Los Angeles
County

Orange
Long Beach
ong Beac " County

Seal Beach

148,

San Pedro ESTHER A

Sa nBPed ro State _ Huntington
Ay Waters Q \

State Seaward Boundary

8 (g) Line

Legend San Pedro Bay

[ Federal Leases (as of 02/2012) .
[ reaseng s osms weozn, | OGS Operations Map
| Mon Producing State Leases.

Platforms (as of 02/2012)
0 1 2 4 Mies
Buseau of Ocean Enercy Manacement

Pipelines L |

SR 020112

TECHNION

Israel Institute
of Technology



http://bioforumconf.com/IICHE-abs/outofhtml/IICHE_2018/Raphael Semiat.html

B
)

S =
: ,,‘ i e

- L




Elemental sulfur

Offgas to incinerator

Raw gas
pipeline

Waste water

Condensate to an oil refinery

To sales gas pipeline Nitrogen-rich gas

= Ethane
= Propane

2 Butanes
= Pentanes +




Leviathan Block Diagram

October 2018
Choke
vaie Gacl Bac Fracoure
% — |5 wotion Mater Regulation
FROM WELLS DEM Dj ] E:jr o
GRS 1200 MMSLFD T IBRAEL
WATER 1,580 BELD 1200 MMSCFD
MEQ 1880 BELD
COND 2,850 BELD
= aas

proc. PUD o
Fusl Gac Sysism REM
P00 MMSCFD

FROM WELLE REM

(1A% 900 MWSCFD
WATER 1,408 BELD
MES 1,400 BBLD
CORD 2000 BELD
— —a
- -
Gond
Hoaar ME@Cend Sop (| A5 BE0 ] |  cona stanieration Flagh
Sycisn
3700 BBLD r
FROM REN
FROM REN FLOWLINE
s B i 2,000 BBLD
Fiowiine Rioh MEG
Pre Traatment
=é:
Flowline
Rioh MEG
Etorage Prooscs
FRGM REM PROCESS
Flowlirs WEG Regenaration ‘2orage
Tm——— —=m e - Procscs MES Ragensration |
= J‘ FROMDEMPROCESE | ST i “l |
=
|-
Fiawlina
Laani Prooscs
Etorage |Lsan
Storage
-
ol E—
weawsEciow | = SNt
PUNFS Wiater TURE0 EXPANDER
1250 BELD
Agsumptions
2amblcond/immsergas e
2500 bbd formation water
0.35 bl condensed water rate “:—31

PROOUCED WATER

OVERBOARD
3,250 BELD




separated on the platform:

luid hydrocarbons, some volatile, at a density around 0.8-

on calm water , will form a dispersion in turbulent water,
portant volatile components are the BTEX namely
Benzene: ~ 0.3 -0.9 % Most problematic, yet close to 0.3% - While d
and gasoline in gas stations is close to 1%
oluene: ~0.4-1.4

lene: ~ 1.6-3.7

Ibenzene: ~ 0.6-1.3

rature of 50% of the matter is above 235°C

mercury, arsenic in the condensate are extremely



ities on ea

(11) 2016 %1720 WM W PR PPN M0 NTORD O MI0W NN ;2 900 A
) y ) ] 7 [ i

Produced Water : : ] : 4.7 5.1 54 6.0 5.3 4.7 9.5 6.2

Rain Water
Gauge

Rain Water To
Open Drain
Fresh Water
Added to Open

Drain (Ovecflow | . I | I 0.0 0.0 0.0 0.0 0.0 . 0.0 2.5 0.3
Meter)
Estimated
amount of water
that was
discharged
overboard

Open Drain
System (Oil
Water
Separator) -
Total

Sanitary Treated
Water (Red
Fox)

Gray Water
Fresh Water
from Water-
maker Totalizer
Reading

Water maker
Brine

Cooling Water

Shredded Org
Kitchen Waste

0.0 0.0 0.0 1.8 0.0 0.0 7.0 0.7

0.0 0.0 0.0 4.0 0.0 0.0 16.1 1.6




2016 nw T7an2 DYRIN MPPTR TOANG M2 DMK R DIAINT 02000 MPPTa nvEnn (3 'on 72w
(11)

Sampling |Flow| TOC | T55 |Mineral oil|0il & grease] PAH | BTEX | Benzene |Toluene| -Ethyl | Xvlene| Phenol | Cresol | DOX |NHeN | TEN-N |NOyN| NOpN
Date (FTIR) (FTIR) benzen
m/m| [mg/1] [mgh | [mgh] |[mg] |[mg] | [mgA] | [mg] [[mgh] | [mgh] | [mg] | [mgh] |[mg) [[mgA) | [mgl] |[mgh] | [mg]
f2/16 (174 187 16 9.7 1.63 | 030 | 0.04 0.1 003|013 3.32 346 |0.025] 4.2 20.2 0.2 [ 0.001
T/3M1e  [214] 224 4.1 16 0.03 | 058 | 0.09 0.2 |0.06 | 0.23 6.1 6.13 |0.025|5.15 7.2 0.2 | 0.001
3416 [191(2,334 3.4 11.9 002 1011 | Q.05 | 0.06 |0.025)|0.025] 572 5.63 ([0.025( 8.9 10.1 0.2 | 0.00]1
2516 [175(8.203 1.6 10.88 |0.77 |026 | 0.06 |0.12 [0.025] 0.08 6.9 T.72 |0.025]6.19 | 529 0.3 | 0.001
5/6/16 |176] 133 0.3 1.5 0.2 | 006 | 0.025 | 0.06 [0.025]0.025] 13.44 | 12.33 0025378 | 5.1 | 0.2 | 0.001
LI/7/16 | 107|3.860, 2.7 20.2 0.62 | 0.65 0.1 027|006 |022| 848 2.8 |0.,025( 39 [ 37.69 | 0.2 | 0.001
L/B/16  [159(2,742 0.3 6.3 04 (031 005 |0.12 (003|011 | 6.65 699 |0.025]| 3.8 40.6 0.2 | 0.001
4/9/16 (14714411 4.7 10.1 035 (027 0,05 |0.09 (003 | 0.1 5.99 6.62 [0.025( 4.7 21.2 0.2 | 0.001
9/10/16 |137| 336 0.7 B.1 0.567| 0.28 | 0.04 0.1 [0.03)0.11] 9.76 993 [0.025]|4.06 B.8 0.2 | 0,001
6'l1l/16 | 144) 287 1.1 8.2 0.44 | 0.37 | 0.06 0.1 (004|017 936 11.1B |0.025( 5.1 6.4 0.2 | 0.001
L1I/12/16 |202] 259 0.3 12.8 000 (053] 0.08 |0.15 (005025 6.84 T.87 [0.025(4.78 (il 0.2 | 0.001

—

00| th = A= A A A LA A

SURIRT TYET PW NI N0 NNND NRXM RNTI RN QTR D000 MY LOMITIN D20

Sampling | Sulfide | TDS
Date

Ag | Al Ba | Be | Cd | Co | Cr | Cu | Fe |Hg-| Ni Bh
ICP

[mg/] [mg/] | [mg/1]

9/2/16 0.02
7/3/16
3/4/16
2/5/16
5/6/16
11/7/16
1/8/16
4/9/16

9/10/16

/11/16

11/12/16

i
I.‘-Idtdl-.l::g'-.hl-.ll.lhu-—-é a

LAOMIMN X 07270 .



(11) 2*2°0PK 177 2™ 2w 0110 4 'on aYaw

| | | G ) [pCL] . [pCiL] | [pCIL]
Tamar Produced
Water 2013-12-10; 0.018 £ 0.051 | 0.04 £ 0.043
10/12/13 | 09:00 g9AM
Water 2013-12- | 0.066 + 0.080 | 0.15+0.19 0.216
2311213 23:9:45AM

Water Skimmer #1| 0.0520.24 | 040+ 0.34 0.450 -0.021 £ 0.044| -0.16 £ 0.44
19/10/14 | 08:00 Outlet
Tamar Produced
Water Skimmer #1| 0.03x0.14 | 0.74 £ 0.30 0.77 -0.002 + 0.054| -0.08 £ 0.46
29/3/15 | 07:00 Qutlet
Tamar Produced
Water Skimmer #1 0.04 £ 0.26 -0.029 £ 0.042| 0.45+0.42
29/2/16 | 07:00 Qutlet
Tamar Produced
Water Skimmer #1| 0.034 £ 0.093 | 0.31 £ 0.30 0.002 £ 0.023 | -0.17 £ 0.28
26/2/17 |12:00 Qutlet




Table 29. Average metals concentrations (mg L) in produced water samples collected from the
Tamar Platform between April 2013 and December 2013 with comparisons to toxicity
Table 15, Total arzanic carban (TG<) ¢ soms per station and 2 s 1 deviats reference values (Critericn Contitmons Concentration [CCCT) (Buchman, 2008).

TOC conceniration by sirarum in sediment from the pear-field, mid-field. far-Seld, md
Tafarence st during the April 2014 Platform Survey. Metal Apr-13 May-13 Dec-13 CC(?
e ToC ) Silver (Ag) ND ND 09502

g

080 Alumamum (AL 04 ND (.35 --
36

1200
200BC

g

oo Arsenic (As) ND
0.78 Boron (B) 145
Barnmm (Ba) 0125
Beryllium (Be)
083 Caleium (Ca)
u:} Cadmium (Cd)
u.a.z. 0.12 Cobalt (Co)
Chrommm (Cr)
Copper (Cu)
Irom (Fe)
Mercury (Hg)
Potassium (K)
DE=018 Lithoum (L1}
= Signesiun 042
L1s Manganese (Mn)
0.01
LiE=010 Mal}rquum (Mo)
Sodmm (MNa)
Nickel (N1)
; Lead (Fb)
081=0.10 -
o Anhmmy (5b)
0.59 Selemum (5e)
i'gf Tin (Sn)
Fafsrsace Averags Bo6=008 Strontium (5r)
FF = fr-fiakd; MF = mid-fald; }F =near-Sild:; F-FF = rafarancs. Titanoum (T1} -
Vanadmm (V) J0BC
Zinc (Zm) 03 81
Aetari-f Tavear Emimemental Moliving Program 44 BC =EBnfish Columbia Water Cruzhity Guidelmes; WD = not detected, NZ = Austrahan and New Zezaland Environmental
Py S b s Concemn Levels and Trigger Values. - = data not available. _ o
Sowrees of CCC toxerty reference valies: primary entry 15 the U.S. Ambient Water Cuality Criteria.
! = Criterion Maminmm Concentration.
17 = Crterion Maxommm Concentration bas been halved o be conparable to 1985 gudelines for mumnmim data
requirements and derrration procedures.
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Table 8. Total petroleum hydrocarbons (TPH) concentrations in seawater within the near-field and
reference strata. The analytical laboratory’s detection limit for TPH was approximately
13 pgLh

TPH (ugL")

May 2012 | November 2012 | March 2013 Apnl 2014
Near-surface 274 <134 <13.5 <13.7°
NF2 Mid-water 427 <143 <13.0 <14.8°
Near-bottom 417 <12.5 <124 =13.73
Near-surface 493 <12.5 <1372 <138

Mid-water -l <12.8 <13.12 <14.0
Near-bottom 386 <133 <1307 <141
Near-surface 329 <133 <128 <1553

Mid-water 31.0 <13.7 <12.9 <13.7°
Near-bottom <12.6 <12.6 <133 <15.3°
Near-surface <12.8 <12.6 <137 <143

Station Water Column Stratum

14 16 18 20

Temperature (“C)

75 20 83 00 05

Dissolved Oxygen (% Saturation)

36 37 58 39

REF4

Mid-water

<12.6

257

<14.1

<144

Near-bottom

34.7

<12.8

<134

<14.3

Levantine
Basin
Baseline

Near-surface

5125+ 12185

Mid-water

208+ 2767

Near-bottom

2382+2765

Salinity

ND = not detected; NF = near-field: REF = reference; TPH = total petroleum hydrocarbons.
! In May 2012. the mid-water sample at NF6 broke in transit to the analytical laboratory. and therefore was not analyzed.
2 In March 2013, the station identified as NF5 was sampled instead of the station identified as NF6.

3 In April 2014, the station identified as NF1 was sampled instead of the station 1dentified as NF2; and the station identified
as REF1 was sampled instead of the station identified as REF2.

Figure 6. Temperanare, salinity, dissolved oxygen, and depth prefiles of the water column abeve
Station REF] on 24 April 2014.

M- BT amar Emadrommseanl Mosiporing Frogras 23
Mobls Esergy Mediserranean L November 2004
b F - 4208 P -De- R EP - -FIN




Table 30. Average volatile crganic compound (VOC) concentrations (ppm or ppb) in produced water samples collected from the Tamar Platform between
April 2013 and December 2013.

. | §| &
CHN - -
3':‘:-'\'3'\
Pl

ND = pot detected.
- =data not available.




Inlet and outlet locations of Palmachim and Soreq pIants

Outlet Sorek Control ' : I 1.5
— ﬁe . Inlet Sorek

Inlet Sorek

39.5

Palmachim 3l 39 Outlet Inlet

Palmachim Palmachim
34.68°E 34.7°E 34.72°E T 34.68° T 34.7°E 34.72°E

Outlet Palmachim

Kress, E. Shoham-Frider, H. Lubi Xy N N ?m:
environmental monitoring of the Pc S
plants, In: IOLR Report H12/2016, 2015, (mHebrew)

712

829

584

608



Major breakage of piping and tanks.

Piping and tanks are built to survive in very harsh conditions,
Condensate and diesel oil as well as MEG will be relatively low.

In case of disaster, two different models were employed to check the
behavior of the condensate in time , at different situations of weather,
winds, water streams, at different seasons on:

Spillage of all condensate located on the platform (1000 barrels)
Spillage of all Diesel oil on the platform (1000 barrels)

Complete breakage of the condensate on the way from the platform to the
shore. A similar amount.

OSCAR and MEDSLIK models were used to analyze all different situations
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R
Produced water
Mineral oil (FTIR)

otal oil and grease (FTIR) - for the first 6 months run-in
period.

otal oil and grease (FTIR) — after the first 6 months

OC - for the first 12 months run-in period
OC - after the first 12 months
otal suspended solids (TSS) (105°C)

Oil water separator (open drain)

II

ineral oil (FTIR)
otal oil and grease (FTIR)

33
e W o |

Sanitary waste (Black Water)

3
H
=

ree Chlorine

otal suspended solids (TSS) (105°C)
otal BOD

urbidity

3
=

3
=
=

|E

otal suspended solids (TSS) (105°C)
otal oil and grease (FTIR)
urbidity

Ilﬁﬁﬁ

6.0<pH<9.5
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