Global Variable Pslelits Elozee
Characteristic

Carbon Capture at
Source
Characteristics

Regulation

Characteristic

Injection Unit Environmental or

Ground Transport

- Locational .
Characteristic Characteristic Characteristics
What determines the profitability an offshore carbon
sequestration operation?
# Of Vessels/Fleet
size (# vessels) is a
global decision
variable that can be
optimized around
Dockside Storage
Injection Unit Expenses Expenses ($$$)
($$9) are the total expense
of producing and operating A A
a new-build injection unit <
A A CAPEX ($$$) of the
injection unit
Revenue ($$9$) is encompasses the [€ Dockside
determined by the T RN GSa . one-time costs of the |¢ Decommissioning Costs ($$$) - ] Equipment Lifespan
lifespan of the unit, LT BEl e @ unit are primarily determined by the | _ . ifeti < time
the value of CO2, and .| the various components of operating < A A A A )\{ size 2f the Vissel and regulyatory B - GRAPNELL BEAE R ) : ( )
the rate of injection _| expenses, and the lifespan of the | P— constraints - B Cost of CO2 Capture
- vessel D onstruction A . ($$9)
'y < Labor Costs .| Vessel Docking T L‘ ’J
L‘ ($$$) are mostly " Infrastructure — - Utility Cost Onshore Transport A
! ($$$) are mostly a General Acquisition Maintenance ime) i
a function of the | S o c P Frequency/Cost ) ($$$/tm:jet)> |sh Expenses ($$$) L‘
On-Site Storage OPEX ($$$/time) is . size of the unit Lo : Engineering Costs . s etermined by the
the cost associa?ed with st(oring quue);ﬁed :L:el °9St: t(>$$tf1l tims) gred General Acquisition & vessel's size ble-ngg fnotst:ézfgryse ($$) are generally based | ($99) are determined ($$$/time) is primarily equipment power Vessel Docking
CO02, and is determined by the required . etelrlm éne y te reqU|r§t L Material Costs (Hull, |« size and the Iocatign on the size and capacity :)y th? storage a"dt ta funchog ?f the; demands, and the Expenses and L
e S ey installed generator capacity Basic Outfitting) ($$9) is of the system ransfer equipmen storage and transfer local energy rate Personnel ($$$/time) Lifetime OPEX ($$5) CAPEX ($$9) Lifetime OPEX ($$$)
A A primarily a function of the |« A A S equipment size (determined by can be generalized to e Lifespan of Source
- — size of the injection unit, AA A 4 location) the vessel's size and fuel. crew. and A (time) is a property of
Site Change Cost ($$$/time) is [« G%r;i:ast(();$ng7t:m:;1:pece and may be influgnced by = voyage length mainténancé . the source
the cost of moving the injection < elErnedlby R ek catited local regulations Engineering Costs Dockside Power l_ CAPEX ($$5) and the lifespan of A
> unit to a new field . ; o e > Requirements _ A A the units .
installed generator capacity Generator (§$$) are primarily < KW determined Storage Size CO02 Capture Source Storage Maintenance and
Acquisition Costs .detern;]med by t?]? o ( bz/?tzz r:qiri:rege (MtCO2) is a function Equipment Equipment Costs Personnel Costs
| | ($$9) are determined Injection Equipment S e v;/h N equipment for vessel a1 e e L] Storage conditions (AL ) i (5 )ele determmed Bl e
_ [On-Site power generation needs (W) are by the required Costs ($$$) are a er;g?nm%a:(siz:: Ofe ’ onloading, and for the inventory buffer for (Pressure, Purity Installation Costs by the quantity of opserved asa
7| determined by the size of the unit, onboard onboard power function of the topside Complex b 5| storage tanks and injection operations, Temp) are a global Acquistion Cost Fuel Cost ($$$/time) Crew & Maint ($$$) are a function of|  |CO2 needed to store, function of the source
and subsea equipment, storage refrigeration generator needs L : equipment integration > e < the density of CO2 as ; . $$9) is a function of ) . rew & viainienance gugl . - type, CO2 and the condition of type, storage size,
> requirements, and whether any power is being < injection equipment condition of storage det ined b Varlaple, and is # Transport Units is ( ) IS atunc an 0 is a function of the Costs ($$$/t|me) are diti d ’ —_ cO2 and capture rate
I provided from a transport vessel < A | stor‘; ;érgg]:ditio);s determmed by the determined by the the transportation transport typ.e, = el aliihe condi |<():r;, ?l:]re rate o — — i
Brilling and L T A > 2nd constrained b)-, rsgu;rgctj s;?]r?hgee required frequency of é;;p:fa?gg otrteu:ilgn:r?é fredqtjenc?/ c;)_f ttnps, transportation type 'y Fi\ 'y
Yellnead the space constraints in'e?:tionyunit and Al ETE IO ReTTS their capacity  ——
Installation | | Port - Vessel CO2 of the site t : rt [ type i
($$$/time) is _ Site . Mooring (Y/N) is a Refrigeration Power | Size of Injection Unit (tonne | transfer capacity X IRIISEOIVESSS Lifespan of
determined by the Site Change Downtime Cost Mooring/Installation possible method of |« Demands (kW) is a & m*3) is determined by the | (MtCO2/time) is _Transport Units
frequency of new ($$$/move) is a function of how Costs ($$$/move) is a j«——_| station keeping foran | function of the injection onboard equipment, storage, | determined by the The Required (time) is a property of Source Storage
wellheads and the » long it takes to move, and how function of first, the type deFtePI'?n(i)ﬁ :c?(tj) It?hl:as\?v;er P | rate, storage conditions, and the operating sea state | Vessel Continuously Storage conditions required onloading Space Constraints Inventory Buffer Shipment Frequency (trips/time) is the transport type R
cost of opening one 5| much revenue could have been of pla.tform, and then i e ¥Neather < CO2 Storage Tanks & and storage quantity, and A A < Docked to Provide (Pressure, Purity rate for the vessel (kmAZ) are (MtCO2) is a function determined by t.he trans-portation mode y (MtCO2) are
for production made during this time mooring system, the Onloading Equipment local requiremenets € Storage and Power? Temp) are a global determined by the of the injection rate of | type, the capacity per trip, and the total determined by the
A A L‘ V;iter::ﬁm;[:;‘lwgzt _ | .| Dynamic Positioning (Y/N) is a | ¢ (Product) is determined regarding CO2 boiloff . (Y/N) is a global variable, and is A > location of.the home CO02, and the h transfer rate required Infrastructure Cost .| CO2 production
PP Y N keep%ss'ft(’)'famnelﬁg%domasr:gtg?s"use<_ by the required T A A A Tank and Onloading decision variable that determined by the port, and influence variability of the Transit Time ($$$) is a function of 7| variability, the CO2
Site Chan i required to complete keeping fc : capacity, storage | Equipment Size (m"3 & can be optimized required storage the storage capacity storage input from the - : : : :
ge Downtime e s is determined by the water depth | (PRI R0 ’ h p P - h of the site ge inp (time) determined by the transportation production quantity,
(time) is based on the 7y 'y 'y and weather |- .tcct).ndltl(f)ns, and o < Ovl;z%)h?'i'renpaectsspggethaen around ir?jzl;()jglnyu?l?t aned CO2 sources the travel distance Transportation type Storage conditions and the frequency
SApes @ iie el < Leg Jacking (Y/N) is a possible me It;r;slu;(;r:spre 2 vessel, and are determined transport vessel A and average speed Capacity (Pressure, Purity Temp) are anc: capaCI:ty of
CO2 Value ($5$/MtCO2) is (whether by tug or self- method of station keeping fora | 'y Byiihenenitedlenninment (MtCO2Itrip) is a a global variable, and is e
prop), and the distance to fixed platform, and its use is < finctioniof.th determined by the required A~
dependent on regulatory value, the new site determlnedé)y the“\];vater depth | ¢ Qinceein @i A itv on th
and the addtional value that may 7y A and weather Average Transit required output S o;age Ca.tp ac:jyt on the "
come from the CO2 capturing Speed (kmitime) is a capacity and th“j type injection unit and transpo
industry \ 4 : ﬁ Ii Required EEXI/EEDI St.ore?g.;e Input. property of the of transportation vessel
A Unit Lif i Tugboat/Support vessel (Y/N) is ] (g/t*nm) depends on Variability (Cv) is transportation mode
nit Lifespan (time) whether or not support or tug boats < . . regulations for vessel determined by a
How long the unit is are needed during installation and Self-Propulsion Equipment class combination of the
expected to last. deployment, and is based on the (Y/N) is primarily based on the |« arrival variability (Ca),
Generally, 40+ years self-propulsion capabilities and frequency of moves and the the cargo capacity of
Site Change Frequency - - station-keeping method of the unit .d|stance CPUICED MBTEED U the vessel, storage
(moves/time) is a function of > MolTa;:i«; <i>sr :z:yddzlggg;m'z A | risk of severe weather ar]d how conditions, and the
how quickly the primary field is »| variable which is based on | | p_erm_anent dOf a Lno?]rlr;rg]] it onloading variability
depleted and the capacity of the site change frequency, Compression Equipment S0 ution 1S Uisetel, il Wimeumelr t Onloading A A T ATl
: : nearby fields and the unit lifespan. Power Demands (kW) is a is a mobile or fixed platform Equipment Variability (Ca) is a LT Transportation
_ Field Depletion Rate function of the injection rate, x Variability (Cv) is a function of travel Mode (type) should
DLl atsl i) A storage conditions, and property of the distance from source : be a function of the
”UT::;g;Zaé‘:;;?gr?f;?eand formation condltlo‘r:s vessel-shore transfer to deCkSide, the é“?lde (k-:-r:?\iI:L?llj?\tcatir:;eof distance to travel, the CO2 Source
= = equipment of transport, and the o quantity of CO2 Variability (Cv) is a
frequency of o p transported, the property of the carbon
- shipments S — variability of CO2 source and it's
New wellhead installation cost Tank and onloading production, and the eI
New wellhead ($$$/wellhead) is primarily a equipment capacity Storage conditions (Pressure, SOOI GEE el 'Y 7y
: »| frequency (# New function of the cost of hiring a A L Purity, Temp) are a global variable,
Carbon Credit Value A : I . X (MtCO2 & MtCO2/time) is . . ;
MtCO2) i Wellheads/time) is a drillship and installing new subsea Iniection Variabilit e T e and is determined by the required
($$$/MtCO2) is _| function of the depletion equipment eI Aty storage capacity on the injection unit Source CO2 Output
determined by | rate of sands. the number 'y A (Cv) is determined by products, and by the and transport I Source Locations
: . : : < port vesse Rates
regulation, and of wellheads for a new the rat(l-;- of nevY required onsite CO? storage [€ are a property of the (MTCO2itime) is a
therefore the home > sand, and how many wellhead installation, and vessel offloading rate carbon sources rty of th b
port/location of sands t,here are at a field i relfeletigy @l ine A Seasonality of property ot Ine carbon
- A fraredt source
carbon capture Drillship Cost injection and subsea Carbon Sources |
$$$/Wellhead) is the equipment, reservoir . " - o
o ostof hing 2 geology, and the o Onloading Variability Operating Window for Onloading Ops (% () ore 2 propery ot
drillship for opening a number of active determined by the |« (Cv) is determined by the e 1 2o G GRS EE0 [ dcani t th
2 < . ; underway, and is a function of the local | and can impact the
new wellhead. This is wellheads - variability of injection operating window for CO2 ) : : < it Ti - Storage conditions decision of whether to Carbon Sources should be |
: ; Continuous : loading and the arrival environment and transport size. The unit does Transit Time (time) " determined by the required injection
Subsea Equipment CAPEX a function of the A A A St and CO2 arrival Il ti tb i dto be | s o e e (e (Pressure, Purity, Temp) are use the source or not Y q |
. ) injection? bility of the CO2 not Impact because It Is assumed 10 be larger \ ed . . rate and the port location, and should
($$$/Wellhead) is determined by water depth, well 'njectio A variabiiity : i e W e e a global variable, and is , ,
. ) « decision variable on transport vessels or more motion resistaned than the vessel equired trip ime a : g be influenced by the seasonality and
the capacity of the equipment depth, the market |« e P A the transport distance determined by the required y Yy
and the operating depth value of drillships, whatherinjection will A — storage capacity on the dependency of the source
and field location be made continuously injection unit and transport 0 0
Sand Depletion Rate A A or intermittently v vessel
(#Sands/time) is a function of ] Round Trip Time (time/trip - vessel) is o
the injection rate at the wellhead, determined by the required frequency of B
the number of wellheads per Operating Water CO2 Arrival Variability (Ca) is the variability | shipments, and whether the vessel must remain
sand, and the size of sands at Depth Range (m) is a Day Rate of Drillships Injection equipment of shipments to the injection unit. This is : continuously docked at the injection unit . . . .
the primary reservoir property of the ($$$/time) is reliability (Cv) is mostly a function of the vessel's transit time, | A _Statlon Time (time) is the
A A T primary and dependent on market based on general frequency, and the local weather < time required .fc?r th.e ve.ssel
secondary oil and gas forces and location equipment to be at the injection site
fields performance, MTTR,
MTTF
Vessel Continuously
[ Docked to Provide Storage
. T and Power? (Y/N) is a global
Top§|de Injection Support decision variable that can be
»>| Equipment (compressors, Subsea Equipment Capacity optimized around
cooling equipment, brine (MtCO2/time) is the injection rate of the
processing) is sized based | | subsea equipment, and is determined by
on the injection rate of the the injection rate at the wellhead, but # Of Vessels/Fleet
operation, storage conditions, »| also provides limitations to the wellhead size (# vessels) is a
Total CO2 Injection Rate and reservoir pressures rate. global decision
(MtCO2/time) is a determined by the A A A A variable that can be
number of active wellheads and the optimized around
injection rate at each of them
g —
# Active Wells (# Wellheads) is a
function of the number of sands within
immediate vicinity of the injection unit,
the size of these sands, and the rate of
injection that is achieved at each < Location
wellhead . . Environmental
A Brine Processing Geological Conditions
L Equipment . Conditions of
Injection Rate at Well (MtCO2/time) is the Travel Distance Reservoir (fracture
. Number of Wellheads Head [MtCO2/(time- required capacity for from old to new site pressure, initial
Immediate Sand per Sand (# wellhead)] is a function | brine handling during (distance) is a pressure, drilling
Cluster Capacity Wellheads/Sand) is a of the capacity of the CO2 injection. property of the nearby depth per;neability .
i : : ) ) Regulations
(MtCO2) is the total function of the sand (—| initial reservoir's sands field locations porosity, brine :
sand cgpgcity within capacity and the injection but also limited by the, < A presenc’e) are
- prQX|m|.ty o thg rate of the wellhead capabilities of "off the properties of the
L e anc_i Isa A shelf" subsea and topside| primary reservoirs,
property of the primary 1. . . . < 2
) injection equipment, and and impact the
0&G field geological conditions injection rate and its
A S < variability
I -
1 | L:::tril;)rc I(=_|)e iI:a Travel Distance for
. P Transport Vessels
Size of sands within property of the nearby (distance) is
proximity (MtCO2/Sand) oil and gas fields determined by the
is a property of the location of the
BOEM Lease Price primary O&G field primary field and the
($$9) is determined Number of stacked & nearby Capacity of nearby fields home port location
by the primary and sands within proximity of (MtCO2) is a property of
secondary O&G fields injection unit (# Sands/Field) is a the nearby oil and gas
that would be in use property of the primary O&G field fields
Nearby Depleted Oil/Gas
Fields are a result of the
location of the primary
0&G field
Home Port Location(s) can
theoretically be anywhere but is
influenced by the primary field
location
Location of Primary
O&G Field is a
property of the
primary field

Primary Depleted
Oil/Gas Field can be

anywhere





 
   
     
       
         
         
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
             
               
               
               
               
               
            
          
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
             
               
               
            
          
        
         
           
             
             
               
            
          
        
         
           
        
         
           
             
             
               
               
               
            
          
        
         
           
             
               
            
             
          
        
         
           
             
             
               
               
               
               
            
          
        
         
           
             
             
               
               
               
               
               
            
          
        
         
           
             
               
               
               
               
               
            
          
        
         
           
             
               
               
               
            
          
        
         
           
        
         
           
             
             
               
               
            
          
        
         
           
             
             
               
               
               
            
          
        
         
           
             
             
               
            
          
        
         
           
        
         
           
             
               
               
               
            
          
        
         
           
             
               
               
               
            
             
          
        
         
           
        
         
           
             
               
               
               
            
          
        
         
           
             
               
               
            
          
        
         
           
             
               
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
             
               
               
               
            
          
        
         
           
             
               
               
               
               
            
          
        
         
           
        
         
           
        
         
           
        
         
           
             
               
               
               
            
          
        
         
           
             
               
               
            
          
        
         
           
        
         
           
             
               
               
               
               
            
             
          
        
         
           
             
               
               
               
            
          
        
         
           
             
               
               
               
            
          
        
         
           
             
               
               
            
          
        
         
           
        
         
           
        
         
           
             
               
               
            
          
        
         
           
             
             
               
               
               
            
          
        
         
           
             
               
               
               
            
          
        
         
           
        
         
           
             
               
               
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
             
               
               
               
               
            
          
        
         
           
             
               
               
               
               
               
               
            
          
        
         
           
        
         
           
             
               
               
               
            
          
        
         
           
        
         
           
             
               
               
               
            
          
        
         
           
        
         
           
             
               
               
            
             
          
        
         
           
             
          
        
         
           
        
         
           
        
         
           
             
               
            
          
        
         
           
        
         
           
             
               
               
               
            
          
        
         
           
             
             
               
               
               
               
               
            
          
        
         
           
             
             
               
               
               
               
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
             
               
               
               
               
               
               
               
            
          
        
         
           
             
               
               
               
            
          
        
         
           
             
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
             
             
               
               
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
             
               
               
               
               
            
          
        
         
           
             
               
               
               
            
          
        
         
           
             
               
               
            
          
        
         
           
             
               
               
               
            
          
        
         
           
        
         
           
             
               
               
               
               
            
          
        
         
           
             
               
               
            
             
          
        
         
           
        
         
           
             
               
               
               
               
            
          
        
         
           
             
               
               
            
             
          
        
         
           
        
         
           
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
             
               
               
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
             
               
               
            
          
        
         
           
             
               
               
            
          
        
         
           
             
               
            
          
        
         
           
             
               
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
             
               
            
          
        
         
           
        
         
           
             
               
               
            
             
             
          
        
         
           
        
         
           
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
             
               
            
          
        
         
           
        
         
           
             
             
               
               
            
          
        
         
           
        
         
           
             
             
               
            
          
        
         
           
        
         
           
             
               
               
               
            
             
          
        
         
           
        
         
           
        
         
           
        
         
           
             
               
               
            
          
        
         
           
             
          
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
             
             
               
               
               
               
               
            
          
        
         
           
        
         
           
             
               
               
               
               
            
          
        
         
           
             
               
               
               
            
          
        
         
           
        
         
           
        
         
           
             
             
               
               
               
               
               
            
          
        
         
           
             
             
               
               
               
            
          
        
         
           
             
               
               
            
             
          
        
         
           
             
               
               
               
               
            
          
        
         
           
             
             
               
               
            
          
        
         
           
             
               
               
               
               
               
               
            
          
        
         
           
        
         
           
        
         
           
             
               
               
            
          
        
         
           
             
             
             
               
               
            
          
        
         
           
        
         
           
             
             
               
               
            
          
        
         
           
             
          
        
         
           
        
         
           
        
         
           
        
         
           
             
               
            
          
        
         
           
        
         
           
        
         
           
             
               
               
            
          
        
         
           
             
               
               
               
            
          
        
         
           
        
         
           
             
             
               
               
            
          
        
         
           
        
         
           
             
               
               
               
            
          
        
         
           
             
             
               
               
               
            
          
        
         
           
             
               
               
            
          
        
         
           
        
         
           
        
         
           
             
          
        
         
           
             
             
          
        
         
           
             
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
             
               
               
            
          
        
         
           
        
         
           
             
               
               
            
             
          
        
         
           
             
               
               
            
             
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
             
               
               
               
               
               
            
          
        
         
           
             
               
               
               
            
          
        
         
           
        
         
           
        
         
           
        
         
           
             
               
               
            
          
        
         
           
             
               
               
            
          
        
         
           
             
               
               
               
               
               
               
               
            
          
        
         
           
             
               
               
               
               
            
          
        
         
           
        
         
           
             
             
               
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
             
               
               
               
               
            
          
        
         
           
        
         
           
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
        
         
           
        
         
           
             
               
            
          
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
             
               
            
          
        
         
           
             
               
               
               
               
            
          
        
         
           
             
               
               
               
               
               
               
            
          
        
         
           
             
             
               
               
               
               
               
               
               
               
            
          
        
         
           
             
             
               
               
            
          
        
         
           
             
               
               
            
          
        
         
           
             
             
             
               
               
               
               
               
               
            
          
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
             
             
               
            
          
        
         
           
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
             
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
             
               
               
            
          
        
         
           
             
               
               
               
               
            
          
        
         
           
        
         
           
             
               
               
               
               
            
          
        
         
           
             
               
               
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
             
          
        
         
           
             
          
        
         
           
             
          
        
         
           
             
               
               
            
          
        
         
           
        
         
           
        
         
           
             
          
        
         
           
             
          
        
         
           
             
          
        
         
           
             
             
               
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
        
         
           
             
               
               
            
          
        
         
           
             
               
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
             
               
            
          
        
         
           
             
               
               
               
            
             
          
        
         
           
        
         
           
        
         
           
        
         
           
             
               
            
          
        
         
           
             
             
               
               
               
            
          
        
         
           
             
               
            
          
        
         
           
             
             
               
               
               
               
            
          
        
         
           
             
               
               
               
            
          
        
         
           
        
         
           
        
         
           
             
               
               
               
            
          
        
         
           
             
             
               
            
          
        
         
           
             
               
               
               
            
          
        
         
           
             
               
               
            
          
        
         
           
             
               
               
            
          
        
         
           
             
               
               
            
          
        
         
           
        
         
           
        
         
           
             
             
               
               
               
            
          
        
         
           
             
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
        
         
           
             
               
               
               
               
            
          
        
         
           
             
               
               
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
             
               
            
          
        
         
           
             
               
            
          
        
         
           
             
               
            
             
          
        
         
           
        
         
           
        
         
           
             
               
               
            
          
        
         
           
             
               
            
          
        
         
           
             
               
               
            
             
          
        
         
           
             
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
        
         
           
             
               
               
               
            
             
          
        
         
           
             
               
               
               
               
               
               
               
               
            
          
        
         
           
             
               
               
               
            
          
        
         
           
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
             
             
               
               
            
          
        
         
           
             
               
               
               
               
            
          
        
         
           
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
             
             
             
               
            
          
        
         
           
        
         
           
             
               
               
               
               
               
            
             
          
        
         
           
             
             
               
               
            
          
        
         
           
             
             
          
        
         
           
             
               
               
            
             
          
        
         
           
        
         
           
             
               
               
               
            
          
        
         
           
             
               
               
               
            
          
        
         
           
             
               
            
          
        
         
           
        
         
           
             
               
               
               
            
             
             
          
        
         
           
        
         
           
             
               
            
          
        
         
           
        
         
           
             
               
               
               
            
          
        
         
           
             
               
               
               
            
          
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
             
             
               
               
               
            
          
        
         
           
             
               
               
               
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
             
               
               
            
          
        
         
           
             
               
               
            
          
        
         
           
             
               
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
             
               
               
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
        
         
           
             
               
               
               
            
          
        
         
           
             
               
            
             
          
        
         
           
             
             
               
            
          
        
         
           
             
               
               
               
            
             
          
        
         
           
        
         
           
             
               
               
               
               
            
          
        
         
           
             
               
               
               
               
            
          
        
         
           
        
         
           
             
               
               
               
            
             
          
        
         
           
             
               
               
            
          
        
         
           
             
               
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
             
               
               
               
               
            
          
        
         
           
             
               
            
          
        
         
           
             
               
               
            
          
        
         
           
        
         
           
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
        
         
           
        
         
           
             
               
               
            
          
        
         
           
             
               
               
               
               
            
          
        
         
           
        
         
           
        
         
           
             
               
               
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
             
               
            
          
        
         
           
        
         
           
        
         
           
        
         
           
             
               
               
            
          
        
         
           
             
               
               
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
        
         
           
             
               
               
            
          
        
         
           
             
               
               
            
          
        
         
           
             
               
               
            
          
        
         
           
        
         
           
             
               
               
               
            
          
        
         
           
        
         
           
        
         
           
        
         
           
             
             
               
            
          
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
             
             
               
               
               
               
            
          
        
         
           
             
               
               
               
            
          
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
             
             
               
               
            
          
        
         
           
        
         
           
        
         
           
        
         
           
             
               
               
               
               
            
          
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
             
               
               
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
        
         
           
        
         
           
             
               
               
               
            
          
        
         
           
        
         
           
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
             
               
               
            
          
        
         
           
        
         
           
        
         
           
        
         
           
             
               
               
               
            
          
        
         
           
        
         
           
        
         
           
             
             
             
               
               
               
               
            
          
        
         
           
             
             
             
               
               
            
          
        
         
           
             
               
               
               
               
               
            
          
        
         
           
        
         
           
             
          
        
         
           
             
          
        
         
           
             
          
        
         
           
             
          
        
         
           
             
          
        
         
           
             
          
        
         
           
             
          
        
         
           
             
          
        
         
           
             
          
        
         
           
             
          
        
         
           
             
             
               
            
          
        
         
           
             
          
        
         
           
             
          
        
         
           
             
          
        
         
           
             
          
        
         
           
             
          
        
         
           
        
         
           
             
             
          
        
         
           
             
          
        
         
           
             
          
        
         
           
             
          
        
         
           
             
          
        
         
           
             
          
        
         
           
             
          
        
         
           
             
          
        
         
           
             
          
        
         
           
             
          
        
         
           
             
             
               
               
            
          
        
         
           
             
          
        
         
           
             
          
        
         
           
        
         
           
             
             
          
        
         
           
             
          
        
         
           
             
             
          
        
         
           
             
          
        
         
           
             
             
          
        
         
           
             
          
        
         
           
             
             
          
        
         
           
             
          
        
         
           
             
             
             
               
               
            
          
        
         
           
             
          
        
         
           
        
      
    
  


