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% ABSTRACT

Emission Laboratorz.
of Test and Evaluation Reports, of which this report is ohe.

sions assoclated with the addition of NRG #1 to the fusl."

‘the Envirormental Protection Agenoy reteives information about many systems which
eppear to offer potential for emission reduction or fuel economy improvement.
ihvites developers of such systems to provide technlcal and test data on the system.
th those cases for which review by EPA technical staff suggests that the data svalile
able shows promise, attempts are made to schedule tests st the EPA Motor Vehicle
The results of all such test projects are set forth in a serles

inh February, 1978 the EPA tested NRG #1, a fuel additive davaiaped and marketed b
NRG Internationsl, Imc. of Clayville, New York. Contrary to NRG's claims, the tes
results showsd ‘neither a general incresse in fuel ecoromy nor e decresse in emisw

In respomss to & request from the Federsl Trade Commiesion for more in-depth informa-
tion on NRG fi1 (now referted to as “XRG #1%), this new series of tests was performed.
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Background

The Environmmental Protection Agency receives informaticti about many systems

which appear to offer potential for emission reduction or fuel economy im= -

provemetit compared to conventional engines and vehicles, EFA's Emission
Control Technology Division 4is 1interested in evaluating all such systems
becaugse of the obvious benefits to the Nation from the identification of
systems that can reduce emissiuns, improve fuel economy, or both. EPA invites
developers of such systems to provide complete technical data on the system's
principle of operation, topether with available test Jata on tha system. In
those cases for which review by EPA technical =mtaff suggests that the data
available shows promise, attempts are made to schedule tests at the EPA Motor
Vehicle Emission Laboratory at Ann Arbor, Michigan., The results of all such
test projects are set forth in a series of Test and Evaluation Reports, of
which this repotrt is one. ' ) ' :

In February ot 1978, the EPA tested NRG #1, a fuel additive developed and
marketed by NRG International, Inc. of Clayville, New York., Contrary to NRG's
claims, the test results showed, "neither a genaral increase in fuel economy
nor a decrease in emissions associated with the addition of NRG #1 to the

fugl.“ (1) (Evaluation of NRG #1, A Fuel Additive, TAEB Report 77-19, Februaty
1978 . % ‘ ‘

In rasponse to a request from the Federal Trade Commission for fiore in=depth
information on NRG #1 (now referred to as "XRG #1") (2) this new series of
tasts wag performed.

The conclusions drawn from the EPA evaluation tests are necessarily of limited
applicability, A complete evaluation of the effectiveness of an emission
control system 4in achieving performance improvements on the many diffarent
types of vehicles that are in actual use requires .a much larget sample of test
vehicles than is economically feasible in the evaluation test projects cons
ducted by EPA., Yoy promising systems it is necessary that more extensive test
programs be carried out.

The conelusions from the EPA evaluation test can be considered to be quanti=
tively valid only for the specific test cars used} however, it is reasonable
to extrapolate thae results from the EPA test to other types of vehicles in a
directional manner, i.a.,, to suggest that similar results are likely to ba
achiaved on other typas of vahielas.

Summary of Findings

There was no eignificant cﬁange in emissions or fuel economy through the use
of XRG #1 for tha group of vehicles tested.

For individual vehicles, the Citation showed a 2% fuel economy improvement on
the P and 4% fuel economy improvemsnt on the HFAT., There was no significant
ineraaaﬁpgg decrease in fuel economy for the Dart and Fairmont for aithey the
FIP or '

* Numbers in paventhesis designate velerences at the ond of this report.
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Desaription . f | - -

¢

KRG #1 is a fuerl additive developed and marketed by XRG International, Inc.,
(formerly NRG International) af Clayvilly, New York. :

¥RQ #1 is recommended by the manufacturer for use "with all grades of gasoline
and dlesel fuel used in internal combustion engines." It iz mixed diréctly .
with fuel in the vehicle's tank in a ratio of 1:1600 (0.08 f1. oz, additive
per gallon fuel). The following benefits are claimed by the manufacturer when
the additive is used in an automotive gasoline engine (3)¢

Increased fuel economy of 10-25%.
Decreasad exhaust emissions.

Increased engine power. “ o
becreased starting time in cold weather. . )L
Dacreased dieseling tendency. . ' . | .
= Dacredsed earbon buildup inside engine, . 1 o A

I r s v

the manufacturer claims these benefits occur over a period of time of cot-
tinued usage, That is, there are some immediate benefits from usage of the
fuel additive but full benefits are obtained only after sevéral tankfuls of
the XRG #1 additivs doped fuel, In addition, to retain these benefits, XRC #1
usage must be continued. * : '

Test Vehicle Deseription

The thres test veticles usad in this study weret

A 1980 Cheveolat Citation equipﬁed with a.2.8 litre V-6 engine and dn.
automatic transmission., This vehicle used EGR, an oxidation catalyst, o
and pulsating air injection for emisslon control,

A 1075 Dodge Dart equipped with a 225 cubic inch inlide 6-cylinder engine
and an automatis transmission. This vehicle was calibrated to meet the . I
1948 Californin emission standards. This vehicle used an air purp, EGR, S
and ah oxidation catalyst for emigsion control, '

%1 A 1979 Ford Fairmont equipped with a 140 cubie inch inline 4=cylinder )
£ angine and automatio transmission, This vehicle used an oxidation cata- ,
7 lyat for emission control. . R

= A complate description of these vehicles is given in the.tast vahicle
> deseription in Appendix A, .

5] Tagt Procedure

3 . Pyhaust emisslon tests were condunted according to the 1977 Federal Test
gy  procedure (IIP) described in. the Federal Reglster of June 28, 1977, and the
£ EPA Highway Puel Economy Test (HFET), described it the Pederal Reglster of
September 10, 1976, The vehicles were not tested fot avaporative emissions.




Prior to baseline testing, each vehicle was given a specification check and
inspection, The ignition timing, idle speed, and fast idle speed were checked
for agreement wWith the manufacturer's specifications given on the Vehicle
Emission Control Information label affixed to the engine compartment. Each
vehicle met its manufacturer's specifications and therefore no adjustments
ware required. .

The vehilcles were inspected for engine vacuum leaks, proper connection of
vdacuum hoses, functioning PCV valve, oil and water levels, and general condi-
tion of engine compartment. Each vehicle was in satisfactory condition when
initially inspected. : ) :

Bacause the manufacturer's claims for XKG #1 additive included both immediate
and long term benefits (3% the test program included testing both immediately
aftar initial additive usage and after-mileage actunulation with the additive.
Edch vehicls was tested in three different conditionst

1, Baseline - as received,

2,  With XRG A (vehicle fuel tank drained, refueled with additive doped
fual and prepped before this test).

3. After 500 miles with XRG #1,

At each taest condition duplicate FTIP and HFET tests were conducted. The
accuntulation of 500 miles using fuel with XRG #1 consisted of sequences of 10
HFET driving cycles and one LA=4 (the basiec FIP cycle) driving cycla. The
relatively high average speed of the HFET (48 mph) was erpected to minimize
tha amount of time to achieve those additive benefits that are based on vehi=
ele mileage accumulation. Mileage accumulation was accomplishad on a dyna-
fometer,

In addition, one vaeliicle, that was used in later test programs, received
basaline teste after the 500 mila XRG #1 tasts.

All testing wae performed using the same gasoline batch., Two barrels of the
gasoline batch ware doped with the XRG #1 at the manufacturer's preseribed
doseage of 1600 parts gasoline to one part XRG #1, This XRG #1 doped gasoline
was used for all XRO #1 tests and mileage accumulation.

Discussion of Results
General Data Analysis

The objestive of this test program was to determine if there was a significant
benefieial change in vehicle emissions, fuel economy, or performance through
the use of the fuel additive XRG {1.

The results of thase tests are summarived in Tables I and Il. Results of
individual teste are given in Tables V through X in Appendix B, The results
of the gtatistiecal analysis and aatual changes batween configurations arvae
shown in Tablas III and 1V,
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= Table 1
% : Average Vehicle FIP Emissions
= o , grams per mile
| Test Conditien  HC co co, Nox  MPG
" | _Chevrolet Citation - FIP - -
Basaline .35 1,93 450 1.55 19,5 -
; LRGN .32 3,03 449 1,62 19,6
; KRG #1 @ 500 miles .33 1,86 440 1,61 20,0
- Dodge Dart = FIP
e  Baseline 63 7.90 568 1.81 15,3
o XRG #1 65 8.64 583 1,72 14,8
2 | KRG #1 @ 500 miles .48 6,93 563 1,85 15,4
% Ford Faipmont = FIP
= Baselina V76 8,40 400 1.83 21,3
- XRG #1 @ 500 miles 74 7.74 404 1.85 21,2
§ Table 1T -
| :
5 Average Vehicle HFET Emissions
‘i grams per mile |
o Test Condition ~ HC €O co,  Mox MPG |
Chevtolat Citation = HFET
Baneline .07 .02 313 1429 2844 | 5
KRG #1 06 .00 310 1.25 28,6 P
XRG #1 @ 500 miles 07 .00 300 1.47 29,5 |
Dodge Dayt « HFET . ‘
Baseline 05 /15 368 2,58 24,1 .
Lo M (04 W11 374 2,17 23,7 LA
: KRG #1 @ 500 miles 04 10 364 2.41 24,4 -
| | N
Ford Faixmont « HEFET
Bageline W15 +63 317 2,48 27.9 - -
KRG #1 @ 500 miles 14 58 313 2,39 28,2 :
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Table I11

FTP Change From Baseline Due to XRC {1 Fuel
Expressed in % at Minlmum gtated Confidence Level*

Test Conditicn HC

Chevrolet Citation = FIP

XRG at 500 miles Y A
Dodge Dart = FIP

XRG 71 at 500 milas  =24%%#%
Ford Fairmont = FIP

XRG #1 at 500 miles =3 GRkRR

Combined Effect ~ All Vehicles
XRG 31 at 500 miles ET TS

c Nox
-AZ?f* 4% 93% C.L.
=] 2% N ik
w8% 94% C.L. 17wk

UL ki

Table 1V

HFET Change From Baseliné Due to XRG #1 Fuel
Exprassed in % Change at Minimum Confidence Level¥

Test Condition ;g;'
Chevrolet Citation « HFET

XRG 71 at 500 miles RSN
bodga bapt = HFET
XRG ?I at 500 miles U

Ford Fairmont = HFET
XRG #1 at 500 miles =

% Confidence level fvom statistical

' g.L. = Confidence Level

g0, oz

. 14% 99% C.L, '.
- o] i
- w5 AN

- V11

wks {ndlcates increasej = indicate decrease.

MEG
2? 99% (11
1 %k
0%

e

Mre
5% 99% C.L.
) ek
1g**¥

L1

HeH gagt procadure and direstion of change.

wi% {ndicates change not significant at 90% confidence level, That thare is no

significant change.

Note?
given in Tables I and 11,

The confidence level should not be confu
but are an indication of tha statistical significance of the changes in the values

sad with changes of absolute valuéa

Notet The donfidance fevel was not caleulated for the indtdal XRG #1 taests.

Notsi Percent change not caleulated for HC and CO emissions for HFET. Bee text,
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From an initial review of the data givén in Tables III and IV, it may appear
that usé of XRG #1 did cause some small changes in individual vehicle emis-

.slons or fusl aconomy, Howevar, in order to determine whether the apparent
'diffarences were statistically significant, a significance test, such as a et

test must be performed, This technique analyzes the diffevence due to the
subject varisble in relation to test to test variability to determine if the
diffevence is real or is dus to testing variability. The resultant signi-
ficance determinations are stated in tegms of the winimum percent confidence
level that can be. aseribed to the observed diffaerence.

The "t" test technique allows the determination of the effect of one variable
(use of XRG #1 additive) on a vehicle, The "t" test is also able to indicate

' how reprementative the effaect of the variable is for a group of vehicles, The

resultant levels of eignificance are stated in terms of percents. This con=
Fidenca lavel indicates the probability of assigning differences to the vari-
able (usa of XRC #1 additive) being analyzed. With a test program of the size
performed, cranges with confidenee levels below 90Z are not significant.

EFFECT GF ¥RC #1
Fadersl Test Procedure

‘I‘he-,,,.‘uea of XRG #1 did not significantly affect the HC emissions for the

‘Gitation, Dart or Fairmont.

The use. of XRG #1 caused mixed effects on CO emissions. There was no signi-
Ficant change in the Citation's or Dart's GO emissions. Tie Fairmont's emis-
sions decreased 8% (at the 94% confidence level),

The dbe\of 16 #1 caused mixed effacts on NOx emissions. The citation's NOx
emtosiong increased 4% at tha 93% confidence level., XRG #1 did not signifi-
cantly w5£9ct the NOx emissions on the Dart or Falrmont. ‘

The tse of RRG #1 did not significantly affect the fuel econriny of the Dart or
Pairmont. (The Citation's fuel economy showed a slight iuprovement, 2% (at
99% confidenced leval).

When the FTP results were analyzed to determine the effects of XRG #1 on the
group of vehicles, t“~ analysis showed that the use of XRG #1 did not signifi-
cantly affect aither .0, CO and NOx emissions ot fuel econoty.

Hipghway Fuel EHoonomy 1ist

The HO and GO emissions for all three vehicles were quite low both with and
without use of the additive. HC and €O emissions are usually very low for
iost vehicles on the HFET, ‘Thus, even a very small change such as .01 grams
per mile could appear as a 5% to 30% relative change. Therufore, since the
vagults were low and similay, there was no sipnificant chadge in HC or CO
erissions caused by the use of KRG 1.

The use of XNG #1 caused mized vesults on NOx emiesicus, The Citation's NOx
emissions increased 143 at the 99% confidenca level. ‘The Dart's and
Falrmont's NOx emissions were not significantly affected.

1
f




s 1A NELEUEIIE B RS S

4}{'{{1 AIWsing P

i :{-jéﬂ:lf':;g,'.|t‘u i;-._.:l : ]

s

:
‘
-3
\
© i‘l
:
g

. The use of XRG #1 did not significantly affect the fuel aconomy of the Dart ot
Fairmont, The Citation's fuel economy showed & slight improvement, 4% at the

09% confidence laevel,

The tnalysie of the HFET results to deternine the effects of XRG #1 on the
group of vehicles showed that the use of XRC #1 did not significantly affect
either HC, CO and NOx emissions or fuel economy.

nigcussion of Additive Components and Their Effects

According to the manufacturer, XRG #1 is composed mostly of isopropol aleohol
and tolueme., It also contains a small amount of ferrous sulphate, nitro
benzene and water (4). An exact chemical breakdown was not given.

Toluette 18 a normal component of gasvline. Unleaded gasoliie is reported to
ptresetitly contain 10 to 15% zoluene and leaded pasoline 5 to 10%Z toluens (5).
Premium leaded fuel is 6% toluene. Individual gasoline fuel samples have had

up to 457 toluene.

Coneclusions

Although a few individual tests {udicated slight improvements in emissions or
fusl economy through the use of KRG #1, several tests indicated small emission
or fuel economy penalties, A pignificant but small improvement in fual ecom=
omy was noted on one vehisle for the BTP and HFET. However, for the group of
vehicles, XRG#1 showed no significant effect on vehicle omissions or fuel

aconony.
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Appendiz A
TEST VEHICLE DESCRIPTION

Chassis quel year/make = 1980 Chevrolet Citation
Vehicle ID < 1X117AW150868

Engine

LYPR & o ¢ ¢ ¢ & 4 4 3 & 3 2 2 8 2 4 s b V“G, 4“cyC13

bore  stroke o+ o+ o s o+ 4 s s s s s s s 89 %76 mm/3.50 % 2,99 in.
displademeﬁt s+ 5 o s & 6 & % s o o s s s 2800 ec/170.9 CID

compression £atdo + 4 4 4 s s s s s s s 85 to ]

maximum power at EPM « ¢ » o » s+ & o o 115 hp/85.8 kW

fuel metering .« ¢ o 2 ¢ v 0 b s s 2 Venturi Carburetor ,
fual requitement « + +« « » o+ o o o+ & » » uUnleaded, tested with Indolenw

HO unleaded
Prive Train

transmission €ype .+ « + ¢+ o o o o o+« 3=8poed automatic
final drive ratio « « o« o o+ » & o ¢ + @ 2,53

Chassis

EYP@ 4 ¢ 4 4 5 2 6 4 3 b s e e 4 door sedan
tive 8428 4 o 4 5 s 2 b4 08 80 b P185/30R13

durb welght « 4+ ¢« v 4 5 4 4 0 80 s s 2905 1b/1318 kga
inertia WEiBht P T T T T T A T T T 3000 1b,
passenger capacity « « s ¢« s 5 4 o 4 s s 5

Emission Control System

basie iype RN . gﬂid&tiﬁﬁ cataiyst
, oR .
Pulsating air injection

Vehicle Odometer Mileage

6730 miles 4t start of test
progean

7480 miles at end of tast
programn

i
bl
- .




1
TEST VEHICLE DESCRIPTION
f; g ' Chassis model yedr/make - 1975 bDodge Dart
. Emission control syetem = Alr Pump, Catalyst EGR
Engine
15 EVPE & o o ¢ 0 0 b 4 s s e e s s Inline 6, A“G?Cle N
ﬁi bote % stroke 4 4 ¢« ¢ s 4 4 s 00w 3.40 X 4,125 in. .
- displacement « o o o o o s s & s 2 s s s 225 CID/3687 ce
: compression ratio o+ + « v s v 00 00 e 84411 i
. fuel meterlfi8 o v o o o o s o & s & o o 1 Venturi, carburetor 2
E: fual requirement « ¢« + o+ s s s s » ¢ o o Unleaded, tested with Indolene
¢ HO unleaded A ;
ig Drive Train
g transmission type « + v v o 0 v v s s J=specd automatic i‘J
i: : final drive vatio + ¢ o o o 4 & s & . 2,75 ; '
. R , |
. ~ Ghassis j
; 132 L S O O L I 4 door sedan !
% tire 8i2e ¢« v 0 b 4 4 s o s e 0 e D?B X 14 ;
. fnoeetia wetght v s 4 4 s 4 s w a0 o os 3500 1B, ' ?
R paggunger capacity + o v 4 0 o 0 00 s s 6 §
1 Emiusion Control System
'- baufe type o o o o o v 0 b 8 8 8 e 0 dir putp
g oxidation vatalyst
A EGR
- calibrated to 1975
- California standards
z- Vahicle Odomater Mildage
E 20635 miles at start of test
2 program
4 21950 miles at end of teut %
prograt

Py
V-
A
N
H
4
1
L
b’
e,
k1)
-
X
]
¥
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H
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: 12
TEST VEHICLE DESCRIPTION 3
Q; Chassis model year/make = 1979 Ford Pairmont |
Vehicle 1.D, 9X92Y175689
Enpine
? - LYPE o & & 3 4 & b & & 8 s s o8 s s e s inline 4' A‘Eyclé
5. bore ¥ sttoke .+ & + 4 4 4 4 8 % o4 s + 3,80 X 3,10 iﬂ.196.5 X 78,7 mit,.
i diEPIaCEMEnt s 0 s s s 4 s s s s s s s s 140 GIDIZGS 1
;i comprassion £atio .+ + ¢« v 4 4 v o o o s 9,081
H; ‘ MAXLmum POWEE « & » & & & & s 2 & & & s 92 hp/68-6 k W
;. fuel metering .« « o + 5 o 5 & » s 5 2 & 2 Venturi, carburetor
- fuel requirement o « &+ o+ 4 & s & & » + o Unleaded, tested with Indolene
' - HO unleaded
i' Drive Train | | _
E transmission type « + 4 4 4 4 s ¢+ o & 3=gpaed automatic
3 finﬂl dedve vatfo o 4 4 4 4 s 0 0 0 & s 3.08 7
g  Chassis ,
§§ tYPE & 4 4 4 2 o 4 4 8 5 8 85 s s s s s b dooy sadan
e ) tire 8426 & « 4 5 s s 4 ¢ & 2 0 s 0 s s BR78 R 14 7 : :
b4 curb maight 56 4 6 4 6 4 s s b s s s & 2800 1hN1270 kg 1
! inertia wedght + &« & o o s o 4 o &+ » o+ 3000 1b, '
3 passenger cdpaclty « 4 o+ v 4 4 v o 4 4 4 5
Entission Control Bystem .
1 : basde £ypa o 4 4 4 v 4 4 o 4 s 6 2 s s o onidation catalyst |
ﬁ Valiicle Odomutey Mileage ;
10890 miles at start of test |
. program
k: 11525 miles at end of tost {
4 I program
3 |
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~ 'Table V

Chevrolet Citation FTP Emissions
grams per mile

Test Condition ' Tagt # HC Co co, NO% MPG
Baseline 79-9919 39 2,29 452 1.54 19,4 ;
Bageline - 79-9921 W32 1.66 450 1.56 19,5 i
Basuline - 79-9923 «33 1.73 450 1,56 19.5
Bageline 79=9925 + 34 2,03 449 1,52 19.6
XRG (14 wiles) ' 79=9927 +32 2,23 450 1.60 19.5
XRG (55 milas) 79=9929 31 1.83 447 1.63 19,7
XRG (524 niles) 79-9931 35 1,87 44) 1.57 19.9
XRG (552 miles) 79=9978 032 1,91 440 1.65 20,0
XRG (591 wiles) 799980 232 1.80 439 1.62 20.0

Table VI | y

Dodge Dart FIP Emissions
geams per mile

Tugt Condition - Test # - HC co - Coy Nox MBU
Base1ine 79-9778 .83 9,94 579 1,60 14,9
Bageline , 719=9781 79 8.58 591 1.52 14.6
Baseline (769 milus) 80=0246 +38 6.06 54 1.99 15.9
Baseline (1192 miles) 80<0735 50 7.00 533 .11 15.7
XRG (8 miles) 799782 W46 7,00 583 1,72 14,9 |
XRG (42 miles) 79=4784 84 10.27 583 1.71 14,7
KRG (521 milas) 79=9786 49 6:68 566 1.89 15,3 |
XRG (554 miles) 799788 Y 7.12 562 1,78 15,4
XRG (595 tiles) 799986 W47 6499 561 1.87 155

Table VII

Ford Faiemont BV Emissions
grams per mile

Test Condition Tast # HC cu co,, NOx MBY
Baselinw | 79=9909 76 8420 400 1,83 21,3
Barellne : 79=9911 - 76 8,50 . 400 1482 21,3
XKt (5 miles) 79-9913 - 72 8.58 - 403 1,83 21,2
RRG (52 miles) 79=9915 .70 8,56 . 400 1.8% 21,3

KRG (509 nitan) 799917 V14 7,88 403 1,01 21,2
KRG (540 miles) 799984 7 7.5 404 1,79 21,2




AT
i

ik

UL

PR T

Test Gondition

Basuline
Baseline
Bagaline
Baseline

KRG (24 miles)
KRG (66 miles)

KRC (536 miles)

XRC (568 miles)
LRG (608 miles)

Tast Condition

Baselina

Bageline '
Basuline (781 miles)
Busaline (1228 milues)

XRG (19 miles)
KRG (53 miles)

XRUG (532 miles)
XRC (565 miles)
XRG (606 miles)

Tagt Condition
Basaline
Baseline

14
Table VILL

Chevrolet Citation HFET Emiusions

grams per mile

Test # HC Co

79-9922 .07 .05
79“9924 007 101
799926 07 .01
799928 .06 00
79=9932 D7 .00
79-9979 07 .00
79=9981 .07 .00

Table IX

Dodge Dart HFET Emissions
grams per mile

Test # HC ¢o
799779 .05 09
799780 .05 .08
80-0316 03 .19
80-0734 .06 022
79.9783 .04 .12
799785 04 .09
79-9787 04 .06
79"9789 105 .09
79-0987 04 RY

Table X

Ford Fairmont HFET Emissions
gramns per mile

Tyt #- Ho 6o
790010 V14 .55
79u4912 A5 - W10

XRO (24 tmiles)
KRG (63 milas)

KRG (520 milas)
XRO (551 miles)

# U.$, GOVERNMENT PRINTING OFRICE 1980= 651-112/0222

79=9914 A4 - .68
79-9916 14 167
79-9918 13 o957

792998 14 59

002

311
316
313
310

309
310

301
299
299

€O,

379
374
356
362

376 -

372

364
365
364

co, .

3l

TN

320
319

312
314

| g
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NN oS 3 N wr N D B
-

£~ L P [ A Y- | o 8= W=

o & Q -3 =i G 2 = P

Nox

;2150
2448

2444
2.51

24731
2.9

MPd

28,0
27.8

27.6
2747

28,1
2Bt




