Water and Soil Management and Modeling
- Gg University of Mohaghegh Ardabili

Online ISSN: 2783 - 2546

& s
Manageret®

Development and field evaluation of a biphasic portable streamer trap
(BPST) for phase-resolved measurement of bedload and suspended load on
the Southern Caspian coast

Rasul Koohzad!®, Reza Dezvareh >*®

' M.Sc Student, Faculty of Civil Engineering, Babol Noshirvani University of Technology, Babol, Iran
2 Associate Professor, Faculty of Civil Engineering, Babol Noshirvani University of Technology, Babol, Iran

Extended Abstract
Introduction

Coastal sediment transport, particularly longshore sediment transport (LST), governs shoreline evolution and port
sedimentation. Accurate prediction requires separate quantification of bedload and suspended load capability
absent in traditional single-chamber streamer traps, which merge both phases into one sample. This technological
gap prevents independent calibration of two-phase numerical models, introducing significant uncertainty into
coastal management decisions. This study addresses the gap by developing and field-testing a novel Biphasic
Portable Streamer Trap (BPST) equipped with an internal horizontal baffle that physically separates bedload from
suspended load at the point of capture. The BPST provides, for the first time, phase-resolved field data essential
for advancing sediment transport modeling and enabling evidence-based Integrated Coastal Zone Management
(ICZM).

Materials and Methods

The BPST was developed by modifying the full-depth streamer trap design with a stainless-steel horizontal baffle
installed 150 mm above the base plate, creating independent lower (bedload) and upper (suspended load)
compartments. The 150-mm height was determined from bedload layer thickness theory. A 100-um polyester mesh
covers the frame. An extended-handle configuration with a boat-based mooring system was developed for
deployments deeper than 1.0 m. Field tests were conducted over one year (December 2022—December 2023) on
the sandy southern Caspian coast near Nowshahr Port, Iran. The bimodal wave climate comprises calm conditions
(Hs < 0.5 m, 85% of the year) and storm events (Hs > 0.5 m, 15%). Twenty tests were performed at depths of 0.3—
1.3 m. Samples from both compartments were separately collected, desalinated, oven-dried, and weighed to 0.1 g
precision. Wave, current, and wind data were obtained from a nearshore ADCP and ERAS reanalysis.

Results and Discussion

The BPST successfully separated the two transport phases across all 20 field tests. The mean total captured
sediment was 1665 g per deployment, comprising 1543 g bedload (92.7%) and 122 g suspended load (7.3%).
Decisive proof of selective performance was the simultaneous recording of substantial bedload (up to 4890 g) with
zero suspended load during calm conditions, confirming complete physical separation. During storm events,
suspended load increased significantly, reaching up to 560 g, demonstrating that high-energy waves drive sediment
suspension. The extended-handle configuration performed stably in water depths up to 1.3 m, overcoming
traditional depth limitations. Analysis of phase-resolved data against synchronous wave measurements confirmed
that suspended sediment mobilization occurs primarily during storms, while bedload dominates the annual
transport budget. These phase-resolved datasets provide the missing empirical foundation for independently
calibrating bedload and suspended load components in two-phase sediment transport models.

Conclusion

This study successfully developed and validated the Biphasic Portable Streamer Trap as a reliable instrument for
phase-resolved measurement of coastal sediment transport. The internal baffle design proved effective in
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physically separating bedload and suspended load, verified by the selective capture of bedload during calm
conditions. On the coast studied, bedload accounts for approximately 93% of total annual LST, with suspended
load mobilized primarily during storm events. The BPST bridges the critical gap between two-phase numerical
models and field observations by delivering the first phase-resolved datasets for this environment. Minor
limitations include the fixed 150-mm baffle height, which may be exceeded by saltating grains in extreme plunging
breakers. The BPST offers a robust, cost-effective monitoring platform for Iranian coastal waters and supports
evidence-based ICZM. Future work should deploy BPST arrays across broader spatiotemporal scales to construct
regional phase-resolved sediment transport atlases and systematically integrate these data into numerical model
calibration routines.
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(b) Local Study Area Detail
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Figure 1. Study area: Nowshahr Port on the Caspian Sea. (a) Regional overview, (b) Detailed map of the study area

L AB e oy Juily oz pé Sl g9 x)
g st Ll 1) lgel (551 cov Blae jb ©jg0ds @b gy
ol S5 3 3l Ul sesl (sl Jloks] st ¢opl ol
Ol g s 31 ol (g daleg 390 Cgmina 316 g0
LSn sbobles Sawad (ol (0355 55 ol il
2 Seeladgpde lulpd oS b 38 (o Jwsd 1) Sl
D91 938 )3l 3 Sdas yeadi sl (6 S0l sl yaS” Jobo
o] (25035 J b g zge sloodld gliaie en

Nyl cuils ols o Sllas Cuje s Sbal oyl

@yl plp > S)n gl S plyieas by (Sidzge S92
sl noin FB 5 olul XSG sbal 4 e
oS ded 0 ) 0yt (Longshore Current) Jslo (¢5lge
b sl a1y (T g 3l by 5 & 0 Baes
Afandizadeh and ) cuwl 03,8 Jas LST aslles (4l
b 5y awle j Baes 45l ol ©lgw, dob (Lashaki, 2017
Slodds LS5 yio des +/Y 2505 ;3 (D50) dilo ylad b lawgio



YY) U YA€ Olbxdo (V€00 Jt.w &Y a)l.o.w Al 0,92 /&5‘;3&,’1 u.:).!...\.ogd)l.w‘).\n Q).MM /‘!va) b)lg}bg b,)bgs Yaa

Py Yt ) 9l Sb (585 9,3 51 b WS (o ol 5 5551 ]
oo oyl Byl S )gilnl (g g 9390 xS ol
ok g alsel o plp 1) oile U5 o)l

ey 4 (3gee hatue OB S redgy9 B LY
& Jade YO- ope g yiaike Voo
ok 4l jiodie Fr x ¥o (s3Vgh (sla libgy
LS oo 435 |y (6 1 pdiges Colune cild oyl Ll
Sbaldjle e wal8 1) 29wy (b 2959 Ol
Ban los) )3 &S A8 (o (e o5l Sy )
S35 By S 1 (g5l 25905 o 520 VD ) 205
Sl g J) lodas (isu 5 995 plsl O
9 02> gy gy Jol

@YU pige 4 Cyge 4l 9> il slael LT
Jate al ddio cis glhadsls 4 (5399 B
Soxs plp 1y ejle (sl Cudio dael oyl londs
G953y b S5 5 31 g 00,8 (el el (Srali>
S e S el S

Gl B SBgs sy atwd ¢ 1 Slles cladoy L€
el yplpl by A5 (355 Cudge JpuS 5 Joo

Conw] 0L

ol o g cpl )3 &S Casl S5 & p3Y
el g o el Jay calisee (claplas ) b Slatum (020
b aY cubs s hes p Bro yeke 10+ glis)
Sweluodgyin bulpd > @l e by Bua by e
5l ol Sl slaodls (Jls pl bl 8,5 & yg0 Jgliio
B s )b yguas 55 lre ,b o y39) pl)] Lty (sla gl
WSS e ol o5 jebay ) elasy) ol 5 Sl oo (aag5
Epoge g o S e lagls)l b jlnl 5o o)y
b T eldlas

Sre Voo Ges > &ly by g e pljle ik
sy S 4 a5 (N, 51.3883°EYVS/FAND° Clais)
5 oolawl b 50 dalats SLIS a2l Seis] g 5450 ADCP
Lulys jl elS pgws b a3 uJes ERAS Lbosl cslaosls
WWl> 392 ()l paiges slaoygd Jobo 3 (S g9 ity

b

EOogw, A dblw Calw ¢ Sk wuld -Y-¥
s3bed

lodls o155l blse s < BPST slb 5 Lol Gua
2 9 (e )b pdiged 5 @ Syl (Joo cablB) Sby>
5 Supd SSE i 5 polis cublB g8l (b e
b 0l 4 (s (2 392 Taso )3 Blaa )l g s b oo
gl dge st S Jols JolSG 82 G 50 (b sl
drogh (oo > g oll (Dbl 03)58 Sl (pgel S
&loslw sl g 4l g lome —Y-Y-)

bwgs oads il Sotine (b « BPSTdswss (gl wly (665w
slp & s bl (Payo et al., 2020) o )\Ken 5 ol
asle g 53 bglse ol 13 Of Gos plod )3 ()l paiges
Sl s 4 (oo o) (Y JS8) ol 0 (sl
Dgr ol gy dlads ¢ 65l balys )3 )8 cull 5 (glojlo
Ay g0 Cuoglio (gly 505 3Yed s | BPST Lol ol
Gl Jols aleles JS b asle obys e 3 (53,65

I VS Y

X Ve sl a UK e g Sl sk )

Olysd & o dee 0 Culis g e Jee Veoo
alsy 9d doins cpl WS o oo oSiwd edglls

ol ey (ol oS wuwss )by Jls

38 93 g Al 0l Olija T JSS
Figure 2. Structural details of the Biphasic Portable Streamer Trap (BPST)
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Table 1. Dry sediment weights collected during 20 BPST field tests

Test Date ‘3?;:; Hs Duration Bedload Suspended Total Sea

No. (m) (m) (s) (gr) Load (gr) (gr) State
1 15-Dec-22 0.5 0.9 600 1750 260 2010 Storm
2 15-Dec-22 0.8 0.9 600 2150 320 2470 Storm
3 15-Dec-22 1.2 0.9 600 2400 400 2800 Storm
4 27-Jan-23 0.4 0.8 550 1300 170 1470 Storm
5 27-Jan-23 0.7 0.8 550 1860 290 2150 Storm
6 27-Jan-23 1.1 0.8 600 2500 360 2860 Storm
7 15-Mar-23 0.6 1.1 550 4500 460 4960 Storm
8 15-Mar-23 1.3 1.1 600 4890 560 5450 Storm
9 15-Apr-23 1.0 1.0 600 2800 120 2920 Storm
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Test Date ‘Sleagtel: Hs Duration Bedload Suspended Total Sea
No. (m) (m) (s) (gr) Load (gr) (gr) State
10 15-Apr-23 0.5 0.3 600 280 15 295 Calm
11 10-May-23 1.1 0.6 600 650 20 670 Moderate
12 10-May-23 0.5 0.3 600 210 0 210 Calm
13 25-Jun-23 0.8 0.4 550 530 0 530 Calm
14 25-Jun-23 0.5 0.4 550 450 0 450 Calm
15 25-Jul-23 1.2 0.4 600 375 0 375 Calm
16 25-Jul-23 0.9 0.4 600 340 0 340 Calm
17 10-Oct-23 0.6 0.5 550 410 20 430 Moderate
18 10-Oct-23 1.1 0.5 600 500 35 535 Moderate
19 22-Nov-23 0.9 1.0 600 2100 110 2210 Storm
20 22-Nov-23 1.3 1.0 600 2600 150 2750 Storm
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Test 1 (15-Dec, 0.5 m)
Test 2 (15-Dec, 0.8 m)
Test 3 (15-Dec, 1.2 m)
Test 4 (27-Jan, 0.4 m)
Test 5 (27-Jan, 0.7 m)
Test 6 (27-Jan, 1.1 m)
Test 7 (15-Mar, 0.6 m)
Test 8 (15-Mar, 1.3 m)
Test 9 (15-Apr, 1.0 m)

Test 11 (10-May, 1.1 m)
Test 12 (10-May, 0.5 m)
Test 13 (25-Jun, 0.8 m)
Test 14 (25-Jun, 0.5 m)

Test 17 (10-Oct, 0.6 m)
Test 18 (10-Oct, 1.1 m)
Test 19 (22-Nov, 0.9 m)
Test 20 (22-Nov, 1.3 m)
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Figure 3. Stacked bar chart of dry bedload and suspended load weights captured by the BPST during 20 field tests
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(a) Distribution of total dry sediment weight collected by the BPST over the one-year measurement period (December 2022-December 2023)
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(b) Distribution of measured sediment transport rates over the one-year campaign
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Figure 5. Temporal distribution of (a) collected dry sediment weights and (b) calculated sediment transport rates during the one-year

campaign.
u“?lo S9) JL“"’l u-‘:-‘b @l‘} d)’J")“-"S Cad )‘}f‘ u’..m?; o2Lél Pb L C—“%S“’) J§ dl“’dﬁ u'.""’). &y 0 Jg‘“’
! 2o dr) eadelpa ooy Jsl sbogys g (@l )

had & n SO ooy e o i Ay pueS il o

555 sadednlise buly) (o5 ixe oS Lioxis 4] i
S ) @b o e s 248 L Jml slag i g gy b S o ) dtz

4 ag L) oyl cops leolitl b Sies Juls

plsl odly cuin Ve g9y o (Bodly (B @95 92 Jloy e

1) sls gy 21 45 o> a1 o AT e S5 0l s e
g ) o Gt 9=

2P by ogr eadabld zae maldl 5l UL (L o5
23 by s Jlad 5 Jlad s slasly o ol
.(Leroy etal., 2020) 455 o 2! 5y (slrolo yo 1y (6550

D)3 gy £ dw s b |y (Stasen ()5 dxe 9 (25598
oA LSy S 4y Capd 3lae L b HS 5L Stauson
il 238 o ol 3o (5351 & 3o B i Cooles

» 2o 3l 4 Glee 36 ke ol o2y ol sssa BPST leosh & cagis oyl

Gl HB 5l Gl o ‘
s S omylisl Sy WS e eSate |y oAb
BPST. lise (655251031 Yo bl y3 Cguy JUES (SF 55 9 (Saolisdg i (sl shol sl cyus (5 bl (Saansod Juloi ¥ Jgur>

Table 2. Statistical correlation analysis between hydrodynamic parameters and sediment transport rates based on 20 BPST field

measurements
Relationship Test Coefficient p-value Significance
H; vs. Total Load Spearman p=0.78 <0.001 99%
H; vs. Bedload Spearman p=0.72 <0.001 99%
H; vs. Suspended Load Spearman p=0.81 <0.001 99%
Wind Speed vs. Total Load Pearson r=0.65 0.002 99%

Current Velocity vs. Total Load Pearson r=0.59 0.006 99%
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Figure 6. Variations in marine conditions against BPST-measured sediment transport rates during the one-year period. (a) Wind
speed; (b) Current velocity; (c—e) Wave height versus total, bedload, and suspended load transport rates (red points indicate storm
conditions)
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Figure 7. Scatter plot showing the relationship between significant wave height (Hs) and suspended load captured by the BPST
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Figure 8. Box plots comparing the distribution of bedload and suspended load weights across three water depth classes
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