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TOOLS
Modeling tools that facilitate responsible 
project  planning , permitting , and im pact  
quantification .

FIELD TRIALS
Field t ria ls  tha t  ground-t ru th the efficacy
and safety of m CDR, with  t rans parent  data 
sharing as  a  tenet  of the work.

HOURGLASS CLIMATE

Hourglas s Clim ate is a US-bas ed 501(c)3

nonprofit research organization .

Our mission is to s tra tegically res earch the

s afety and efficacy of m ineral-bas ed Ocean

Alkalinity Enhancement (OAE) for res pons ible

carbon rem oval and clim ate im pact a t s cale, and

to dis s em inate our work for the public benefit .



Vesta PBC Vesta PBC ****Planetary Technologies

****Image of lake liming for example purposes  only. 
Conducted here not for the purposes  of CDR.

Technologies that use the dissolution of 

natural or synthetic rocks and minerals to generate alkalinity in the ocean and 

drive a net increase in atmospheric CO2 storage in seawater

MINERAL-BASED OAE
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CDR QUANTIFICATION
A measure and model approach
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● Real-t im e counterfactual (i.e. outs ide plum e)

● Alkalinity (and for s om e m inerals , other trace elem ents ) can be m eas ured 
directly at  addit ion s ite via s ens ors  and/ or bott le s am ples

○ Dem ons trated at  m ultiple field trials

● Sus pended s edim ent and/ or turbidity can be m eas ured by s ens ors  and/ or 
bott le s am ples

○ Dem ons trated at  m ultiple field trials

● Meas urem ents  collected via m anned and unm anned vehicles

● For pipe deploym ents , thes e m eas urem ents  are continuous . For dis crete 
(boat) deploym ents , thes e m eas urem ents  are hours  to days

● The trans port of s olid phas e in the water colum n, and trans form ation to 
dis s olved phas e, can be m odeled via a coupled part icle trans port  + 
dis s olution m odel

○ Active res earch 



CDR QUANTIFICATION
A measure and model approach
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Preliminary Data; Leach et al. (in prep)

● Short-lived (hours ) but s tat is t ically s ignificant increas es  in  

water colum n s olid & dis s olved phas es

Note: EPA water quality guidelines : ~1.25 um ol/ kg

Vesta PBC



CDR QUANTIFICATION
A measure and model approach
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● Applicable when : m ineral dis s olution t im es cale > part icle s ett ling 
t im es cale (days  → years )

● Real-t im e counterfactual (i.e. control s ite)

● Alkalinity (and for s om e m inerals , other trace elem ents ) can be m eas ured 
directly at  s eafloor via benthic flux cham bers , dis crete porewater s am ples

○ Dem ons trated at  m ultiple field trials

● Bedload can be m eas ured directly through bathym etry + dis crete s am ple 
collection (s edim ent grabs , cores ), with novel proxies  under developm ent 
(e.g. backs catter)

○ Dem ons trated at  m ultiple field trials

● The trans port of s olid phas e and trans form ation to dis s olved phas e can be 
m odeled via a coupled s edim ent trans port + s edim ent reaction trans port  
m odel

○ Active res earch 



CDR QUANTIFICATION
A measure and model approach
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Preliminary Data; Cetiner et al. (in prep)

● Highly res olvable m eas urem ents  of m ineralogy (e.g. XRD)

● Highly res olvable dis s olved phas e s ignals  of m ineral 
dis s olution & carbonate s ys tem  perturbation 



CDR QUANTIFICATION
A measure and model approach
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Preliminary Data; Cetiner et al. (in prep)

● Signals  pers is t  on m oderate (weeks  to years ) t im es cales

● Eventually however, s ignals  will fall below m eas urem ent 
capability (detection lim its )

3 weeks 7 months



CDR QUANTIFICATION
A measure and model approach
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Preliminary Data; Leach et al. (in prep)

● Field data validation of m odeled long t im es cale proces s es

● Exam ple: DELFT3D m odel of olivine berm  redis tribution 

over 1 year



CDR QUANTIFICATION
A measure and model approach
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Preliminary Data; Cole et al. (in prep)

● Field data validation of m odeled long t im es cale 
proces s es

● Exam ple: RADI-O m odel of olivine dis s olution & 
alkalinity flux over 1 year
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Preliminary Data; Cetiner et al. (in prep)

● Field data validation of m odeled long t im es cale 
proces s es

● Exam ple: RADI-O m odel of olivine dis s olution & 
carbonate s ys tem



ENVIRONMENTAL IMPACT

water 
column seafloor

A measure and model approach

Framework for Ecotoxicological Modeling of mCDR (FEMM)
Weighman et al. (in prep)

● “eMRV” is  an es s ential com ponent of MRV

● FEMM is  an actionable process for quantifying near field 
ecotoxicological ris k of m CDR projects

● FEMM dem ons trates  how to com bine lab & field data 
with appropriate m odeling approach(es )

● Suitable for s olid and dis s olved phas es

● Bas ed on environm ental ris k as s es s m ent (ERA) 
approaches  with wides pread regulatory precedent



hourglassclimate.org
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