"STEJARUL" RESEARCH STATION

Geomorphological Laboratory
str, Alexandru cel Bun, nr 6
Piatra Neamt, 5600, Romania

GEOMORPHOLOGICAL GENERAL VIEW
ONPU TNA RIVER DRAINAGE BASIN (VRANCEA)
({IPS TREAM COLACU CROSS-SECTION)
___introduction in general problems of the sediment blidget research for

EROSLOPE (PECO"93)

Prof.dr. Ionita Ichim
Dr.Maria Radoane
Dr. Nicolae Radoane
Geol.Crina Cochior-Miclaus

- Aligust,1994-+



PUTNA RIVER CATCHEMENT
(upstream Colacu cross-section)

1.GENERAL DATA:

[7}

Situated iIn Vrancea Fc{:glieﬂ, on the bend of the Carpathians
and Subcarpathians (fig. 1),the region is characterized by the highest erosion rate from
the country (locally, in the drainage basins smaller than 5 square kilometres,
average sediment yield exceedes 5000- 6000t/km"2/yr and by way of exceptlon, about
30,000 t/km"2/yr) T

The order in Strahler System is 7,with 274 drmnage basins of
third order(50.7 per cent from the whole area); the drainage area is about 1100 square
kilometres; the maximum energy is 900m; the potential energy of erosion (in Akojima
concept, 1972) is between 50 and 400*1000 m. mm EPE umits; Q is about 14 m"3/s; R
is about 14.84 kg/s; Sy is about 1283 t/km"2/yr with a great discrimination between
flysch area (Sy ~ 544 t/km"2/yr) and molassic area (Sy ~ 3455 t/km"2/yr)

2 GEOLOGICAL FEATURES:

Two general geological features (related to sediment budget)
dominate, the drainage area, aa follows :

2.1.Concerning the lithology (fig 2}, there are two large domains with a
strong difference aa responds at erosion processes:
- the flyach rocks (about 72 per cent from drainage basin) and
| - the molassic rocks (about 28 per cent from drainage basin
which supply 70 per cent from the whole sedyment yield of the Putna River basin
upstream Colacu croas-section).

2.2.Conceming the neotectonical movements, the region is characteri-
zed by recent uplifts of 1-2.5 mm/yr and exhibits the most intense seismic activity
within the Alpino-Carpathians System; on average 3 earthquakes per century with 7
Richter magnitude (or more}, and there ia at least one earthquake of 4.5-5 Richter
magnitude in every year (Constantinescu ,Enescu 1985). This ia a very important
characteriatic for the intensity and magnitude of the erosion processes.

3 ACTUEL CLIMATICAL FEATURES:

These features are a strong impact on geomorphic processes
and they are dominate by annual temperatures that are between 9 C and 2 C; whilst
precipitations vary from about 550 mm/yr (at the contact with plain) to 1200 mm/yr
(in the highest mountain area). For a detailed analyses of this very important parame-
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ters (for erosion evaluation), as areal and altitudinal variations it was been accounted
the average precipitation for every square kilometer (fig.3) using the relationship
between the precipitations (Pmm) and altitude (H):

Pmm = 550.874 + 0.2547*H r=0.848 ,n=132

relation obtained for the whole Vrancea region (Ichim , Radoane 1984).

L GEOMORPHOLOGICAL FEATURES:

On the one hand ,these was been characterized as morpho-
meirical aspects ( landscape energy, reliefratio, disection, altitude etc.) and on the
other as actuel geomorphic processes related to sediment yield,

4.1.There are two great geomorphical units in the Putna River (up-
stream Colacu cross-section):
' - mountains, corresponding at flysch rocks and

- submountains (subcarpathians) strongly differentiated by
morphometrical aspects, which influence the morphodynamic processes ag sediment
gources. Some of this mainly parameterg are listed 1n Table 1,or are illustrated in rome
mape (figs.4,5,6). Concerning there, we must ghow that we have applied a geomorpho-
metrical analyse on the network of the squares (a square = 1km"2). This is for made a
more easely quantification, and for obtain the correlations between different parame-
ters, inclusively with precipitations, runoff, erosion rate etc..Concomitantly, the analyse
was been applied on drainage basing of the same Strahler’s order. Algo, on this base we
can obtain the relative gcale of the rock resistance at the erosion. For the moment we
just have preliminary results, discriminating 4 lithological units from the more
registant (Tarcau sandstone) with index = 1 to less resistant with index = 0.476 (fig 2,
Table 2). In context, the map quantitatively notice a very clear difference between the
mountain and submountain regions, and alro local peculiarities on the same regions.
Moreover it 18 possible to account the potential erosion energy (in Akojima's concept,
1972) (fig.7), a very important parameter, which include together the relief energy and
the annual precipitations.(Momentary we are 1n a incipient stage of this analyse)

4.2 .Concerning actuel geomorphic processes as sediment sources, it 18
evidently that in Subcarpathians, mass-movements (namely:landslides, debris flows
and mud flowz) are the more important for slope deposit delivery to river channels.
The mapping of two valley reaches (figs.8,9,10) can be illustrative. But,in the same
time, there is important areas with gully erosion (until a badlands stage) and torrents.
Because in many cases there are network links between all this processes.only the
mapping may introduce a chance for discrimination between these. Also, there 15 a high
bank-erosion of the river channels and a high mobility of the river beds (someone,
about 2m and over in few years).

All these, are arguments that in this drainage basin ,the actuel geomorphical
processes are very active, inducing a high erosion rate and sediment yield.



S.ANTHROPICAL IMPACT:

In this region the anthropical impact has been very much
discussed by the Romanian scientists and planning engineers because between The
First and The Second World War ,but also until 1948-1950,the region was strongly
deforested. So that,the deforestation was been considered as mainly factor which
accelerated the erosion. Of course ,thig is @ very important factor,but after 1948-1950
the most important national program for the afforest of this region was applied. In
present, upstream of the Colacu cross-section, 74 per cent from drainage basin is
covered by forests, and a lot of many Putna River torrential tributaries have been
.arranged with small dams. Nevertheless,the analyse of the suspended sediment regime
generaly speaking, show an important increasing tendence (figs.11,12) Certainly,the
problems must be profound studied.

6. PRELIMINARY RESULTS ON THE SEDIMENT BUDGET:

6.1.Data: discharge and suspended load, for 5 cross-sections from
national network gage (measurement coordonated by Regia Apelor Romane and
INMH):field experiments (for about 25 years) on runoff, soil erosion and on torren-
tial processes (realised under Sylvic Academy control); geomorphometrical data (for
25 variables)(Table 3.4), erosion relative resistance index of rocks; forest per cent;
average annual precipitations etc.. All of these was accounted by us for every third
order drainage basin (fig. 13)(274 drainage basins in total);gecdesic measuremenrs in
some characteristic reaches of the river channel; geomorphological mapping etc.. Also
we have had into attention the same variables for a large area of the fiyach mountains
and molasse subcarpathians for obtained empirical relationships between sediment
yield and different controlling variables (fig. 14 and Table 5)

6.2 Some prelnnmmy apprecmhons can be made (regnrdmg; change in
gl e Mo .e_gu‘,‘ VN L H. Ty L wdod sedisent o «.the, sava, \mhh.lﬁ\ s
nver-bed elevahon, magmmde of the sednment yield for third order drmnage basin
(figs.10,11,12); estimative relations between drainage basin order, sediment
sources sediment gink, sediment yield and sediment delivery ratio (figs. 14,15)

We specify that all results are an attempt to identify the field of different

variables influence on sediment budget. For this reason we consider our approachas a
first step. of the programme.

; 10. August. 1994
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- Morphometrical characteristics of landscape
from Putna River drainage basin
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Standard Variation

Morphometrical elements Rzgge Average deviation coefficient

For the whole basin

1. Average height 315-1688 960,60 306465 31.92

2. Maximal energy 40~ 900  315.02 131.29 41,67

3. Average energy 20- 580 190.39 102.15 53.65

For A + B lithological

complex

1. Aversage height 570-1495 1035,11 198,26 19,15

2. Maximal energy 100- 800 374,96 138,14 36.84

3. Average energy 70~ 570 222,67 109.81 49.31

FPor C lithologicel

complex

1, Average height 705-1688 1177.63 1934105 16,40

2. Maximal energy 120- 900 329.94 102,23 30.98
" 3. Average energy 70- 430 198.28 84,62 42.68

For D litheological

complex

1, Average height 625-1607 1107.80 211.66 19.10

2, Maximal energy 160- 675 371.36 127.04 34,21

3. Average energy 80- 630 127.58 105.53 40,38

For the flysch area

l. Average height 70-1688 1107.60 210,37 18.98

2. Maximal energy 100- 900  359.35 123.56 34.48

3. Averasge energy T0- 580 216,70 102,22 47.17

For the Subcarpathians

l. Average height 315~ 771  557.90 94 .82 16,99
.+ 2. Maximal energy 40- 460 205,16 72.61 35.46

3. Average energy 20- 440 124.89 64.19 51.40
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Lithological entities from Putna River drainage basin

Lithological entities

Group Area
index (%)

Relative
index of
resisten
de

Streiu Strata: black shales,bituminous
shales interfingered with convolutes
sandstones,conglomerates with green
clasts,gray marls,gray limestones.

Tisaru Stratasmarls interfingered with
shales,calcareous sandstones,green
conglomerates and silicolites.

Casin Strata.limy-marles interfingered
with polygene conglomerates,hard
green sandstonesjmarly-limestone dia-
crystallics.

Bucias Sgratas white marls,followed by

green marls and hard marls interfin-
gered with hard sandstones,

A+B 25.27

0.881

Tarcau Sandstone: micaceous lime sand-~

stone in masive banks

(- 24.09

l.000

Kliwa Sandstone: silicious white sand-

stone

D 22.54

0.940

Sub-Carpathians Miocene . salt and gypsum
y;marls and sandstones, congsomerates,

breccia with salt,gray marls,sand,clay,
sandy sandstones

E 28.10

0.474
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Method of Equations Determination
input variables coefTicient
selection (r? x 100)
flysch area
Correlation matrix log Sy =  3.205 - 0.3451 log Qs” + 0.7818 log d°
(clementary methods) + 0.1524 log L1 + 0.0555 log Emax + 0.062 log A 914
(n = 36)
Multiple regression step (the results aren’t conclusive)
with step algorithm
(analytical methods)
(n = 36)
Typological methods log Sy = 12.31 - 0.5094 log N1 - 0.2306 log Rb
(n = 36) - 03765 log Lint + 0.931 log DT + 0.2306 log RR

- 4.93 log Pmm + 4.023 log Qmax* 91¢
Combination methods log Sy =  7.985 + 0.8138 log A* = 0.304 log Rb
(n = 36) + 0.1486 log DT - 0.1547 log RR + 0.089 log Af*

- 1.571 log Pmm 92
Subcarpathians region
Correlation matrix log Sy = 6.5669 - 2.5925 log Qs® - 0.7412 log A
(clementary methods) - 0.0054 log N1 - 0.08 log Lmed + 0.224 log RR" 75¢
(n = 63)
Multiple regression step  log Sy = 5.0827 + 0.3879 log Rb® - 0.4267 log L1°
with step algorithm - 0.2404 log Lm1® + 0.3932 log RR®
(analytical methods) - 1.8618 log Qs” 79¢
{n = 63)
Typological methods log Sy =  3.622 + 0.3154 log Emax® - 0.5763 log P*
(n = 63) + 0.1662 log Cf + 0.4899 log Rb*

+ 0.4072 log Lint - 0.6819 log Dt

- 0.4571 log Qs 76°
Combination methods log Sy =  4.5402 - 0.1782 log + 0.7485 log A®
(n = 63) . + 0.0365 log Cf + 0.1042 log Dt + 0.3318 log RR?

+ 0.5439 log Pmm? 742
a - very highly significant (99.9 percent level); b - highly significant (99.5 percent level)
¢ - significant (97.5 percent level); d - low significant (95.0 percent level);
¢ - poorly significant (90.0 percent level)

Tab. 5: Multiple regression equation for sediment yield prediction in small catchments
(A <50 km?) of Romania.

Catchments Area Basin | Scdiment yield (t km‘zyr"‘)
(kmz) order

mcasured estimated
{1967-1980)

Hanganu 3.00 1 3068 4089
Hurjui 1.58 I 4717 4177
Cremenca 2.87 I 3879 3236
Montcoru 443 Lt 4228 3491

Tab.6: Sediment yield measured (GASPAR et al. 1982) and sediment yield estimated
with Equations (1) and (4) (ICHIM & RADOANE).

EAHNERT (EDITOR): GEOMORPHOLOGICAL MODLELS  THEORETECAL AND EMPIRICAL ASPECTS
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