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Abstract 

 
Blockchain technology provides a reliable form of recording transactions through the 
distributed public database. However, the technology presents specific risks that when 
realized can lead to severe loss and disruption. Drawing on traditional dangers and current 
trends, this paper examines primary and emerging types of blockchain security threats and 
their countermeasures. The key risks are 51%, intelligent contract fraud, phishing, Sybil 
attacks, and loss of private keys. Both kinds of vulnerabilities have distinctive impacts on 
blockchain stability and user confidence. They highlight the necessity of integrated 
consensus algorithm security, code review, two-factor identification, and cold wallet 
implementation. Forking and oracle manipulation are also interesting threats where 
consensus and the accuracy of external data are essential aspects of blockchain operations. 
The paper focuses on preventive measures, including decentralize oracles and replay 
protection to contain such risks. Some tips include how developers, users, and organizations 
can improve security while using blockchain technology in the future, thereby making the 
technology sustainable. When people remain cautious and informed, and when necessary 
precautions are implemented, blockchain carries the potential to become a sturdy revolution 
in the financial sector, manufacturing, and many other industries. This study provides a 
holistic guide for the different stakeholders at all levels of experience to protect Blockchain 
environments. 

Keywords: Blockchain Security, Smart Contract Vulnerabilities, Phishing Attacks, Sybil 
Attacks, Private Key Management, Forking Risks, Oracle Manipulation, Consensus 
Mechanisms, Decentralized Ledger, Cryptographic Hashes. 

 

I. INTRODUCTION 
Blockchain has been described as a disruptive technology in almost all fields because of its 
decentralized and immutable ledger for recording transactions. Due to its decentralized 
architectural design where data is stored in blocks linked by cryptographic hashes, it is 
theoretically secure and transparent in equal measure. Many applications are based upon 
blockchain, especially in the form of cryptocurrencies like Bitcoin and Ethereum, but more 
fields, from finance to healthcare to supply chains, will follow (Tsai, 2023). Such a 
decentralized and immutable system means that the traditional solutions could be 
unbundled from the intermediaries and consolidated into open, transparent, and secure data 
governance. However, as we have learned throughout this paper, blockchain technology, 
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though considered one of the most secure, virtually impenetrable technologies, has its 
weaknesses. Like any other technology, it has its vulnerabilities that, if posted, would cause 
significant loss to users and organizations. These risks include 51% attacks that put the 
network's consensus at risk, sophisticated vulnerabilities such as in smart contracts, and 
phishing and routing attacks. Since blockchain is a relatively new technology, the risks 
implied by these security weaknesses will only become more significant as blockchain usage 
expands. 

 
Figure 1: A Guide on Blockchain Security Issues 

 
Some areas that appear to have loopholes are due to the versatility of blockchain 
architecture, which depends on consensus algorithms, cryptographic hashes, and smart 
contracts. Deterioration of one of them may lead to subsequent vulnerability of the whole 
network. For example, an exploitable coding error in a smart contract might lead to its 
misuse that causes the draining of the contract’s funds, or inadequate management of the 
private key leads to losses through wrong access to the assets. Moreover, because most 
blockchain applications are open-source, code can be audited for vulnerabilities, while the 
immutability of blockchains makes it challenging to regain from these attacks. Traditional 
financial systems enable institutions to reverse fraudulent transactions, while blockchain’s 
distributed nature implies that it cannot be uncanceled once a transaction is verified. 
Based on these risks, any person who is involved with blockchain needs to understand 
possible security threats and control measures (Guru et al., 2023). This article is a 
straightforward exploration of the most rampant crypto frauds that are explicit within the 
blockchain security. Understanding the solutions shown by the authors can enhance the 
network’s security. Every threat shall be described separately, including the consequences of 
its usage in blockchain systems and the ways to prevent such risks. These types of attacks 
range from 51% to intelligent contract hacks, private key handling concerns, and forking, 
and it is essential to know all these for those who want to benefit from blockchain 
technology. 

 
Figure 2: Benefits, Types and Uses of Blockchain 



 
International Journal of Core Engineering & Management 

Volume-7, Issue-08, 2023           ISSN No: 2348-9510 
 

145 

 

The results aim to provide methods for identifying such risks and focus on security 
measures that might help us avoid such attacks (Aslan et al., 2023).. Blockchain is a 
promising phenomenon that can revolutionize various fields and strengthen public 
confidence in digital interactions, but its security remains a work in progress. Thus, only by 
being aware of possible threats and acting according to strict secure conventions do users 
and developers contribute to forming a safer blockchain environment. It is written for both 
beginners and experts as it will help everyone who wants to be involved in blockchain 
security to get all the necessary information to do so safely and actively participate in 
developing this field. 
This awareness and vigilance are essential as the development of blockchain technology 
advances, both in defending personal property and in preserving the longevity and accuracy 
of blockchain systems worldwide. 
 
 

II. OVERVIEW OF BLOCKCHAIN SECURITY 
Blockchain is intended to maintain transparent and decentralized ledgers of transactions at 
every node of a network. Cryptography and consensus also enhance block chain security 
compared to customarily used centralized systems. Each block in a blockchain consists of a 
hashing of the previous block, some transaction information, and a timestamp, making it a 
chain. This structure is of great value for industries such as finance, supply chain, and 
healthcare since those industries need high protection and trust. 

 
Figure 3: Blockchain Security Services 

 
Blockchain security is rooted in the decentralized nature of the network. Contrary to most 
other systems in which control is vested in a single authority, blockchain is distributed with 
every node possessing the entire chain. Some settlement algorithms are consensus, such as 
proof of work (PoW) and proof of stake (PoS), which are used to choose the conformity of 
certain transactions in a given network to minimize fraud cases. Due to the distributed, 
public, and irreversible nature of blockchains, these are highly immune to data manipulation 
and intrusion. 
In any case, it is necessary to admit that safety based on the blocks is not completely 
guarded against risks (Taherdoost, 2023). Although it responds to many of the conventional 
security issues, it allows for specific kinds of problems. For example, while using PoW-based 
distributed ledgers, the “51% attack” may become a critical threat due to a specific 
performer obtaining the majority of the mining power of the given network that enables the 
alterability of the blockchain transactions. Applications on the blockchain, such as ‘smart 
contracts,’ feature self-executing contracts using code, increase new security risks. If there 
are coding vulnerabilities or poor permissions controls, they can be targeted. 
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Furthermore, most blockchain projects are open so anyone can read the code, which, though 
suitable for the sees Ion, is disadvantageous in this sense since attackers can easily scout for 
perimeters. This is generally a strength of blockchain in solving the issue that fraudulent or 
malicious transactions are complex to reverse once an attack is performed. The need for 
security has to be part of the transaction from the ground up since it is almost impossible to 
recover from an attack. 
This report aims to demystify these blockchain security threats and determine how best to 
handle them. Knowing the fundamental threats associated with blockchain, starting from 
attacks on the consensus mechanism through malicious code in smart contracts and weak 
private keys, means users, developers, and organizations are equipped with necessary tools 
to safeguard their stakes and ensure the solidity of blockchain solutions. This means that 
awareness and precautions are necessary to protect against challenges and secure the further 
development of blockchain setups. 
 
 
III. MAJOR BLOCKCHAIN SECURITY VULNERABILITIES 
Even though a blockchain is inherently more secure than a centralized system of the same 
complexity, several security issues are unique to blockchain technology. These remain 
critical weaknesses, and should they be exploited at some point, would cause a denial of 
network services, financial loss and threaten the overall credibility of blockchain 
applications. Below is more details about some of the significant security threats and risks in 
blockchain to date and how they can be managed. 
 

Vulnerability Mitigation Strategies 

51% Attacks Increase decentralization, use PoS, encourage smaller 
mining pools. 

Smart Contract Vulnerabilities Code audits, use SafeMath libraries, access control. 

Phishing Attacks User education, enable 2FA, use cold storage. 

Sybil Attacks Reputation systems, use PoS/PoA, identity 
verification. 

Consensus Mechanism Exploits Protocol updates, economic penalties, limit 
individual control. 

Routing Attacks Redundant data paths, secure SSL/TLS connections, 
relay networks. 

Private Key Management Risks Hardware wallets, MFA, encrypted backups. 

Forking Risks Replay protection, communication, code review. 

Oracle Manipulation Decentralized oracles, TWAP, multi-oracle 
aggregation. 

Dusting Attacks Privacy-focused wallets, transaction mixing, avoid 
address reuse. 

Table 1: Current Security Threats in Blockchain 
 
1. 51% Attacks 
A 51% attack is when one party or a group obtains more than half of the computational 
power of a blockchain network, hash rate, or mining power. This specific scenario is suitable 
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for proving mechanisms of the Proof of Work (PoW) blockchain, which is Bitcoin (Sapra et 
al., 2023). With this majority control, the attacker can control the blockchain by refusing new 
transactions to gain confirmations, or in a more severe form of the attack, the double 
spending attack where the attacker replicates the same coins and spends them multiple 
times. The outcome is billions of dollars lost for users and a critically damaging blow to the 
network. 

 
Figure 4: What is the 51%Attack 

 
Mitigation Strategies: 

• Increase Network Decentralization: An extensive and decentralized network is also 
much more challenging to manage and potentially more accessible to manipulate 
(Hsieh & Vergne, 2023). Holding and sharing a large amount of mining power is 
dangerous if one party can gain the majority since they become the rulers of the 
network. 

• Use Alternative Consensus Mechanisms: Trait proof of Stake (PoS) and other 
mechanisms attacked by stake rather than computational power, minimizing 51% 
attack risks. 

• Encourage Smaller Mining Pools: While a single pool controls the coin's mining, 
reward distribution to more pools is a way of decentralizing the power among a 
more significant number of power players. 

2. Smart Contract Vulnerabilities 
Smart contracts are self-executing agreements written into smart media installations such as 
Ethereum and make business processes efficient but pose security threats. Smart contract 
risks include reentry, integer overflows, access control problems, and front running that may 
cause money loss and network disruption. 

 
Figure 5: A Survey on Smart Contract Vulnerabilities 

 
Reentrancy Attacks: In other cases, an external contract may be called by a smart contract, 
which modifies its contract's state. However, an assailant could call back into the contract to 



 
International Journal of Core Engineering & Management 

Volume-7, Issue-08, 2023           ISSN No: 2348-9510 
 

148 

 

siphon money. 
Integer Overflows and Underflows: These occur when simple calculations go beyond the 
reach of the storage variables, possibly making it easier for the attacker to manipulate 
figures. 
Access Control Issues: When access restrictions are weak, this results to unauthorized 
control of contracts. 
Front-Running: It also enables a knowledgeable attacker to perform his transaction before 
such transactions are made into the ledger. 
Mitigation Strategies 

• Code Audits and Formal Verification: Constant code scanning and applying rigorous 
mathematical proof on those smart contracts would help one detect faults before 
deployment. 

• Use Safe Libraries: Examples for such libraries are OpenZeppelin's SafeMath, which 
implements. Check if the value overflows a certain integer. 

• Implement Access Controls: Define access modifiers (for example, only owner) for 
critical actions' protection and perform constant access control audits. 

• Delay and Order Transactions: The front running can, therefore, be curbed through 
using services such as Chainlink's Fair Sequencing Service for ordering of 
transactions. 
 

3. Phishing Attacks 
Blockchain-related phishing attacks engage users to part with their private keys, wallet 
details, or even recovery words. Phishing might encase fake websites, email scams, and 
social media account impersonation. Due to the nature of blockchain transactions in which 
any transaction is permanent once completed, phishing attacks results in loss. 

 
Figure 6: Phishing Attack Awareness 

 
Mitigation Strategies: 

• User Education: Users should be informed of such tricks as phishing and warned to 
check the URLs and the sources they type in their data. 

• Two-Factor Authentication (2FA): Remind users to activate 2FA on their blockchain 
accounts to provided additional shield. 

• Cold Storage: Because phishing is an Internet activity, vast amounts of 
cryptocurrency are stored in cold storage or non-connected walletsFigure 6: Phishing 
Attack Awareness. 
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4. Sybil Attacks 
In Sybil attack, an attacker is a person who creates multiple fake identities or multiple nodes 
on the blockchain system. Since they control multiple nodes, the attacker can disrupt 
consensus mechanisms, manipulate votes, or part and parcel any decentralized processes. 
This drawback weakens decentralization and might give the Sybil attacker the reins to 
control decisions. 
Mitigation Strategies: 

• Reputation Systems: Employ peer-based repute to build credibility because new, 
uncorroborated nodes will need to be more effective in the network. 

• Use of Proof of Stake (PoS) or Proof of Authority (PoA): These consensus 
mechanisms depend on investing interest or possibilities of an identity check; hence, 
it is costly for an attacker to have multiple identities. 

• Identity Verification: It will also continue the employment of identification 
verification measures that undermine the attempts of bad actors to create several 
node. 
 

5. Consensus Mechanism Exploits 
Contrary to popular belief, consensus mechanisms can be manipulated as the basis 
underlying the blockchain’s decentralization of agreements. Though in Proof of Work (PoW) 
systems, the adversaries may employ the strategy of selfish mining, that is building blocks 
privately and only reveal them to maximize their rewards while in Proof of Stake (PoS) 
systems the validators may collude to double-sign blocks to affect consensus. This is 
especially true for the Byzantine Fault Tolerance (BFT)-based systems since they also 
experience threats from Sybil attacks (Platt et al., 2023). 
Mitigation Strategies: 

• Regular Protocol Updates: Protocols should be modified from time to time to correct 
known weak points and discourage such manipulations. 

• Economic Penalties: PoS systems can incorporate penalties for such actions as 
slashing that helps to prevent attacks. 

• Limit Individual Power: Limit the control that one participant or node has within the 
social network, minimizing the potential of an attack. 
 

6. Routing Attacks 
In blockchain networks, data transmission occurs through nodes using the internet and 
therefore vulnerable to routing attacks where the attacker intercepts or alters the message. 
Eclipse attacks blind a node by controlling the flow of messages to it, and partitioning 
attacks restrict the ability of nodes to exchange messages while delaying attacks slow the 
spread of blocks. 
Mitigation Strategies: 

• Redundant Data Paths: This ensures that transmission paths are multiple so that no 
points on a net are isolated. 

• Secure Connections: To prevent MITM node-to-node communication, it should be 
encrypted using SSL/TLS. 

• Relay Networks: There should be relay networks (for example, FIBRE for Bitcoin that 
enable fast block transmission despite network interruptions. 



 
International Journal of Core Engineering & Management 

Volume-7, Issue-08, 2023           ISSN No: 2348-9510 
 

150 

 

 
7. Private Key Management Risks 
Private keys are critical to Blockchain security as they govern asset access. Hazards such as 
loss of private keys, unauthorized access, and poor storage measures expose the node 
owners to permanent loss of their assets. Malware or phishing and other malicious activities 
are directed towards the private keys if they are either weak or not managed well. 
Mitigation Strategies: 

• Hardware Wallets: Portable hardware wallets are recommended because they 
private keys to be kept safe from online threats in an offline environment. 

• Multi-Factor Authentication (MFA): MFA should be used on accounts to enhance 
security measures. 

• Encrypted Backups: Ensure that the copies of primary value are encrypted and 
secured to prevent data loss or unauthorized data access. 
 

8. Oracle Manipulation 
Oracles supply information from outside blockchain but are potentially malicious if 
centralized (Gigli et al., 2023). Smart contract hacks that target centralized oracles or those 
that rely on flash loans to change the data for a short time are detrimental because several 
smart contract operations rely on reliable data. 
Mitigation Strategies: 

• Decentralized Oracles: Another type is decentralized oracles such as Chainlink, 
which gathers data from other sources, so there are fewer chances for manipulation. 

• Time-Weighted Average Price (TWAP): TWAP should be used to minimize the 
effects of sharp price oscillations due to manipulations within a short period. 

• Multi-Oracle Aggregation: Use more sources for more precise and accurate 
information while using more oracles. 
 

9. Dusting Attacks 
Dusting attacks are performed by making large numbers of small transactions in a wallet in 
order to track and unmask the owners of the wallet. Criminals utilize the ‘dust’ and track the 
patterns of transactions with small amounts exposed wallets and users to scams (Oosthoek, 
2023). 

 
Figure 7: The Threat of Dusting Attacks 

Mitigation Strategies: 
• Privacy-Focused Wallets: Utilize Money criminal expertise digital wallets that 

identify transactions with dust and notify the user. 

• Transaction Mixing: To minimize transaction path and stay safe, CoinJoin or mixing 
services should be used. 

• Avoid Address Reuse: Create new addresses for every transaction to avoid 
tracebacks. 
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Even though there are indefinite security threats to Blockchain, it is unvarying to stay 
protective and active always (Watt, 2023). Analyzing the three major classes of 
vulnerabilities and following the provided recommendations, developers, users, and 
organizational consumers will be capable of safeguarding themselves against prospective 
attacks on their blockchain-based networks (Mazhar et al., 2023). This led to each 
vulnerability presented in this announcement stressing the importance of good security 
measures for the future of blockchain technology as a reliable and secure system. 
 

 
IV. PRIVATE KEY MANAGEMENT RISKS 
In the context of blockchain, a private key is a secret, practically infinite string of characters 
that can access, approve, and confirm assets on the blockchain. They are some of the many 
keys that should be managed properly to avoid loss or theft that poses great losses. Private 
keys remain the most secure way of managing assets, as ownership can be proved without 
broadcasting information to the public network. Nevertheless, they bring certain challenges 
that, if not addressed properly, may lead to the loss of accounts or funds. In this part, we 
analyze the key threat areas connected with private key management and academic 
literature’s proposed solutions to counter them successfully. 
 
1. Loss of Private Keys 
Typically, the blockchain network under which an asset is held rarely contains features for 
redressing lost private keys. A private key is used to open a blockchain account, and all the 
assets associated with it are lost once the private key is lost. This capability lack can be 
devastating, especially when an individual or business entity is holding a large amount of 
cryptocurrencies. As simple as it sounds, many users do not know this finality, and they lose 
files once keys are misplaced, lost, or discarded. 

 
Figure 8: Private Keys 

Mitigation Strategies: 
• Offline Backups: Make a copy of the private keys offline on different safe storage 

devices like the USB, the hardware wallets, or even the paper printouts that should 
be stored safely. 

• Secure Storage Locations: Backup stores should be kept in different, different 
geographical premises security to avoid loss due to factors such as disasters or 
accidents. 

• Educate Users: Educate individuals who are engaging with blockchain about the 
significance of guaranteeing the backup of private keys and the negative impacts of 
losing access. 
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2. Key Theft and Unauthorized Access 
One of the worst scenarios is the theft of private keys, which remains one of the most 
massive blockchain security threats (Kerr et al., 2023). Thieves attack private keys in a 
number of ways, including phishing, malware, social engineering, and taking advantage of 
code glitches. If the attackers secure the private key, they can sign transactions and transfer 
other properties to others, resulting in a total loss. This is mainly because weak security 
measures may be practiced, such as storing private keys on connected devices or in plaintext 
files. 
Mitigation Strategies: 

• Hardware Wallets: Store private keys offline in hardware wallets, eliminating their 
interaction with the internet and subsequent exposure. 

• Multi-Factor Authentication (MFA): Blockchain closely relates to such services or 
accounts, so to enhance data protection, it is better to use MFA linked to them and 
include protection beyond the key. 

• Dedicated Devices: These strictly employ hardware solutions applied exclusively to 
manage the private key. They do not expose the likelihood of malware 
contamination or intruder access to control. 
 

3. Weak Key Generation 
Specific and good keys must be hard to guess and, consequently, should be private. If a key 
is derived from weak and predictable sources, including weak random number generators, 
it is exposed to brute-force attacks. Random or cyclic keys make it easy for attackers to guess 
the identity and open blockchain accounts, as the user unfathomed exposes their cash to 
dangers. 
Mitigation Strategies: 

• Use Trusted Algorithms: Use reliable cryptographic techniques that create and 
secure private random numbers and keys that hackers would not easily guess. 
Currently, most blockchain platforms employ key generation that is critically based 
on the Elliptic Curve Digital Signature Algorithm (ECDSA). 

• Hardware-Based Key Generation: For key generation, trust the hardware wallet or a 
specialized device, which uses reliable RNG to generate keys. 

• Avoid Third-Party Key Generators: Only use reliable blockchain apps or gadgets to 
produce keys. Refrain from generating keys online or with third-party apps that 
could be compromised. 
 

4. Insecure Storage Practices 
Reporting private keys in plaintext or storing them on an internet-connected device leaves 
them more vulnerable to theft. Most users neglect the risks involved and store private keys 
as simple text, images, note apps, or unencrypted on the device (Musa et al., 2023). Poor 
storage of the devices raises the risk of unauthorized access due to their possession or loss. 
Mitigation Strategies: 

• Encryption of Stored Keys: Each private key should be kept in a digital storage area 
that must be encrypted to make it more safe from intrusions. AES-256, the standard 
of choice with high security implemented, must also be strong and reliable. 

• Cold Storage Solutions: Cryptocurrency private keys must be stored offline in cold 



 
International Journal of Core Engineering & Management 

Volume-7, Issue-08, 2023           ISSN No: 2348-9510 
 

153 

 

storage hardware or paper wallets to not get hacked. 

• Avoid Digital Copies: Minimise the generation of duplicate private keys in digital 
media and resort to physical or more hardware-based means that are less likely to be 
penetrated. 
 

5. Device Loss or Compromise 
Additional physical risks of the cryptographic key system include the loss or compromise of 
those devices that contain the private keys since this results in granted accessibility and loss 
of assets (Radanliev, 2023). Laptops, mobile phones, or tablets are popular gadgets where 
thieves use viruses or a remote connection to seize keys. In cases where a device holding 
private keys for blockchain assets got lost, stolen, or hacked, the attacker has instant access 
to the assets. 

 
Figure 9: Systems for Data Loss Prevention 

Mitigation Strategies: 

• Use Dedicated Hardware Wallets: Other forms of wallets, such as hardware wallets 
and portable devices, always ensure that private keys are not stored on vulnerable 
devices. 

• Enable Device Security Features: Lock devices at the physical level, for instance, with 
biometric codes other than passwords or physical codes, to prevent individuals from 
accessing devices with specified time exposures. 

• Remote Wipe Capability: If you lose a device that stores your private keys, enable the 
remote wiping feature. 
 

6. Inadequate Key Backup Practices 
It has also been observed that if private keys are not backed up securely, there is a high 
probability of key loss (Chatzigiannis et al., 2023). If a user uses all of the possible backup 
solutions but fails to take care of a private key and have all the keys in one place in a device 
or a single file, the loss of that device or corruption of the file means the loss of access to 
assets for a lifetime. Insecure backups also expose private keys to be revealed by other 
individuals who are not supposed to have access to them (Payton et al., 2023). 
Mitigation Strategies: 

• Use Encrypted Backups: Back up and encrypt the backup while doing so. Do not 
engage in unprotected copying in digital form since it is rather vulnerable. 

• Multi-Site Backup Storage: Store at least two backups of the private key in different 
secure locations to ensure that one is not completely lost due to a particular event. 

• Periodic Backup Verification: Scrub backups often so you can test them when you 
need them, and the media is not worn out or has outdated encrypted information. 
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7. Social Engineering and Phishing Threats 
Phishing and social engineering attacks financially affect blockchain users based on their 
private keys or security code details. Phishing messages may resemble those from other 
trusted services, technicians, or familiar contacts. At the same time, private keys can transfer 
assets from the owner’s control once they are gained. Phishing attacks are especially 
dangerous in the blockchain ecosystem because transactions are irreversible. 
Mitigation Strategies: 

• Educate Users: Explain a phishing attack, social engineering techniques, and 
common procedures for ensuring that communications are legitimate and bowls are 
sharing private keys. 

• Use 2FA on Linked Accounts: For any online services linked to blockchain accounts, 
it would be beneficial to enable 2FA to introduce a security feature that phishing 
attacks would not be capable of compromising. 

• Implement Security Protocols: Blockchain platforms and services should ensure user 
protection and fight against phishing attacks, which can be done using only verified 
Social Media accounts and Official Communications. 

• By mitigating the following risks associated with the management of private keys, 
blockchain users can decrease the probability of asset loss or unauthorized access to a 
considerable extent. It is paramount that private keys are secured to retain the 
reliable chain of custody that blockchain accounts need. Measures of best practices 
like employing professional hardware wallets, secure encryptions, storage protocols, 
and effective user education also improve security against the plethora of threats 
actors pose to private key protection. Blockchain implementation provides users 
complete power and freedom over digital properties in a way that traditional models 
cannot match, but this also presents probable openings for threats by hackers that 
have to be carefully managed. 

 
 

V. FORKING RISKS  
Forking is typical for blockchain networks because there are two blockchain chains when 
changes or updates occur in the blockchain's protocol (Şoiman et al., 2023).. Forks can be 
strategic when planned as part of the developments by the owners or revolutionary 
when the community of developers and the site owners disagree on some changes. Forks 
are divided into two main types: soft forks and hard forks. Soft forks upgrade the 
protocol without splitting the blocks into two new chains, while hard forks alter the 
protocol, making it non-backward compatible and giving rise to two new distinct chains. 
While forks can catalyze growth, they also bring in specific challenges that threaten the 
fundamentals of blockchain infrastructure. Here is a detailed list of the major risks of 
forking and how they might be managed. 
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Figure 10: The Security Risk and Challenges of Hard Fork 

 
1. Double-Spending Risk 
The main concern when contemplating a forked blockchain is the potential of double-
spending. Normally, in a hard fork, the blockchain is split into two chains, with each being a 
copy of the other with different ledger records. This duplication allows users to spend the 
same tokens in two separate chains. For instance, if a user invests in a token after a 
performed hard fork, the user might still hold an equivalent token in the other chain. If both 
these identical tokens are recognized on these two chains. In that case, it is possible to have 
double spending, which would be detrimental to the integrity of the network and cost users 
their money. 
Mitigation Strategies: 

• Implement Replay Protection: Replay protection is a feature that ensures that 
transactions on one chain are not played on another chain. Because multiple chains 
can exist within the same system, this feature adds unique identifiers to each 
transaction on each chain, minimizing double-spending. 

• Community and Exchange Coordination: Educate exchanges and wallets about the 
fork and the necessary measures, such as halting trading until stability is achieved to 
eliminate double-spending. 
 

2. Replay Attacks 
Replay attacks involve a scenario where a transaction is valid on one chain, yet when 
performed on the other chain, it is replayed (Han et al., 2023). This is possible where the two 
chains possess similar transaction signatures such that a transaction intended for one chain 
is acceptable on the other. For instance, a cryptocurrency transacted on one chain is copied 
into the other, meaning that a user essentially erases their intent. Transferring their intended 
assets puts users at risk of loss and makes transaction verification extremely challenging. 
Mitigation Strategies: 

• Integrate Replay Protection Mechanisms: The replay protection concept has been 
implemented as a standard feature in any blockchain protocol since many blocks can 
have similar transaction numbering. Reliability mechanisms in replay attacks 
minimize the impacts of unintended effects and losses to the users. 

• Educate Users on Safe Practices: Concerning the precautions to be taken, users 
should be informed to wait until the fork is stable before engaging in transactions 
and always use wallets or exchanges that support replay protection. 
 

3. Network Instability and User Confusion 
Forks confuse the network and among the users, especially in the first few days after 
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the fork, when both chains are live. This confusion may come more from users 
needing to know which chain to use because both may appear to be the real deal. 
There are also transaction speed problems, problems with validation, and even with 
the network's security due to the division of resources between the two network 
chains. Also, users may have sent transactions to one chain, probably knowing they 
were sent to another, and end up suffering great losses or getting the wrong 
transactions. 

Mitigation Strategies: 

• Clear Communication with the Community: Those behind blockchain development 
and networks should ensure that all users, exchanges, and wallet providers know the 
fork. If communication is not consistent, users could be confused and unsure which 
chain is the official or recommended version. 

• Establish a Dominant Chain Early: Competing and expanding networks for an 
extended period have negative effects on developers and community members, so it 
is advisable for the two to establish the main chain before long. People agree to have 
a single chain that could eliminate confusion and eliminate the problem of spreading 
resources over several chains. 
 

4. Devaluation and Loss of Trust 
Forks are detrimental to cryptocurrency users in that they help create confusion and doubts, 
resulting in a loss of value for the whole cryptocurrency or the project (Yogarajah, 2023). 
Competition normally occurs when two separate chains are created in a hard fork to split the 
community. This division can lessen trust in the project and the stability that is attached to 
the project. Therefore, the new cryptocurrency that results from the forked chain might 
become worthless, especially where adoption is pegged on the political turmoil within the 
community. 
Mitigation Strategies: 

• Promote Community Unity: Avoid the creation of new forks by encouraging the 
people in the community to contribute through discussions and reach for consensus. 
In the same way, the blockchain network can avoid other types of forks, which are 
detrimental to its standing in the community, such as the contentious forks when 
developers involved in the community are in dispute with the project developers. 

• Ensure Transparent Decision-Making: The fork decision remains unavoidable. 
Hence, developers and project leaders should be open and transparent about this 
decision and its benefits. This way, people will learn to trust the network, and there 
is no need to panic, which can affect the investor's confidence. 
 

5. Impact on Blockchain-Based Services 
Forks can affect blockchain-based services like wallets, exchanges, and applications on top of 
the network. Whenever there is a fork, these services may require changing their software to 
recognize the new chain if it were a hard fork. This also shows that systems that do not 
move as swiftly will likely encounter service setbacks, transaction mishaps, or even security 
breaches because of these services' efforts to address the fork. 
Mitigation Strategies: 

• Collaborate with Service Providers: There has been a tendency for blockchain 
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developers to initiate a fork prior to implementing one, informing and consulting 
exchanges, wallets, and other service providers on the matters afoot to accomplish 
seamless integration with the new chain. 

• Allow Ample Preparation Time: The fork will be a boon to the user if service 
providers are given ample time to plan for it, understand compatibilities, and ensure 
that any barriers identified in advance are dealt with. 

• Forking is a useful and positive mechanism for development in any blockchain, but 
risks must be well controlled (Ibrahimy et al., 2023). With protective measures like 
replay protection, concise communication, and community consensus, blockchains 
can eventually reduce the impact of forks. In conclusion, it is crucial to long-term 
network stability and users to have a distribution of plans, involvement of all the key 
stakeholders, and openness of procedures for forks. This article shows that with 
proper handling, forks can be achieved, hence helping blockchain to grow and, at the 
same time, maintaining the security and reliability of the blockchain. 

 
 
VI. ORACLE MANIPULATION 
In blockchain systems, an oracle is an essential external source that brings off-chain data into 
smart contracts (Pasdar et al., 2023). As blockchains cannot connect with outside data or gain 
information about the real world, oracles act as messengers that relay data regarding 
everything from the prices of assets to the weather to the results of a sports game. Smart 
contracts use this off-chain data to execute a certain transaction or call for a particular action. 
That said, relying on an oracle brings about a weakness termed oracle manipulation, where 
attackers twist or corrupt the data from the oracle to cause havoc to the smart contracts and 
thus result in huge financial loss or even damage to the Blockchain network. The following 
is how oracle manipulation happens and measures to address such risks effectively. 

Attack Type Mitigation 1 Mitigation 2 Mitigation 3 

Flash Loan Attacks TWAP Circuit Breakers Decentralized Price Feeds 

Exploiting 
Centralized Oracles 

Decentralized 
Oracles 

Multi-Oracle 
Aggregation 

Incentive Mechanisms 

TimeDelay 
Exploitation 

Frequent Data 
Updates 

On-Chain Verification Randomized Update Intervals 

Table 2: Oracle Manipulation 
1. Flash Loan Attacks 
Flash loans allow borrowers to take a big sum of money without guarantee, but the loan 
must be repaid in the same transaction process (Kanojia, 2023). Bad actors can exploit flash 
loans to create wrong signals of the asset price in decentralized exchanges, which many 
oracles access to pull their feed. If an attacker performs a flash loan to buy or sell a particular 
asset, they may cause fake price oscillations. Information from such exchanges is fed to 
oracles that feed that data into smart contracts. Therefore, it might lead to unfavorable 
trades, the sale of assets, or an attacker finding an opportunity to highlight certain 



 
International Journal of Core Engineering & Management 

Volume-7, Issue-08, 2023           ISSN No: 2348-9510 
 

158 

 

vulnerabilities. 
Mitigation Strategies: 

• Time-Weighted Average Price (TWAP): TWAP is also useful in price oracles to 
smooth out price feeds over time by averaging them over a certain period after 
excluding noisy short-term price movements. 

• Circuit Breakers: Implement application programming interfaces within smart 
contracts to freeze the contract for some time when a specific price change is reached. 
This signals that data accuracy is questionable and freezes the process before 
transactions continue. 

• Decentralized Price Feeds: Lease and utilize decentralized oracles, which compile 
data from multiple exchanges and data sources so hackers cannot exploit prices at 
one exchange. 
 

2. Exploiting Centralized Oracles 
Specifically, centralized oracles that depend on a single data source are susceptible to 
manipulation since adversaries only require the taint of one source that delivers data to the 
blockchain. This makes the oracle a single point of failure, which can easily be bribed, 
hacked, or exploited in other ways (Pasdar et al., 2023). That is why there is a severe issue 
with the centralized oracle, as an attacker can manipulate the data provided to the smart 
contract, eventually leading to wrong transactions and even funds drain. 
Mitigation Strategies: 

• Decentralized Oracles: Use decentralized Oracle services such as Chainlink, which 
collects data from many sources to confirm authenticity. This reduces the 
dependence on one data vendor and greatly increases the difficulty of manipulating 
data from different sources. 

• Multi-Oracle Aggregation: As opposed to utilizing only one oracle, get two to three 
to provide an agreement on the given data (Tong et al., 2023). In turn, the blockchain 
can use such outputs from one or multiple oracles to detect discrepancies and ignore 
potentially falsified information. 

• Incentive Mechanisms: Promote truthful reports when using Oracle to collect data 
while punishing any effort to provide dishonest data. 
 

3. Time Delay Exploitation 
Data transmission in oracles might be slow and face a significant variance between when an 
event happens and when it goes online. This delay allows attackers to perform transaction 
processing based on outdated or easily predicted information. For example, if an Oracle 
report on the prices of assets is delivered with a time delay, the attacker is free to trade on 
the basis of the expected changes in the prices. This creates an arbitrage opportunity and 
incurs a loss to other users or smart contracts that rely on such real-time data (John et al., 
2023). 
Mitigation Strategies: 

• Frequent Data Updates: Extend the update period of oracles so that the time 
difference between submitting new data and its updating in the oracle is minimized 
(Lubega, 2023). This will prevent attackers from acting with information that may be 
obsolete. 
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• On-Chain Verification Mechanisms: Use an on-chain validation process to validate 
data received through other blockchains or decentralized exchanges as up-to-date 
based on the current situation. 

• Randomized Update Intervals: Forcing random intervals of data updates should be 
carried out to make it harder for the attacker to guess the best time for the oracle to 
update its information to take advantage of it. 
 

A promising area of research is the exploration of the actual oracle manipulation in the 
context of blockchain systems and the crisis in the domain of decentralized finance (DeFi) 
and other applications built with the help of smart contracts. Due to the dependence on 
external data sources, malicious actors can interfere with smart contracts, causing significant 
economic damage to all interested parties and eroding public trust in blockchain technology. 
The measures that reduce oracle manipulation include using decentralized oracles, time-
weighted pricing, MS data sources, and frequent updates. Over time, blockchain technology 
continues to advance, making it important for oracles to be secured to safeguard the 
blockchain-based systems against any external data-based threats that affect the intelligent 
decisions made by smart contracts in the complex global environment. 
 
 

VII. DUSTING ATTACKS 
Dusting attacks in the cryptocurrency space refer to cyberattacks wherein attackers send 
about token dust to multiple wallet addresses. These are not intended for theft but to spy on 
the users’ wallets to analyze their transactions. Hence, by studying how the dust is spent or 
mixed with the other funds, attackers try to expose the wallets’ users and link them to 
certain wrongdoers. This is a major problem for user privacy as these wallets continue to be 
targeted for additional attacks like phishing or extortion. Tremendous dusting attacks are 
severe for users engaged in privacy-focused sectors or those who own lots of crypto 
currencies. 

 
Figure 11: Consequences of Dusting Attacks 

 
1. How Dusting Attacks Work 
In a dusting attack, the attacker sends digital coins, which are in proportions as small as a 
few satoshis or the smallest unit of any other digital coin type, to several addresses (Arbabi 
et al., 2023). In this case, many users do not pay attention to these small amounts, as they 
dismiss them as trivialities they do not need to think about or worry about. Despite this, 
when recipients of the dust unite or ‘use’ such dust amounts with other funds, attackers can 
see the movement of funds through blockchain transactions (Arbabi et al., 2023). By 
following such patterns, attackers had been able to link the addresses and claim ownership 
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of the multiple wallets, intending to expose the identity of high-value holders or 
organizations behind the big wallets. 
The end aim of dusting attacks is to unmask the users of the blockchain transactions. Just as 
it has been explained that addresses on public ledgers do not correlate with individuals, 
they can easily be tracked. When attackers link multiple addresses, they create a persona on 
the target, raising the probability of fraudulent messages, phishing, or other social 
engineering. 
 
2. Consequences of Dusting Attacks 
Dusting attacks mainly target user privacy as the primary sensitive information. Once 
attackers establish a connection between an individual or an entity and a specific set of 
wallet addresses, the latter can be employed in different unlawful concerns. Risk of high-
value targets, including users with large holdings or organizations managing large amounts 
of funds, becoming compromised or extorted becomes tangible. Still, even frequent visitors 
could get get phished, as the attackers use the wallet data to make the emails more personal. 
But there are times when personal and business identification needs to be concealed for 
safety reasons for some individuals and entities (Sampaio et al., 2023). Dusting attacks can 
result in loss of reputation, increased attention, or legal and financial consequences, 
especially in countries where the use of cryptocurrency is prohibited. 
Mitigation Strategies 

• Privacy-Focused Wallets: Some selected wallets, specifically Wasabi or Samourai, 
contain functions that identify dusting attacks. These wallets can notify users of 
transactions such as dusting so that the users can notice there is indeed an attempt at 
dusting being made and react appropriately. 

• Avoiding Dust Spending: Users can avoid tracking by refraining from using dust 
funds. One way users avoid denting privacy is by avoiding combining dust amounts 
with other funds in transactions, which causes users to be averse to linking multiple 
addresses. 

• Use of Coin Mixing Services: Coin services, such as CoinJoin, make it hard for 
attackers to track a specific stream of transactions and link addresses as several users 
combine their transactions into one. 

• Avoiding Address Reuse: To mitigate address-linking attacks, users create new 
addresses in every transaction they make. As wallets constantly announce their 
changed addresses, the attacker has difficulty monitoring the wallet usage timeline. 

Dusting attacks show how important privacy protection is in the cryptocurrency market 
(Chithanuru et al., 2023). When analytic methods improve, it is crucial to ensure that you 
remain incognito to prevent phishing and other forms of sophisticated scams and threats 
directed at those who remain vulnerable in the field of blockchain. 
 
 

VIII. CONCLUSION 
With this distributed structure and cryptographic protection, blockchain technology has 
transformed several industries to provide transparency to digital transactions. However, as 
pointed out above, the features that make this technology very useful also bring many risks 
as the technology grows older. As summarized throughout this article, blockchain is not 
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immune to security threats and, therefore, requires a keenly focused effort to develop 
strategies to ensure its continued reliability and efficiency. 
The threats mentioned above, including 51% attacks, smart contract weaknesses, phishing 
scams, Sybils, and routing, identify blockchain’s weaknesses. These threats are different 
kinds of problems for the security model of blockchains. However, decentralization is the 
primary focus for hackers who want to exploit consensus algorithms, private keys, or smart 
contracts’ code. The document stresses that for blockchain to be secure, the users, 
developers, and organizations must understand them and put up proper defenses. 
The most sensitive aspect is the protection of private key facilities. Private keys are the only 
means of accessing the content of a blockchain asset; any mismanagement of such keys 
through loss, theft, or improper storage results in a permanent loss of funds. Phishing 
attacks and Social Engineering also amplify the need to involve the user. Unlike other 
transactions, these transactions cannot be rolled back. These attacks can be minimized by 
adopting multifactor authentication, off-site, cold storage or hardware wallets, and 
encrypted backups. 
Smart contracts also present great opportunities to automate, share, and decentralize 
otherwise cumbersome processes; however, they may also contain inherent risks. Situations, 
where coding errors or poor access controls result in exploitation, include what was recently 
witnessed in reentrancy attacks or integer overflow. These risks are best countered by code 
audits, safe libraries, and formal verification methods; however, given the relatively 
obsolescent nature of blockchain applications, constant updates to these approaches may be 
necessary. 
Further, forking and oracle manipulation threats reveal that blockchain depends on people’s 
consensus and external information. Forking leads to double-spending and replay attacks 
and, consequently, adverse impacts on the network’s stability, while oracle manipulation 
subjects blockchain to imprecise off-chain data, which can mislead smart contract 
operations. It is about replay protection and decentralized oracles, essential tools to 
guarantee the blockchains’ stability and users’ trust. 
To the same effect, safeguarding blockchain from these weaknesses can only be achieved 
through concerted efforts from all the stakeholders. To ensure that blockchain technology 
and the decentralized systems built with it are safe, developers must be deliberately and 
scrupulously safe, and users must be knowingly and deliberately careless. Implementing 
auditing for the community, constantly updating the protocol, and spreading the word on 
safety concerns will help to deter others in the future. 
In this respect, it will be crucial to know what influences and determines further 
development of the technology and its recognition as trustworthy and secure as to how 
these risks are conceptualized and managed. With the constant development of new 
applications based on blockchain, our task of protecting such valuable innovations also 
increases. If approaches are proactive, educated, and collective, then blockchain will only be 
ready to be developed into the layer of a future secure digital environment. 
 
 
IX. CALL-TO-ACTION FOR FURTHER RESOURCES 

Check out the new tools and materials on blockchain security to enhance your knowledge 
and the protective layers of blockchain security. These include organizations specializing in 
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open-source code auditing of smart contracts, which enable developers to detect and fix a 
wide range of flaws before they release the contracts. Furthermore, some risks associated 
with data reliability could be avoided by using Decentralized Oracle Services such as 
Chainlink. Wallet providers provide additional hierarchical storage systems, such as 
hardware-based wallets and cold storage, ensuring private key storage and shielding funds 
from phishing. 
Open learning, including courses on Coursera or Udacity, helps blockchain developers with 
the basics and risks related to smart contracts. It is also valuable for newcomers and can save 
experienced developers from pitfalls. Cyber security blogs and blockchain research journals 
are the best sources for threat intelligence data and updates, where threats like dusting 
attacks or consensus mechanism vandalism are tracked in real-time. 
In turn, through daily updates, always auditing your blockchain assets, and making smart 
security decisions, you will mitigate these problems to enhance the safety of the blockchain. 
For more information, go to GitHub, where there are many repositories of security tools, and 
to academics, where we see improvements in technology such as blockchain technology. 
Blockchain security should be proactive so you can know how best to handle emerging 
issues that are catastrophic to blockchain. 
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