‘O..:S e (28) 292 . 296 293 204
292 - B.t.u. per cu. . calvulatgd, . (1w 252 4 26k 2€0 263
260 Specific gravity, calenlebedd/ ...... (20)1.. .530! .537| =528 .523
#2350 Batio Eo/CO tuitviiiiiiiinnnennnesnas (200 2,97 | 2,76 |..2.%0 2.75
2.83 . L _ _ _i {22)
- teom used, pounds yer hour: - (23 B
L L With conl P =L 2 B bo. L kg . 50 50
100 - In char zone c.iiiiiieiinirisirrineed (B39 - 250..] .. 250 250 220
32]0-0-.‘ ﬁrdecomposcd stecm, ib. per Mef ..... E26§ 18 4 19.8 18.3 20,5
sl : 27
- .Heatlng—systef data: - (28) -
16 Net B.v.u. ugcd per cu., ft. gas mede. (29) 117 o126 1zh izé
L eat releasod, M Bituu. per ow. 5.8/ (30)] 13.3 |.15.0 -1.13.2 - | 12,7 |
é-TS Mnke gas u.,.éd_ Mef NOUY vaveeeens- (BL} ). 5.09 ~6.52 5.86 5.54 '
2 L‘O2 in Poc, PLert—f...--....---... {z2}4 -17.4 1,182 . 18.3 - 17.8 f";.
; "22 Primory 2ir, Mof Por hour seeessess oo (33} L4E6 1 15,30 1| 13.65 |.13.0% s
;‘61 Poc rLQchul¢Led, Mol per HOUT sasavs Eagg:.-27.01 26,98 27.82 . 2743 D
LR o ) (35 !
_— pPeraturca, “F.: (36} i - o
. Average combu.stion chmber_/ caveees (373 - < - o =
&5 Bottom of combustion cherber No. 1 .. (58)] 2,005 | 2,020 | £,055 | 1,995 ;
9 Middle of combusticn chember 2 . (39) . : ' E
: Top of cembustion chamber . Fe. (RO} 1,800 102,835 | 1,840 1,840
Jgﬁg Quilet from sombustien ehomber & .. (Y1) ] 1,650 1,670 | 1,675 1,675
J8‘05 In-lE.t o Tan 5 . (!4'2) 795 80) 8.10 8]-5 !
5&5‘: 4ir end Poc to recuperator T oo (53) 505 505 5355 540
290 Alr and Poc to furnace | 8 e (M) 1,28 1,090 | 1,295 | 1,305
T80 Gas’ leaving retort - e .o (#3) €40 630 675 670
£10 Stack 50 .. {46) 625 | 620 625 Ge
250 Steoam to. char zone ..................,(#7), L2850, i 250 245 250
™ BLECl WAlH COBL avevsarrnancasnaeennns E%B)_ N AN L7 57 490" G0

SES Footnoias on poge Bb.
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TABLE 7. - Summary data on gesification of natural lignite in the
- ' " Grend Forks pilot biant. (cont1d,] _
Run and-iﬁriod tumber: . _ (177' - TET ! g
Da-te_, .ll‘!i'.ll.l.lll.!_'.l".l.cil‘-(-2}"..1-2 . 5"‘14' - 5"6
Duraticn, hours2/ T eeertereniiaion,. Eﬁg ek | 2k =
Coal charged, pounds per hour: _ (5]} 014 -f - 5Ll 5hg
Moisture as charged; percentd/ crvvee (6) 36,4 37.2 37.1
Ash a8 charged, vercent revsieseansa., (7) 5.3 5.7 5.7
Percentage gesified tereresvrianaaees (8)1 7h,8 - 68.7 73.6 :
Pounds of coal per Mof of 848 everaen (9)] L43.8 48,5 | 4.5
Dry resldue, pounds per hour:%/ 7~ 7T {10) T30k, 0 1062, 97.2
Char out or POVEOM wuvevnininnyinnn,, (11) 1 'u7.5 7.3 5.9
Blown over at gas offtare ceverernaa, (12) 3.8 2.6 2.6 :
Duet with gas ;............;...:,..., (13) 1.9 .8 .9 -
Ash in total residue, percentd/ e, Elu 29,7 2.1 2,3 f
_ S _ | 15 - . .. 3
Ges made SGC, Mcl per tom: _ (16) 1 35,681 Ti.Lo I g1 :
Mef psr hour Srerreseieciaiacangane., (17) 5 1b.02 11,26 | "12,33
B.t.u. per cu. ft, observed, gross_,, (18) 294 293 C290
B.t.u, per cr, ft, calculated, neté/. {15} 261 | .. 260 . 258 .
Specific gravity, celculatedls seerss (20) " .528 . 539 532
Ratio H,/c0 Crettessicrriieaiiiriaa,, (21) 3.06 - 2.72 "
@ ‘ 3 (22) '
Stean used, pounds Per hour: (23) : T
‘mmcmlunﬂunwnnnuu“".ww 200 50 |7 100
In char zons Sraieertiatiiieiiieaes, (25) 150 150 150
 Undecomposed steam, 1b. pey Mef cena. Eesg 20,2 - { 15.8 ‘_16,5
27 - | .
Heating-systen data: (e8) 1 o
Net B.t.u, used mer cu, Tt. ges made, (29) | 118 13 | 120

Heat released, M B.t.u. per cu. r£.8/ (30} | 14k 130§ 13,2
Make ga3 used, Mct hour ,......,. (31) {" 6.33 5.81 5.8
CO, in Poe, percent§7r......,...,.... (32) | 17.8 19.0 17.5
Prgmary alr, Mef per hour cerianeness (33) 1,95 '13.70 14, =37
Poc recirculated, Mer Per hour ,e.ou. (38) | 25.45. 28.61 | 28.32

o i

Temperatures, OF,: 3

Average combustion chamberl®/ vreveas (37)

Bottom of combustion chamber No, L .. (38) | 2,000 2,010 ! 2,025

Middle of combustion chanber 2., (39) b ~

Top of combustion chemper 3 es (80) 1 1,855 1,800 1,85

Cutlet from combustion Chamber. 4 ,, (41) 1,690 1,660 1,655 °

Inlet to fan . 5« (42) 810 800 795

Alr and Poc o recupsrator T oe (43) 510 520 510

Alr snd Poc to furnace 8 .. ()] 1,315 1,285 1,270

Ges leaving retort = 12 .. (85) 1 730 685 705 -

Stack .= S5a .. (46) 570 €25 555

Steam to char zone sreesessneniaall (U7 245 ohs ohs

Steam with coal R R TP o éﬁ;3: . .555 485 540
Sec footnotes on pagc 34, B
SN - 32 . il -
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TABLE 7. - Swmary date on gesirication of natuyel lignite in the
- T 7 Grénd Forks pilot plent., (cont'd.) |

K Eun and n7ribd number ; {1) | &~L LM L-H L-0
-8 T8, ieieiiiseeiieniiinenneenaien. (23] 920 1 11-12 | 13-2% | 15-16
2k - paration, BOurS®/ seseeerseccecernoss {3) 2k | 2k 24 . ol
T@D‘ Poal. charged, pounds per hour: . A5y - 377 629 . 015 2310
L1 . Moisture as charged, pereent’ ..v.i. {6) | 35.5 3h,2 35,1 £.0
;'9 : . Ash-as charged, PercCent svsesievsesse () 5.9. 6.0 5.9 '
9 - Peroentage @eSIFIcd Jeisesessineene.. (8)1 72,7 1 8.6 | 7.3
;E - _Fowis of cosl per Mef of 52338 .eea.w. (9) 1 H4,1 7 449 43,8 35,1
f’ Ty residus, pounds per heur:Z/ - {10) {10%.2 120.7 - J117.5 . [189.6
. Char out of DOLLOM vatvvvensvasaneanas (11} 1 85,1 92,0 83:7 1158.7
‘z’ Blown over at gas 0fftake ..vevvvnass (12} 2.7 Su0 5.6 1 12.3%
o Dust with ZH8 oiciprrnvovanrsinaracne (135) 1,07 1.6 1.9 0.4
o - Ash in total residue, parcenti/';.... él‘} 22,7 24,0 - | 22,3 27.0
b G Tene 560, Wof Per Toni (67 T TE3E | BhES | LE.EE T 3
-égl © Mof PET BOUT aususseissncansenssesess (I7) [ 13.08 | 14,02 | 14,10 8.19
ke B.t.u. per cu. Tt. observed, gross ... (18) 291 285 . 285 266
eéih B.t,u. per ow. It.- caloulated, netd/, (19) 250 - 255 252 1 Py
)-ﬁe- Specific gravity, calewlatedl/ ...... (20) .38 LSh1 L5hO | .52k
LAT Batio Hp/CO vevniieiiiniiinnnananns. Egég 2,62 2.99 5.12 2.55 ;
50° am used, pOUnds per hour: {(23) | o o i
150 With 608l vueyevarpravrvanonripsnyere (24) 200 1 2000 b 200 200 =
T INChEr ZONE coneeevscscenarennsacans (23) 100 200. | 200 107 ;
508 Undecomposed stesmm, 1b, per Mef ,.... (26§ 18.9 2h,0 1 23,5 16.7 )
2 : sating-system dete: - _ (28) R - | ) )
)1.9_' Net Bot.u. used por cu. fi. ges mad.g. {29) 1ies 118 118 ;133
2 Hent veleascd, M B.t.u. per ou. £6.9/ (30) | 1b.2 | 14k ik 9.7 |
;*95 Mzke gas used, Mcflg7r hour eseneesss (31) | 6,34 | 6.55 6.57 - | &.53 y
L 05 in Pos, percents/ ......l........ (32) | 18.b 18,0 17.8 17.3 :
270 Primary air, Mcf per BOUT seeeevesess (33) | 15.98 | 15,49 | 15,40 | 10.99 |
3,23 Poc recirculated, Mef per hour ...... (34).] 27.he | 26,58 | 26.48 | 27.08 - ;
— e (55) ?
mperatures, OF.: L (36) T
055 Average combustion chemberi® ....... (37)
Rt Bottem of corbusticn chamber No. 1 .. (38} | 2,0L5 2,050 2,055 | 1,560 -
81R2' Midd.le of combustion chamber 2 .. (39 - L
e 100 of combustion chamber 5 ,. (ko) 11,85 § 1,85 | 1,80 | L,715 .
210 Atlet from oombustion chember 4 .. (B1) | 1,675 | 1,665 | 1,660 | 1,600 5
. Inlet to fan 5 .. (42) 800 790 785 785 >
gg;_- Allﬁ‘ end Poc to recuperator 7 . (43) hg5 480 480 5710
‘59%f gir'and.goc to furnace 8 .. (44) | 1,280 | 1,260 | 1,250 | 1,205 L
Ay B8 lesving retort 12 ., (45) 750 695 710 725 !
50: Stackc S .. (45) & 1 6o 50 5
2hD: S%'éam to ol - S },D ?1? 2 - 5 225
560 Stany 0 OHAT ZONT tueosrirreiiinins (%7) 240 2k5 250 ol 5
i O With c0al saveesusenneisiacenes (48) 550 550 545 520 -
— - ' {(43) | 7
A0otnotes on page 3k, o A
0
- 33 - 8



R. T. k128

] ' TABiETT;f;uéﬁmﬁafy daﬁﬁﬂéﬁ'éaéificatiqn'éfjhatﬁrai‘iignife in the
o _ _ - © " Grand Forks pilot plant. (contrd.)

: - S - e ——
' R e R e F
Foctnotes AR

Y m

G

figures shown are the day of the month. The preliminary run was made
during Merch 1945, mmn 1 during June-1945; rn 2.during December 1955,
5 during March 1946, and run ¥ during:April and:May 1446, - o
2/ EBach of the testing periods lasted.for at least 2k hours, but due to irregy
;. larities in operation, the static balances on aome of thesc periods were
Cgetermined for the shorter time enumerated. e . : O
éf For the preliminsry rn eénd for mms -1 and 2, 2 composite sample was uscd -
for the coal analysis, whersas for rung-3-and' 4 daily moisture determing

tions were made, - : B oo
4/ Total resiane calowlated from'dsh and carben b
a8 char dust from cyclone and fine dusts cerried away in cooling water, .
5/ TFor the preliminary run and for run 1, the figures shown are the ‘percentage
© © ash in chars only ‘as determined at Golden by A.SqT.M.'mEtthSj LG correga
tions being made for ewifetes or carbonatés.’ For runs 2'end 3, the per
centage ash in total residue wes cdleulated from the cdrbon:amd ash' *. ;.
" balance, For run k&, the percenteage ash 'in total residuc wad determinod ~
at Golden by A.S;T.M, methods, no'qorrecticns;being'made for'sulfates or
- carbenates, - .. S . . L
For the prelimin&xy'run, the net B.t.u. per cu. ft. was estimated from gind.
" lar data on the omell pilot plant, ! For ithe rest of 'theé ‘?uns, ‘the caleu-
lated net B.t.u. was determined by deducting ‘the mol fractlon of total
. bydrogen times L9.6 from the cbscrved 'grosd B.t.u, ' I
For the preliminary run, the specific gravity reported 1s the observed valu
For the preliminzry run and for run 1; this figure is based upon a furnace.
volume of 206 cu. Pt. end the net, heating value of the gas, For runs 2,
“ 3, and 4, this figure is bosed upon & rurnace volume of 115 cu. ft. and
" the net heating valus of the &a8.) e T
Determined ‘by Orsat for che .preliminery run and Tor ‘runs 1, 2, and 3. Cal-
culated Tram the anslysia of the heating ‘gas and the vo
“used for run 4, - - . ; e
Aversges of points 1, 2, 3, and .

alénce; includes losses such:

Tume of air and gas

1773 - 3h -



