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ABSTRACT 

This report is intended to become a part of a state-of-the-art 
report on environmental aspects of river ice. The river ice cover 
acts as a second boundary for the flow thus increasing hydraulic 
resistance and changing the velocity profile. The effects of the ice 
cover in the transport and mixing processes are discussed, in light of 
the altered flow field. The conventional concept of the two-layer, 
composite flow under an upper boundary provides good approximations if 
used judiciously. Major gaps in current knowledge exist with respect 
to scour caused by‘ ice jams and to transport of coarse and fine 
sediments under an ice cover.



RESUME 

Le present rapport constitue une portion d'un rapport sur 1'état 

actuel portant sur ies aspects environnementaux de la giace de 

riviére. La couverture de giace agit cmmne deuxiéme barriére 5 

i'écouiement, augmentant ainsi la resistance hydraulique et modifiant 
ie profil des vitesses. Les effets de la couverture de giace sur les 
processus de transport et de méiange, 3 la iumiére des modifications 
du champs d'écou1ement observé sont traités. Le concept ciassique de 
1'écou1ement 5 deux couches sous une limite supérieure permet 
d'obtenir de bonnes approximations, la ofi on 1‘uti1ise avec soin. Les 

connaissances actuelles ' sont limitées dans 1e domaine 
1'affoui11ement causé par les embficies et ceiui du transport des 
sédiments grossiers et fins sous une couverture de giace.



MANAGEMENT PERSPECTIVE 

In its 1987 meeting, the NRCC Subcommittee on Hydraulics of Ice 
Covered Rivers, identified a need to address environmental aspects of 
river ice, a subject that has received little attention in the past 
and is poorly understood. Consequently, a Task Force was initiated in 
1988. One of its objectives is to prepare a state-of-the-art report 
and formulate research needs in all three areas of concern, physical, 
chemical, and biological. This report discusses transport and mixing 
processes and is intended to become a part of the Chapter on Physical 
Processes. It is concluded that major gaps in current knowledge exist 
in the area of sediment transport for both coarse and fine sediments. 
Closely related to sediment transport are gaps pertaining to scour 
under ice jams or to scour caused by surging flow velocities upon the 
release of an ice jam.



PERSPECTIVES GESTION 

Lors de sa réunion de 1987, 1e Sous-comité de l'hydrau1ique des 

riviéres recouvertes de glace de la CNRC a décidé de s'1ntéresser aux 

aspects environnementaux de la glace de riviére, domaine encore peu 

étudié et assez ma1 connu. Un Groupe de travail a donc été créé en 

1988. L'un des objectifs de ce groupe est de preparer un rapport sur 

1'état actuel et de détenniner les besoins en recherche dans les trois 

domaines d'1ntér€t : aspects physiques, chimiques et biologiques. Le 

présent rapport traite des processus de transport et de mélange et 

constitue une partie du chapitre portant sur Ies processus physiques. 

Les auteurs concluent que les connaissances actuelles manquent surtout 
dans le domaine du transport des sediments fins et grossiers. De 

plus, on connaTt mal 1'affoui11ement qui se produit sous 1es embSc1es 

de glace ou qui est causé par des écoulements soudains 1ors de 

débficles.



Ininooucilon 

The presence of ice in a river significantly alters the transport 
and mixing characteristics of the flow. Such effects are most 
pronounced where the ice is in the fonn ofva stationary cover which 
creates an additional flow boundary. Except for some infrequent and 
short-lived conditions, the ice cover, along with any snow load that 
nmy be present, is in a state of flotation so that it can generally 
move up or down with the water level. As in the open-water case, the 
flow is essentially driven by gravity. 

The effects of an ice cover on transport and mixing processes are 
considered in this section. A cmprehensive, quantitative treatment 
of riverine transport and mixing is beyond the scope of this report 
and there 'are several texts and articles containing detailed 
information (e.g. see Henderson, 1966; Yalin, 1972; Ashton, V1986; 
Fischer gt 51., 1979; Beltaos, 1978; Elhadi gt 51., 1984). Instead, 
emphasis is placed on the underlying physical mechanisms so as to 
illustrate the effects of the ice cover and identify knowledge gaps 
that require investigation. 

VELOCITY AND SHEAR STRESS 

For open-water flow in a very wide rectangular channel, the well 
known logarithmic and linear distributions respectively describe the 
velocity and shear stress (Fig. 1). The average velocity, V, and the 
bottom shear stress, 1°, are related by a flow resistance equation, 
i.e. ' 

1° = (r/a)pvZ (1) 

in which p = density of water; and f = friction factor of the bed 
which, for “fully rough turbulent" flow, as is the usual case in 
natural stremns, increases with relative roughness. The latter is 
defined as the ratio of absolute roughness, Kb, to flow depth, Yo.
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For ice-covered flow, the shear stress remains linear, becoming 
zero at a depth dictated by the two roughnesses K1 (ice cover) and 
Kb (bed). The flow velocity is zero at the top and bottom of the 
profile and has a maximwn at a depth that nearly coincides with that 
of zero shear stress.* A common, though only partially correct, 
approximation is to view the composite, ice-covered flow as a 
superposition of two open-water layers, the upper one being inverted 
(Fig. 1). Using this concept, simple equations can be derived to 
calculate the shear stresses to and tb and the average velocity of 
the composite flow. It should be kept in mind that we are discussing 
flow in a straight, very wide channel of constant depth. In natural 
streams, where various irregularities and bends are present, vertical 
velocity distributions are occasionally very different from the 
idealized forms of Fig. 1. Consequently, flow resistance equations in 
both open-water and ice covered river flows are only meaningful in a 
reach-averaged sense. 

The additional resistance to flow caused by the ice cover reduces 
the velocity so that, to pass the same discharge, an ice-covered, 
unregulated channel has to be deeper than when it is open. The 
increase in flow depth depends, among other things, on the roughness 
of the ice cover. If this roughness is equal to that of the bed, then 
the increase in depth will be ~30%; it can be much more severe (100% 
or more) under an ice Jam, i.e. a porous and characteristically rough 
accumulation of ice floes that fonms during freezeup or breakup. 
Considering that the water level must rise to also accommodate some 
nine-tenths ofi the Jam's thickness - could be several metres - 
explains the frequent flooding caused by ice Jams. This is the main 
consequence for which ice Jams are known but they cause additional 
problems, as will be discussed later. 

VERTICAL DIFFUSIVITY 

In rivers, the main diffusive mechanism responsible for vertical 

* Lack of symmetry, occuring when K1¢Kb. is the cause of 
non-coincidence between these two points (e.g. see Hanjalic and 
Launder, 1972).
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spreading of dissolved or suspended substances is the turbulence of 
the flow. It is commonly assumed that momentmn and mass transfer 
processes are analogous, so that the vertical diffusivity, ey is 
calculated frm: 

e, =(=/p%<f,’—§’,> (2) 

in which 1 = shear stress at depth y; u = velocity at depth y; and 
du/dy = vertical gradient of u at depth y. Equation 2 describes a 
parabola (Fig. 2a), so that the depth-averaged diffusivity E; amounts 
to 0.07 u*Y° (Ut 5 1/to/p). 

This concept breaks down when applied to the two-layer, 
ice-covered flow representation because it gives an unrealistic 
distribution of ey (Fig. 2a); for example, it requires eyi = 0 at 
the point of zero I implying no transfer of mass across this plane. 
Figure 2b, reproduced from Lau and Krishnappan (1981), shows 
distributions of ey calculated using the "kappa-epsilon" turbulence 
model, known to give very good results in nnny types of turbulent 
flow. It is clear that ey does not vanish near mid-depth under an 
ice cover. On the whole, the vertical diffusive capacity of a stream 
is reduced in the presence of an ice cover. 

TRANSVERSE MIXING 

In purely two-dimensional, open-channel flow, the transverse 
spreading of a pollutant is mostly accomplished by turbulence, the 
corresponding diffusivity being proportional to u*Yo. In natural 
streams, however, additional spreading mechanisms are at work, caused 
by secondary currents. These arise from vertical and transverse 
components of velocity so that individual fluid particles move along 
helical paths. 

There are two kinds of secondary currents. The first kind is 
produced by an imbalance in the nonmal Reynolds stresses, in turn 
caused by the fact that turbulence is not identical in all



_ 4 _ 

directions.* Such currents are normally very weak but may become 
significant if the aspect ratio of the stream is less than about 10. 

River bends give rise to a much stronger type of secondary 
current, driven by radial accelerations. Figure 3 illustrates this 
kind of circulation for both open-water and ice-covered flows. In the 
latter case, two "cells" are present which is consistent with the 
two-layer, composite flow concept. Measurements (Zufelt, 1988; Urroz, 
1988) indicate that the magnitude of the radial (transverse) velocity 
component, relative to the tangential (longitudinal) component, is 
about the same for both open-water and ice-covered conditions 
(~0.1). Because the radial velocity distribution is not uniform, a 
dissolved or suspended contaminant would be radially advected at 
different rates, depending on its vertical position. This 
"differential advection" causes "dispersion", a tenn that has been 
adopted to describe spreading of aquatic substances due to 
non-diffusive mechanisms. 

Transverse dispersion is commonly quantified by using an 
augmented, or apparent diffusivity, called the transverse mixing 
coefficient. This assumption, by-and-large empirically based, greatly 
simplifies mixing calculations by focusing on the depth-averaged 
concentration. The transverse mixing coefficient, E2, is obtained 
by comparing measurements with solutions of the depth-averaged 
continuity equation for the spreading substance. Field data indicate 
that Ez scales on shear velocity, Ur, and flow depth, Y, for both 
open-water and ice-covered streams**. It is not known why this is so, 
as very little work has been done to elucidate the effects of 
secondary currents on transverse mixing. An empirical relationship 
between K1 (=E1/u*Y) and river sinuosity has" been obtained by 

*"N0rmal Reynolds stresses" are time-averages or ensemble-averages of squared velocity fluctuations, multiplied by the fluid density. **Note U: is taken as JgRS in which g = acceleration of gravity; S = water surface slope, and R = hydraulic radius ~ Y for open-water conditions or Y/2 for ice-covered conditions. .
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Lau (1985) and can be used to estimate Ez (Fig. 4). Noteworthy is 
that, for straight channels, K2 has the well-known value of ~ 0.2 
but increases to * 1.0 in a stream of sinuosity = 1.3. The large 
scatter of the data points in Fig. 4 suggests that additional factors 
may have an influence on E2. 

Recently, Pavlovic and Rodi (1985) and Demuren and Rodi (1986) 
have further demonstrated the mixing ability of secondary currents 
through numerical modelling in two and three dimensions. 

LONGITUDINAL DISPERSION 

As discussed earlier, the term dispersion is commonly &DDlied to 
the spreading process caused by differential advection. Longitudinal 
dispersion by far exceeds longitudinal turbulent diffusion in rivers 
and is essentially caused by transverse variations of the longitudinal 
velocity (Fischer gt a1., 1979). The lack of prismaticity, i.e. 
variations~ in cross-sectional properties along the river, further 
enhances the dispersive capacity of natural streams (Beltaos, 1980; 
Li, 1989). Very little experimental information exists with regard to 
the effects of an ice cover' on longitudianl dispersion. Based on 
current understanding of the relevant factors, and invoking the 
two-layer flow concept, we would expect that the longitudinal 
dispersion capability is reduced) by the presence of an ice cover. 
However, test data are needed to check this extrapolation. 

SEDIMENT TRANSPORT 

Many aspects of the transport of sediment by rivers have been 
elucidated in the past few decades (e.g. see Yalin, 1972) and the 
subject is still under active research. Nearly all of this work 
relates to open-water conditions. Once the bed shear stress exceeds a 
threshold value, the bed sediment begins to move as "bed load" and as 
“suspended load". The bed load is the amount of bed nnterial being
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transported per unit time in close proximity to the bed. It is 
strongly dependent on the bed shear stress as well as on sediment and 
fluid properties. The suspended load is material that is transported 
mostly in suspension, with only infrequent contact with' the bed. 
Vertical diffusivity and flow velocity are important factors in 
determining the suspended load, in addition to bed shear and 
sediment/fluid properties.

’ 

For the same discharge, the presence of an ice cover generally 
reduces the sediment "driving" parameters (shear stress, velocity, 
diffusivity) so the sediment transporting capacity should be 
significantly reduced. This expectation has been confirmed by Lau and 
Krishnappan (1985). Their experiments and analysis supported use of 
the two-layer concept of ice-covered flow, provided the vertical 
diffusivity is evaluated realistically, e.g. see Fig. 2.b. More 
experimental data are needed, however, both in the laboratory and in 
the field so as to fully define the effect of an ice cover (see also 
Sayre and Song, 1979; Huebben, 1986). 

The preceding considerations apply to relatively coarse sediments 
that are not subject to fonmation of cohesive bonds and consequent 
flocculation. Relatively little is known about the behaviour of fine 
cohesive sediments (size $82 u) in open-water flow (Partheniades, 
1986). when it comes to flow under ice, the writer is not aware of 
any investigations or data. A major environmental effect of fine 
sediments is their strong adsorptive tendency so that the fate of many 
aquatic contaminants is governed by_ the transport, erosion and 
deposition of fine particles. Clearly, a sustained research effort is 
needed to understand these processes and how they are influenced by 
flocculation. 

SCOUR 

River bed scour occurs wherever the incoming amount of sediment 
is exceeded by the outgoing, and is generally divided into two 
categories, "general" and "local" scour.
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General scour occurs over a large portion of the river width and 
length and is caused by gradual variations in flow characteristics. 
For example, general scour occurs at a constriction because of the 
longitudinally increasing flow velocities and shear stresses. The 
opposite is true downstream of the constriction so that we would 
expect deposition to take place. Local scour results from localiaed 
and highly variable flow types such as Jets and vortices created by 
obstacles or artificial boundary configurations. For example, local 
scour occurs near bridge piers due to vortices forming as a result of 
the three-dimensional configuration of the flow around the pier. 

Ice jams are the main scour-causing ice cover type. Non 
uniformities in the longitudinal configuration of a jam cause 
longitudinal gradients of the sediment transport capacity, thus 
leading to general scour and deposition regions as shown in Fig. 5 
(e.g. see Mercer and Cooper, 1977, Huebben, 1988;). Of course, the 
occurrence of scour presupposes that flow velocities and thence bed 
shear stresses are strong enough to exceed the "threshold" condition 
which may or may not be the case under an ice jam, depending on bed 
material size and flow discharge. 

The surges which accompany the release of ice Jams (Fig. 6) are 
known to propagate at very high celerities, C, and create unusually 
high water velocities, Vs (Henderson and Gerard, 1981; Beltaos and 
Krishnappan, 1982). Values of 5 mls for V5 are not uncommon. For a 
friction factor of 0.05, this value of Vs translates to a bed shear 
stress of 150 Pawhich, in turn, implies that the new can move bed 
material particles as large as Z0 cm in diameter. 

Such flow conditions, though transient and perhaps not causing a 
large amount of general scour, will have two effects: (a) will 
generally set the river bed in motion which may be detrimental to 
aquatic life attached to the bed; and (b) will cause considerable 
local scour which may be detrimental to the safety of structures in 
the river or at the river banks. For example, Ashton (1987) mentioned 
an instance where an entire island disappeared from a river during the 
ice breakup, an event thought to have been caused by surging water and 
ice. Doyle (1988) reported on cases where rip-rap was damaged by the 
same process. -
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Virtually no quantitative information exists on the, scouring 
caused by river ice. Field data would require considerable expense to 
obtain but no major difficulties are foreseen, especially if 
impulse-radar systems are utilized. 

SUMMARY 

The presence of an ice cover in a river alters the flow field by 
introducing a new boundary. The resulting changes are fairly well 
understood and can be quantified with judicious use of the two-layer, 
composite flow concept. 

_

' 

Mixing processses are largely governed by turbulence and advection 
and a fair understanding exists of the effects of ice covers. Gaps in 
knowledge on the ice effect are related to corresponding gaps on 
open-water flow. For example, the transverse mixing coefficient of 
ice-covered rivers is not fully predictable largely because the 
dispersive influence of helical motions at bends is not fully known. 

Present understanding of coarse sediment transport in open 
channels suggests that the ice cover should cause a reduction of the 
river's transporting capacity but this needs more detailed 
verification than is presently available both in the laboratory and 
in the field. when it comes to transport of fine, cohesive sediments, 
known to carryi various contaminants in a sorbed state, relatively 
little is known under open»water conditions and nothing about the 
effect of the ice. 

Ice jams appear to have the most serious effects on flow and 
transport processes, not only with regard to frequent flooding but 
also with respect to general and local scour and potential damage to 
river structures. Very little information exists, however, for 
predicting the scour that can be caused by ice Jams. .Both laboratory 
and field investigations are needed. 

ACKNOWLEDGEMENT 

Review comments by Dr. B.G. Krishnappan are appreciated.



- 9 - 

REFERENCES 

Ashton, G. D. ed. 1986. River and Lake Ice Engineering. Mater 
Resources Publications, Littleton, Colo., U.S.A. 

Ashton, G. D. 1987. River Ice Problems; where are we? A Review. 
IAHS workshop HHS-River Ice. Aug. 12. Vancouver, Canada. 

Beltaos, S. 1978. Transverse Mixing in Natural Streams. Report No. 
SHE-78-1. Alberta Research Council, Edmonton, Canada. 

Beltaos, S. 1980. Longitudinal Dispersion in Rivers. ASCE Journal of 
the Hydraulics Division, V.IO6 (HY1), pp. 151-172. 

Beltaos, S. and Krisnappan, B.G. 1982. Surges from Ice Jam Releases: 
A Case Study. Can. J. of Civ. Eng., Vol. 9, No. 2, pp. 276-284. 

Demuren, A.0. and Rodi, H. 1986. Calculation of Flow and Pollutant 
Dispersion in Meandering Channels. J. of Fl. Mech., Vol. 172, 
pp. 63-92. 

Doyle, P. F. 1988. Damage Resulting From a Sudden River Ice Breakup. 
Can. J. of Civ. Eng., Vol. 15, No. 4, pp. 609-615. 

Elhadi, N., Harrington, A., Hill, I., Lau, Y.L. and Krishnappan, B.G. 
1984. River Mixing - A State of the Art Report. Can. J. of 
Civ. Eng., Vol. 11, No. 3, pp 585-609. 

Fischer, H. 5., List, E. .1., Koh, R. c., Berger, s. N., and 
Brooks, N. H. 1979. Mixing in Inland and Coastal Haters. 
Academic Press, New York, N.Y., U.S.A. 

Hanjalic, K., and Launder, B.E., 1972. J. of Fl. Mech., vol. 51, part 
I 

2, pp. 301-335. 
Henderson, F. M. 1966. Open Channel Flow. The MacMillan Company, New 

York, N.Y., U.S.A. 
Henderson, F. M. and Gerard, R. 1981. Flood Haves Caused by Ice Jam 

Formation and Failure. Proceedings IAHR Symposium on Ice, 
Quebec, Canada, Vol. 1, pp. 277-287. 

Lau, Y. L. 1985. Mixing Coefficient for Ice-Covered and Free-Surface 
Jo ETIQ», 12’ N00 39 ppo



-1Q_ 
Lau, Y. L. and Krishappan, B. G. 1981. Ice Cover Effects on Stream 

Flows and Mixing. ASCE J. of Hyd. Div., Vol. 107, HY10, pp. 
1225-1242. L 

Lau, Y. L. and Krishnappan, B. G. 1985. Sediment Transport Under an 
Ice Cover. ASCE, J. of Hyd. Eng., Vol. 111, No. 6, pp. 934-950. 

Li, S. 1989. Theoretical Longitudinal Dispersion Coefficient for 
Natural Rivers - A. Stochastic Approach. Proc. IAHR 23rd 
Congress, Ottawa, Canada, Tech. Sess. D., pp. D.291-D300. 

Mercer, A. G. and Cooper, R. H. 1977. River Bed Scour Related to the 
Growth of a Major Ice Jam. Proc. 3rd Canadian Hydrotechnical 
Conf., Quebec, Canada, pp. 291-308. 

Partheniades, E. 1986. The Present State of Knowledge and Needs for 
Future Research on Cohesive Sediment Dynamics. Proc. 3rd Int'l 
Symposium on River Sedimentation, Jackson, Hiss., U.S.A. 
Vol. 111, pp. 3-25. 

Pavlovic, R. N. and Rodi, N. 1985. Depth-Average Numerical 
Predictions of Velocity and Concentration Fields in Meandering 
Channels. Proc. 21st IAHR Congress, Melbourne, Australia, 
Vol. 2. PD. 121-125. 

Sayre, N. G. and Song, G. B. 1979. Effects of Ice Covers on Alluvial 
Channel Flow and Sediment Transport Processes. Iowa Institute of 
Hyd. Res. Report No. 218, Iowa City, U.S.A. 

Urroz, G. E. 1988. Studies on Ice Jams in River Bends. Ph.D. Thesis, 
Dept. of Civ. and Env. Eng., Univ. of Iowa, Iowa City, U.S.A. 
(243 p).

’ 

Huebben, J. L. 1986. A Laboratory Study of Flow in an Ice-Covered 
Sand Bed Channel. Proc. IAHR Ice Symposium, Iowa City, U.S.A., 
Vol. 1, pp. 3-14. 

Nuebben, J. L. 1988. A Preliminary Study of Scour Under an Ice Jam. 
Proc. 5th workshop on Hydraulics of River/Ice Jams, Hinnipeg, 
Canada, pp. 177-189. 

Yalim, M. S. 1972. Mechanics of Sediment Transport. Pergamon Press, 
Toronto, Canada. 

Zufelt, J. E. 1988. Transverse Velocities and Ice Jamming Potential 
in a River Bend. Proc. 5th Norkshop on Hydraulics of River 
Ice/Ice Jams, Winnipeg, Canada, pp. 193-206.



y . I 

»

1 

1-: 

_| -’li=?ii‘ '““ 

yo 
_ 

,‘ _ 
l_.___,_. 

Kg 
97' 

‘ ' 

U 

*' " "' 

/ ’ '1: 
'Q1fl>__=-.__.-__._ _:|>.l‘s.r"rfl\:»_Li-1i'i'o:1i__ H __. -.___'__ 

Cb3qci+hmL¢>___....---..._" _.-__ ,_ _ ___. 

-Qfi-egg c¢~:> 1-1+; ¢ N II 

{A ii i 

1 . 

' K"__-.__.-_____..-___- 
>‘ 

._.lQY_¢.('. _ ~- _-__ __. I 

1<i~P"7"'?"¢ -.,-_1__-__ Y / - * _ 

:zz_- _ ~/w / 1" /1 / /// 
. e‘ _ _.,, ______. . 

/
. 

" - * 

'" ’**VZa/5¢;'@‘ " " '_ "" "‘—‘_ 

s}
Z

- 

J.CE_?_CDMEK_§1Q__CDfl_P n:|o_M v » __ - 

F/G1 1 - L1/éllii,-:§;)~§!:é£ea_ E Sm. 
unqe



... .7 . 4- . -. . ~- ~ ~ 

II! /////////., 

___ 
'?' 

l _ 

_ 1 _ ._._-._ ____.'__ ... -

I

O i_ I; .._ .__.. .4._._ , 1 -- - — --"-'""" 

DISTANCE 

FRGI 

BED 

W 
cm 

W 
2/ 1 

C ) 
0,, 3/? 3;L- caUJ¢r=.q/__Q<;v”uL'¢L1ZI§x;,s_.; 7Z.e.Ja7‘2‘c4:./3..-..- ._ 

I /m/0/q,u-rib/e. 

| 
,0 

26 -vi‘. -€'._____"~

3A
\-
@
~ 

, 

L_§ 

43 

\. <3 
\;-.._\, - . / 

" - \-., &—— 
- / \'\.\ “- 

=._ // \ :\\ 

. * ‘ 

ms:-suwscs cc:-cumin "“—""'_'_ ' U 
now now ' nusmaunons Fnou 

_,__;__._._;______ ___ __ __ _.__.__ Pnssem CALOKLATION " 

1 mwsouc oisinaunous ----— ——- '+-—~--——-——‘—-- -7 -——----' 

I‘ Q -—--—--—-_-~—--— -— >~ - - ~-—> -— ~—'i"' 

\ '\_\__ --——---—i-— - ~——~-—>— — -—- 

\\ \ \ \ 

__.-"I: '¢/ _"""i"' ' "’"' "“'_ _“ 
-/. /v/ 

.»-*:/ —-~—-- ~- Z n

! ,_____, ,__. _»_ _ __ 

L ____ _ _ .. . 

"- Z . } ,a 
o -"‘/' 
O ‘iv v r 1 1 ~ i l l i 4 s 0 no 12 14 as no -- — --'-'""'" 

'ru'nu.sm xvewmc vnscosmnv,-—-¢m*/‘ac _ ______________ 

" 
21> C7 “ ' 

- 
“ ” 

1 Z__1_ mtg W 18/3»/M W/Q1 
____________f(Aaq_Q49(_Kn;/malg/>qn_,E/QJQ: .

I 

_” _ _ - 
1; L/1/]%rm , » _- " _"‘_f- -- .. _ 

",; 
_ 

—__-‘ ‘ 

- 

! 
2 

‘ 

I 
WIN‘ W;



. - - 

. 
' |

. 

V n 

.___ _ _ __ '_ 

5 . i 
I 

'
| 

I 4.- - 1 

_! 1 
.. ___.._ . ._ ..._- >_ _ 

_. _q
1 

§ I 

// 
| 4 

1

I

I ll!-I! 
- ‘ 

5 - 2. ._...\ _;._. 
. i ! 

‘ '

I 

I55 Q I 

' ¢'- v-- v---_.__. 3.. 
I 

' 

1 -_>. I 

.. _._.. V /4* _, 
5 ‘ 

' 

..-,__-.___'_.-. 

. n ._ .;_.._-. 

-.. 

-L AA ; 
~-/ ----?-- 

., 

K 
, ‘-1/in F’

4 L‘/;—i(lL 
T Q '— _--.- I , _ , 

,- ./ 

'€.ac>A--A' 
: :'?|cm ___ -- V_ _ /» View ij;;1_ __ _A1_7_~26I§1lL'€!..Z_i;;. 

___ -___ in L/er_'ca!___, &_- 

" _ '\1./ej_0_a?.,._.__--___"_. . 

5 +».5~

~ 

/I 
_ 

£77 
i i _ ’/ / / / 

//ea “" ’»\ j\ ’, - __ -Z l 

/ . 

/ 
»

. 

. 

/, 
._ .

\ 
T. 6 

_/G'7/~/I _.__ ____...,. .___ 
C’ / ’ 

W“ J1

— 
\\

I

\ 
_\ 

WQ 
1”}\ it J 

. —. :3; .._._. ._ . _ ,.__ I *—--» : /‘ / 
\ ' 

,\\_ $>_$ T‘ l 

5! if
K 1. / __ ____.__ ______ 3. 

wfl un_b 
4 — — - 

» _ ------_ ___ 
_"\_~ , K _ . ‘ ._ . -._, 

~ ‘I .--__%<1/.1pZ__ —IlI—V; \‘ » 

1% 3. Y‘ 
‘I V l0_Q' ._..__.__ 

@ZZ].1____- 
Q e __ __ U122“ '__-.. _ 

c>\[ &§OP\d._ ._.Bencl - -_ 
1=Lc>w \Y1-....ggn‘_C_lH$=l__ _ 

.. 16¢ .C0u@Ied-l)10.nne!s _



%§q§U 

§\R 

\\Q%m_\ 

\3Q& 

§o§§%_\%0q:_\% 

sbmk 

_u'3%\m> 

\ 

__

v 

m*KW§UqkU@ 

b__Hr_§\ 

Uh_\®\_ 

Wxqg

M 

xv 

_\wQ3I_\M 

C__N 

NF 

O__mh° 

8

_ 

_ 

V 

‘>

. 

%n‘ 

__Q§m*X__’\|/‘Y 

_ 

__

_

M __

. 

.

_ 

A28: 

__a%__%_2 

26 

___O__ 

5 
8%

. 

O 

'LG\\&

\ 
q\\\

am 

_?_

A 

_\\

V 

X 

I2 

8" 

‘QM 

_§g8 

Q2 

__8g 

82$

O

‘ 

_§g8 

8_ 

gs 

E805 

__ 

_ 

‘Q 

mu 

“Gag 

C86 

is 

£33

‘I 

I 

‘lg 

Ii

I 

_

/ 

_ 

_ 

_

_ 

\>

> 

W

_ 

_

_

W



~ ._'- I - -¢ V A .1 -l A ~» . .7 .. 
I

i 

Vi (fin) __________ _ 
O0 “Q '_|‘o0 ‘ L 1.‘ WM $ I 

400 
7 

no‘ ‘coo Jn1II»>> ' =9 i 
0 v I-1| I 1 I I I I I | mo uoo non moo 1 o - ‘nbo __ __ _______ I-nun kn) 

* ' ‘"#""""" ~ 
i 

;_+_ 1_ 4 7-—-——-----.___. 
gcour , ._ , ..--'__D.e.’74::{]1'm1..__..~ _. ._.___‘ __-_-_ 

F45 -'5 ', €’¢¢ ¢.¢—r,___-?.D€%‘2a_,si}:';>/D»:/H_j>_aa1ife;;;q._§_::.A.: fl ¢ -_ s;mq1Q.J*_@L .--lcL=gQm[Bsm 
J-6:1: Jik/Lie!» any ,. 

. _______ _.. _--. _ ' 

j
1 

. 
‘ 

4 I 

_ i Q Q



, Z 
.- 

H 
v 

‘ 

0 
' '

~ 

'7' 

5/? 
’

I 

. . . . _ .__~__... .. . _.>___._i.__..T..._:. 1 _ 
' ' 

. 
' 

' 

- I 
x . 

_ -__-_.___._ _

/ 
,‘ 

_’_._ , r.____ _ _. _.__. . ..-.. .. .., ~, ~' 
‘

; 
- 

- ' 

4 

- 

I 1 1 
‘ 

- 

. _ 

~

; _ _- \
I 

1 
f 

- - 

1 

-

I

I/ 5‘ _ 

2 

_ 

/njtnc/__-

_ 

. 

‘V 

.//. 

/K 
-1 

03¢! S f _l-fui; __.__vJ:fipm.,r. 
A/oi; 5;§;"'t@~£§§£@1“.>fiefi fiqmzz 
. M/>044 re I eaJe.--.__J¢>w0__1‘11.4__\/'aba_" v _-- 

9,. 

/2’/I-~ 

;/

/ \;~ \ ~--- ~ »- -~W 
,4,

~ 
_ l_ 

..Q_ __. ,, 

: \“ _ _\z-I _ \§3 
x; C‘ 

? - _ ,...____ ._ 
A 

. ‘

. 

\{_,' 

‘;.Si¢.—r']4.£;2~ 'T'2>k.;/l‘ZéIZ;f1ICé/7“@4~¢,“'- 1 
1;<"#2Zi;<1a:_3" QQY/;;;}§<}I Q/‘_@,Q' m“ 

._“ 

Nag» 33/Q; f ;7Z,7__.A-§7LQ.:(J; ¢ /_O.c*/_?_o,/-.A).:.~ ) ____ _____,_j_ 

Z211 
_?€>._ _/§e-.;7am.:4?e../ea..s?<=1 H Q - 

/?¢._'6_ '§ _Z¢I;»;{§}Zf“¢§']' 
sv/> 

“IQ 

|~.'I\fl{.-;~v\i|~t..\ \ _.>__


