
lED C R 51 Ni

END
_____________ D A T Ea FILMED

4-7 7

____a



• — Thr~~-~~~ ’~~~~~~~~~~w.-.r fl~ .~-wrr~~ 

—.

t echn ical  Rep ort

R B S 1
C~’ 

Spon~orc d l)\

‘~. ‘~v.u. I ;\cILj ’l II•:s l~\GlNl:I;R1N(; (OMMAND

I chru ar v  977

C l v i i .  F NCI N I L  RING LABORATORY
\ j~ at Construct ion Battalion Center
Port I luenern e , Cal i l o rn ia  93043

-

:~‘~ ~~~

‘

S
~ ,. v~ •“—k

AN ICE EXCAVATION MACHINE
cD
(_)

b
~ 

K. I). \ ni lrcv

LU
“ .~~

~z r  •I~
‘~pp rt ~v ed or put~lic rc lc i .c . di~triInition nI~iiiñt~d.

-- — - - ~~~~~~~~~~~~ -4



_________ 
Unclassified

/‘ S E C U R I T Y  C L A S S I F I C A T I C Y ,  OF T H , 5 P 0 ’j  1*1,,,, tIe,. H, . , ,I )

REPORT DOCUMENTATION PAGE H~~ I R ~~. ( i ) M p L I ~ Tt N ( 5 I~~tR M
— — urs — ~~~~ 0 2 GOVT A C C E S S I O N  NO 3 R E C  E AT ’ !  C

0
A T  A A

I ~~/ .rR -851 I DN487008 
_ _ _ _ _  ________________L~~---- ---— ~~~~~~~~~~~~ 

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _ _ _ _

~~~ 
/ Fina i~~~ug V7 3— Ju n  *76 &~ /AN ICE EXCAVATION MACHINE , I J

I A T O O R E ,  8 C O N T R A C T  OR G RA N T  NU M R E R 1 ’ ~

/C 1~~~D/~~ reY J~9 P E R E  A INC ORGANI  ON N A M E  A N D  A D P~~ FS S  
- 

0 PR O G R A M  E L E M E N T  P RO J E C 0  T A S E

T~il~~~g ineering Laboratory A R E A  A W O R E  A T

Naval Construction Battalion Center 62759N;

Port Hueneme , California 93043 VF52.555.00l.0l.004
I ’  ~~~~RC L L I NG  O F F I C E  NA M E  A N D  A D D R E S S  , ‘ ‘

~~

Naval Facilities Eng ineerin g Command ~‘/ f  Feb~~~~ _~ 77

Alexandria , Virg inia 22332 ~
-‘-—~~~

I A  MD N I ’ O R~ NG  A G E N C y  N AM E A A O D R E 5~~~,I I,I f.n,,, I I,,,,,, ~~~YYI r ’~ Il ’YY A OIIfl~~. t IS S E C U R I T y  CC  A S S  “ 1 ~~~ ,.POY’)

~~ Unclassified

~~ 11

IS D I S T RI Bu TI ON S T A T E M E I 4  I &,, ‘I,., Rep~,rI;

Approved for public release; distribution unlimited.

~~~~~~~~~~~~~~~~~~~ _ _
ET ,,,-, -,-r~~~~ i6~~

’
~~r E r E M E N T  (01 ‘bY eb,OA,-l , , IY ,Yd  in B t o , A  I O U  diile,nnl I,~ n, Repo,I)

~~~~~~ _ _ _ _ _ _ _ _ _ _ _..
9 S ET  W O R O S ! C o n I I n  , A o , , ,,d. I l n o . , n e , ,  f lYj I d Yf l I l t v IIv bIo, I’ o~,n,l IY ’~

Ice , polar regions , excavating equi pment , cold weather constru ction , snow , impacting,
chi pp i ng, trenching, tools.

20 A’
~ &~r A c T  (C IIn.. ,,n, .”CrA. Y,dY II nYE..,AIn .,,d lth. nIlIy I,.’ bIork rmI,,b~~,I

review of operational requirements indicates a continuing need for equi pment
to excavate ice to facilitate polar construction. A 30-h p ladder-type trencher was selected
and procured for its low ground pressure and versatility . The chain was outfitted with
speciall y designed conical ice teeth , and a rotating ice chi pper drum was designed and
fabricated for the backhoe arm . Both modifications , along with an off-the-shelf h ydraulic —~~~~‘ r ‘ ~

continued

OD ~~ 1473 E D I T I O N  DY N O V A S  IS OBSOLET E Unclassified
S E C U R I T y  C L A S S I F I C A T I O N  (TI T R I S  P A G E  lAO.,, I’,, ,..

‘/1
~ / ~~i _/ ,~

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~~



Unclassified
SE ~- U R I T S  C L A S S I F I C  4 ’  1,19 OF TI l lS  PAGEIII1,en Dole & n I Y f l , t

20. Continued

C ~ - ~ i mpac tt )r  -a t t achment , were evaluated during ,i field test program af ter  undergoing shaked own
performance t ests  in th e laborator y . A similar , hut  larger machine  wi th  ident ical  teeth ,
procured under  a separate task , was observed dur ing an extended ,- \n ta rc t l c  ice -t r en eh ing
op era t ion .  (‘bc (:1-i -desi gned conical teeth made both ice excavation machin es  very eff ic ient
tr enchers , cu t t i ng  over 3 ,000 linea l feet (900 m) of ice with an average specific energy of

only 220 in - lb / in ,  ( 1 .500 kPa ).  l3oth backhoe a t t achment s  were effect ive tor special
app l ica t ions , such as ice hummock  removal and deadman anchor emp lacement.

111$ “
~

1*

iIS1lflCfl (
~~ -

IT
- -

1 1 ( 1 ( 1 ( 1  t i rcl

I (:~ - l  I nglncerlilg I a l to rat o rv

\N R:I~ I X( \ V - ~~lt 0N  \t .-\ ( I I IN I .  (Final) .  1’, K. 0. \ audtI ’v
‘I’R-$S 1 26 pp ((us February 1977 Unclassified

1 Il.C exc Ivallngel(ui( lnlCII i  2 . Trencher — ladder t l,( le I, \ ‘ ! - 5 2 5 5 5 , 0 ( l 1 . t ) l i) 114

\ rE’VIE’SS l It  I3p(’riiIIIIliI rel (U1rE’ITTeIltN IIlIhcateS a Cont i  l u i n g  Ill _-El i  for E’tj Ulf SflTL’ Il t III
cSc IS,I lC ILL’ i l l  tJc i l I t . i tc  pIll il LonstrUclil lI l A 30—li p ladde r—ty pe t rent - hei- was Ae lectel l  ,itil

I procu rEd for  i s  111W ground pressure’ 41111 versatil ity . The chai n SV IA out f i t ted SEItIl spec al Is
i l _ s I g n e d  111 11111  ICc te l_I l l  .11111 II ro ta t ing  Ice ch ipp er  drum 5 5 2 5  llI’’.Igtl e l  lOl l t Illr ielted for t h e

lIICI5I1III’ I I  III . 1111111 I I I I I I 1 I I  II .41(005 , IllilIg with an o t t - th E-s he l f  h v d r a u h c  l ip -actor :i itac hniciit .
ssere e v i l ti  I l l _ l i  ~h ti r I ng i t e l  LI iesi program it ic r  undergoing sh ake 1lown pE’rillrnlance I CSt ’  i l l  the

I l.I l l l Ir ,ITI,rv A similar . 1110 larger machine w ith identical teeth , pro cured under a separ:IIe task .
55. 45 l I t lSCtVel I  ~liIring Ill cxreli lte ll A i l t a r l_t i c  ICe-treIlclIi tg ilperIIiOil I lie I I t~ 1lCSI f_TIC l L’lfllk’aI
ll’c! ll Ill I11e (111th ILC Sc Iva i l l I l l  IllaclillIes very Ef f i c i e nt  t renchers C l it t i l ig  I IV L E 3 .tI(l0 11111 11 (cc i
‘(lIlt in) III III’ SSI I I I  Ill .iScrage spec t i c  ~‘nerg~- Of 1311 15- 22 (3 in ,-ll,/ in. ’ I 51113 kPIt  1(11111

III, Uii,e .11 t . ILI I I I IeT IIS S Ec t s  c i t e s  115 1 II,r 5p~ l _ l ~ I IllIll Ic i t  11105 , suc h I5 ce huitt i t iock rs ’t t t l l V il
.111 , 1 IlL’ ,lL l I t i i t l  I t t,, Illir ctlIp l lec’itt e l I t_  

_ I

- - ( ‘ I t c l , i 551 t i& ’ii

I 1. ’ V I C A ’ . , , , A n , ,,, r . , . , I’ A ,I Il ’ , (U, - ,,

L~ .___________________ 
~-- - , _ ~~~~ -



__________ - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~

CONTENTS
page

INTRODUCTION

EQUIPMENT DESCRIPTION

MODIFICATIONS AND ATI ’ACIIMENTS 

Trencher Teeth

Ice Chipp ing Dru m Assembly 3

Impact Device 3

LABORATORY TESTS 8

Trencher Teeth 8

Ice Chi pp ing Drum Assembly 9

ARCTIC FIELD TESTS 11

Trench ing Operations 11

Backhoe Attachment Tests 13

Hydraulic Imp acror 15

ANTARCTIC FIELD OBSERVATIONS 17

CONCLUSIONS 19

ACKNOWLEDGMEN ’I 19

REFERENCES 19

APPENDIX — Refrozen Trench Tests 21

— .-



-~—-~~~~~~~~~~~ . ~~~~~~~~~~- - . --- --- . -- ---_— - -—- --- - - - - --~~

INTRODUCTION the trencher chain and h y draulic drive on tracks ,
backhoe and dozer blade opera tion. The maximum

A review of operational requirements in both recommended depth for excavation in dirt is 72
north and south polar regions indicates a continuing inches (184 cm) for a 6-inch (15-cm) wide trench.
need for equi pment that can excavate ice for (1) This machine can be used for excavating wider
burial of hose and electrical power lines at vehicle trenches , but the recommended depth of cut is sub-
road and aircraft taxiways; (2) building foundations sequentl y reduced. This trencher was equi pped with
to facilitate building erection and relocation; (3) melt standard 8-inch (20-cm) “frost-chain ” with tungsten-
water drainage control ; and (4) trenching through carbide-ti pped teeth. This chain is designed for
annual sea ice for tide crack stabilization and forming excavation in frozen earth to a depth of 58 inches
of ice dock faces. It is believed that these require- (148 cm). To increase the versatility of this particular
ments could be accomp lished with suitable modifica- m a c h i n e  two other standard attachments were
tion of small low-horsepower excavation equi pment. purchased: ( 1) an alternate boom with a 6-foot (2-rn )
References 1 and 2 present the results of FY-74 and trenc hing capability , and (2) a 12-inch (30-cm) wide
FY-75 efforts on this project. backhoe bucket.

EQUIPMENT DESCRIPTION MODIF ICATIONS AND ATTAC HMENTS

A survey of commercial trenching and backhoe Upon delivery of the trencheT, designs for modifi-
machines was conducted to determine the availability cations and attachments of the machine were begun.
of equi pment for ice excavation work. A ladder-type These included design and fabrication of ice-cutting
trenching machine with backhoe attachmen t was teeth for the trencher and a revolving ice-cutting
selected as having the greatest number of desirable drum attachment for the backhoe. Another backhoe
featu res. Machines of this type were found to be arm attachment considered for ice removal was a
common ly available in wheeled models , but one commercially avai lable impact device.
manufacturer (Davis Mfg. Co., a Div ision of J. I . Case
Co.) was found to produce these machines also in Trencher Teeth
high-flotation tracked models. 8

Procurement of a Davis Model TF-700 trencher Various confi gurations for ice-cutting teeth were
with backhoe was initiated in December 1973 , and reviewed for maximum cutting rate and minimum
delive ry was made in March 1974. This machine horsepower requirements. It was concluded that teeth
(Figure 1) has a basic length o f t !  feet (3.3 m) and is with a 30-degree conical point , developed by CEL in
52 inches (133 cm) wide at the maximum point. The 1960 for use on an ice dozer , would be the most
machine weighs approximatel y 4,400 pounds (19,500 effective for excavating ice ( 3 ) .  A conical tooth
N) , and it has a ground pressure of approximatel y 5.1 design was prepared (Figu re 2) that is interchangeable
psi (35 kPa) . The trencher is powered by a 30-h p with the commercial carbide-ti pped tooth. Seventy -
Wisconsin air-cooled eng ine with mechanical drive to five of these teeth were fabricated for use on the

Since t he Davis trencher was purchased , another com pany now has a disc saw in a low-pressure
tracke d model. However , there is one major disadvantage to dis c trench ers: to excavate a
deep trench requires discs of enormous diameter.

I
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Figure 1. l ’h irty-h p icc excavation machine (Davis Model TF-700) .

1. 00
‘~~~~ (2 ,54) ~~

‘

Material: A.l.S.I. 4620

as follows : 
heat-treat

1. Carburize 1 hour at 1700°. -

2. Oil que nch , draw 4500 for 3 hours. \ ~~~~~~~~~~~~~~~~

~“—.~~~~~~~~~~~~~ -- NOTE: All dimensions shown
0.12 (0. 30) are in inches (cm).

A ~ 
~ 

- -

0.68~~~

1. 80 ‘ 0.03 (0.08) R. typ
(4 57) , 0 .56(1 .42)

1 .56
(3 .96) 0.75 - -

~~

(1 .90)

ii
3 ,37  0.03 (0.08)

(8 .56) max flat
3O0

~~~~~

Figure 2. Conical ice trenchin g tooth used on icc excav ation machine.
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Figure 3. Conical teeth inserted in trencher chain.

trencher during testing (Fi gure 3). Twenty additional results pointed out a deficiency in tooth spacing. The
teeth were procure d for the longer , 6-foot (2-m) initial 2.5 -inch (6.4-cm) spacing was reduced to I
boom attachment. inch (2.5 cm) by refabr icating the tooth-holder rings

according to GEL Drawings 74-22-iF (Opti on Two)
Ice Chipping Dru m Assembly and 74-22-3 F (Fi gures 4 and 6).

A variety of concepts for reci procating and Impac t Device
rot ating ice cutters for attachment to the backhoe
arm was studied. It was concluded that the least corn- Another backhoe attachment with good potential
plex and most promising confi guration was a hy drau- for ice excavation and removal is an impact device. A
licall y driven revolving dru m with conical teeth, h i g h-e n e r g y ,  li ghtwei ght , hy draulicall y operated
Fabrication drawings for an attachment of this form irnpactor was necessary for compatibili ty with the
were prepared (Fi gures 4 and 5) .  existing TF-700 trencher and D- 100 backhoe arm.

The drum is 14 inches (36 cm) in diameter with The onl y impactor found to meet all of these require -
3-inch (8-cm) long teeth and a minimum width of ments is manufactured b~- h ughes Tool Company
12.5 inches (31. 8 cm). Drum extensions can be added (Fi gure 7).
to increase the width to 17.5 inches (44.5 cm). The The Hug hes Il y draulic Backhoe Impactor is a
attachment is designed for a maximum rotational hi g h - e n e r g y  i mp a c t  d e v i c e  w h i c h  uses the
speed of 500 rpm. tractor-backhoe h y draulic power source to delivcr

The  fabrication of the chi pp ing drum was rap id , powe rfu l blows to the top of the working tool.
completed in earl y December 1974. The initial test Each blow is released at a fixed (125 ft - lb) energy
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113131 t t )

I t.’vel .11111 I5 In depe n dc nt 13) t Ii e t req I_ il, ’ t lI. ‘I of t h e
bl tii’s, I l t i s  t t i ip t c t  t r e q u ’tIcs is dt ’tcr n i:nc l I i ’  t he

I I II ‘. o l u n t t .- I t  f l u i d  _ is’ _ it lj l t l e  to dr tve  t l i t .’ i n i p _ Ic i o r

~~ ~~~~~~ SI 
i t i t t I r . Sti i~,’e th e  lt _ i~’kli tc is :lt’ . i ldI- c ; r e u : t

h_ is a l r cad ~ been n to d t t t e d  w t i h  .t d i i c t ’t c- ’ c~ n i r o l

I I valve and t1e~ i hIe Ito se l in es  to oper~t t e  t he cc

I I eh t p p t n g  d rum , t i is .1 stm p le t . t s k  t o  u t )  it  the  h o — c s

I I wit  Ii q u i c k - d t s~- nn ec t  coup ltn gs  f o r  r a p td  i n t e r
k-h a nge between bucket  . cli tpp tu g d n m ; , or 4 fit p t el or -

l ’he imp ac t  or ni , u n t s  on t h e  lI .ic kh oe hi using
a d apter  p la tes  t h a t  l i t  t l t e  bu cke t  l t t ; k ~tge. l lt c
sta nd .it d bu cket  p ins c used to I t t  ach th e  tmpa cto r
to t h e  l ta ckhoe arm ,  I n c l u d i n g  th e  .idapie t  p la tes  for

I i
lie I) - I 00 hack I; oe . t he we ig h t  I i he cut ire i t i t p a ~- t or

u n i t  is 285 pound s
F h r e e  iv t r k t t ig  tools were selected f o r  ice

e \ c . t s  a t  t o t; ( I )  30-degree breaker  2 5 I f i - inc li
1 7 5 - et i ;)  wide C u t t i n g  ed gel - 2)  rel t eve l mi l l . it i l
( 3 )  f i st spade 13 - 3 4 - t n t - I t (° 5-c m) wide c u t t i n g

- ed gel I l - i g u r e  8)I : C i : T i  S I 0 c c  ss ~‘r k u ng  t o lls t i l l  it t ip.ieto r
I i  1) k g i - ( - l ire. ik cr , 2 ) re h i e s e l  m o t h ,

_ iti * l 4 : r ’st sp i .  h e
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I’ i g n i e  4) , ‘ l i ’ene hing  ope r_; t t : t t l  i t t  eoltl  eh . iml ter .

I .AH O R A f O R ’~ I S I S k - l i  i t i ~~ 10 to I I  in c I t e s  ( 2 5  c u t >  III h ; r t r t ’4 h a t e r
hte t ; t ,’j t t h i t . ‘ I h e it - i i i p e r . t tu r e  of the  i-c l i _ i s  2 3 0

1

l . . t b t , r a t : t r i  r - x p e r t t ; - n t s  n e r e p er to r t u cd  to 5 °C) . T he c u t t i t g - c h ; a i t ;  speed I I  t h e  t r e t ; c I ; e r  hi ts

CO tt ’ tp . t t e t h e  tii t set s  of t r e n c h e r  t e e th  at;d assess the  t t t , i t t ; t , i i ne lh  at i b o ut  ~0 1 pm ( 2 7  i i i  inn) du r i t ; g  t h e
i ce remov al c . i p a h i h t t v  4 !  t h e  c h ip p i n g  d r u n t  a s sc tuh ;h ~ - t e s t s . ‘ t h e t i ; a x i t u m t n ;  t r a i e l  speed u s i t t g  t h e  s i a t i d _ i r d

I hc  i t u p a c t or  . i t t a c h t m e n t  h a s  se lected is at;  o t t - t h e -  car i t i d e - t ip p e d  t e e t h  il as 7 .5  t I l t ; ;  ( 2  3 i t ;  t n n )  is

sh e l l  t t e t u  and li _ is  received too l a t e  f o r  I t ; c I L : s i I n in c t i t t ip a r ed  to  1 3 0  1 p m (4. 2 i i i  m u t t ; ) f o r  t h e  ct u t ; i c . t l
die h . i l n t r _ t t i t r v  t e s t i n g  l i t  t h e  ice e x c a v a t I o n  t ; ; ach mne .  t ee t h ;  ( I - gore o)) l i t i t h  t ’ f ICS : 4 !  t e e t h  :‘ U t  5 i n c h

I 2) ‘ c i t i  ) ii ide t r e n c h i c s ,
Trench er  te e th ‘l h ;e t r ~t i eI spec : ! u s i n g  th e  s t . i t ; d , i rd  c a r t i i d e - t i p p e : I

t eeth;  is is I i t i i t t e d  hi t h e  c u t t i n g  di r u  cost  es ot th e
I n j u t i e  h ° 7 4  I ab l i r a t o r \ ’  t e s t s  h ere condu -ted  on t e e t l t  .\ t  t r a i t ,’! speeds l . i s t e r  t l i . i t ;  7 5 f pt; ; 2 3

t h e  ci -  excava t io n tua eht t i t.’ it )  L - I t l ;p a r e  t h e  p e r t i t r -  i t t  u n i t ; ) t h e  t r e t i c h i e r  i i t t i i h i l  t ; t t t  cu t  t l t r o u g l m t h e  $ h
n ;ance I ’)  t h e  st . i t n l a r d  l- .u r l l i d e — t t p p e d  1 1 : 1 s t  t e e t h  i ’oih;  t idies 170 c i i i )  of icc . h u t  i n s t e a d  ii .us l i f t e d  u t ; t u h  t h e
t h e lte . i t ’ t r e a t e d  cot ; i c , i l  t e e t h ; , and  to d e t e r m t u ; e  i t s  c a r l t i dc  t i p p e d  t e e t h  s t i p p t t r t e d  t h e  t r e t ;i - l i e r , I. si u; g

• i h r . t i i l i _t r 4 ’ . i p i i ’ u t i  on tee .iui d sat ;il . t h e  c t u n i ( ’,tl t e e th . t h t c  t r u e !  spe eih ii us h u t i t i t e d  ti t h e
l i e  t e e t h  u’i t t l ; p a r i s t l u ;  t e s t s  h ere c t t t ; i lu c t e d  in t h e  l n t r s ep t t i i c r  t t t  i l t i ’ t r c n ~- l t e r .

I I cold u-h . I t l i l l er . u s i t i g  t h e 4 .5 ) I I I’ t  ( I .4 ’ t i t )  i i i de  I - r o t ; ;  t h e  t r . i s e l  spe - :ls an d  t h e  i i t h i t t i t e  I I !

h~ I t ’’’ t I ’ O t  ( 5 - n i )  l ong h~ 3 .5  t o t  ( I l - i ; ; )  deep sub t n a t e r i . i l  t - e u n o i e i h  i t  u s p t t s s i l t l e  i i ’  e . m l c u i l t t e  t h e
t h t , t I r t . t t t k  f i l l e d  it oh i s e , t u a t c r  ~e i i i u t c r  i ce li _ i s  a p p r l t \ i t ; t a t e  spei - i t uc ct ;et -g i  c ot ; s u t ; ;p t i l n .  ~ pe c t t u i -
C r 0  ii i t t  j u t  .Ii er a gu t h t l e k t t i -ss t O 3 I t n ~- h ; es ( 7 4 1  et i ; ) . - t t - i -g \  is  t i t m i n i h  hi t I l l  t h u g  t h e  p I li l r e q u i r e i l  i l l
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‘l h ;e n ; ax i u ; i u r n  :hr a i i  l i a r  t t t t c e  of die t r enche r  ~~. s

~~ found  i t )  lie 1 , 500 p ounds  ( 6 ,700 ~~> on ice and 2,2(1(1

p it un d i  I V ,80() N I  oil beach ; s a t t i l ,  A d d i t u i t n a l  t e s t s

sh owed t h a t  t h e  dr ass - l ia r  c ap ae i t ~ e t w l d  be increased
by placing 1 2 in e!i 1 1 .3 -cm ) diameter  h u i h i s  t h r o u g h ;

I I 
e\ st i t ;g h oles in t h e  t r ack s . W i t h ;  t i l l I bol ts  it t; ci er ~-

‘ I l i f t  hi track the drawluar capacity Il- as in e r c ,~seth to
- 2 , 900 p ound s ( I  2 ,90(1 N ) l u ui  ice.

— — a- Ice Chi pp ing I)run’i Assembly

- 
I t  I )  ccci ;)  1;e r I 974 , l a l t o r a t o r ~- te sts  ii crc

~~ t o r r t ued  U t  ei-aluate t h e  Ice c h ip p i n g  drun ;  a t t ached

to t h e  har-kb ;Ile arm t I  i g u i t e  10 ) .  T h e  h n d r a u h u r -
r u t t a t i o n  c l u n t r u t h  of t h e  c l ipp ing  drun ;  ii .is p l u m bed
in to  the  t r e n c h er circu t r y .  ‘l ’h ; e r i l t a t m t , n  speed ii is

-1 ‘
~~ 

~
“ 

- cal i u la ted to lie 4t ) ()  rpn i.  I’hc tests were conducted
- ‘1~ 

tu n 18 inc h es 146 ciii > itt sea n u t  er ice gross ii in  the
- 

- sub f lo tr  t ank  in the  Cl-I. cold ch i an iber .  l’I;e resu l t s

of these p er f o r m an r e  tes ts  i d e n t i f i e d  t h i l t  r e h , i t c ih

lirn i tati uut; s oh t h e  i-h i pp ing d r u m .  I- i r s t . t h e 2 1  2 ’ iru r-h
I (; 4 f l u )  sp acin g between t h ic  p lanes  tor mn ed hi ~ each

- r ing  of cli pp ing  tee th ;  h e t t  r id ges t i t  I r e  ( I -  u g t m re  1 I
- Secon d . t h e  ro ta t ion  dr ive  h u t u s m t ; g  p r i t h i t h o t e d  t h e

— 
- drum r sieniblv f r i tu n  c u t t i n g  more t h an 2 in ches  I 5

ciii ) i n t o  the ice .
— .\ sceu t u id serie s uu f l abora tory  tes t s  was cu t n d u m e t e d

— ‘ (in manufacture h hilocks l i t ce. ‘I he  ch ipp i ng  d r u m

I- igure 10 . Icc ch i pp i u;g d rum m out i ted  (in h ad been mod i f i ed  by stuiip hv revel-stuig t h e  order lI t

b.i ckho c arm p e r f o r m i n g  i n i t i a l  cold to t td ;  r ings on thc drum .us se i ; ; l t l ~ - to reduce the

ehi , u m l l c i  t es t s  sp-ac iu ; g to 1-3/4 14 4  cui l  and I rich ; 12.5 cm) I Ftg t i r c
1 2) .  N o di scernible  rid g ing occu rred wh en the s p a c i t t g
was 1 inch ;  (2 ,5 cm).  I t  t h e  op era t i o t i  ts not

e \ l ’ . l i  a l t - t h e  ice hu~- the s-olume rate itt ice t’euuune d  cuu n st r a i ned  too se sere lv by hu t l d i t ig s  ti r t o u i u i i h a t t l i u ; s ,
an d has t h e  t m n i t s  it i . !lI in. 3 ) k P a ) .  I t  is hard to  r hef inc  t h e  sec uu nd pr t ih l e un ot l imi ted  pe t l t ’ t r a t t t l u i  can he
i l l  l i i  tiiuc h pluiver is dehivcred to t h e  t r enche r  ch a in , avut ide d . ‘l h ;e ch ipp ing  drum cat; be tisoved so le- to-
but  it  is d e f i t i i t c l s  less t h an die rated h orsepower of side wh ile r o t a t t u i g  to  sh;as-e l i ft t h e  midd l e  rid ge.
t h e  eng iuie .  .\ t ’ . 5 . A r u u v  ( 1111l R egt t iu is  Researc h and thi ere h iv a l l o sviu ig unres t r i c t e d  cu t t i n g  de p t h  I I ’ p u r e

l i i g i i n - c r i t i g  I , . i ) : l : r , i i o r \  ( ( ‘ R R I - l l . >  report 14 1 s tat e s  1 3 ) .
t h a t  ttl.itii ti pes 01 e ’ s e a l ’ at t t i g  t i i a c b t u t t e s  dclii -c - r on l~ - I” r om t h ese t r - s t s , a p e r t n ; i t w t ; u  mllihi t ie.i ti ll n tO

, i l , I l u t ( i i ’ ,. of the ra ted p o l l e r  to  die - i i t i i t ; g  e lement , t h e  i c e  c h i p p i n g  t I l I t f t h i ( l h i l i t i g  r u t i g s  w a s

I s i ng  t i t u s  I c ur e , t he r i -c t r e n c b t e r  i s ’ t t l u  e a r h i u l l e - u i p p e d  desi guied d o u h i l i n g  t h e  t ; u t u i h er or c u t u i u t g  c mr i les i t t
t e e t i t  it .td _ i sp e~ l i t  eti ei ’gs lI t 319 in , h I - u i . 3 ( 2 , 20( 1 t e e t h ;  ill I I , . si- l i t h e  h i ; i l v i n g  u l t e  n m m u ; i b e r  li t t e e t h  pt ’r
k I’ .o 1- li r u i pa r ell  II 72  ii . lb  in . 3 I I 181_I kP, i ) fitr die e i r i ’ h -  t t l  t o u r .  ‘I hi us i ’e~h cs ig t ;  tn  d l i i i  rm .’th ui ces t h e
C I I I i I I’ i l  cc t~’ctht . Hue s .- sp e c i f i c  c tu - t p \  i . l h l i e s  t I l l I t l i  p lau ;e sp au - uul g t l t I i t c h ; 12 ,5 et it ) . ‘ l ’ l t i s
ellu ttp .ire ).isorahth is ’u uh; u t ;iu;uui; un ; v ,iluie I I t  S i t )  u t illth it ic j it o u i s  ehu - .u r i ~ ’ sht t lWt l  on Ct - I - I ) r a i i  t i p

lb  1.~ ) 3. 150 kh’ .g fllu t id t r l t t i ;  uret n - liuu ;g trtveui 74 2 2 1  F is  Opt it t u ; [no (I” igiire 4 ) .  Op t ion  ( ) i w  i t t

su i t  - i l t e  s.ruue llr ,ln iti g dep icts die i u r i g m u t . i l  t a h i r i c a l i l t i (o r

r- luu lip .trusl )u;.
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l ” i gi u r e I 3. Ch ;i p p tu i g  tests sh;ui siung ice sh u ape  us tl ruiu tt un iti es ui-ross iu ; I u l t r i l u i g hi t h ; ’ ice

ARC ’I ’IC FIELD ‘l’ESTS \ u ; i  r en ;a i r i i ng  lee c h i p  aggr eg.ite r s e e l e r . i t e t h  i i c u t r ’h ;

r e l r e e i m u ;g .  I h ; c t e t t i r e , a l l  l ;e,oti u i e u w - h ; u u i g  o p e r a u u t l u ; s

.-\ f er the  ch a in was o u t f i t t e d  widi  the spi’ eiah h ser e pe r tor u n ei l  ui u s h l l  st . iges i i i  reduce t h u e  . I i ; ;o u iu i t

conical  u i -c ti -i -ti ;  and th t e  ro t a t i n g  ice r-h u i p p u n g  dr um of tee eI ;ip s l u i i r ~~. I ’ i i s u , , m (to ui;eh ) 152  t u t u )  deep

was in oil if ied by closer tooth ; spar - i rig, th e ice cxcas’a- u r ert i- ht ii as i-ui t an ih  i- I r a i;ed ot a l l  it ~ ic  ~‘h iu p s . ‘ I ’ Iu et i
t i n  ma c h i t t i e  and i t s  a t t a c h i u n e n t s  hi-crc s h i pp ed lt ~- .i t h i r i t ug h i t r e t i r - h i ii as r - t t u t ; p l e i eth  , iu i t l  t h e  ice s l u mrrs
barge to Barr osh- . . \ la sk . i , f o r  t o d d t.’i - ah u a t i i u u i  exp er t - reti ioved l r i i t u i  t h u e  s ur t ,us ’ s ,  1 - i g ui re  14 sh ;osh s the  ice
u nen t s . l ’h ;e iu i lp ac tor  a t t a c h m e n t  tu i l l owed  .is a t e s u u h t  ex cas ’a t ion  i ;t . i r -h ; in c u - u m t t  ui g a p ar t  i l i r o u m g hi u i - cut s- hi

of h a t e  p rocu remen t .  l c . t v i t u g  ice i l t  p l uer i t u s  I itt b i t t  It si 1h-s .\ ul ;  r i t t u g h ;

t r eu ; i - ht  si -ashes u iu o s u  ~it t l t e  tee s 1 i l  i i )  igi l i _ i r k  i t i t o  t h e
Trcnching Operations cmii .

I n order to t u e t i c h ;  u l t r l t u i g h i 75 u t i r -l ies ( 10 0  r u n ) ot
I u i u i i a l h ~- _ th e  m r -c &- .xe ;iu -ai ioui machmu ;e  was t ist ’iI t o r  ~‘u ’ , i i nas u t u ’e e s s i r l  t o  uts e t h e  a l t e r n a t e  s ix  t i t t l u

s- t i t l i n g  beams t i t r  t h i i -  s t ss - Ii e l a s t u c  ice t e s t s  c i l i i duR - ie i l  (2  it) h i o t t n u _ s s l ; i r - l ; tni ’auis i i i t t ;  c i i i  ii I t - i - i  12 t O )

t inder  a separa te  t ask , Sei- i- n i n — s i t u  i- a t i u lcver beams deep i s t i l t  l i i i ’ I to i i t ; i  3 i (  degrees t i l l i u t  i e r t i s -a l ,  ~ utt l( ’

r equi red  ap p r o x t u n a t e I ~ - 70(1 I t i ; c ah  k I t  ( 2 1 ,1 i t t )  of t h t e  p i t u i l i  i t O  h~~t tu ui t  a t u a r l t t t u r ’u ; t  i i i ;  t h u e  t t e i t r l u e r  us $2

t r eni -li cu t  t h r o u o g l; t h e  e x u s t u t i g  75 iu i c l ;  ( 19 ( 1  r ’u;l ) t i e  i n i h ; u ’s (SI tut u ) illit se ul te s i . . i h u e i s  tuu , i l th tst .iutt ’e t tou tt

sheet. : \ s l u h i t u i t n iI is -c t r e n eh ; iu i g  o p e r u t i u i u ; s  u l u r i u ; g  i h u e  i u u a e h u u i ; e u ; u  p O i t t t  t o 1 ioou iu  t i p  is 1 2 5  i u ; r -hes 3 18  t u t u ) .
n~’~ p eruod h i n u u g l t t  t ht i -  t o t a l  im i ’u; i - h ;  h e n g i h u  l i t  t i e r  I t  th ur  u m e i ; c l i e r  is I t h i i ’ r . i t e t h  is a g i . u u u u  s. i h re s , t h % is t i ;

I (((ill liii (3(05 t o)  s i i i h ; t t t i i  j u l y  I hsl_ ’u ’s_ ihthi’ n e il’ u t  t h e  hl l I l lu tu , t l t i uo s t  i i ’ r u i r - ,i I, I t .- ttu ,tx ut om tttt ute t u ’e t u s l i
t h e sper - ma l r -o n ic a l  tee t e e t h ; .  l ” iee,e ’lu .i ek 01 i h u e  d i ’ 1 ;u h t  n i t h u  u l u e  ‘‘ s ix  t i ~~ii ’’ Ilol u it u Is  ~~~ I t i t ’ h i u ’s ( 2  i ’

irt ’ nshut ’ s  hi t s  .i p i i t l i l u ’ u n  il u i u - o t g  l o n g ’ u et -t ;;  I t ~ a t t u i s i s , enu  I . I t on e s  eu , . I sl u u t b ; h u - t u t i t d t l i  at  o t t  I l l  l ie lo ;I s .i gu ’

.
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‘l ’ a h l e  I - Ice l’ reu tr - huu ut g I- eli1 l i - st I ( is m m l t s

I me i ; chu ‘t rei ;i - h i  t ug Ice \ ‘ u t h u  nw s P~’’ it ii ’

l ) c p t h u  Spe ed R e u u i u t i  il R i t e  I i l l  Ci

in .  to 1 pm itt i t u r t u  l u -  t u t u  i t t - ’ t u t u  i t ; .  I I I  i i .  ‘ kI’ a

2 i u  ti lt ‘14 2 . 11 I S 0.38 ~l i5 2 . 10( 0

4 0 )  10 2 7 .7 ,‘ . 17 , 2 it ,4’) 2 4 ( 1  1 , 15 5

48 12 2 ô.ô 2 . o 17 . 7 0, 5 4  2 3 3  1 , u i l i 7

h O  152  4 , 3  1 .3 14 , 4 1 . 4 1  2$o 1 ,972

75.t 19 1 4.5 1 .4 18 . 8 0, 53 2 1 9  1 , 510

-1 ( ; tm u t h ;  r i iu ig lt t he lee shier-u -

~. ‘1

Ii ,.
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I - t gu in e  I i . l i - i’ u ’ x c , i i a u i i u u ;  u ; ; . i c h iu i e  p e r t u l r u ; ; t n g  ure u;i ’ httt ug l t h ) i ’ t i t  i l i u m . t ’ i l i i u i u L ’  t’O) i i ;~ lu 1 1 5 1 1 : ni l

r u r i ’ u mch ;  ui 78 ’inc h ;  I 200 ) ’s - i t ; )  u h i u c k  eu - s h u u ’i- t .
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b etwee n ibw - itt iouti h ;vd r .iuhmc ci h i n d e i  .int h _ ix l e  u l tu i s t  t I u s s  d i I  d u i n u n g  l a I i o n i t t i n ~ t i ’st s~ 1)u rit ;g tIme

he m;;ade so t h e  ,i ’.hi - t h u  r , i l s i ’s in t l loners thus ’  c u l t i n g  I a ln t n , i i o r y  li-sis i hmi ’  ice ti’mnps’nalunc n.~ uu ;uch h i g h e r .
boom call ro ta te  o t to  .1 i e u t t c _ i l  po si t i on.  In  . I t l t l i l r l l u ; , is - i t  i n c i t i n g ,  and t h e  k t is er  s trength ;  allowed t h e
l i l t ’ dou r lu _i de. bu t t ;  d i n  .iugi ’rs . am id h ack ph ash ; i-arbide -t  i1;pi’d tes t I; to i ri’nch reasonabl y it el I  -

p i_ i te  lu tist Its ’ r e i ml i t h  erl (or su i c l i  tipi ’r a t i i t i i .  . \ l u e r  t i~~ s-a rl i ir i c  iei ’t h h ad tailed io trench t i e , .0

In add~~ion to s up p o r t i i i g  th i s ’ l i eau ;o - c u u m m ;g  i lpi ’i a  t e s t  hi as ~erI on iums’ii on tro ,et ;  ground f i r s t , in gna ie l .
t io t i , several t es t s  sh i re r - il u ; t h u c t r ’rl to u l u m . m h i t . u t i h e i v  ,u t id th ;s- i i m u s i l t .  l ’I ;e resul t  h a s  a lnmos t  t I me sau ;;e t h e  i i i i I ~
q u .i itt iSa  i t t  ely i i ieasur e I rs’n~- hir ’r pert tu ru t t . i i t ce  on slit t s’rence ii’ .is the  I ro,,s’ri gra s i_I re i ;m aii ; erl  almtis i

1O °I ( 23°C) si .i  ire. .\ series Itt para l le l  t rei ;r -hi -s in upregn al ih i ’  to t h e  tn i ’nc hi in g actu oti , ih’h; ct -i-as .1 short
it _ t S i’(O t 1( 1 I I  i t t  er s-t lt  dep i l t  s to di’ti ’rt ;;i ni h i u ; i- a r ô’fiiot (2 — ti ;)  t i ’i’ns - h ; , 16 oni ’he s (4 1 r u m )  dr’i-p. si m s cu i
t i e  ri ch er spei’rl at ;ih i re  vo lu tn e  r r’ m mt oval rates . Again . iii t h e  I no/ en  si l t  - l b  is elf  ort took almost  5 mu ma ii ’s ,

using thu s - app r ox i n i a t ion  tim at (tO ’’ , t i f  thus - rzi ts-d ri’, sui lt ing in a h i igh ps-s i t  is’ eu;ergs t i  3 ,870 mn -I h i / i l l . 3

u t t ach ine  p i> hv cr (30 hip )  is d elivered to the  trcu lehs ’ r (2 . 67 1 ()‘ ~ kI’ a) ,

teet h , specific et;i-rg_I- values  eat; be calculati -si .  ‘l It e u r e n e h i i n g  test ti froten gri iut ld at
‘l r et ;ch ing speeds , ici r eu ;iova i rates , and speci f ic  t e m p e r a t u r e  u i f 10°1’ ( - 12 ° C) i lem onstra t i - d t h at this ’

etl i-rgt es are shown in ‘l ’j b le I , ‘l iii’ r e lat iv eh ~’ low ma ch imn i -  si- is tout  lig h t  on ih th i s - s- i rb id e - i i pp c (h t i-s-il ;
speci fic energy de teru n i t i ed  to r  th e  thi roug il —tren dhi i t l g  hh e re i n e t t e c t i s e .  With this- otmt ri gg i ’ u~ ilosv n ansI
test is th ;i- result  of the lubricat ing etfcet of seawater supp ly ing  max i n iu t i ;  lmooi ;; dosvnpr i-s .suun i - . t h e  en t i re
wasl;iuig chi ps ass as from the t r i -neh lace instea sl ot maclime was supported tt~ ’ u n iv  th ;i outriggers t ou r 1
dragg ing t h em um p t lie slope of a dri - t re t ich , l ’h ; e liii- poiri I of contact  of liii’ moving chat ii , ~ei t ot

re so lu i t ion  speed of the cha in  tr av i ’Iing around the si g u i t f u i a t l t  ex i ’ a h - a t i t t n  i t ceur red ,  Wh at actual
lutt i turi  ss as 30( 1 f 1n;; (94 ,) ni/in it;) for all (Cr415 , Qu ia l i— t is -ri ch ing dod occur was again d us- to gr indi n g rat ht-r
t o t  it’d , one ant iuv ing fea ture  t h a t  p ers isteul rl tm ri  ng t h an a cli i pp i tig process . as in this - iii ti -st - l I t  is
,ull t r enc h i m ;g  operat ions was  ti ;e inab i l i t y  to m ai i I t a u t l  g r ind ing  action sva,s the result of the ang li- bi’twi en

a s t ra i ght  t rend ;  hi-cause die mach ine kept d r i f t i ng  the -,ixi s of thi’ toot h  and the inwt ;; being almost
heft  ( s ic  I ’ i gurc I 5). Ot ilv th ;ns ;ug h i t i te ru n ed ir i te , bu t  equal to t h e  45’ds’gree tapi r ang le of t h e  tooth t i p .
c i i  it i i nn  al , brak it;g iou Id a straig ht t rench be ‘l It us means diat t h e  conical taper slides ato tu g t lw
m f l O i n ta i t le d . Ot course , t h e  braking operation reduc ed t rench w i t h o u t  t h e  tooth ;  ti p s t r ik ing  or digging iu i to
t he t t i r sv a r r l  specs1 i t t  t h e  t re t ie hi er  and , corr e sp iuu iding— the frous -u l ground ,
h~ , us r- u u t t i u ; g  e h t i c u i -n s-~’ . Af te r  onl~- a  5 — u i ; i m i u u t e  ope rat iot i  in t r o u eu ;  gras -el ,

Si ns’s- .i hu mnu te d  e ourup ir i so u i  m e st  hi- ws’s-mi carh) id s- - i nspect ion of die trs ’n cl ;en teeth ) sh;oss- i-d ap p iec ia hih i ’
i ippe ri itisi special coui uca l icr ’ t ee th  ih as perform ed in wear , not oh t ime e ar i t ide  ti p. hu t  u t  t h e  ni i ’t al
t ime l _ uh t t r a to u ’y . it is~is p l a u i  i;ed to dup l c i t e  tl ;i ahi ove surro su mid ing and i-ncasin g due carb u she. () t  i ou t ’se
scries of t r e t i c h i ung  tests using t lir  car h ;ide tcetll. when most ot th e t ui e ta l  uri s hsii rn ass as - t h e  c an luor hs ’
I losi-e vs’r . at  t i m  ri- p lacing time coi ;ical Odd t i-ct ii is - it im t up w i l l  h ave h t t s t  its s’n ;hus -dd i tu g mi t _ i t ri x i~ i s t i l l  t a l l
i’ar bi dc ones . t huc resul ts  oh this - in it mal test  indica ted  out ,  ‘l iii’ 9O—shi- gne i- mn c l u  slid t ip  ang le sh i ou Iti  lii ’
t I ;r - t n  i i i  i t  ~- oh In  rt lien tes t ing.  I )u r u m i g due f irst  at t em pt  reducs’sl at us h Liii- carbide I t s i t t i tmi  t i l l  rep lacerh by an
i l l  uhug a t rench ; . l i i i - c ar luor l e —i ipped teeth ;  l i t e ra l l y s’ult mr s ’ carbide too th  p omiit  . .\ sit t u t  r-arltid r’ Is i t 1 ;  s i ’m t h u
scraped t h e m sh . i \  to a rhr’pth ; of 5 l e s t  ( 1 .5 m), t a k i n g  a 75-degres- u m ; r - iu hed i t p  ang hi- is is puncl ;asr ’d a m i d wi l l
t i t e r 25 mii i l iutes , ‘l Ime ri -stilt t tu g spoils irs ’ ‘c t h e  con— lie tested t i n r t n g a u iu t  i t s r  I meld ex er t - tsr - ii; Se pt et ;; her
s i s t e t i c u , i i h f i mi e sand . 11(1 ch ip s ~~~~~~ whi at so t ,’ver , 1 97(i ,

‘I his- toot I ; hi as a ri-h i i i s- e ly h u t  45 — ds ’g rei - t ap i r  ct ;d rig
i i ;  .i cor ms ’s p iu u irh m ng ls’ bI t t  mit 9 (0—s h cgr s -s ’ r-ar bi de t up I see Hackhoe At tumchmc n ( Tests
l ’ t gui re  16) s t _ hu tch  5- at ts ~’d i t  t u l  su sIe ails1 gri i u sh dii’
bi t t  UIu;i  and ti p—slope of this - t r et ich i  w i t h i t i t m i  i ut ;p us ’i ing I t e t t u r e  pri ’set ; t I l ; g die resul ts  u I  t l t i ’  l u r i d  u -s , i lu i a
t u r  cl mi pp ii ug thus-  is - i- . ‘ I h u e u - e to is ’ , tu r t h i i ’ m t i r ’hs h s-t h in s t u t u  u r - s u ’, u I this’  n-c r’h ; ipp iu i g  d r u i t i  au ;d i i ; i p a t - i u t m . mu is

ss -ui hm th i s ’ s- i r l tuhs ’  is-i’l l; in i r s ’ is is ;mli _ i m ; dt t n i ’iI si’oi h m t he  .o p pr o pr i m t r ’  to hi i ’ m e t ’hs t h i5e i i s s  t his ’ lma ~ k h ;os ’ i t ’ e l t  _ on u l
t h u it o g h ut  I i u tss’  did i l i r  ( i r h u i t i c  tt ’ s ’t hi pt ’ i ’ t i tm t~ is is’t ’hl ii, us  uI ~;t ’i a iuu; g  t m i t ; c i t t i n s , t h e  l ) .tu m s I )  10 ) 0 )  h t .ir - h s h u u t s ’ , i r i m t
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l ’ u g u r c  I S  P , u r t  u h u r i i u m g hu m r s ’ m ;ch i i i  7t’ (’im;ch; ( 20 i t ) ’cu ; ; )  I tgut ’e It ’ . ( u r l t u u l s ’  m i h ; h ; e l l  m r e n c h t e r  m e e d i  s l i l i s i  tu g

t h u i els i r e  shu s ’s’t slu st m u m g g r m d u t a h  r u n e  mi t  h i l t ,  45 ~h egi’ et ’ iumi - i t i s n ’e  m I 1 t  .iu ;g hu ’ , u u u u h  am ;g h e ut ; . i the
h h i t it u t i i u t h t  It  I t h i l u ’i ’ ,

i s  h u y s h r _ u u l i s - , t lh s Iu p s ’ra us ’ d ,t n d It as th i s ’ u n t rm m t a h  f o u r  ‘l ’h t r ’  l u a r k h u i i e  i u u i s k e t  is is rr ’ 1;iar - s’ d s s u u h t  this- i~c
ds’gns-es t u t ’ f rs’s’do ui ; ( I )  s n i u i g  ( 180°)  ( 2 )  l i u t i tu ; ;  u i p  eh io ppt i ;g  r l ru mu ; ;  t o  ps’ r t t t r o u u  ‘u~-I d i’ s i h t i i t i t t m i  t e s t s  is i i i ;

.u m m s h dt ~~i’i; ; ( 3 1 cr uu s sd  uu ; .i nr h ( t U t  in t l (4) i u u o i ’k s’t s’urh , th ur m;s’ss ’ I t ouch ;  (2 . 5  r u t ; )  t i t u t i b i  s p a t u t i g .  ‘l ’h ; e l:)t,ut;ge

h - o r  a g r i s t ;  st i  i tt Li p llsl tr luu i . a h i f t i m i g  t I n p u l l o u t  mci i I t i e m  tip i-r . m t u t n  to ok uu ; l ~ 3( 0 u u u i u ; u m m s ’s u u ; s ’i u i d m u u g  i l i r ’
il ls  s’ t t n s l u m c t s ’si u siiig t h e  u i t h s r  t h r e r ’ ml ; os-r’mr’u;ts , s’ ii mm n et ’ t t u u m; t t t  m i i i ’ hm ~’ d r a u m i i r  h ose h u m u s i t t  i b i s ’ r-h u p p t m i g
1 - i m s u  . . i  c h u a i i ;  togg le i s ,us  a t i a s ’hi esi tn thi s’ uu ;ds’rsi she of ( h ru mn .  ,~~t t u s’s’ n e m m m t t s ’ u h  r i m e  t e s t  st is p e r t o mu ;u e d  ss - i t h ;

t his ’ i t s ’ slus ’s’u . i t ld t r ou t; in ,  D is tan ces  u f  4 fs s’t ( 1 , 2 hi oou n . cruu ss d , ami d r u t h  t t ;uus s’ i tm i ’I; t s  u u u i h t s ’ j u h u i , t l h s
m u )  amid  (i f i s t  I 1. 8 u ;;) isen i ’ measured fr imu ; ;  t h e  ,is ’ t m o , i i ed ,  ‘l I m e s’h ; ipp ut ;g di- m i t i t  r t t m o m r ’ui tr s’ s’l~ i i  h i l t )

l l u i m r i g g t ’ t ’s to this ’ l i l t  p t i u i ; i  fo r  (is o ss’parat s ’ ls ’SIs, l ’h ; s’ rpm ; ; , st_ lo in ’ ops’r ; i ming  i i  ~u his  t h r a t u l u s  i’ ’c~~~~’ t i t  2 .00(1
• n -s u i t s  ins- t , ih i t i l a t s ’ d ii ; l ’ a h le 2 . ps ( 1 3 ,8(0(0 k I l t )  .i mir i a f l oss  r o m e  u i l  1 1 5 gpt ;u  4 3.5

N i  s i bt i t ’  u t i t m i d Its ’ uuh i l a i i ; s ’ ui for ih i e i t u s -k et  cur l  1 / n u i m ; )  . A g _ tu i l . as s i i iui i n g u in h v  (tO ’ ’ , . I t  u b i t - h ;~ d m a u i h t c
f ’um u i s i i u t m ;  ii this - 72 u n c h m  ( l 8 3 — r ’ n l )  p u t s i m i t t u ;  bet ’iuss- th us ’ h u o r si’piiss s’r as- t t i . m l l s  n .t s u i s e u h  t i  r’ h u u h ;  h i , ’ is _ i’ . l i i i ’

gt u i s ’n m ;m n g  b m v d r a u l i r ’ s’vh i i ohi ’r  h ail n e o s ’h ;s’d u ; iax imm ; u m u ; ;  t u ; l i u i s n i i i g  s p e r u t u e  s uit - m gi i , i h u i e s  sss ’re , m t m , i t i ; e s h  ( 1 )
si r u ike , l ’h ;s ’ s n t j n s I t v s l r i t u l o c  s’t i u i m r u i l  s’u ’St s ’u u t ( i i)  due l u u ; t u i u ; , 7 3 t m  in , i l ; / i n , ’t ( 5 ( 0 3 ( 0 k l ’ , i ) ;  I 2 )  c r u m i s i l , 8(i))

h t .osk h ;i te  inn ; is ii ’rkv ’,m nd u u u , t l s r ’s a ny r es 1umrs -d m m ; . h i /u i ; , 0 ( 5 9 3 t 0  k l t a ) ,  m d  ( 3 )  s’ u u n i , 78)) i i ;  I I

pns ’ r m s m t ; n  n mu is- s-u ; ;ent h e m s  d u h l i s ’ u h t  l i t  I ; s’ r t u t r im; .  ( 5 38( 1 kI ’ , o ) ,  Ctui ;s e i t tmu ’i ;t ly , h u t  ce r e m i t o s  ii t ’t f i u ’ut ’t ;s -i
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l ’ alil s’ 2. llris ’k hi t i s -  l’ u l l t i u t  1 n’ st s

- l’u l l osm t I ’ u u m s ’es f t t m ’
I)egree of ___________________________________________

I r eed ui t i m 
48- Inch ;  I ) i sta i ice ht ( 1 2 2  c tn )  7 2 - I n ch I ) u s t a t ;ce ” (1 83 dn ;)

Booti ; only I (iOU II ; ( 7 , 1( 1( 1 N I  1 , 00(0 I ii (4 , 50(0 N I

( :r uus sd u in ly  4 , 1(0( 1 lii 1 l 8000  N I  3 , 40 ) ) )  II ; ( 1 5 , 00(0 N I

Curl t i n y 2 ,000 l i t  (9 , 000 N I

Bou;ti; + cross’si + cur l  3 6()() i i ;  ( I  6 ,00t) N )  3 ,300 lb ( 1 5 ,000 N ~

‘‘ I )i sta ncr - fron i on (ri ggs’ r to It f t  p oi u t ,

Bouim and crust _ st ot ilv mo o curl  c o sul u l be pert o rt u iesh

is about t h ree limes lower than  th u s- t ren ci ;ing  opera- ( l ” ug sure I 7). Ii i  an opeti (ri -a t h e  swing lune t io t i  of t ime

t ion , but st i l l  cnin ipara lile t i m disc saws in pern i af  ru st. hm a ck l ;oe arm ss’as u t i l i , ed  for  m u m ’  s- t h s c t i v i -  a ntI
I Iowes’er , the major problem with ; due ice i’ll i pp ing qu icke r  es- renios-al , l int s t i l l  t u e  sm / c  sit due thru m
sh r tuuu i is not ent irel y related lit its  low eff ic i enc ~’ . ‘I ’hle i i n u i t s d  (lie qs ia ri t i t s  of ice removed. ‘I ’ hie cs’ ch opp ing
drum itself  is simp ly ton ; smnrufl tui  ren oir ’ large r irum could p r n t t t nm ; ;  e f t e c t iv i hv  OIl hs -s’el it ig ,o ruuad sir

q u man t i t i e s  of ’ snoss’ ann h ice s luickh v . It  st_ as purpsi se- run si a~’ inc sunfacs- it ’ t hi srs ’ si’s-ri’ (m nly a fe is , s mu ; a l i
fu l l y  made small  (ii  resiuci’ sis ’u g iit ansi increa ss- l isu t ui t nocks ut r i -moot_ c.
ma ne  u u , ’ e n a h m l i t y  um i l i i i ; i t s ’d—ri c ee ss areas , but  is
mentionesl  pre s’iouslv . the  l i ack lum e arni  h i y d r a t i h i c  Hy draulic lrnp actor 

S

controls arc- tuiti sensitivs- for precision ch;ipp ii;g.

A simu la ted  f m t u t u s l a t i u i m i  is ,is m ade of ’ sui; aih :tt icr (lie es’ el ;i pp it ;g s i ruiu u i te sts  sh i re ctit uip lcts’d .

hut oli er ansi p i t i e s 1  ut i  s r  a coti p aeteu l su ms 0 ii t h ice dir’ t h r u m  is is shis s ’ui i i i i e s i s’sl t m ui umm ih i s ’ t ;ar ’khu t is ’  _ u mm
hum t n oek . ‘I ’he c h i pp ing dru m t h en ch i -areu b the  ice tu sh t h e  u t u ipac t  iii’s ice cs; u ;u is e enl it; i t s  p h_ icr ’. h Its ’
ansi sn oss’ unui emnea t h i  the  s t r uc tu r e ,  ‘ftc operation p n t i ; i a r v  t ib l ec t m v n ’  u t Ills’ tu l ;pac ts i r  l i st s  ir is io

ssas slosi’ slue l i t  the  required eareh u l  oluos ’ emn - u ;m t i f  the e s a h u i a t e  h ; im ss c t t ’e c to se  e t c h ; ot t i l t .’ sv u t r k i n g  t u t u ’,

chi pp ing d r u m  anti i ts small s i/ c, I f  t he  u l r tm u n  ss’as in r emoving  icr’ hu u i ; ; t in t c k s  and mrre gu i an  e h i u t i k s  m r 1

ashs ’anr ’esl too rap idhv into liii’ ice . t he teeth; ss’u muld iii s’uiilit run t itig a pit t t i n liii rv I rig si s ’md ui ; .imi ans ’h ;ut m’s .
b i te  in a nil s tump thin’ sl rut n .  On this’ o ther  Il at ld , t his’ ,-\ l s i t . si’ remi t t a l  rats ’s st_ s ri’ to his ’ t mm nil I or l u tr ’r
d r u m  func t i oned  h ers - is-elI in hu i g h i - u h e t i s i t ~ i t l i t h i  , cr t l e uol a t iom i  ut spr’ r’t t i c  energy s’alus ’ s, ‘ I he I ins t  t u m u i l  uu
I however, as the r irsun ; svo r k es l its way unui n-rneat hi tl;e lii te str -d ir is t h e  ne h i s ’s’ r’ri u ;otul  , h;oss’ei’s’r , t h e
sin ;u lated s t ruc ture , it wouhsi becon;e t i nn ed in 30’degnn’c h ;re rmk en at ith ss usher  t ru st spade h ;s’h ;avu ’d
post-ds-rv snu ;ss- sliss’h argi- and kr-ep nit II ing t h e  satin’ situ ; m l a rh thls’n s’ t ot t , ’. onh t lie us ema I l  li s t  iip s’n r t t  t i t u s
snow cmve r  and t i l e r , W i t h  t h e  i n k y  l i y d r ; m u i h r r -s i i i  . t amu uh S I  u l u u , i t u t i u ;  is - ill  Iii’ press ’nts’ ul . I n i t i a l l y , i t es t p i t

i imite & h ’a c cr ’s s  area ss’hi r’ re t h em - i- is is ds’creasr’uh visu it~is an e t u u p i e d  - .  \ t  t s r t hu i ss  uupt ’e s st ire sI t s app hmr ’ ti i t t

bi l i t v  t rom h l v i t i g  5115155 ’ au th use  r’l;tps , i t  I5 us o mi t s  .1 t his’ t u t t i l  ,uu ; t h  t mp as ’t tri g s’ it m ;;u ;;s ’ii s’u’sl , mli i ’  t~t uul  l i u n i s’sh

n i a i t e r  of t ime bs ’ht inn ’ the r’h u i p p t n g  t hr ul u l ;  r’aug l ;t imiml t h  tis elt ii •i Isis ss I u i i t l s , l t i i s s u’s i ’n , .m great  deal sit

i t t  t he  wouid frame. If  ii had hies’n hls ’ros’s - t i m b e r  of a s p a h i u i ; g  tt s ’ s- u i n r s ’si is l t i t t i u t t i u t a l  si , p i a t e h r ’is h t rok e

n a t  f o unda t i u t n , th i s’ s- h u i p p i u;g dru mt i si-maId p m t i h t . o h t h i  .in i ’, t m i u t u ;  mlii’ u s e slmeem , I ’ hi ~’ stir ’ u I ml ;r ’sr’ m a l t u i h a r

has’s’ lieu-ti uhmou; agr ’ui . situp s r.mngs’sl t nt i o mm I t t u  2 i t i e h i e s  ( 3  t t i  5 i’m ); )  u h m u t u i t  4
,~no th ;en ex p r’ n mm s ’uui  is is r’u t i i s h t u s ’t s u h  on nu’ I lu t s m m ; g  in r ’h uu ’s ( I ) )  c i i ; )  in ui t m u m m u u  th is’  t t u u t l  to  g o a u ; m  12 i l l  18

i r e  h ; t i i m m i t t t t s ’k; l I m i t  s’o t t l t l  h h u i u -L m u t , i t h n , i s s on , t t r l u e h i h s  u t u ~- h u 3 0 t i i 4 5  5 i i i )  isid s’ sh ,ih u s ,ut ttiu t 2 te s t ( t t t t  s m u t )
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- h u m  s’ais’ u o l u u ’  th i s ’ 
~t 1 ’ ~ 

i t  u c s’nr - u g ~ I t n  t h u i s  u s e

i uui h ; _is t i l t 5  op r’ m ui m ui l ; . _ u p p n u t x i u m ; .u ( r ’  u I t m i i s - i i s u u t t i s  h i d  m u

his ’ .s’SSLi i i is ’th f or .i -~i l;g I r’ i i i i  p.i et i  mig (‘vi’ mi t - ( h u t  mu ts u ri g a

- ‘ to n i it mit ;  a ft , us e sh i l imi t ’ I s r  u ,f 24 ili s ’ his ’s ( ( i t )  s u i t )  a misl .m

dsp t hi u if I 2 it ;e ’h mi’ s ( 3(0 r ’ m i i i  ( t h i s ’ ir ’ngi hi u ml this-

\1i osssl too l s’i ; d) , ( I ts ’ os’s~ rs ’ mmm uu’ u , ml  ma ts ’ h r ’ i’im n m n’s 70

i t u  t i ;  s s s  ( 1 , 1 ( 1 ( 1 I,’ t,’ ,t st’C) I i  bi ts lt ( ’u ’(t tu i u ’ i t l i t t t u’tl
ii

, 
~~~~~~~~~~~ ~ p ie s u u t u i s l i  lh m . uI t h i s ’ s’n er g\ rs ’iu ’ ,osu ’ p u n  luh u t s i  is 

s i , t l i t  l _ ’ S I I  l I t  ( 1 7 0  .1 ) , I’  u t  a du t it  r . m i s ’ it l 1 1 . 5 gp iii
(44 I / t u t u )  mit t ’  o u t p u t  i r a l s ’ is is ,u h i i t t u i  45 ( 0 tmhumi i s / i i i i t ; ,

- 
‘ 

gu s t u g . um i s nti gs t (  h~’ .isu ’ m u t t - i l l O Ut ) t i - l l t / s s ’e ( 1 , 2(0( 1
— - 

‘ . - ‘ J / s u ’s ) . I l i i i ” , t h i s  ips ’s’ i l i c  etm s ’tgl u t f  Ibis’ i u m mpae i t t r

ul un immg m l i i ’ . u1 1 ; t ’ t , u t t t t i i  is is I S o )  mu I h u  ut ( ) , 0000 ) k h ’ r i) ,

I hi is r s’l ,u m is t ’li h i g h s I  I tr ’is ’t l u’\ us \ (, utti ’it hi.i t  lt t shu’a th iiig

‘, t tn  th ; s ’ t t i i 1 i _ t i ’ t u t i  d m h  i l u t t  ,ur ’iu mli i  ‘in to ’, s’ this ’ is’s’ ,

ott h i t i i  h m r t i k s ’ u m up i n t o  ni ’u ;;uts ,o lule si ,s ’ sl s’i; u inls ’t ,

l ’ h m s _ i h t u , su ’ i t m i p , u s  i t r i g u t p s - m _ l i t t t t t  55 .15 1ui ’r to nii ir ’th i t t ;

this’  i t u i u  u / u t l i l a h  it s’ shi s ’s’t . ,~~n iu Iiu s ’ r s’st it is colidu r ’Is ’ul
5’ i ll ;  .1 4 h u t i t I  t 1 i i ; )  h i g h is’s’ b luis -k ssh ms’ns ’ this ’ m nipas - tuu m

- ttp 1,115 51 l i um r t , om; tall ~ ig,m mns t  (ills’ u t  lb s h t ’ m t m s  il

S t - , 
I i u s A nr ’.usu t ri ahul s  p n i l  ui .irt it us uli f I is ’su i t  t t u a i t a i i m  or

— , . - i m ; u i m i t . o u m ;  it oh; om ;lv this ’ hu ~ sh r ou uhus - h ;m -ssti mu ’ , th i n s , ml

ui u k s ui i isuth s ’r _ util r i’ll ta rt tuisl i t  I lls’ t ii sl s’t;iu ) l ishi this’
- hilt t i k ,  I -‘ or h u tl l l l lOs ’k ms’mos’~u t , if th is ’ icr ’ pent tu mtman i’s’

is 3 feet ( I  t o) or hu ; sv r-r . the im li pact ui n dan hr post-
t t i t t i s ’si ve r t i ca l l y  so liii’ weig h t  i t t  the mre nm chu r’r cam;

ass i st mu pns-h um iuh in g th is ’ st - tmrk ing  t ool for ~m m l;t i r t -

et ’fs~~t ui’ e pr’ rf omman es’ .
‘l ’ r sts sv -rs ’ al so cu ’i ; slu cmssl ma t ’oiu,s ’m ; gnui un sl ii

t5’ m~l t s’uitii t mus’ (Iii ii ~f ,i P 1 i ( mult i )  ,i I ; u n ,  ti n l i t

I’ igu ne 1 7 .  R s-n it ii u m ; g tee h i i i t i iu i iumc k  is i t i m  ice st u rfar ’ s ’ aliri s- nham g ii i g a pre vIousl y drilled I 2 un eh ;

rh  up p i rig thrum mu ,tt m ,ui ’h; r’d i i i  hma s ’ki ; t ms’ ii  m, (30— em ;; )  t;t ;he , t ) u ming this’ pit ms-it s ml 011 0 xl t i l t lm ; i  pms--

l oad sloss’npr essur s- , the u s-u b l u n t e r  sp ads ’-sha pcr i

t r uim th e ( ( t o l ,  ‘ h ’ lm s’ is ’s’ iu; ;mr ’dia (eh ~ ’ su mn utu t it ling this’ workin g IDols diul nu m s-vs-t i pt ’n s-( rats - t h e  fr u ; t en su iii  -

ut u t l  us is g na i t t u lu i e i  cu iti ip h s’ls-h )’ p t ih vs’r ii s’ri . s t _ h u e  the is’h ;ih e t h e  moil wu ;utd ps-ne tm ats ’ the fu l l  t Ou ; h rls -p thi .

i i  ena g e t t i i c kn r ’ss of ’ oh s-sr iar gs- r sh ah ; s s-ari ed fro nt I but u n iv a fter tu .-a t b u ih slu p under this - to u t caused th e

t o 2 inches (3  (t i  5 cmii ) , ‘ I ’h c p u cnats’r look s-d nui u g i ; l\’ su uil  to t;;n ’t t , N u t  suni ri s ’iat sp r i l h i t ig u mcco rr s d us t o s u n  mt i
l iks’ al ; inv s -rtr ’sI d ons’ it_ oh t depth it the tool ahn ;ost the ice sheet t ests. I I u ;svever . Su; ln r ’ sp i l l in g  slId u ; c cu tm

equal ( i i  i ts  pen s’ tma t im ) n in this’ ice, 001st ,’ th u s’ tool during the ho hs ’ en ta r getn sn t tests W l I h i  t i t t hw tu m ol s .

neat -li eu 1 fu l l  pr - fls -( rrI ( i t m it th is nr’m os’s’uh . ii ;u i vs uI ovsr p rovIded thi s-v were p laced wl th lln 6 urm eh i’ s ( 1 5  sm)  ut f

abum u t (ills’ h ’u ; ui t ulo ss’npr s-ssur e ripp I ms-ui again . r tn sl th me the ed ge u;f the hiols’ . ‘l ’hi s’ large st itt th s-ss- fno ,r -n soil

pr os’s’duu re r s’pe ; iteuh. In abu iut 5 m o 1 ( 0 mi; it l u es , a chunk s was 6 un dies (1 ( 1  i’m). t o  n ;igt ;t ho’ possilils ’ to

rou gh l 8’in s’h; (45- t m; ; ) t ies-p by 4’f oumi ( 1—t i m ) wis le eu im hi in s- tren chi in g uu p s- r atuu ;n s with ; impact m u g

hole s-oil iuh t i ma ils- for possmt; he 5mp h as’en ; emi t ol’ tree . vert is-at h’ar’e s’ot ih ii hr I o rtm m s ’sl t ui aid sp ,tl Ii ng

uI’ , ’ ,m u l m m u , i i ;  rt nr ’t; or rl gs-s (is-i- h igums ’ 1 8) . M im s i of t h at h owever , thi is ohms -iousls - ts-shoous ops-rat ion st_mild l it’
( ou ;; s st_ ms i t t  m o , u h l ’ , u i ’ sr ’ti in rs - p O %ilion in g thi s’ (sm ut m d  pr roe tis’a l f’s r  unIv vs’ny i inuo ts -d u ’xc , u s mm mi t t )  rs’quuure -

els a ring .i i i i  y thus - is _ u ’ mu I m bl s , tilt ’ n s ,
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Fi gure 18. hmpa er or  a t t achm ent  wi th  frost spade wu i r k i n g  tool excava t ing  anchs ; r p u t  on ice slie st  s s u r t , i e e ,

ANTARCTIC FI ELD OBSERVATIONS tha t  mon itoring this An arc t i s ’ pmu m e t .-dur e si’nmt m hd
p r o v i d e  g e n e r a l  u )p e ra t u ona t  ch aracterist ics for

Part of the l”\’ -75 effort of this  svork un i t  svas comparison with the 30-h p ice trem u c l ier , ‘Flits larger
devoted to observing the icc tr enching performance ice trencher was equi pped ss’oth t h e  same conical tee
of a similar machine dur ing field tests in An ta rc t i ca  teeth , hu t  it did not have the dozer blade or baekhioe
( 5 1 .  A final report 16 1 covers the techni ques used for arm of the smaller ice excavation machi one , ‘Fhie larger
sea-ice removal in greater detail than are presented ice trencher has a t i l t ing  operation cap abil i t y to
here, maintain a vertical trench ove r roug h terrain , st’hereas

A 60-h p ladder-type trencher was purchased to the smaller machine  does not. Besides th e horsepower
excavate 8-inch (20-cm) wide trenc h es in the sea ice differ ence , the larger tee trencher is equi pped with  a
for a project sponsored by N -as -al Support Force , Ford water-cooled diese l eng ine rather than  the
Antarctica (F i gure 19). The objective was to assist the Wisconsin air-cooled gasoline eng ine of thi e smaller
icebreaker in clearing ice from Winter  Quarters Bay machine ,
h;y a method that  would prevent any breakup u;f the S e a - i c e  t h i c k n e s s  uui ea sunr’i uie nts in Winter
ice wharf from crack propagati ons during mce i ir ea ke r Quarters Bay ranged from 68 tnt 74 inc h es (173 to
s;perations . The plan was to m;p erate h ;i s t r n ’n dh ; cn a,s 188 cm) tin 30 December 1974 . Since the aim t emper-
an ice saw , cutt ing large uce floes t ;ut of t h e  si l ts ’s’ atuncs st_crc conso ime nd s -  m bt ms e t res’~ mn g. (he mce-sl ;eet
sheet ( f i gure 20), te uu ip era ture  st-as essentiall y i su mt h ien uu iat  a ah ; u m tul  2ó~ h .’

While this operation is oriui’ mine of ’ th t  iu iu ens h s ’d (-4°C). ‘Fhe mild temperature s. com ; i tmmm i ed i t _ i t t ;  iii’arm y
uses for an ice excavation machine , i is m s shs ’ei uis ’sl r’to udls’ss slay s , created ii i  us - i su irtas ’e pu u ck ’ul ;amke d

is-m t hi met m p~ riu1~ is ms iehi os 18 u ui~ his ’s (45 cu ll ) des-p.
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Sr -ss ’ m , i h p nu t b l s ’im i s  i t t -r i ’ r - i i s u u u t ; t r ’ms’rl u l uno t ig  th is ’ sp s’r’ ih i s’ eu i r’mgv i i )  25 0 i i ; .  h I m / u i , -t ( 1  , 7 t ) t )  k I’ _ t t , ss h uu ~ h;
utp s ’nau olt - ( I )  

~i 24 in t ’l; t 6( i  u t i m )  i,u ~ i n t u f  ti-c s I t u p s  i s a  rr’ l a m i i s ’ l ~ l ois s, ih it ’ t on t ’s, r , t i  , i t i u u ut ,
I i  uu . i t  t r i g  on i his ’ I h t t i t i h i ’ul t rs ’ lm t - hi t’atuss’d r :i 1;isl , ,  -3, l i i i -  Os ’s’ s’t ;mp pi uig  s hn t t m m i  ii,is s f  ti’ s-u i i i ’ i t t ;  u s u t L m t s -~jI ms’s’,s’-b_ t s- k , 2 ) it ut It 0 hi t ’ 1 0 —t i  m u l l  ( mu; ( luui u ;ni  this ’

- - smmia II hi m t itti l sic ks i t  irs’ sir hi og ht - ne  m ist u s su it is , liii t munoo i- h ’u i ne  hti ’s’ ,utt is ’ um i tss ’ -h; e as s - and (3 )  Olin ’ t it les - eli icr’ -- 
- ‘ - rest n ucten i  , ier ’ess ,it s ’ ,is i t s  u t ps ’r u u  t h u  i s e t e  h u_ t im u peres tsu r f a c e  c_ o susr’d Its sch eme a I ;h a tmu , n  mu ia sls ’ m m u i i ; put ss ih ts  - -- 

- h is ’ h ; y n l m a u h u r  ss ’s ( s ’mlm I m u ; m o i a t  ut ins .
to u t t . o i u i t a u n  a su a i g im t s i m i  - I his’ I nu’s’,s’— i ia s -k p no h ;hs ’i ;m
it _I s i i u U  sntht t - d . .01151 it s t i l l  r s- u t t , i u n  ri umomi g  s’hemi 4 , ‘I’l;s’ iu i ;h ia r ’t or i t _ i s  hmi g h t l ~ s’I t u u u r ’i um u i  us - i- h t ns ’.ilsti ;g

ns’ns’h; ong s’’ss - rs usr ’ uu ih r ’ss Ill s ’ us ’ s’ s h i p s s’au i Its ’ is- u t h ;  ~m spr’ s’uf ’uc s’i;s’rg\ , t r ( i u un ( h  15 ( 0  mi,  i i u ~ t n , ~ t I (11)4 0
ms’ou ;n tv s’sI , l ’h ;s- su i t _ t i l e r  30-Il l) is  r \ s , I 5 , t t u u u u ;  n~ u s ’hi mt i s ’ k l’ a) ,  h u t  this ’  t n m p _ u s ’t i t r ru ’t l i i t r s ’ sI ne m ; ;o t i n g  O hms’  i t s ’
sho uhu l  t out h a t s ’  .0 h ; ,ilai ;s’s’ p n u t h i t r ’ mu , ii mis ’s’ oh s ’ lu .i~-k l ;~mt,’ sp uu u hs f r u i t ; ;  th is ’ n’s, c l i ii  ion is at; ~is hshi t  tu mn al h u n t - u i l i u m  -
a t u _ t ch mi i ent pu’ t i ’, id t -s hs ’tt e r co t un m s’r h ; ah .u u ic r ’  au ;th this ’ -

- , 5,  () u; f m u u , s ’t; g n u m u mid a l l  n’ \ r ’as a m u m m g  itps - ra t uu tu l snmas ’h; m ne i t itch I hi - a s a l i t  ii s r  s’s-mi t s’r u I  gra s- i t .  S it; se -
- - ‘ ps ’nho nu ;;r ’ s h tu ; , t m ~ u n , o ih i  hu r ’ s’ausr ’ mli i ’ u ;ia s ’h t O t i s ’ ii usths ’n r’ us f l i t  t i l t  r- _o p a h u u h t i s  ou; this’ sn ; .ihl s ’m’ m r r ’n s - hs’n to - ‘ ‘

- 
‘ hi g h; m s t _ n ig h; t ;il ith ii u; sls’r puuw e rid ,

s’l t l l l p s- f lsa ls’ f t  in u uis ’t ’s’n is’s , i t l  , ohi h _ u (s’s1 O s’s’ Sm i r t ,is s’ st ill
Its ’ a sermo n s , pote n t ia l  p nu t h mte u ; i ,

,-~ f t e r  t ip s- r at in g  t h e  is -c tneuic l ;er ton milt irs ’ t h an 25 
A( :KNOwLEIX ;MEN’rhi uuum s , ( lie ts ’eth st_ crc ons p s’ctr’ ti ton ttr’ar , wh ic h is us

t u t und  to (is’ un ip s’re ept u ble . I lusscvc r , shsit , ihd th ’ie teet h - , -I his ’ a u t h i m n  it _ ish ies mi t  a c k m i i t i i  hs ’dgs’ ail s 1 e ‘. pmess humsbreak or ss s’ar , t his ’s’ cam i hi’ ns’p iacs’d s’as uhs -  and - ,
- ‘ 

- 
- ‘ - gr _ u totui l r ’  ( i t  ( D R  R i ch ;an u l I I . Ss’hi . iu s , ( , u t u ; ; t u m , t n s h i m n ~i n t h i s t u l u a t t y ,  I hi’ comioc a t-s h ia p esi  t sTt l ; sh owed thus -m m - ‘ ‘ ‘ 

-
Ot t o s -s’ n , .in h h i s  s t a f f  ~mt t hin ’ N its _ il ,~~t r t i r ’ Rr ’ss’_m n r ’h ;e ( tus ’ue uicv ui cu ( l  ong by a l h u t s v o n g  thn ’ t rr ’u;s- h ;r ’ r to go—

- - l , a h m i t n a m u m n s  h u m  t l ;s - m r  s’u ; t h i u s t a s m u s ’ su i p p u m r t  u t  this ’ ( I  It h r u i u g hi i 2 iiich es ( 183  cm) u m t  sea ice at a (m a t - el -- 
-

- ‘ ‘ , , -- I i i i  d Is-a t im and thus ’ s’ xp s’ m mm i i i ’  mi t  5 
~~~

‘ mt ut rt ;;s’sl t msu tig this ’specsl of I t )  fp u i ;  ( 3  m u tu t u ) ,  I h i e  sp ec otu e  em;erg\ - - ‘ -
- - - ‘ os -c excava t ion  m u i a c h ; i n e  hs h u Is’ in hta rn oi i  , ,\ l ,us k , i ,cu t  mi s u m  p ( l u  it_ as 2 06 ut-I f t / i n .’ ( 1 ,400 kh’ a) , - -

- - - du miui g ibi s’ spru  umg sit I 976 .assuming (iO”ut u t  th~ rated engitw bssi’sv~ ssss,vr is iss

sleh ivered tum (hi ’ ch ain humr  t ren ehi ing .
0’,’era ih , dii’ u’en sher  ti -a s easy to operate anti 
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l ’ h t us is - s t  s c u m ’ s itt 1 u u u s s u h u l s ’ ice tm s ’u us - I un ’r .ipp l u e,i t u u t u ; i i  m is -I ; ( I S s i t ; )  s- tu rn ’ ss’s’t u u m n  . ,i u m d t h in ’ ui  s- t a g s ’ n ut ’ 5 , 7

st ,os .u s 1 t i u i t t t t  s uf ,on u i b u s e t \ , u t u um uu u i s m i u t u g  t h u s ’ ,~~ t i t , I I s  t u e  pp i l u l l  t h i s ’ n’uit u rs ’ s l i t ’s ’ s’ u t u t i j i _ u i ’ s’s t ai u t ’ , u h u I \  i t t  u o t h t s ’u’

, . 1t s ’ t , I t i t t u ; s , I I  ss. is t s t uo i t s i  u l u . u t  u ’s’ t r t u ,’s’n t mr ’t ;s ’h un ’s t i m  s, u h u u u i t i  , u u t - I,11, t’s u ual t d u t; g f r u t u t u  5. 2 t i m  5 ,7) t u t  s I t e s

m , u i u i u m t g u~ n ’ ch op u c g u s - g . u i s - s’it u l d  u ; t t i  bus ’ t s - u i ’c u t s ’h i s ’sI t . m k s ’u i h u u u l l i  t h i s ’ i t ’ s’ s h u s ’ s’ t ,  I t u t h o  h ; u t i ’t , u u t u t , u l  ,i ui~I sn’ u ’t t s ’ , il

i t o h ;  t I me u ;u , i~- h ; i u ; r - . l ’I ur ’rs ’ I t u m s ’ , ss’is ’o ’_ il ss’p . u m . i u s ’ t s ’sis u h i u t  ss’ s t t t u u u s  i s s u e  u u u a u h u ’ t i  s t s t h~ . u t t i  u o t ; u s u m , o l  ps - t o t ’

h ser s ’ s- t t u ; u , l tmn ’tr ’ h  ,it h i , t r t u t s s , , \ l , i sk, u . sit ) .1 s u t u u u l . m n  gt ’ .o~m h t us ’ t u , ’ . i t t i i s ’s i t  th is ’  u ’s’ t u ’u u , e uu t m ’enc h u is ’ s’ , I t  ti , u s

m s ’f r t t / n ’u; tms ’ns’I u mit shi’ti’m ’uu;uu; s’ it t h i n ’ i s ’s’ su ms ’ u u g u h ;  or ~h u t h i ~’ u t l t  t m  t s ’ lh  thus ’ h ; t t m o , o t i t , t l  ,i t i d ss ’t ’t u s ’al s i t , l I t m u s

fm , i e t u n s - t i m um g h u u u s ’ss It_ id u t t s ’m s ’ ,n ss -d int l . i t  s it , th us ’ a p .u m u  di ms ’ m i t  t h i s ’ r a m u s h u t t u ;  t i mt s ’ u ; m a u u u t t i  t u t  t h i n ’ I, j~~~’ uns ’

p u t s s i l t h e  t , , u u u s s ’ ti m i b i s ’ ii is ’rs’ass’, n’h up  _ oggr s ’g _ u ms ’ a nit  s i m m a h l  gt ’i t uu l  su , s ’ it th is ’  i’ e u u u s ’ i ; t i u ; g

I u ; t t i , u 7 m , - , u s o r t s ’ ,iuia hs it s si t s ps’rt ’u i r t u u n ’ ti iii th us ’ it;ati ’i’s, I ’ u c m i u ’ s’ .\ $ sh i u t i s s a i% p i s ’.u l t u t u ss’ - :t uu i m;

( ho ’s i t s ’ s l u u ~ “ s’uu s s u t h ;  t h i s ’ ct m utu e. i i ts’r’ th u to  dn ’tt ,’ m t u m i u i i ’ s’u t t i m a m n u u ; g  ss’s’ s’mal  us ’ s’ n- lu m p s  h t t ’tst n’s’u; 0 . 4 u t i c l t  4 1  u t )

t h i s ’ o’ s’h a t i t r ’ s i/ c  _ u u u s h  ps’ I ’cs’m; t . u g s - u u f  t h u s ’ .tgg u ’s’g_ tts ’ at ;d (0 , 8 n i h  (2  / n ; )  i t ;  s i c s ’ , I i u n ’ss ’ ps’tmutgr.t p tt ie

su s ’ t , s ’s , \ p l t u t  i t t  t u t u  sir ’s s ’ ,u u ; , u h i s t ’s us s l ; t t t t t ’  i t ;  1 -ug u rs ’ t s ’ , i t u u I s ’s are iii  sh ; .urp ~~~ti t r , 1 s t  i i i  t h ; t t s s - m i t  t i , i m u r , i l  sn ’ .i

I . .~ pp ru txt uu;, it ehs I t , ) ’ , t ;f th in ’ s i ’ i’h ;t 1 ; s  t i m ,’ l .i u ’gs’ m is’s’, is h u n - li sh usp l as t h i s ’ p ’ms ’ t s ’1 Ecu s s ’ m t u s ’ ,ul s-m\  su , i l

m h , i i ;  1 u t i s ’l t  1, s ctuu ) , it S’ ’,, b u s ’ h ;s’ t s t t ’s’m ; 1 m mm cli ( 2 ,5 gm ’ uu i s o h ;  t u t iuisls’ d u t ;g e u l ; s ’ m at  d t s t u u i e t  c l a t o u  h u u t i m u ; ~i . i i  us ’s ,

em)  , tt ~~l I S o m is ’h ; 00 .3 sm ; ; ) . ,i u ;s l 2 5’ ’ an n ’ s u u i a l t s ’ r t h u a m i  S u u i u i l a r  i s - n’ c t ; a r _ i s- t s ’u ’ t s t u s ’s i n t i t u l  t m t h m u u g u t m t , i l

h S i u i s h t  ~u ,3 s t u d ,  s h i i ’s’s’ t i t i m is  i i ’ot t ld t t i d t s ’_ mm e s u t ; ; u l , u r  su i ’ s’ t i g u l .  p m u u p s ’i t i n ’s

.\ u l u n t t u g h un s’o i s ’h u is is s u i t  i t ;  t h i s ’ 78 - i t i t ’hi ( l 98—s ’ tt i )  as ius ’l h , is’h u i ’h i si ,u s i- t i n t  ru t t ed  ti n n i n g  .i s s u  is _ s i t t

is ’s’ s i t s ’cu O m it 1  . o l t t t t u i t  , i l h itt t h i s ’ its ’ ch ips ss . us i t s ’ i has -k s- uu u t ;p m s’s suve st n s ’ui gt h ;  tests ,

un it ’ t h i s ’ t 1o~td5 ’d t is ’i t i i t ,  I lii ’ m i e n s ’ 1; t i , os _ t l l t i i t esh to  ( ‘u u t ; u p nn’ss u u u u i  sp s - s- i u t i s ’ t i s  sss ’u ’s’ s’u u t ’s’sI t rot ;; t h u s ’

i s ’ t t n’s’i t ’ it I i )  . h , u i  s ii m u m i h s ’r~igs’ th uR  t i m  m s ’ t t m p r ’ra ’ mt ’n’nn -ii un ’s’ , h s u t h ;  i s - r t u s ’all~ ,u u i s l  h ; t u m m , t i i ; t , i h ( ~ - ( b i n ’

m i u n s ’ ( it  _ 1t m 1, ( p i t t, )~ ~\ h t u h n ’ t h i n - si i u i h ; - t i h h n ’uh t t ’s’u t s ’h i h i s t r t , t m m i u a l  stars’s isn ’t ’s- s’s , t r , t s’m n’ d u t  u t s ’ u ; s h ;  sh n ’ p u h t s  i t t  7

~1 umi ~, k l s ( s s t t h n n  h o  h u m o u r ’ s) m ’c.t s - l t e d  t i ’ n’ n’ / u ng t e i ;ip s’r.t ti d ies ( I S  cu ; ; ) ,  h u t  t i t u s ’s (4 1  en; ) , .m t ; ~b 2 t u  t i i s ’h i s -s ( ( t ( u

m u o n s ’s uh t i s i m ; o this’  54 - im ;~’h t ( 1 37 ~u m ;) Ir i sh , this ’ th; n ’nuui a l n’u;t ), I u~ Ii sps’s’t ui us ’t; 55 ,05 s h u t  4 u t i s ’b in ’s i h o  itt;) h u m u u g

gm ’ .m dir ’ u u u is is ‘_ e m ’s g r~i sh u t a l . I mt ’ i t ig  t t u ; h v  )~~ t. i 1, 1 c O t, ’ )  u t  t u sh h ; , i~I ,u s h i a t u u r ’ t s ’ r i t t  2 u t i s ’h ; s ’s ( 5  s i t u ) ,  I hu ’

th us ’ I 2 - i t ; s ’ h u ( $ m ) - t, i i i ) t h n ’p ih i .  I I u u s sr ’ii ’r , , m t m n’m m i s t ;  d .m i s’u u u ; u p m n ’ s su i s ’ iu u . i d u u i g  hi ts ,t~~i h i s ’~h h t ~ ,o ~~u t ’ t . i h m k ’ ,

t h i s ’ m h s ’ mu mm , o l  gm _ os lo s ’n t  l t . i d  s t , u i t i l i , s ’ ub , c u m r m ’n’spu i u i s h i u i g  i i i  (i , ( h ( l t )  pu it uu i sh 127 ,t )titi N ) . u ’lt ’ s’ t r u s ’ , i lh ~ t h r u s t - u t  u s ’su

m h i . m u oh m l i i ’ su m m r i t u t t i u h u i u g  m ’ s ’ sIts - i’ m ,  A 4’h u t t i i  ( 1 . 2  i i i )  liy tr,tt i us ’ is m m l i  i t u ’ i , i h m l n ’ h u t , t sh h i s ’asl slis ’ n’ thm . . \ l t t ,u t i i u s ’ , i t h

t m ’ t i t t s t  ( 2  i t t )  l t i t m ’k . ss hi t ~’ hu s I t l t t , i , t t s ’ th o h s ’  rs’t r i t , s ’ o; ss ’ i m t mm g su ms s’st~t h t h t i b us ’ ih i l i u m  g. u ss ’ .om ; ,tpp l t s ’d s i u s ’ss t u t u ’
irs’ u i sh i , s i t s clot  I ’ mu u mm ; ibis’  or ’ s- s h i r t  ( in ’s I - t g u m n s ’ ,\ - 2 )  s t  t’~it ;g n ’ hu s ’u s s n’ s’n 18( 1 ( 1 , 2 - I t t )  , uu ; s h  2 t ) t )  p si s i t  u, I , , 8i)

th i , o t s. i l u n i t ~ at;~I s t u s ’i u g l h ;  t s ’s t s  s- t t u u h d  hi ’ p s ’ r t t m r t u u s ’tl t i m ; k h t , t f sen ’t t i m  th i s ’ I t - tu b ,  ) I 2~ ( ) us ’s’ , I hi t’ l i e u  ,uh s

ths’ nu ’s s h s  ms’ tr s m, s ’m ;  i s ’ i’ u u mm g h u t u ; ir ’r . i t s ’ . I’ mut t ; ;  I ’ t g s t t ’e s’ t t t t t p t ’ s’sst ss ’ s u m ’ n’u i g u l t  l u l l  utile t u t u  u , t t u t , o l  5 i 5 t ’ t u u u u s ’u u s

\ 2 slits’ c o n  u u h m s n ’r ss ’ t h om t h i n ’ o n u s - h is u t m u e h i  t s h u i t s - r ss ,us  747 pit ( 5 , 1 5 (0  k I l t ) ,  s s hi ml s ’ tl l s ’ ,uu s t i c  t u t u  u ’ i c l i t

t h m , o u i  ths’ s u i m n u t t o m i u l t u i g  l m l u o r ’ ’gm s’ u ’ m ; ut _ i’ sheu, ’t , is b i t s  h h; , osh ss ’r t u s ’ ,o h spu ’ s’ t t u u s ’ t ;s  si ts  7 5 4 )  p~ t S , i T ) , ) k l t .u u , I l u s t ’

a 5 , 5 — i n s ’ht I 14 -s ’ u u i )  ‘ ‘t i ’ s’s’I tu m ,t t ’d’’ ou s t  t h i s ’ o’s’f t ’ u u, n’ o ;  s’sss ’ u ; u i , t l l i  cnh u t u v , u h s ’t i t  s m m ’s’ u m g m h u s  i u s ’ , u t s  u l i u t  h I s  pms ’t u m m u u s

ims ’nr ’h ;, ‘I ’h ;e tms ’oi s ’h t Os ’s’ s’s,ts’nu h s uh i t t i  mm t i m ; h s  54 its-hues pt’s’dus ’t R tti lm ,tsu’d m u ;  pi’ m t u t c ’m , t p l ; u m . i ts ’ t s ’ , u t u m i t  s m t t t t t

I $7 ~- tui ) . lu ’ , t i u t ; t ~ .o uu m u s s - r u th \ ‘- t u i t t n ’l; , 17  i t ; m ’h um ,’s ( 4 $  j m , u n u s u t u ;  s _ t i ;  l i t ’ u t u , u s h n ’ si t i l t  h i t s ’s t i t u s  m ’u t u u i p u u ’s s u s s ’

s u i t )  t h r i l l , t i  th us ’ l m t m t i u t o m m  u m l  t h us ’ t t ’s’u ;~’ lt . I h i s  i ’s’s t l tn ’i’ sh s m t ’r’ n g o h u s  t u b  u u , t m u u m , i l  ss’,t s i ’ mm t I t u s  i s  i t i 1 m s’i i i u l I ~ it o h
m t m i c k ime ss u s p ru t h m _ it i li i’_ t i tss ’sl l i t  s u m m m m r ’ is ’ s’ chip s r ’u t h ; s r  s, i h u m ; t o s i b u r ’ is’n u o s , i l  s u m t u u ) t i s ’ s I \ s  s m r u ’ t t g u h i  u s t~ u o u i t ~h i t t

s’ u m h h u ’s’t ing  os sp~ m i b s  _ i h u i i t g s t d e  t h i s ’ t i ’ cm ;t ’l t  i ii it ,t s i i u u ; g  h i s ’ 1 , 22 (0  list ( S - I I t )  L I ’ , u ) , us n b c  h i s  Ii m i t  m m

t m uo t  u m m s i s ’nnr’ ,o i h u  thus ’ Os ’ s’ s i t s ’ s - u ,  sors ’ n g m h ;  is S 2 t t  l ist ( ~~~~~~ L I ’ , i ) , b i t s - i s  ‘ i t  - , i h i l t t m u u g h i

-‘ ir ’r t is ’aI s , t h m o u i t y  s m u t s ’ st , m s m oL t - t i  f r u i t ; ;  O l t i ’ s’ i t i i t s ’ s’ u u t t o m m g  t h u n i t u g hu i i ;  5 5 ’ slut - s i  t u s h i l I u m  t u g  uhu ~ mu u uu~ h;

tn s ’n s - Im ( t ; us ’ kmless , S.ul o t ; u t u s ’s i ssu e utu u - , usuu u ’u - tI s u m  e,uebi t i m  i ’s ’ hu ’s’s’,s’ t I t u s ’s ni t,ic t stmt ’u t g uh u s ’t; lb ;u ’ li t ~l i ~
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1’ “ i o u ’ u m i  t t pt ’ u u i i m g  ii t i u . I t s - —, 4 .~‘, ‘,i , t u i , ) , , i , t  “ I t ’ l l  ‘51 ’ 1’,

S I )  ~ I \\  St  S

I - l i _ l I E u ’ A I SIs’ ~h , u u u i ~- , u I u u : i h s  m i s  i t t  Ir n’ h un ’ bu s ’ th 55,0 in ’s’ u - h i 1~i s h i u t h i  tug  si t - i c  u t h l s ’ u i u t i c  s i t s ’ is ’u ’slis ps’ns ’s’nt

t ’u m u i r  i i i  Ii ’ s’ gl u t .

i ;um n i , u m t i t . u h I ~ , u u b t s ’c t mnui ’ s s u g n u t ’ i s . u i u t h s ’  s s e ,u k e r  in thus ’ s p a c i u u g  si t s t t u ; b y  (m t n e i t s -s ( 1 5  c u t ; ) , th ;~’ I t t t u i t i d , i u ’ ~ i t

ss ’r m os ’,oh s lu i - et - m i t t t ; , mlii’  m rs’m is ’h ; i t i ni u i a t u r , i h  ss’ , u I t ’ s ’ ll ,us  I m u s h  t 2 ~~ s u n )

, l~ fls’x u i ’ai t i - s t  st - mis ’s u t_ i s  , u l s u  rt o ml t u t u  s r t i i l h  is ’s’ u t u t ’ s u t h s ’ t Im ’ s’ t uulsi , Iult lilu tnui ’fli 5i’ s ’ t u u t t l  - ‘i l u l l s  i i i  m l
t t i ’ , t u ~ is ss i t h i  uuu ;n ’uon _ t l  u lt il ’t n’u i s i u i n s , 2 ~ 2 ~ 15 i n n ’h;s’s (5 51ui’i’j Si t S 5 51  mu ;  h i m ’u m t h u t s ’ s’ , u st rs ’ss i i i ’ ‘s t 0 s u m ;  1 ( 0  i t ’

si 5 5, 45 c m i i ) , s’t m t l i , i i t ; i u t i , t  t his ’ retr um ,e o i  t n r ’ u ;s’h i ,  ‘t ’ h;e’ss’ 15 p s i / s n ’s’ . ‘h It s ’ us i - r u g s ’ O t s ’’s t u m , t l  st Iu ’ u;g tiu t~ m m n i n e

t t s ’Oi l i s  st’s’re sn ilp h s s t i pp u t rm e sh  s h - mthl  .i ~P o u  u m h  14; hu n ’,t u ;; s u u . us 75 h i5 t  ( 5 2 ) )  k l t , u t , s ’ t t u i u h i , i u s ’tl m m  0 5  list
tmi u ’tir ”. ( 4 0 )  r’n m ) _ i nd su ih t ~t ’ets’th t i m  ,i us s’ u m ’ p t m i t ; t  Iu oish io i g ( 7 2 5  k h t , i )  h u m  p u’ s’s ’ t t t u u s  u i , o t u i r , u b  s ’ ,i i s ’s’ t u t u  1 ( 5 1 5  i t

ssu m i u  this - r s ’trm ;,s’u i tns ’n s h t  I%’O u ; g  t t u i h ; u m i  t h u s ’ u ; u a x i u ; ’u u u ~u th i s ’ s,ou;; s ’ s t  t u ’ m; i p u ’ u u i l i u s  , t t ; u l  s. t h t u ; i i i  I ’ h u i ’ - c m l i i i  ( t m ’ l i

s’ u t t u s t , t t i t  u u i o m u i i o ,’ f li  sn’ s’ t u u m u u , I h t t i i s ’s s ’t ’ , ot i s ’ s- this’ t nu ’m u s ’h ; mi tls’ xm , u u ’a l s t i ’s’ ui guh i  us s’.u s u h s  s’s.p I. imnu ’ tI ‘ittit St i t t ;  m u )
i s i u h t h  is is 8 mui ~’ bi ~-s ( 2 ) )  t u t u )  in t l  th is ’  t u s ’ u u — p u t ouml  h t ~ osh thi s’ i ’ u t t im - h m s - , u t t u s  t , u u l t ’ t t  th m m s ’ s’ m h i  i t u l  t h u s ’ l u u m o o u ; t t , u u u  h m t u ~
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h ’ u g u r e  \ 2 te e b u h u u e k  s l u u m u u  tug r e fn i u .’s ’uu t remi c h ;  h t i ’ m u u g  h u u i i s t c s i  fnuuni  s~ s l ie s t ,

bs ’twen’oi thi ’ nn ’tru ;is ’mi t nn ’tic h u auid ice sheet, ‘l ’h e cs- I” u nthn ’ n slush ’ ~u ) c n a e k i u ’og bn ’h ;aviuj r I t )  tee  s h i e s - u s ,
chop aggnegaus’ p res ent  in a csu u t r e n c h  po ssibly ret r o ,eml  cr ,ueL sm reu i g th i , ansI pret s’u ’eul u l . u h l s  c i m u i t m u t h h i u i g
u n t enteres i s ’ut h  mh ; e  s ’ s t a luhumhu i i s ’n u  of a g l l t m s h  b o n d u n g  c rack in g  u s  i i  froni oi’s’m - i s ’s’ s u r t u s - u w s ’s ut u eau; ;p s  ii
sm u m f a s ’s’, I t  is pure  sp s ’ e i u h a u m o u i  to mmit ’v ’ ’ t h a t  th e b eing i n i t i a t e d  umider  a sep arats ’ S i l t i  k s u u l u t ,
h i u t u n d a n v  bu i midun g  51 reu lg u Ii mu ; a s’  um m ipr ovs ’ si-id ; t ime ,
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-Si It ‘SI ( I t ,  I s u b l  I oh ,  St o p 7 1 , I u u t s L m b b  h - I  , ( 1  Si I I ,  \S m i 4 i h u ’ h ’ , t t O s- msitt ;
SR\ i ’t I i  SI  N - i I I - St. , i s t u i t t g t u t u t  I X - 0 ) - S I N 51) I ‘DVi , us h u mmgt u utu  I)( ’
-S h ’(N I’m B i t t  1 1 5 1  I t ’ It , ’st i t  I \RS -\NI XH R - X.’S-I H , Aberdeen lu l u i s i n g  G r t tun d Ni I)
SI (NI’ t i X K h  I S K u u m . , u u s , 1 l , t um t tu s ’m X I I ,  I t h i . u u i , i h u u u o m s e m  N H
5 5 5 !  St  t R I - I S R \  t )I l i l t  NAN ’\ spe c Sss i s i  I iu s ’ u g i  I I~ SN u t s ’ m n ; t l ; t ,  Sit , u s h u n g t i m n  I)(’ , Spec. Assist  Suhm ~inune s ,

Sit ,us h u u m g t , t i u
Si( 0 3 1  N S ‘t I ) , K si  sh u um ~’ , ) _toi i u u i i s ’tu 5, 5
I Nt  i t  u ’ s ) s ’ N i  ii ’ ’~ (m4 , Vi ,us hung tu ; u m IX ’ , 0 tI ’~047 I’4 u B P e t t i s ’ I,  it s u m u , u g t t u u
l i t  I I  N S f  I )t  m ( t N I l  N I  - S I  H O N  CI K ,‘it bi ’s, ut ; d ri u . S ’S
1) 1 N S R I ) (  ( t ide 2~4 u 5 Rto I ’t t l t t i . Auit ; ipt slt s N i l )
NI t  \S I ’ i t t . t t
N 5’s i’Stt 1 ) i h  N ’s I S .‘itgu m u m t ’ m , 4 , ( ‘h,use t ’id st . H ee u u lhe  I X , S ( I ,  B un be r s Pu ; int H I
N ‘5 11 R b  Sb .\R( Ii ( ( i t  N (  I I  N , u h , l )  Siu shu s’s Rui um s l, Sit ish o n gi t mu;  I)(’
N- S N -‘iR (  I NH 1 , i h u , j n ~ , I t u H , tmu ou u  -5K
N 5 5 4  ( i - S ’ s  155 ‘sI -S R (‘ ti de ‘~ ) i ) R ,  i l h i t i t t i ,  ( ‘um st s’ “ ( 3 0 , 5 t i ,  ( 2 u t m k i ,  1 , o hr _ tm ’,
N -55 I ( 0 1 ) 1 - -50 - ( uu stn ’ (m i)5 , I u s 1  t i n  I be tsl NI I)
\ , -55 I -Su I N t - t i  tNt  4 u itt ~ 4 ) 4,1,11) , (ui, tr ’ 44 4 51 , ( ‘ode l i m b ,  It ( , 22 m l - , .  Sp cn eem u
N- N V I - 54 I N t  ( t 51 - I SN I I ) IN ’ , R I ) t ’ tt-, I h o  )t9P2, N t m r t n b k  N A
N 5’, I St I N ( , (  i u N I  - N t  OR I I I  I ) IN ’ , ( ‘ode 1142$ . R l ) I & i I .0, i ’ h i b , msb e b p h u , t  fu ,,5
N 5 5 0  5( I - N ( , ( ’( i N I  - I ’ ,-5( 1) 15 1 t i th e  4)02 , R I ) I & i - ,, h’ e ,o r h I l o t h u t i  H i ,  (‘u ’t u;u; ; u ui ds’us
N -SN I ,-\(‘I -M (‘ 0 t N t  - Vs I S I 1) 15 (‘isles iP~I’,5, ( )lHi 21 )
N 5 5 1 - 5( 1 N t - u t - t O N I  ( t ) N  I R S ( ’I S R t ) l (  ( u l . ( ’ I ) R J , ( i , l eech ) ,  Suoti t e B t ~~. K I’
N \ \  St -‘iR(  0 iR i  S I R , \ N (  0 N i IRI  I I  1$ (‘nh I) K I , m ’, ssti u;) ,  I ) eu ;m ~et (‘ 4 0
N - ’iS 3 ( ‘ I  .-\ N u  u ( ‘sle I( ’tio , ( t m 2 5 ’ (4 12 u J ,  I)l’ u s u u / u
N -55 h ’! I R b  ‘t I ) uo’ cs- m u m r , Vi , is h uut gu mmm u I X ’
N 55 PGS( t II I - t h u m m u i t u m u ; , \ luu i u t s ’u c’. (‘ A
N ,-5S PH I 11~551 t u n I c  S i t  - N sm u Ink S 5
N a, it S!100’Sl ) Pitt. l ) t l  0 N H. 10011 ) , 1 u muto ~ Hi tch ( ‘ i t
N - SN S I -5 (‘ u t l j u u s ’s l- .u ot r i i t t  I I J (  5 , 5 . Ru ts ’ hu e i .  R u ; i , u Sp , uuui
N , - \ N ’ V s I t N S O it I t (  I N I~it% t o
XI h4 ( - I I I r (  b ) R  N itt. , h t c om s etn . I’itm t Ihu ie i u s ’it uc , ( -it , (‘tu sk’ Ii i
N O ‘ K ~) ) , ( ‘ t u n in o un n b n’r
N N I( ’R 0 1 1 K b - b - ( ) pe u ’ , u t u u m u u s  u ) i t
N I (  - ( ‘t ;n Ie 5 4 1  N ’s  I’ . ( i .  I t 0  (nh ,  Ot’(iflt ltt I I
X I , ( ’  ( ‘u tdc 6565 u l e c h ,  I , i h , ) ,  S,u t i I) iet iu t ( 5

‘ I -SN SN ’ \ i . u u ig n i m  b u I l t  D i i  . ,  ,“tinb uu g ut mi m N ‘5
i~N I I (  ‘ P_ it , (‘u m oou t s eh , I’u m u u u t  N l u u g u u  ( 5
}~S,t.(’ I - N ’s i A ,  Sq u u t u ’ t t u t . SIt; I ’ i ’ , mu t s ’isn ’u t U i ~ - i ) .okh.u i ’td ( A
5l1’FIA SI’ , N I  Sit I i  (N I )t  ON I I J( I) , SN - lt r’c), ( i ’ t i tum ui  ( ‘ 1

S I t ,,  R & h ) (  1 - N I  b - K  I e s ’h, I ) u u ,
t ‘ SN ’S S’,s , I - n g r  I ) ep t  ) I ) m ,  Nl utu i t ie ’, t , Au;n ipu ihu s Ml )
l I B R A R Y  01” (‘O N ( , R b  55 55 ,‘ S S H I N ( i l t i X , IX’ St I i N ( ’ I ’ S  & i’E(’H 1) 1S t
N I ,i tSs , s(’I~1t s,: l I ’S I N S  I - ( i t  I !- ( l h N ) ) l  t X m S  Cambr id ge MA iR m u ;  10-50)4 1, l e t - h Rc p ii mm ’s. E ngr . i , i h t , (‘ ,it ;;hmis hge

51. -S m Rn; 14 I 7 110 , I s’ s-h Rep t tm O I .j h ,
NII (  t l l ( .  SN I 1 ( 1 1  N (  i t  4 m ( , I (  “il 1, 75 15 I R Sb I ’ m }‘h O ) I N i H ’ I ’ ON , MI  B A A ’s )
N - N i h .  -SO - S I l l  515 ( i l  I N t , ,  .t.l l -X ’S’Sb ) KIA 5’ ,’S 51 A R I l- , J R . m
O H I ( ) S I  - N I h  ( N I ’s I - R S h I \  ( 4 ) 1  t ’ N I R I  S Oil ) I N S I  OF POl AR S’I ’t t i)IF S
( O R I  ( O N  S I  -\ I I  I N I t  I - R S t  I ’ m  ( t i R i t  -SI l lS , OR ( h  DFI u ’I ’ , HE l . I . ) ,  (‘ut n i - u h i s  OR ) S d h u m t t h  tut  ( t s -e , t n t t g t . ip hi u
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