
‭  | Challenge‬
‭A‬ ‭refinery‬ ‭in‬ ‭the‬ ‭United‬ ‭States‬ ‭sought‬ ‭to‬ ‭improve‬ ‭condensate‬
‭monitoring‬ ‭in‬ ‭order‬ ‭to‬ ‭protect‬ ‭equipment‬ ‭from‬ ‭repairs,‬ ‭preventable‬
‭maintenance,‬ ‭or‬ ‭failures‬ ‭caused‬‭by‬‭condensate‬‭contamination.‬‭Due‬‭to‬
‭the‬ ‭site’s‬ ‭layout,‬ ‭much‬ ‭of‬ ‭the‬ ‭condensate‬ ‭gets‬ ‭mixed‬ ‭through‬ ‭the‬
‭system,‬ ‭making‬ ‭it‬ ‭challenging‬ ‭to‬ ‭deploy‬ ‭a‬ ‭foolproof‬ ‭monitoring‬ ‭plan.‬
‭Ultimately,‬‭the‬‭site‬‭aimed‬‭to‬‭keep‬‭boiler‬‭makeup‬‭water‬‭clean‬‭and‬‭enable‬
‭return of condensate.‬

‭Refining‬ ‭is‬ ‭an‬ ‭energy-‬ ‭and‬ ‭water-intensive‬ ‭process.‬ ‭Cooling‬ ‭and‬
‭heating‬ ‭of‬ ‭fluids‬ ‭are‬ ‭necessary‬ ‭in‬ ‭most‬ ‭unit‬ ‭operations,‬ ‭while‬ ‭steam‬
‭generation‬ ‭enables‬ ‭processes‬ ‭such‬ ‭as‬ ‭distillation,‬ ‭cracking,‬ ‭and‬
‭stripping‬‭of‬‭the‬‭valuable‬‭products.‬‭Any‬‭contamination‬‭in‬‭steam‬‭can‬‭lead‬
‭to‬ ‭reduction‬ ‭in‬‭heat‬‭transfer‬‭efficiency‬‭and‬‭corrosion‬‭of‬‭critical‬‭process‬
‭equipment.‬

‭Rapid‬ ‭and‬ ‭robust‬ ‭monitoring‬ ‭for‬ ‭key‬ ‭contaminants‬ ‭in‬ ‭condensate‬ ‭is‬
‭paramount‬ ‭to‬ ‭uptime‬ ‭and‬ ‭productivity.‬‭In‬‭the‬‭case‬‭of‬‭refining,‬‭both‬‭the‬
‭product‬ ‭and‬ ‭also‬ ‭several‬ ‭process‬ ‭fluids‬ ‭are‬ ‭organic‬ ‭in‬ ‭nature,‬ ‭so‬
‭organics‬‭monitoring‬‭has‬‭proven‬‭instrumental‬‭in‬‭determining‬‭water‬‭purity‬
‭and‬‭water‬‭purposes.‬‭Organics‬‭concentration,‬‭measured‬‭as‬‭total‬‭organic‬
‭carbon‬‭(TOC),‬‭must‬‭often‬‭be‬‭maintained‬‭in‬‭the‬‭magnitude‬‭of‬‭single-digit‬
‭mg/L‬ ‭and‬ ‭as‬ ‭low‬ ‭as‬ ‭hundreds‬ ‭of‬ ‭𝝻g/L‬ ‭to‬ ‭avoid‬ ‭downstream‬
‭contamination.‬ ‭A‬ ‭monitoring‬ ‭system‬ ‭must‬ ‭deliver‬ ‭measurements‬ ‭at‬
‭critical‬ ‭points‬ ‭rapidly‬ ‭and‬ ‭with‬ ‭good‬ ‭sensitivity‬ ‭and‬ ‭stability.‬ ‭These‬
‭qualities will boost operator confidence in making data-driven decisions.‬

‭| Solution‬
‭When‬‭it‬‭comes‬‭to‬‭monitoring‬‭the‬‭quality‬‭of‬‭return‬‭condensate,‬‭there‬‭are‬
‭many‬‭options‬‭that‬‭refineries‬‭can‬‭choose‬‭from‬‭-‬‭some‬‭methods‬‭are‬‭more‬
‭specific‬ ‭while‬ ‭others‬ ‭are‬ ‭designed‬ ‭to‬ ‭measure‬ ‭gross‬ ‭contamination.‬
‭Since‬ ‭the‬ ‭water‬ ‭used‬ ‭in‬ ‭refineries‬ ‭is‬ ‭constantly‬ ‭exposed‬ ‭to‬
‭hydrocarbons,‬ ‭the‬ ‭facility‬ ‭sought‬ ‭a‬ ‭robust‬ ‭technology‬ ‭capable‬ ‭of‬
‭detecting both light and heavy hydrocarbons.‬

‭TOC‬ ‭offers‬ ‭a‬ ‭complete‬ ‭measurement‬ ‭that‬ ‭includes‬ ‭not‬ ‭only‬
‭hydrocarbons,‬ ‭but‬ ‭also‬ ‭organic‬ ‭compounds‬ ‭formed‬ ‭from‬ ‭the‬
‭breakdown of hydrocarbons and other organic process fluids.‬



‭In‬ ‭fact,‬ ‭TOC‬ ‭analysis‬ ‭has‬ ‭already‬ ‭been‬ ‭adopted‬ ‭at‬ ‭countless‬ ‭refineries‬ ‭across‬ ‭the‬‭globe‬‭to‬‭provide‬‭reliable‬‭and‬‭rapid‬
‭online‬‭measurements‬‭that‬‭capture‬‭complete‬‭organic‬‭contamination‬‭in‬‭a‬‭matter‬‭of‬‭minutes.‬‭TOC‬‭measurement‬‭will‬‭include‬
‭oils,‬‭hydrocarbons,‬‭and‬‭additional‬‭organic‬‭compounds‬‭that‬‭may‬‭come‬‭from‬‭treatment‬‭or‬‭processes‬‭or‬‭products‬‭breaking‬
‭down.‬ ‭Contrary‬ ‭to‬ ‭what‬ ‭one‬ ‭might‬ ‭expect‬ ‭from‬ ‭such‬ ‭a‬ ‭comprehensive‬ ‭measurement‬ ‭method,‬ ‭TOC‬ ‭analysis‬ ‭requires‬
‭minimal‬‭sample‬‭preparation‬‭and‬‭simple‬‭maintenance.‬‭In‬‭addition,‬‭standard‬‭configuration‬‭and‬‭calibration‬‭are‬‭seamlessly‬
‭integrated into this monitoring solution.‬

‭For‬ ‭pure‬ ‭condensate,‬ ‭the‬ ‭Sievers‬ ‭M5310‬ ‭C‬ ‭offers‬ ‭a‬ ‭simple‬ ‭solution‬ ‭with‬ ‭high‬ ‭sensitivity.‬ ‭Based‬ ‭on‬ ‭UV-persulfate‬
‭oxidation‬‭with‬‭membrane‬‭conductometric‬‭detection,‬‭the‬‭instrument‬‭has‬‭a‬‭short‬‭2-minute‬‭analysis‬‭time‬‭and‬‭comes‬‭with‬‭a‬
‭straightforward,‬‭user-friendly‬‭interface.‬‭The‬‭analyzer‬‭is‬‭also‬‭equipped‬‭with‬‭additional‬‭features‬‭such‬‭as‬‭no‬‭requirement‬‭for‬
‭carrier gas and stable calibration up to 12 months.‬

‭Unlike‬‭other‬‭TOC‬‭measurement‬‭technologies,‬‭the‬‭Sievers‬‭M5310‬‭C‬‭Standard‬‭Methods‬‭approved‬‭technology‬‭means‬‭that‬
‭even‬ ‭dissolved‬ ‭volatile‬ ‭organics‬ ‭are‬ ‭included‬ ‭in‬ ‭the‬ ‭TOC‬ ‭measurement‬ ‭in‬ ‭standard‬ ‭operating‬ ‭mode‬ ‭(1).‬ ‭During‬ ‭the‬
‭analysis‬ ‭cycle,‬ ‭the‬ ‭Sievers‬ ‭M5310‬ ‭C‬ ‭determines‬ ‭the‬ ‭inorganic‬ ‭carbon‬ ‭(IC)‬ ‭concentration‬ ‭by‬ ‭allowing‬ ‭the‬ ‭sample‬ ‭to‬
‭equilibrate‬ ‭across‬ ‭a‬ ‭gas-permeable‬ ‭membrane‬ ‭with‬ ‭DI‬ ‭water‬ ‭that‬ ‭is‬ ‭recirculated‬ ‭within‬ ‭the‬ ‭instrument.‬ ‭Due‬ ‭to‬ ‭the‬
‭concentration‬‭gradient,‬‭CO‬‭2‬‭from‬‭the‬‭sample‬‭will‬‭diffuse‬‭into‬‭the‬‭DI‬‭water,‬‭and‬‭the‬‭small‬‭conductivity‬‭changes‬‭that‬‭result‬
‭can‬ ‭be‬ ‭precisely‬ ‭measured‬ ‭and‬ ‭correlated‬ ‭to‬ ‭the‬ ‭initial‬ ‭CO‬‭2‬ ‭concentration.‬ ‭The‬ ‭total‬ ‭carbon‬ ‭(TC)‬ ‭concentration‬ ‭is‬
‭measured‬ ‭concurrently‬ ‭in‬ ‭a‬ ‭similar‬ ‭fashion,‬ ‭except‬ ‭that‬ ‭the‬ ‭sample‬ ‭is‬ ‭first‬ ‭subjected‬ ‭to‬ ‭UV-persulfate‬‭oxidation‬‭which‬
‭converts‬‭any‬‭organic‬‭compounds‬‭to‬‭CO‬‭2‬‭.‬‭Once‬‭TC‬‭and‬‭IC‬‭are‬‭ascertained,‬‭TOC‬‭is‬‭simply‬‭calculated‬‭by‬‭subtraction,‬‭i.e.,‬
‭TC - IC = TOC.‬

‭For‬‭samples‬‭having‬‭a‬‭high‬‭IC‬‭concentration,‬‭the‬‭M5310‬‭C‬‭Analyzer’s‬‭built-in‬
‭Inorganic‬‭Carbon‬‭Remover‬‭(ICR)‬‭can‬‭be‬‭used‬‭to‬‭decrease‬‭the‬‭IC‬‭levels‬‭prior‬
‭to‬ ‭analysis.‬ ‭In‬ ‭addition,‬ ‭by‬ ‭toggling‬ ‭off‬ ‭the‬ ‭ICR,‬ ‭the‬ ‭M5310‬‭C‬‭can‬‭even‬‭be‬
‭used‬ ‭to‬ ‭measure‬ ‭the‬ ‭sample‬ ‭IC‬ ‭or‬ ‭dissolved‬ ‭CO‬‭2‬‭,‬ ‭CO‬‭3‬

‭2-‬‭,‬ ‭HCO‬‭3‬
‭-‬ ‭with‬‭great‬

‭precision.‬ ‭As‬ ‭the‬ ‭conductivity‬ ‭measurement‬ ‭is‬ ‭taken‬ ‭after‬ ‭a‬ ‭CO‬‭2‬‭-selective‬
‭membrane,‬ ‭the‬ ‭M5310‬ ‭C‬ ‭is‬ ‭resilient‬ ‭to‬ ‭fluctuations‬ ‭in‬ ‭sample‬ ‭pH‬ ‭and‬
‭conductivity,‬ ‭and‬ ‭provides‬ ‭reliable‬ ‭data‬ ‭that‬ ‭drives‬ ‭real-time‬ ‭process‬
‭decisions.‬

‭On‬ ‭the‬ ‭other‬ ‭hand,‬ ‭instruments‬ ‭that‬ ‭measure‬ ‭TOC‬ ‭directly‬ ‭without‬‭using‬‭a‬
‭selective‬‭membrane‬‭can‬‭suffer‬‭interference‬‭as‬‭a‬‭result‬‭of‬‭these‬‭fluctuations,‬
‭and‬‭end‬‭up‬‭reporting‬‭false‬‭positives‬‭or‬‭false‬‭negatives‬‭that‬‭eventually‬‭impact‬
‭the‬ ‭refinery’s‬ ‭operations.‬ ‭Other‬ ‭TOC‬ ‭analyzers‬ ‭that‬ ‭operate‬ ‭by‬ ‭measuring‬
‭non-purgeable‬ ‭organic‬ ‭carbon‬‭(NPOC)‬‭via‬‭non-dispersive‬‭infrared‬‭detection‬
‭(NDIR)‬ ‭face‬ ‭drawbacks‬ ‭in‬ ‭terms‬ ‭of‬ ‭longer‬ ‭analysis‬ ‭times‬ ‭and‬ ‭poorer‬
‭accuracies at 𝝻g/L carbon concentration.‬

‭| Results‬
‭A‬ ‭successful‬ ‭demonstration‬ ‭of‬ ‭the‬ ‭Sievers‬ ‭M5310‬ ‭C‬ ‭TOC‬ ‭Analyzer‬ ‭resulted‬ ‭in‬ ‭a‬ ‭multi-unit‬ ‭order‬ ‭from‬ ‭this‬ ‭refinery‬‭to‬
‭install‬ ‭the‬ ‭analyzer‬ ‭at‬ ‭multiple‬ ‭critical‬ ‭monitoring‬ ‭points‬ ‭of‬ ‭return‬ ‭condensate.‬ ‭The‬ ‭M5310‬‭C‬‭is‬‭available‬‭in‬‭laboratory,‬
‭portable,‬ ‭and‬ ‭online‬ ‭configurations‬ ‭offering‬ ‭like-for-like‬ ‭measuring‬ ‭technologies‬ ‭to‬ ‭suit‬ ‭the‬ ‭requirements‬ ‭of‬ ‭different‬
‭applications‬‭and‬‭installation‬‭sites.‬‭At‬‭this‬‭refinery‬‭site,‬‭the‬‭portable‬‭configuration‬‭proved‬‭to‬‭be‬‭easy‬‭to‬‭relocate‬‭between‬
‭different‬ ‭sampling‬ ‭points‬ ‭for‬ ‭continuous‬ ‭data‬ ‭capture.‬ ‭The‬ ‭stable‬ ‭results‬ ‭and‬ ‭high‬ ‭sensitivity‬ ‭combined‬ ‭with‬ ‭low‬
‭maintenance‬ ‭and‬ ‭intuitive‬ ‭user‬ ‭interface‬ ‭make‬ ‭the‬ ‭M5310‬ ‭C‬ ‭an‬ ‭ideal‬ ‭tool‬ ‭for‬ ‭refineries‬ ‭to‬ ‭improve‬ ‭energy‬ ‭and‬ ‭water‬
‭efficiencies while protecting equipment assets.‬
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