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Article type: Background and Objectives: The presence of a forest road intersecting a
Research Full Paper river or natural water body can trigger structural alterations, such as

constriction in the watercourse's width, consequently elevating flow

Article history: velocity and sediment generation. Instances where runoff surpasses the

Received: 06.29.2024 hydrological capacity of a bridge or culvert, or when the inlet pond
Revised: 08.06.2024 becomes obstructed by sediments or vegetation, can lead to overflow onto
Accepted: 09.15.2024 the road, resulting in sediment production. This study aims to explore the

impact of road surface conditions on sediment accumulation in forest
waterways. It also seeks to analyze how the percentage of slope coverage
near road-waterway junctions and traffic volume influence sediment levels
in these water bodies. Additionally, the study investigates the effectiveness
Forest road, . .. . . . . .
Percentage of vegetation, of soil protection interventions, including geotextiles and dead hedges, in
Protection of carthen slopes, ~ Mitigating sediment production at road-waterway intersections.
Soil-textile

Keywords:
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Materials and Methods: The study area falls within the forestry plan of
watershed # 91. Initially, the forest roads were categorized into two classes
based on traffic volume: high-traffic routes (with a minimum of 80 vehicles
per day, predominantly mine access roads) and low-traffic routes (with a
maximum of 5 vehicles per day). Within each traffic category, two road-
waterway intersections with similar conditions were selected for analysis.
Various characteristics of the surfaces contributing to sediment production
were assessed, including the dimensions (length and width) of the gullies at
the intersections, the composition and coverage percentage of the gullies,
and the overall road conditions. Subsequently, protective measures such as
geotextiles and dead hedges were implemented on the slopes adjacent to
the road-waterway junctions. Runoff samples were collected both upstream
(5 meters before entering the river) and downstream (5 meters after exiting
the river) of each intersection before and after the application of the
protection treatments.

Results: The results showed that the amount of suspended sediment load of
forest waterways when crossing the road-waterway intersection increased
by 64% and reached from 0.12 g/l to 0.33 g/l. The results of variance

yva



analysis showed that traffic, the percentage of hilltops overlooking the
road-waterway intersection, and the condition of the roads at the 95%
confidence level had a significant effect on the amount of suspended
sediment load of forest waterways. No significant effect was observed from
the length of the earth slopes and interaction effects between other
independent variables on the amount of suspended sediment load of
waterways. As the amount of traffic increased as well as the amount of
UPCI, the amount of suspended sediment load decreased. With the increase
in the coverage percentage of the gables, the amount of suspended
sediment load of the forest waterways at the road-waterway intersection
decreased by 48%. Geotextile and dead hedge treatments were able to
reduce the amount of suspended sediment load in waterways by 57 and
54%, respectively.

Conclusion: Adequate funding for restoration and reconstruction is
imperative to maintain uninterrupted traffic flow on roads, thereby
reducing the production of suspended sediment load at road-waterway
intersections. Furthermore, the implementation of protective measures like
geotextiles and dead hedges plays a crucial role in soil preservation. While
both treatments demonstrated comparable effectiveness, dead hedge
treatment emerges as the more cost-efficient option, aligning better with
economic considerations.

Cite this article: Ghezelsefloo, Milad, Parsakhoo, Aidin, Ezzati, Sattar, Sheikh, Vahedberdi. 2025.
The effect of technical characteristics of road-waterway intersection and protective measures
on the amount of sediment in forest waterways (A case study of Minodasht flat design in
Golestan province). Journal of Water and Soil Conservation, 31 (4), 179-194.

@ oIS © The Author(s). DOI: 10.22069/jwsc.2025.22583.3740
T Publisher: Gorgan University of Agricultural Sciences and Natural Resources

YA+



PEYY-YeTq ol LLS

: SB o cbls b yings
VEYY-YVAS 5ol LS = SRR &

S BT St
e Tl L)

w3l ) ablis lofudl g 4l wT—o0ls ablE b cilakivo Wil
(oS g e g S 7 4 (59 390 axdllne) i gt T

[ Yo, . . il . -
i gty LTF e e ST bl p T lad 55 55

Lpl WES LBS b b 5 oS pike ALl (Ko pshe 0aSuils (S Bl bt sl
miladghezelsefloo7068@gmail.com :4UL|,

Gpl WBS WES b sl s sl el oK (K pple aSKEL (I UKx 08 Ll Y
parsakhoo@gau.ac.ir :4.ULI,

Dpl QES WOE S b w5 5500l sl o8 (SR pile eaSiils (UK o5 8 Jlokiel (J e obiy s Y
sattar.ezzati@gau.ac.ir :asUL1,

Ol S WES b mle s isliS egle oK bl 5 e eaSl (glspnl g S skl g
sheikh@gau.ac.ir :4.LL/,

oS> e Sledb)
Cleis Bl5 o b glaaal )l b by, s 3l MK oslr e tdds 5 bl Wlis g 5

L s M5 5 0l o SR amitps 5 6ty e 0SS abe 1 ol L
3ol s sl (S5 RS Sl s Sl &S Sl sk adls JLs w
ol 55 2 Ohr 38 ssdes S5 FLA L 5 Shpus b G255 e b5 bl
Sy S0 s Bl Sasn Bds 38 e S WSk e S 2500 e
e it Sl Ao 2B e (R Gl e Sl el )
A e 5 K Gbolal s Sy SIS Ol 5 sl el Wl
aal i-osls B L3 s di 5 gy A a3 5wl bl slajles

el

W oled goul i 3 o8 Gl Ko b g aadllansse aiken tla By, g 3lge
33 S35 ls Sla e NS 53 4 (6 S lanslr s tagn cpl L3 o
Gy oo 225 0 8Sh) (oS S5 5 (Odme 4 o s 03lr =355 53 235 Av i)
A5 glels DLy lalps b asl gl (bls s SIS aib A s AS duaib
(dabu Jowe 3 e gls s o0 5 Jsb) Cosm, A5 s eSS L Clu Slaseis

Sl day dl o 5o dd SL55 beslr a5, Candy 5 Ll et sy dess 5 65

i = ke S s

DAVARFER :C‘Jf‘d_)é é)u

ARSI S
AALER- PR W ST

2‘5.)._.15 seily
‘L;lf»':{- a)\a—

‘aéjaj::{_-
(S sla Sl s bl
‘fL_f U’:";f Aoy

b

YA



Ll aal plmoslr Wbl Jous 4 O pte slacad 55 (S wrobipes 5 03,0 Sblis
Sl der 20 0 5 sl a s Sl U3 e 0 Sllsy lawsas asles Ll 5ldey 5 g3 el
pll Ul (o3 gl LSS VY e a Sl paamays Ad (Syslaer sl S 2o

A ol gl 3l o s 55 g e 06,5138 (slaesls s

i Sl e fa S Glaaal ) gy Glae L lae & sls ol =l aasl
A e S T w1 s e S NY s L Rl e U Ol 4 aallasls
bl i sl Sl et gy Aoy (S oS sl Ol bl e S e
b MEe g lspme b A3 40 Dlael mlaw 3 laaslr a5y Conds 5 48l sleslr
b Sl Sl b s S s il S laaslpl g, Glas
oo Shae Ob e e la e ple o Bl DU (S gla Gl s
s e L ltie UPCT e i on 5 315 e (230 L s sl Laaal f
2 Mo Glaaal pl gy Glan b e s Gl s 2y Aoys (Rl L3 Jtals
03,0 o 5 sl lasles (3L IalS Ao EA Olpe 4 aalpbesls Wbl fou

Las ralS Aos 08 50V L S | baasl 2T ey lae U ldie tizusl

3 Goge S5 bz sl g Ll 5 S gl B wrs s 2dls 1S o
—odlr wblE 55 S s Gle DL A5 4 e el Gl Ll (65558 (el el (555
Gl o3 5 by dile blis glajles Sl eslizel Sl es 2335 o aal o
@ Ll sl OLSS Slas 55 ol oLIS 48 3ls OLES baasily ol (555 00 (50l St bl

Sl S poasg e 03 0 o sl (63LaBl 5 SIS bl

Sl 5 anlylosls ablis b Slasis b (VFT) 68,705l b lim « 530 o] bl oo gl 55 cobitun!
ol cbliz slaiaggy (Hhnls ol Cibogine 36 )b (5990 anlllas) Aoz sloaslpl g, Jlaie pr SBli>
VA (H M s,
DOI: 10.22069/jwsc.2025.22583.3740

ulf..b.»ay@ OB S b w5 (55,0liS pole ol8ails il

YAY



Oy Sad g gliw 5 Vo | oo adlpi-odls abli5 36 Olasuie il

S s ¢SS i (Sl e ¢ ST (5L s
5l e Bl ol meslr slaelS,IS 5 Tensl
Oiagy a ool lasites T SLlS S s
Sy JEE sl 2V Jeily 5 S e Jos
S, Wosl= 5 glacd Gl Ho Lol 5 L 5ls
St Gl s AT e (Gla s A s
s bl dpd o asiie S GAs L oS Aies
Y d\j,a sl b g (S idg e llasl ol
b 5 (V1) Lol b 40 oo e I
GAST Gla s & o $50S sy g
(o b aian 0S| (sla e (VYY) Wl
A S il mhe p (A Ay
Sd 5 gy Ul Ol eSS 5 K8
Gl JLLOE) Wyl W e cpl o 53 1 JAula b
s baall sl Ko ol Kol ol
Gt S L e 5 okd Lol glailesy,
S 3 ol 5 bk Sty 3 0550 T 0L
OV 510) &S o sy ot sy, oS
w3l 35U O s el 536 ogeny Glee L
e Sl opl posdle a5 |y OF gles
Sy g gl dlad 55 Il 5 SUL o OAs U8
St S| Sl S 5 ol 5] QLS
ol LOA 5Y) Wl axlge o blis Ly T
P s M Jol S oLl (8 s
3 S Cdyue & ;)ﬂﬁ B JPJ slae o>
Olales (V) ol sliSU 8 dates Gbls
(s pSl gl gl et ol K glaesls
SIS S 5 sroS slagls et 5 ol mhw
S s sy Wse ol gla i 5l S

.l.&ﬁl.:)b (Y"i) Q‘JKAA 9 f.,Le J)“:’Jd e

1- Flooded paths

2- Semi-flooded paths

3- Scattered paths

4- Road-stream crossings

YAY

dodde
JK;;.- sble 4 oLl e w3 dli.;— sesl>

Slhes Sl ael K lraes Sy pde | shaten
LJNLMJQ Uf;;; 3 cble (gls e e
Y 5N WS e wal 3 ) s 5 b K
Sl 3l aysa 4 ar g b Ko glaeslr b
2> auzn Jalse o tege 31Ol (IS 5 pens 5
sl o S8 Jlone 0 5 K e
S e e S g s a5 e 5
g ALS Ry Al s b IS8 s
5> Pl Eel by s ke SUL >
5 Rl LA Sl S RIS
(& 5Y) 258 0 S oo 53 s Mg
sbodld gl =l Ol o Csws hipd Ol
L;LM:),T; Sl Sl e Kb 2 sl
o5 (0) Al RIPH Kt by S
1 St b gbaaal o1 L Slsy, 5ol
A e s e3sed bl LOD ol
Wbrogy w53 S sl peemes 238 o
ol pdlotenl gl el sn cxle gl
Wt gy s LS Kb 4 el gl V57
G Moy O 8l S amds
S350 5 oslr i bl 3 Vsame (A4 5 A) 552 s
e f Sl spl e LSk 0L
S b b Sl O S Jleg gl o
st spl wlas by bl sl b b5 s
Sydens o3l ail> Ol s Sy CL; 9 by
Gl Bsi o el e 55 1 Ol 38
5 LSl 5 elr mh Bl S e § 55
Wbs g, Ol a4 sy ob) polie 4l s
JUsl (S sba L0 5 1) As el aal ol L

Cose Dl oa a4 el 5l Ol



V€Y & b)lo*:} AR 2,90 ch&g ui cblas duuﬂ”sr’

Lol Caligs 5 bl pde 5 Ko slaosl
i) Ul K Olgsa (S 2ok s
(B o0 B I e U ERNT-3| WORRe
PE e 5o esa beslr 4 O yle AS Cd
S AS e m s 1 0L ol Ses el —ailss
Sl ol & s e il 0l Sealys s
o Sl hd Gla e Ldd Ll b 4 e
S K sleslr St (T8) 5580 255
5 pbe Olpeaw 5 dmea ST Opk 5 e
SN s e 3 oy 5 Ul Jlasl sladlls
R Sl kS S fem i LS Jas
PRIV R U NI T
sl Glaessm 3 1, O 658 55 5 AS e e
T T AL D N -
J.oJ oo 53 Csey Jlaml s dlf\.;- srosl>
Slarl b Gl s p (SlensS
Mo s (Gule g laasly) o, ik
e iU Sl 5 ks sl Ll 3 S e
S = 3 (oo 53 D ssls eslr Olatle 5
B S TP SN I R P P
KAAAPI 8 VRGO [ PR R POCIL R B
(Sloslr Dby s 55 55 e Jolge Spo iy
Labiss, ol lases 3l cbli= gl o0 8
fb o el s 5l Gaa ol el
SLanl sl sy e n el as, Cends
G slaed i doss b e (IS
e 5 S5 Ol mlﬁi—osb.- CELEJ @
Sobes &6 n 5 K slaaal il sy
Sy s e ey ambones Bl
J,ouf Slae e 2 u\ﬁT—osL;- CELEJ BENRWARNRY

Ll gliwa S

AL

O e w5 laced 5 ai e slaglspd s &S
i 3 eas St e DUl S sl
Sl Sk 3 s Gl DL 5 3lpe IOl Ol
bl &S Lol SolS (YY) ey 5 Oguds (YY)
Lot VT Jlnl s Wl 5 o o anl l-esls
(M) wle s ) albsag, Sl > a4 g0
53 sy WL Clle oS sl olis ol adlas
ol clile (VU palie sdiasolis Laasl T 0L >
b ol CikS Sl pabpe i S en s
L Sllae (YY) Gsdls 5 Oy als Jlis
5ol CdS b gbiagy s baeslr daly 4
Lol slagtass mb (YY) wsls pbnil Ul
G355 0 Gl le b bl &S sl oL
proins JUES) o S Glaeslr 5,2 slag
S A Sl el (g5 DU 4 s
JUsl 5l Sk g bl Sllusl (gl >
sls slgni 1 gble cpl 53 Ol 0L 4 s
g5 4 Lol ol (TOA) OLKes 5 SV
o3lr gwdia Olasle imas bl ol
G oo hS Ol sl b
bl YV Lol (TP 5,0 B o s Laaal 1
e 53 Sy gads o2l L1y Laaal plosl
ol e Jle S et 5L G ol 5o s SbLE
S glas,e n S sl Ol C,L; Lsls 13
o3l 5 ek plmil (§ g i o3l S Ly e
5 Ol 5 035 Doy 55 5 Sl Lo
Lot 5l G5eS slaede LB sbay s

Sl 03 g gbli= Dbl sl
Sopom I SIS aE et b R sl
s S RB sba St 055 e s LS Al
S LS e b b glacl glaanl s
ol 2L S Rl ca e Gk
Golala, ol b s il e el | IS



Oy Sad g gliw 5 Vo | oo adlpi-odls abli5 36 Olasuie il

Loylsd 8 55y 5 i (oDl Condy kS
phe Slasie dn A S
2> bl et dsb) s A5 5o eSS L
Fa0) B pd iy Aol 5 s (BB Joe
Condy s St S8l (sl sla Sy U
g b gl Jsb s jaseie baesls ),
3 G SS 4 bt iy e
&3S o ArcMap L. s Fishnet 5l
S W TSl 5l e S il lasis
G oa bl e g gl T b s
Loy Seslnl CK;A AL A (6 Re g s
o3Il L gl 5 i i Bl el ps
S iy b eslinal e e Sl Y0 lad L
b Slo ot (ALS gy (513 03 e ool
O JoS o3 815 eds Ol iS5 by il
O calgns i ale Sl Sy s
b s (JS a4 Bl Sy e ol

el s e gl s
e bl o 3 eslr 4y, UPCL s
Cin g Seilll 3l S cl (glazals e UPCI
SIS sad gl Wb o 5 2 s
b sy Gule Wl (Selslls (O
e P R
Sl UPCI slacs ,Soslul () daly) del s
U o sk asle VY s S 5s ad e
LR S R €D IRV SO B W PP

i gl Wy Cansy e g K]

W ydg, g 3190
5o gl CJJa 05 axlllaes ge dabaie

05 dows 5 aikaie pl el A oyl el o)
Cand 3y e b e ol Ko
oS W alol s olndS okl 3 adled
SrskS Ty Sdage Ol gd (Biiose
P e e R e | BNGIC S R S
BYVO oV 0” LLlae 5,8 e3gdos 3 S
00° YV Yo" Lol i Job s JLed YVO Y T
dlie S colas sls 513 3,5 00° YY Y07
U oove u o)l anls 55 oS eny ,LKs YITA
arys bage s I3 L c\a.ﬂ b e Q0
5ol ale am s Y Ul obe O{j"pfﬁ <l
ol :\Jf&:ju ams =V Jle ole o Sy s
S ey e e tVO YL Sl Sl
o S|l e Sl sledidd s O o St
JEC RN, U PPN NI I P T
o3l el S VY hls CBT (6w e gdee LAl
WAL B AYAY o sladle 5 & oy Ko
Flas 5l bolr 4y e ol o3 S Sl
G 3 e o S e g slabtag,
S s ol saap Sied W Ll
spme Jal i alel S e SR laesls
Sy Sl g hls la s adIS o5 4 cadlas >
0 jSh=) oS Sls 5 Guu o3 235 A Blas)
Olyes 4 b g o Ol U il (5o, 40 555

S3555 3 s LS 5l Laesls s a3

ol ok b Sl 235 ley g5 a8 A K
éaljj 9 Sl b A s s Golsw
g5 Jols Lol Slasis 5 oLt aalbols

UPCI=10 - 1.16CR - 2.25PT - 1.47ER - 0.33RT - 1.560A — 1.58CW )

1- Unpaved Road Condition Index



V€Y & b)lo*:} AR 2,90 ch&g ui cblas duuﬂ”sr’

s Sz O Sl oz pl on e Sl
.Lﬁa@ﬁgﬁ\cu:)\}fﬂ&zuojk}g
e 03 5 oed sy 53 baalpl b S sbay
s e sd Sl 5,0l a4 e
B e slage SeS a B AS el
slaed Goo esbe T sk 5 el X
5 dsb Seosba L3S a3 b
(s M 3 0SSl mhv) s (250
5ol ksl e 35 oiliy S sba
e 0 5 o 5ol 3l LE e 0 dilie claasl
Ll 53 b 53 slasis O son 250 5l 3l da
Gl VB YENY lOLT Fob 3 s
eV o A gl JS 53 s el VEY
Jom 5 Sl gl Al bl ULy, (6ol ses
A S elanad i) b Sl L G bl e se
Olabsl 51 s 5 iz o80T a0 oo Lads g
Y 51l Lol 5l 20 ) ek gas 215K )
S el sty S 0/80 o3I L sty blo
055 e 3 ke il s eslanal 5540 gladels
o 3 081 55 el et el e b,
Ois 5 Ad ey 3,y s &:Aprr.:J.QJAA.z
b3 5 6 Seslul sy Jaas sl 5 L Lol
slile BL lae sy ol en 4 Blo LS en
Bl ;\ﬁ&:;u a3 100 gles 5 WOT g4y
ble 5 o 5 St 051 55 Cele YE Sy,
asl lo B 05y WS LS s, O
A dasloes
Jsb 53 ok Ll blis ooy Slasiin
sdr s ol andlas 3 ) 5550 o2l 4SS

! e.l.i:A.s:\)\ \

A

Olizlse Lol SS Sl CR sl ool o
g aholh Sle Opgon S Sl el
e g e bl Sl o VL o
dp b Sike b ol PT ol b
Cowdty mpn e & dl= slas s Al Ges o
Cins 2Sa) ams oS alep L ER W1 e
Goo 4zl 8 Sl (il a5 s el
ot OF Colae 5 e le 0 31 50 il
Bld OF slp ) sde 3L ez sl Ve )
Aol SKls & poay 45 Solil,Ls RT 1553 0
o 3 ket whal op Sl 5 AL o G2
O e le o S slael 31 adeds
oS Ol S S o> SSahls s
33 9 93 A= &K“} Slaosls glaasls = 5
ol Jele 23,5 o edalie S5l 5 o slaas o
Slkes sl pde b5 ot b bl ol ane s
d 3l e oy OA el K 5 e
S Sope w5 Sl il sl j sl

Lol D5 252y s 00 ol uaie
(8) a Bl O @l ) sde e sl 0 51 55,5
5 Sl O Zb s el poe Lsn S CW
3o 3L Sl st Sends Ol 2L ol
wpoler 5 /0 sde w3l o T axiler o
sarass OF o) s Wb awdl wlal sl
2wt 5 e 0 ady el Jgb L(YA) Ak

Dy ko3 0 Lol
0Ly 5 Gl phige 5 Bl Slldl ol
o0 5 &S b Bl bajles
BB e 4 Sile lacid s (VS
LI C-E PSR DU U TR g O EPUN JUERNPS



Oy Sad g gliw 5 Vo | oo adlpi-odls abli5 36 Olasuie il

Figure 1. Conservation treatments.
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Table 1. General characteristics of culverts and road structure in road-stream crossing.
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Table 2. Comparison of the sediment suspended load before and after road-stream crossing.
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Table 3. Analysis of variance for the effect of conservation treatments and traffic on sediment suspended load
in forest ravines.
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Table 4. Mean comparison of sediment suspended load in different treatments and classes of independent variables.
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Table S. Pearson correlation analysis for studied variables.
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